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Abstract

Background: Rural prostate cancer patients face challenges such as greater distance
for cancer treatment and care fragmentation. There have been very few studies inves-
tigating adverse health outcomes among prostate cancer survivors residing in rural
areas. A comprehensive evaluation of adverse health outcomes among rural prostate
cancer patients is needed to understand potential health disparities and provide scien-
tific evidence for interventions. The aims of this study were to investigate prevalent
and incident adverse health outcomes among older rural prostate cancer survivors
compared to urban prostate cancer survivors in the United States.

Methods: The SEER-Medicare linked database was used to identify first primary
prostate cancer survivors. Fine-Gray subdistribution hazard models were utilized
to estimate hazard ratios (HR) and 95% confidence intervals (Cl), comparing rural
prostate cancer patients to urban prostate cancer patients.

Results: A total of 37,126 rural prostate cancer survivors and 109,176 urban prostate
cancer survivors were identified. We observed that rural prostate cancer survivors
had a higher prevalence of rheumatoid arthritis/osteoarthritis (22.1% vs 20.9%;
P-value <.001) and chronic obstructive pulmonary disease (COPD)/bronchiectasis
(14.2% vs 10.5%; P-value <.001). A higher incident risk of acute myocardial infarc-
tion, COPD/bronchiectasis, hip pelvic fracture, and rheumatoid arthritis/osteoarthritis
among rural prostate cancer was observed compared to their urban counterparts >5
years after cancer diagnosis.

Conclusions: This study provides important results on the prevalence and inci-
dent adverse health outcomes among older rural prostate cancer survivors. Further

investigation into how other factors influence these disparities is warranted.
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INTRODUCTION

Over 3.5 million men have a history of prostate cancer in the United
States.! In 2024, there are an estimated 299,010 new cases of prostate
cancer diagnosed, and 35,250 men will die from the disease in the
United States.? Cancer patients residing in rural areas have longer
travel distances to oncology centers and experience reduced access
to specialized care and advanced cancer treatments.® A systematic
review, including 25 studies, concluded that rural men were less likely
to undergo prostate cancer screening and less likely to be diagnosed
with prostate cancer.* However, a Surveillance, Epidemiology, and End
Results (SEER) cohort study, including 6,653 prostate cancer patients
residing in rural areas, reported that rural prostate cancer patients
had a higher risk of 10-year mortality from other causes compared to
prostate cancer patients residing in urban areas.®

Previous research has shown lower adherence to cancer treatment
among rural prostate cancer patients.®"® Prostate cancer patients
residing in rural areas were less likely to receive definitive radiother-
apy compared to surgical options and were less likely to be offered
curative treatment.”® Rural prostate cancer patients face challenges
related to increased travel distances for care and encounter care
fragmentation.®? Limited studies have been conducted to investigate
adverse health outcomes among prostate cancer survivors residing in
rural areas. Our previous studies showed that rural prostate cancer
survivors in Utah had a higher risk of heart failure and diseases of the
respiratory system, as well as a decreased risk of screen-detected car-
diovascular disease (CVD) and diseases of the blood and blood-forming
organs.'911 Rural prostate cancer survivors in Utah may represent a
healthier subgroup compared to those in other parts of the United
States, due to factors such as lower smoking rates and a younger
population. Therefore, a comprehensive evaluation of adverse health
outcomes among rural prostate cancer patients across the United
States is needed.

The objective of this study is to investigate the prevalent and inci-
dent adverse health outcomes in terms of major diseases among older
rural prostate cancer survivors in comparison to older urban prostate

cancer survivors in the SEER-Medicare data.

METHODS
Data source

We used the SEER-Medicare linked database from 1999 through 2020
to conduct a cohort study. The SEER-Medicare data, consisting of 2
large population-based sources in the United States, contains infor-
mation regarding demographics, cancer-related characteristics, and
health service claims among Medicare beneficiaries with cancer.1213
International Classification of Disease (ICD) codes are available in
claims from hospitalizations (Part A), physician/supplier bills (Part B),
and institutional outpatient providers (Part B). The study was approved
by the Institutional Review Board and received approval for the waiver

of consent.
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Study population

We included men who were aged >66 years and diagnosed with a first
primary invasive prostate cancer (SEER site code: 28010; ICD-O-3 site:
C61.9, excluding ICD-0O-3 histology 9050-9055, 9140, 9590-9993)
between 2000 and 2017. To calculate baseline comorbidity scores,
we started the eligibility at the age of 66 years old and required
enrollment in Part A/B to be continuous a year before cancer diagno-
sis. Patients from registries of San Francisco-Oakland, Metropolitan
Detroit, Metropolitan Atlanta, and Los Angeles were excluded due
to the lack of rural area covered by these registries. Patients were
excluded if they were (1) identified by autopsy or death certificate,
(2) nonadenocarcinoma histology, (3) lost to follow-up or died within
1 year after cancer diagnosis, or (4) not enrolled in Part A and B or
enrolled in health maintenance organization (HMO) from a year before
cancer diagnosis to the end of SEER follow-up (Figure S1).

