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Abstract

Background: Limited population-based studies have focused on breast cancer survivors in rural
populations. We sought to evaluate the risk of adverse health outcomes among rural and urban
breast cancer survivors and to evaluate potential predictors for the highest risk outcomes.

Methods: A population-based cohort of rural and urban breast cancer survivors diagnosed
between 1997 and 2017 was identified in the Utah Cancer Registry (UCR). Rural breast cancer
survivors were matched on year (1 year) and age at cancer diagnosis (£1 year) with up to 5
urban breast cancer survivors (2,359 rural breast cancer survivors; 11,748 urban breast cancer
survivors). Cox proportional hazards models were used to calculate hazard ratios (HRs) with 99%
confidence intervals (Cl) for adverse health outcomes overall, within 5 years, and >5 years after
cancer diagnosis.

Results: Compared to urban breast cancer survivors, rural breast cancer survivors had a 39%
(HR =1.39, 95%CI 1.02, 1.65) higher risk of heart failure (HF) within the 5 years of follow-up.
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Overall, there was no increase in the risk of other adverse health outcomes. A higher baseline body
mass index and Charlson Comorbidity Index, family history of cardiovascular diseases, family
history of breast cancer, and advanced cancer stage were risk factors for HF for rural and urban
breast cancer survivors, with similar levels of HF risk.

Conclusions: Rural residence was associated with an increased risk of HF among breast cancer

survivors.

Impact: Our study highlights the need for primary preventive strategies for rural cancer survivors
at risk of heart failure.
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Introduction

Methods

Approximately 19.3% of Americans with cancer live in rural areas.! There is overwhelming
evidence that rural cancer patients are challenged with higher risks of various adverse health
outcomes than their urban counterparts.2=> A number of studies reported an increased risk of
cardiovascular disease,®7 diabetes,8 anxiety, depression, suicide,® or osteoporosis? in breast
cancer survivors compared with women without cancer. In addition, treatment-induced
ocular toxicity and ototoxicity were suggested in breast cancer patients due to a change

in estrogen level from the breast cancer treatments.11-13 However, to our knowledge, fewer
health outcome studies have been reported of breast cancer survivors in rural communities.
Studies focusing on distance to healthcare reported a higher likelihood of patients receiving
mastectomy compared to lumpectomy in rural areas,1* and a higher likelihood of patients
forgoing radiation in part due to lack of rural treatment facilities.1® Other studies reported on
higher stage at diagnosis in rural breast cancer survivors,1® and higher odds of heart failure
among older rural cancer survivors.1’

Rural populations are older, with higher poverty levels, and lack access to insurance and
health care resources.18:19 Given that breast cancer survival continues to increase,2? and
given the lack of large-scale population-based health outcome studies in rural breast cancer
survivor populations, continued understanding of health outcomes in rural populations will
result in support for the management of care in breast cancer patients. Thus, the aim of our
study was to assess the risk of adverse health effects among rural compared to urban breast
cancer survivors and to evaluate potential risk predictors for the highest risk outcomes.

Study Population

This study cohort included women identified in the Utah Cancer Registry (UCR) diagnosed
with first primary breast cancer (primary site ICD-0-3 C50.0 to C50.9). Inclusion criteria
were that the breast cancer survivor was a Utah resident, aged =18 years at cancer diagnosis,
diagnosed between 1997 and 2017, and survived for at least one year after breast cancer
diagnosis. Rural breast cancer survivors were matched on cancer diagnosis year (1 year)
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and age at cancer diagnosis (1 year) with up to 5 urban breast cancer survivors. A total of
27 rural and 3 urban survivors were excluded for unknown cancer stage. A total of 2,359
rural breast cancer survivors and 11,748 urban breast cancer survivors were included in this
study.