Rural residence was determined by the US Department of Agricul-
ture’s rural-urban commuting area (RUCA) codes.’* RUCA secondary
codes were linked by patients’ census tract at cancer diagnosis. The
RUCA 2000 was used for patients diagnosed before 2006, while RUCA
2010 was used for patients diagnosed in 2006 and later. RUCA codes
for urban areas were 1.0, 1.1, 2.0, 2.1 3.0, 4.1, 5.1, 7.1, 8.1, 10.1. The
rural area included large rural cities/towns (RUCA codes: 4.0, 4.2, 5.0,
5.2,6.0, 6.1) and small and isolated small rural towns (7.0, 7.2, 7.3, 7.4,
8.0,8.2,8.3,84,9.0,9.1,9.2,10.0, 10.2, 10.3, 10.4, 10.5, 10.6).1> Each
rural prostate cancer patient was matched to up to 3 urban prostate
cancer patients by +/— 1 year of diagnosis and age at the time of cancer
diagnosis.

We included 22 adverse health outcomes from the Chronic Con-
ditions Data Warehouse (CCW) Chronic Conditions Algorithms:
acquired hypothyroidism, acute myocardial infarction, Alzheimer’s
disease, Alzheimer’s disease and related disorders or senile demen-
tia, anemia, asthma, atrial fibrillation, benign prostatic hyperplasia,
cataract, chronic kidney disease, chronic obstructive pulmonary dis-
ease (COPD) and bronchiectasis, depression, diabetes, glaucoma, heart
failure, hip/pelvic fracture, hyperlipidemia, hypertension, ischemic
heart disease, osteoporosis, rheumatoid arthritis/osteoarthritis,
stroke/transient ischemic attack.’® We used the adverse health
outcome list from 27 CCW Chronic Conditions based on their impact
on the Medicare population in terms of prevalence, quality of life,
potential for improved disease management, health care utilization
and cost, and the feasibility of identification in Medicare claims
data.’® We excluded 5 cancer-related outcomes (breast, colorectal,
endometrial, lung, and prostate cancers), resulting in a total of 22
adverse health outcomes. Diagnoses of adverse health outcomes were
identified using the ICD-9 and ICD-10 diagnosis codes and processed
with the CCW categorizations.'® To identify incident diagnoses, indi-
viduals diagnosed with the diseases before the start of each analysis
time period were considered as prevalent cases and were excluded
for that specific outcome. Sources of ICD diagnosis codes included
hospitalization claims, carrier claims, and outpatient claims. Physicians

may have recorded a “rule-out” diagnosis or unconfirmed diagnoses
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in physician and outpatient claims. To avoid overestimation of the
outcomes, conditions ascertained by physicians and outpatient claims
were required to occur twice between 30 and 60 days.

Information on age at cancer diagnosis, year of cancer diagnosis,
tumor characteristics, first course of cancer treatment (surgery, radi-
ation, chemotherapy), race, ethnicity, and rural residence was obtained
from the SEER cancer file. Since cancer treatment from SEER may
not obtain all cancer treatment, we used Common Procedural Termi-
nology/Healthcare Common Procedure Coding System (CPT/HCPCS)
codes to identify additional cancer treatment, such as surgery, radi-
ation therapy, and androgen deprivation treatment (ADT),%” within a
year of cancer diagnosis from Medicare claims data.'® Modified base-
line Charlson Comorbidity Index (CCI) was calculated from 1 year
before cancer diagnosis up to the time of cancer diagnosis.'? Can-
cer diagnosis was excluded from the modified baseline CCI since all
patients in our cohort have had cancer. Census tract-level education
and income were derived from the census 2000 and the American
Community Survey (ACS) 2008-2012 from the SEER-Medicare file.
Vital status was obtained from the SEER cancer file and Medicare
master beneficiary summary file. Tobacco use disorder, alcohol use
disorder, and obesity prior to cancer diagnosis were identified from

Medicare claims using Other Chronic Conditions Algorithms.2°

Statistical analysis

Differences in characteristics between rural and urban prostate can-
cer survivors were compared using chi-square tests. To account for
multiple comparisons in the chi-square tests, the Bonferroni correc-
tion was applied when comparing the prevalence of adverse health
outcomes between rural and urban prostate cancer survivors. The
adjusted significance level of 0.002 was determined by dividing the
original alpha level (0.05) by the number of comparisons made (22
adverse health outcomes). Patients who did not develop outcomes of
interest were censored at death or the last follow-up date. We used 2
follow-up time periods to evaluate the risk of incident adverse health
outcomes: >1 to 5 years and >5 years after a cancer diagnosis. Fine-
Gray subdistribution hazard models stratified on matched pairs were
used to estimate hazard ratios (HR) and 95% confidence intervals (Cl)
to account for a competing risk of death.2! Potential confounding fac-
tors were chosen a priori based on the 3 properties of confounders
determined by a causal model or directed acyclic graph.2? We adjusted
for matched pair (diagnosis year and diagnosis age), race/ethnicity,
baseline CCl, cancer registry region, census-tract income, census-tract
education, tobacco use disorder before cancer diagnosis in the model.
Adjusting for the cancer registry region accounted for differences in
geographic location. A stratified analysis was conducted based on ADT
treatment to assess the risk of adverse health outcomes among rural
prostate cancer survivors compared to urban prostate cancer sur-
vivors. Sensitivity analyses were conducted to examine risks of adverse
health outcomes without the adjustment of education and income in
the models because education and income may be both confounding

factors and mediators between rural residence and risks of adverse
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health outcomes. As a sensitivity analysis, we restricted our analy-
sis to prostate cancer patients enrolled in Medicaid to estimate the
association between death and rural residence. This analysis included
patients diagnosed from 2007 and onward, since insurance status from
SEER was only available from 2007. Another sensitivity analysis was
performed by extending the upper limit of the “rule-out” diagnosis
from 60 to 360 days in physician and outpatient claims, to evalu-
ate the potential underestimation of outcomes when using a 60-day
upper limit. The proportional hazards assumption was tested for each
model by including interactions between the predictors and time in the
model. For models where the assumption was violated, flexible para-
metric survival models with restricted cubic splines were used if the
inference was different from the subdistribution hazard model.2324
Analyses were performed using SAS (version 9.4, SAS Institute) and
Stata (version 17, StataCorp LLC).

RESULTS

A total of 37,126 rural prostate cancer survivors and 109,176 urban
prostate cancer survivors were identified in the SEER-Medicare
database (Table 1). More than 40% of rural prostate cancer sur-
vivors were from cancer registries in the south. In terms of race and
ethnicity groups, 87.8% of rural prostate cancer survivors were non-
Hispanic White and 82.3% of urban prostate cancer survivors were
non-Hispanic White. For census-tract level measures, rural prostate
cancer survivors had a higher proportion in the lowest education and
income category. The percentage of rural prostate cancer survivors
with a baseline CCl score of O was slightly higher compared to urban
prostate cancer survivors. The percentage of patients who died was
higher among rural prostate cancer patients (56.8% vs 53.1%; P-value
for chi-square < .001). When stratified by cancer stage, rural prostate
cancer patients had a higher percentage who died than urban prostate
cancer patients at the same stage (data not shown). Median follow-up
years were approximately 7 years for both rural and urban prostate
cancer survivors, with a range from 1 to 20 years (data not shown;
Q1-Q3,yrar: 3.8-11.1; Q1-Q3pan: 4.1-11.5).

Compared to urban prostate cancer survivors, rural prostate can-
cer survivors were diagnosed with a distant cancer stage at a slightly
higher proportion (Table 2). In addition, rural prostate cancer survivors
were diagnosed with stage IV cancer at a higher proportion (7.7% vs
6.9%) compared to urban prostate cancer survivors, although AJCC
stage had a relatively higher proportion of missing values than cancer
stage (missing for AJCC stage: 24.4%; missing for cancer stage: 4.0%).
Rural prostate cancer survivors had a higher percentage receiving
surgery and ADT, and a lower percentage receiving radiation therapy
compared to urban prostate cancer survivors (Table 2).