Data Source and Study Variables

The UCR is the statewide, population-based cancer registry for Utah. All cancer survivors
from the UCR are linked to the Utah Population Database (UPDB).21.22 The UPDB uses
record linking IBM® InfoSphere® QualityStage software to perform probabilistic records
linking to various databases, including the UCR. The UPDB records included demographic,
Utah driver’s license, statewide vital, and family history information linked to medical
records. Variables from the UCR included race, ethnicity, residence at cancer diagnosis,
birth year, age at cancer diagnosis, cancer treatment receipt histology, estrogen receptor
(ER) status, progesterone receptor (PR) status, human epidermal growth factor receptor
(HER2) status (available starting in 2010), and cancer stage at diagnosis. Within the UPDB,
the cancer data is based on the UCR, which collects data on 15t course cancer-related
treatment. Variables from the UPDB included family history of breast cancer, family
history of cardiovascular disease, and baseline body mass index (BMI). Baseline BMI

was calculated from the height and weight provided in the driver’s license records one

year before the breast cancer diagnosis date. Based on the American Academy of Family
Physicians coding guidelines, baseline tobacco users were identified one year before the
breast cancer diagnosis based on the International Classification of Diseases ICD-9/ICD-10
diagnosis codes for tobacco cessation and tobacco addiction.23 The Charlson Comorbidity
Index (CCI) was calculated at baseline, from the International Classification of Diseases

or ICD-9/ICD-10 diagnosis codes for the year prior to the index date, excluding cancer
diagnosis given that the CCI index was based on a cohort of cancer patients. The CCI index
score calculation was based on prevalent comorbidities, a year before cancer diagnosis,

as a measure of baseline overall health based on previously established algorithm.24.25
Patients with prevalent diagnosis for the outcome of the interest were excluded, to calculate
incidence of the outcomes of interest. For example, patients with previous heart disease were
excluded when estimating the HR for incident heart disease after breast cancer diagnosis.

Rurality of residence was classified according to the rural-urban commuting area (RUCA)
codes based on the 2010 decennial census and the 2006-2010 American Community Survey
(ACS).28 The RUCA codes classify US census tracts based on standard census measures

of urbanization, population density, and daily commuting from the decennial census. The
RUCA codes were aggregated into urban (1.0, 1.1, 2.0-2.2, 3.0, 4.1, 5.1, 7.1, 8.1, and 10.1)
and rural (4.0-7.0, 7.2-7.4, 8.0, 8.2-8.4, 9.0-9.2, 10.0, 10.2-10.4, and 10.5) group based on
suggested C categorization by the Rural Health Research Center’s experts.2” Additionally,
median household income for each census tract was available from the US Census Bureau
of Economic Analysis.28 The Yost socioeconomic status index (SES) at the census 2010
tract level was available for Utah from the Surveillance, Epidemiology, and End Results
(SEER) registry. The Yost score is a composite index of neighborhood-level census measure
of SES, which incorporates average education, occupation, median income, poverty rate,
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median housing value, median rent, and unemployment rate.2? Individual-level education
information was available from the UPDB.

Outcome Measures

Outcome data included the following medical records data sources that link with the UPDB:
(a) the state ambulatory surgery databases and services databases (SASD), (b) the inpatient
hospital claims database from the Utah Department of Health, and (c) the electronic medical
record (EMR) data from the University of Utah Health (UUH) and the Intermountain
Healthcare (IHC). The UPDB-linked records for approximately 94.9% of patient EMR
records were from the IHC, and 54.1% of patient EMRs were from the UUH. For patients
encountered in both hospital health systems, the first diagnosis code after cancer diagnosis
was considered in the analysis, which avoids the potential of overlapping diagnosis on the
same day within each or across the two systems. For instance, some patients used both

UUH and IHC, however the earliest diagnosis identified in the medical records was used as
the incident diagnosis of the outcomes of interest. The primary outcomes measured were a
newly diagnosed cardiovascular disease, mental disorders, diabetes, osteoporosis, cataracts,
and hearing impairments identified by available ICD-9 and ICD-10 diagnosis codes from the
outcome data. The list of ICD diagnosis codes for each outcome of interest was based on the
Chronic Conditions Data Warehouse (CCW),30 which included 15 adverse health outcomes
considered in the analysis that are treatment or cancer diagnosis-related.