Figure 1 shows the prevalence of adverse health outcomes at can-
cer diagnosis in rural and urban prostate cancer survivors. While the
percentage differences in most diseases were less than 1% between
rural and urban prostate cancer survivors, rural survivors had a higher
prevalence of rheumatoid arthritis/osteoarthritis (22.1% vs 20.9%;
P-value < .001) and COPD/bronchiectasis (14.2% vs 10.5%; P-value
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TABLE 1 Demographic characteristics of prostate cancer survivors (n = 146,302), stratified by rural residence, diagnosed from 2000 to 2017,
included patients with match pairs only in the SEER-Medicare data.

Rural (n = 37,126) Urban (n = 109,176)
n % n % p-value?
Race and ethnicity <.001
Non-Hispanic White 32,585 87.8 89,867 82.3
Non-Hispanic Black 2,385 6.4 8,996 8.2
Hispanic (any race) 1,489 4.0 5,865 5.4
Non-Hispanic Asian 129 0.3 2,307 2.1
Non-Hispanic American Indian/Alaska Native 205 0.6 284 0.3
Non-Hispanic Hawaiian/Pacific Islander 22 0.1 145 0.1
Unknown 311 0.8 1,712 1.6
Census-tract education® <.001
<35% had college education 9,629 25.9 10,863 9.9
>35%-55% had college education 17,502 47.1 30,915 28.3
>55%-70% had college education 7,573 204 30,830 28.2
>70% had college education 2,422 6.5 36,568 335
Census-tract household income© <.001
<$50,000 30,223 814 39,366 36.1
$50,000 to <$60,000 4,086 11.0 17,387 15.9
$60,000 to <$70,000 1,894 5.1 14,424 13.2
$70,000+ 922 2.5 37,994 34.8
Baseline Charlson Comorbidity Index <.001
0 22,392 60.3 64,646 59.2
1 8,563 231 25,177 23.1
2+ 6,171 16.6 19,353 17.7
Tobacco use disorder before cancer diagnosis <.001
No 34,536 93.0 103,691 95.0
Yes 2,590 7.0 5,485 5.0
Alcohol use disorder before cancer diagnosis .834
No 36,271 97.7 106,641 97.7
Yes 855 23 2,535 2.3
Obesity before cancer diagnosis .543
No 34,668 93.4 101,848 93.3
Yes 2,458 6.6 7,328 6.7
Vital status <.001
Alive 16,050 432 51,185 46.9
Dead 21,076 56.8 57,991 531
Cancer registry region <.001
West 12,794 34.5 44,371 40.6
South 15,895 428 24,700 22.6
Northeast 833 22 36,120 331
Midwest 7,604 20.5 3,985 3.7

aP for chi-square.
bIncluded individuals with some college education and college education at least 4 years.
Unknown N <11.
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TABLE 2 Clinical characteristics of prostate cancer survivors (n = 146,302), diagnosed from 2000 to 2017 in the SEER-Medicare data.

Rural Urban
(n=37,126) (n=109,176)
n % n % p-value?
Cancer stage <.001
Localized 30,983 86.5 90,887 86.9
Regional 3,120 8.7 9,153 8.8
Distant 1,729 4.8 4,521 4.3
Unknown/missing” 1,294 4615
AJCC <.001
Stage | 4,521 16.4 13,153 16.2
Stage Il 19,159 69.6 57,622 70.8
Stage Il 1,740 6.3 5,008 6.2
Stage IV 2,110 77 5,596 6.9
Unknown/missing” 9,596 27,797
Grade <.001
Grade 1 2,560 7.2 6,716 6.4
Grade 2 17,060 47.9 51,958 49.8
Grade 3 15,837 445 45,448 435
Grade 4 122 0.3 279 0.3
Unknown/missing 1,547 4,775
Received surgery <.001
No 25,371 70.0 77,989 72.5
Yes 10,863 30.0 29,535 27.5
Unknown 892 1,652
Received radiotherapy <.001
No 18,638 518 51,497 48.0
Yes 17,335 48.2 55,845 52.0
Unknown 1,153 1,834
Androgen deprivation treatment <.001
No 20,879 56.2 63,386 58.1
Yes 16,247 43.8 45,790 41.9

Abbreviations: AJCC, American Joint Committee on Cancer; NOS, not otherwise specified.

aP for chi-square.
bMissing for AJCC stage: 24.4%; missing for cancer stage: 4.0%.

< .001). On the other hand, lower prevalence was observed among
rural prostate cancer survivors for benign prostatic hyperplasia, glau-
coma, hyperlipidemia, and hypertension with P-value <.001.

To assess the risk of incident adverse health outcomes, we excluded
prevalent cases from each analysis (Table S1). Compared to urban
prostate cancer survivors, rural prostate cancer survivors had a higher
risk of acute myocardial infarction >1 to 5 years after cancer diagno-
sis (Table 3). In addition, higher risks of acute myocardial infarction,
COPD and bronchiectasis, hip pelvic fracture, and rheumatoid arthri-
tis/osteoarthritis among rural prostate cancer were observed >5 years
after cancer diagnosis (Table 3). In the analysis stratified by ADT, an

increased risk of rheumatoid arthritis/osteoarthritis was only observed

among rural prostate cancer survivors who did not receive ADT >5
years after cancer diagnosis (HR: 1.10, 95% ClI: 1.04, 1.17; Table S2).
Among rural prostate cancer survivors, 7.0% of those who received
ADT developed hip/pelvic fractures, whereas 5.0% of those who did
not receive ADT developed hip/pelvic fractures (Table S2). However, we
did not observe an association between hip pelvic fracture and rural
prostate cancer survivors, regardless of whether they received ADT
or not (Table S2). A lower risk was observed for Alzheimer’s disease,
anemia, chronic kidney disease, diabetes, and hyperlipidemia among
rural prostate cancer survivors compared to urban prostate cancer
survivors >1 to 5 years after cancer diagnosis (Table 3). Beyond 5

years after cancer diagnosis, rural residence was associated with a
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Adverse health outcome (p-value)

Urban Alzheimer's Disease(0.672)

B Rural Hip Pelvic Fracture(0.315)

Osteoporosis*(<0.001)

Alzheimer's Disease/Related Disorders/Senile
Dementia(0.906)

Asthma(0.167)

Acute Myocardial Infarction*(<0.001)
Depression(0.886)

Stroke/Transient Ischemic Attack(0.765)
Acquired Hypothyroidism(0.275)
Glaucoma*(<0.001)

Chronic Kidney Disease*(<0.001)

Heart Failure*(<0.001)

Atrial Fibrillation(0.01)
Cataract*(<0.001)

Anemia*(<0.001)

COPD and Bronchiectasis*(<0.001)
Diabetes*(<0.001)

Benign Prostatic Hyperplasia*(<0.001)
Rheumatoid Arthritis/Osteoarthritis*(<0.001)
Ischemic Heart Disease*(<0.001)
Hyperlipidemia*(<0.001)

Hypertension*(<0.001)

FIGURE 1

0.7
107

43.0

54.1
.  52.0

0 10 20 30 40 50 60

Prevalence of adverse health outcomes among prostate cancer survivors at cancer diagnosis in the SEER-Medicare data, stratified

by rural and urban. *P for chi-square <.002 (adjusted for multiple comparisons).
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TABLE 4 Risks of death among prostate cancer patients in the SEER-Medicare data.

All
Residence
Urban 109,176
Large rural city/town 18,134
Small and isolated small rural town 18,992

Note: Text with bold indicates statistical significance (P <.05).
Abbreviations: Cl, confidence interval; HR, hazard ratio.

_—\2
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RURAL PROSTATE CANCER SURVIVORS

All-cause

deaths,

n (%) HR (95% Cl)>> HR (95% CI)©
57,991(53.1) Reference Reference
10,167 (56.1) 1.05(1.02, 1.08) 0.97 (0.94, 1.00)
10,909 (57.4) 1.08(1.05,1.11) 0.98(0.95, 1.01)

2Models adjusted for cancer diagnosis age, cancer diagnosis year, race and ethnicity, baseline Charlson Comorbidity Index, cancer stage, cancer registry,

surgery, and radiotherapy.
P for trend < .001.
¢Additionally adjusted for census-tract education and census-tract income.

decreased risk of Alzheimer’s disease, chronic kidney disease, diabetes,
and depression compared to urban residence (Table 3). When educa-
tion and income were removed from the adjustment, more diseases
were positively associated with rural prostate cancer survivors at >1
to 5 years and 5 years after cancer diagnosis, such as heart failure
and ischemic heart disease (Table S3). When we extended the upper
limit for the rule-out diagnosis from 60 to 360 days, the associations
remained similar (Table S4). However, an increased risk of COPD and
bronchiectasis was observed, while lower risks of hyperlipidemia and
hypertension were no longer evident at >1 to 5 years after cancer
diagnosis (Table S4).

The risk of death was 1.05-fold higher among prostate cancer
patients from large rural cities/towns and 1.08-fold higher among
prostate cancer patients from a small and isolated rural town compared
to urban prostate cancer patients, with a dose-response relation (P for
trend < .001, Table 4). After additionally adjusting for education and
income, no association was observed between death and residence.
Interaction between race/ethnicity and rural residence on the risk of
death were not observed. When we restricted the analysis to prostate
cancer patients who enrolled in Medicaid, no association was observed

between death and residence (data not shown).

DISCUSSION

In this cohort study, health disparities were observed among rural
prostate cancer survivors compared to urban prostate cancer sur-
vivors. For example, the prevalence (4.3%) and incidence (for >1 to 5
years after cancer diagnosis: 4.7%; for >5 years after cancer diagnosis:
9.0%) of acute myocardial infarction were higher among rural prostate
cancer survivors compared to urban prostate cancer survivors. The risk
of death was very modest at 1.05-fold higher in large rural cities/towns
and 1.08-fold higher in small and isolated rural towns compared to
urban areas among prostate cancer patients. However, after adjusting
for education and income, the risk of death was not associated with
rural residence.

10,11

Consistent with the previous studies, we observed that a higher

percentage of rural prostate cancer survivors were diagnosed at a
distant cancer stage compared to urban prostate cancer survivors.?
Diagnosis at an advanced stage could be attributed to lower prostate
cancer screening rates among rural men.* Additionally, a lower per-
centage of rural prostate cancer survivors received radiotherapy,
possibly due to increased travel distances for care.®? Mitigating these
challenges for rural prostate cancer survivors could help minimize
these disparities.

We observed that rural prostate cancer survivors had a higher
prevalence of COPD and bronchiectasis at cancer diagnosis and a
higher risk of COPD and bronchiectasis >5 years after cancer diag-
nosis. A similar association between rural residence and the risk of
incident COPD was also observed among prostate cancer survivors
in Utah in a previous study.!> Rural men may have experienced a
higher risk of COPD compared to urban men regardless of cancer sta-
tus. Previous studies showed that the prevalence and mortality rates
of COPD were higher among rural populations compared to urban
residents.2>2¢ Patients with COPD in rural areas were more likely to
be uninsured and to face obstacles to care due to cost. Further research
and surveillance on COPD among rural prostate cancer survivors are
needed.

Rural prostate cancer survivors had a higher risk of incident hip
pelvic fractures compared to urban prostate cancer patients >5 years
after their cancer diagnosis in this study. ADT, commonly used to treat
advanced prostate cancer, accelerates the decline in bone mineral den-
sity, increasing the risk of fractures.2” A previous study showed that
rural prostate cancer patients were less likely to undergo bone min-
eral density testing before receiving ADT.28 Although we observed that
rural prostate cancer survivors who received ADT had a higher per-
centage of developing hip pelvic fractures compared to rural prostate
cancer survivors who did not receive ADT, we did not observe an asso-
ciation between rural residence and hip pelvic fractures when stratified
by ADT. Our study may not have enough power to detect a difference
if the association was weak among rural prostate cancer survivors who
received ADT.
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The relationship between rheumatoid arthritis and prostate can-
cer is complex. Rheumatoid arthritis might raise the risk of prostate
cancer, possibly due to treatments for rheumatoid arthritis.2?-31 Con-
versely, a previous study found a link between ADT and new diagnoses
of rheumatoid arthritis in older prostate cancer patients, attributed to
the suppressive effects of ADT on the immune system.!” In our study,
rural prostate cancer survivors had a higher prevalence of rheuma-
toid arthritis/osteoarthritis at cancer diagnosis, as well as a higher risk
of rheumatoid arthritis/osteoarthritis > 5 years after cancer diagno-
sis. However, an increased risk of rheumatoid arthritis/osteoarthritis
among rural prostate cancer survivors compared to urban prostate
cancer survivors was only observed among those who did not receive
ADT. The risk of rheumatoid arthritis/osteoarthritis may be weaker in
rural prostate cancer survivors with potentially lower ADT adherence
or shorter ADT duration compared to urban prostate cancer survivors
who received ADT. Further studies exploring the dosage and duration
of ADT among rural prostate cancer survivors compared with those in
urban areas, as well as distinguishing between rheumatoid arthritis and
osteoarthritis, will be helpful to clarify this association.

Rural prostate cancer survivors had a higher prevalence of acute
myocardial infarction at cancer diagnosis and a higher risk of inci-
dent acute myocardial infarction for >1 to 5 years and >5 years after
cancer diagnosis. In our previous study in Utah, the percentage of
incident acute myocardial infarction was higher among rural prostate
cancer survivors compared to urban prostate cancer survivors.°
However, an increased risk of acute myocardial infarction among
rural prostate cancer survivors was not observed.° This discrepancy
could be attributed to sample size limitations, the younger popula-
tion, or the generally healthier population in Utah. In another study,
older patients with acute myocardial infarction in rural hospitals
had a higher risk of 30-day mortality compared to older patients in
urban hospitals.32

Several adverse health outcomes had a lower prevalence among
rural prostate cancer survivors compared to urban prostate cancer
survivors, such as hyperlipidemia, benign prostatic hyperplasia, and
glaucoma. A lower incidence among rural prostate cancer survivors
was observed for Alzheimer’s disease, chronic kidney disease, and
diabetes. However, it is important to note that patients with these
conditions may not be captured in our study if they did not seek
medical care, as these conditions may not warrant immediate medical
attention.

The risks of death were moderately higher for rural prostate cancer
patients living in small, isolated rural towns and large rural cities/towns
compared to urban prostate cancer patients, before accounting for
census-tract education and income. Our previous finding showed
that socioeconomic status (SES) is an important prognostic factor for
death.19 Addressing disparities in SES may lead to an improvement
in the disparity in all-cause mortality. We did not observe an associa-
tion between death and residence when we restricted the analyses to
prostate cancer patients who enrolled in Medicaid. This implies that
the risk of death was similar between older rural and urban prostate
cancer patients with low income, although Medicaid enrollment from

SEER may be underreported.3?

ITHE JOURNAL oOF RURAL HEALTH

e\ IR 90f11

The limitations of the study include the restriction to patients aged
66 years and older due to the use of SEER-Medicare data. There-
fore, the results are not generalizable to younger rural prostate cancer
patients, but 65.7% of prostate cancer patients are diagnosed at 65+
years of age.>* Additionally, the results may not apply to rural prostate
cancer patients with supplemental insurance plans, since we excluded
Medicare beneficiaries with HMO to ensure capturing of events in
Medicare claims. Events covered by supplemental insurance would be
missed for these patients. Furthermore, within Medicare claims, the
possibility of missed claims or inaccurate ICD coding exists. If the per-
centage of missed claims or inaccurate ICD coding is similar between
rural and urban prostate cancer patients, there may be an underesti-
mation of the risks of adverse health outcomes. Tobacco use disorder,
alcohol use disorder, and obesity prior to cancer diagnosis were identi-
fied using ICD diagnosis codes and procedure codes in Medicare claims.
These measures are expected to be incomplete with limited sensitiv-
ity, thus we expect an underestimation of their prevalence. Finally, we
were unable to adjust for factors such as physical activity, which can-
not be captured even with a proxy, as it would require self-report. We
used ICD codes to capture tobacco use disorder as a proxy for tobacco
smoking habit. Census-tract income and education reflect the aver-
age income and education of the patients’ living areas. Individual-level
education and income would be better for confounder adjustment.

Despite these limitations, we identified differences in the preva-
lence and incidence of adverse health outcomes among older rural
prostate cancer survivors in comparison to older urban prostate can-
cer patients. Leveraging a robust cohort study design mitigated the
influence of recall bias on our results. The utilization of SEER data
provided a reliable source, encompassing cancer information such as
cancer diagnosis, stage, and treatment. The utilization of longitudinal
claims records from Medicare enabled us to comprehensively assess
incident adverse health outcomes across a long follow-up period.

In conclusion, this study provides important results on the preva-
lent and incident adverse health outcomes among older rural prostate
cancer survivors. Disparities were observed for rural prostate can-
cer patients compared to urban prostate cancer patients, particularly
for acute myocardial infarction and risk of death, with education and
income potentially contributing to these differences. Understanding
the diseases that rural prostate cancer patients experience more fre-
quently may help to tailor cancer survivorship care for rural residents.
Further studies to understand the possible role of lower medical care-
seeking behaviors in the lower prevalence of some diseases are needed

for rural prostate cancer survivors.
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