Statistical Analysis

All baseline descriptive demographic and clinical characteristics for the breast cancer
survivors were stratified by urban and rural residence and compared using the Pearson’s chi-
square (x2). The hazard ratios (HRs) and 99% confidence interval (99% C1)3! for incident
adverse health outcomes in rural compared to urban cancer survivors were estimated using
the Cox proportional hazards model from 1 to 5 years and >5 years after the first year from
breast cancer diagnosis. Breast cancer survivors with a record of an outcome of interest
before the index date were considered prevalent cases, and these cases were excluded from
the HR models. The exclusion of prevalent cases in the models allows for calculating
incidence. The HR models were stratified to 1 to 5 years and >5 years following the first
year from the cancer diagnosis in the interest of investigating the risk of adverse health
outcomes following the initial five years after the initial year from cancer diagnosis. The
HRs were fit using PHREG function. We used the STRATA statement on the matched
identification number within the PHREG function to account for the matching factors in
the model. Based on the three properties of a confounder, on the association between the
diagnosis of breast cancer and the risk of adverse health outcomes, we considered race and
ethnicity as potential confounders because they are risk factors for the outcomes evaluated,
associated with rurality and do not act as mediators. BMI, CCl, and socioeconomic

status (Yost) may be mediators since rurality may be a predictor of these factors and
therefore adjustment for these variables is not needed. The proportional hazards assumption
was tested by creating interaction terms as a function of log (time) and the predictor
variables. Flexible parametric modeling with restricted splines was used and reported where
estimates differed from the original model, indicating a violation of the proportional hazard
assumption. The follow-up time was measured from the date of breast cancer diagnosis
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(index date), until the earliest occurrence of an event (adverse health outcome) or censoring
time (i.e., no outcome, last date of follow-up, or death), whichever occurred first.

Additionally, risk factors for adverse health outcomes of significantly higher risk among
rural compared to urban breast cancer survivors were assessed using the Cox proportional
hazard models and 95% confidence interval (95% CI). Risk factor models were adjusted
for potential confounders, that is, covariates that are risk factors for a given adverse health
outcome, associated with the risk factor in question, but unaffected by the risk factor itself
(not a mediator). The Cochran’s homogeneity test was used to assess HR differences for
each risk factor in urban and rural breast cancer survivors.

Using the linear regression model, about 28.7% of the missing education values and 30.2%
of the missing BMI values were imputed based on baseline BMI, CClI, race and ethnicity,
age at cancer diagnosis, and birth year. Further, to examine the differences between

the effects of risk factors by rural and urban residence, we modeled interaction effects.
Specifically, we assessed interaction terms of residence with ethnicity, SES, radiotherapy,
and surgery (individually) for the outcome of HF. In addition, we modeled one interaction
term of residence and HF diagnosis with death as an outcome. P-values for interaction
terms were calculated by the likelihood ratio test comparing the model with and without
the product term. Crude and adjusted estimates for each component and joint effects were
reported.

Statistical analyses were performed in SAS 9.4 (Statistical Analysis System,
RRID:SCR_008567, version 9.4; SAS Institute, Inc., Cary, NC, USA). For all statistical
analyses, statistical significance was based on two-tailed tests at the a priori a level of
<0.05 for the assessment of risk factors and <0.01 for the main outcomes of interest. The
University of Utah Institutional Review Board (IRB) and the oversight committee for the
UPDB, the Resource for Genetic and Epidemiologic Research (RGE), approved this study.
Under the IRB regulations, this study received approval for waiver of informed consent. The
study was conducted in accordance with the ethical guidelines of the Belmont Report.

Data Availability Statement

Results

Raw data for this study can be accessed by the approval of the Resource for Genetic and
Epidemiologic Research Committee (RGE), the oversight committee for the UPDB and
IRB.

In total, there were 2,359 (16.7%) rural breast cancer survivors and 11,748 (83.3%) urban
breast cancer survivors. Rural breast cancer survivors were more likely to be non-Hispanic
White and less likely to have at least a college education (Table 1, p < 0.0001). Baseline
tobacco use, family history of any cancer, family history of breast cancer, or family history
of cardiovascular diseases did not differ between rural and urban survivors. Rural breast
cancer survivors were more likely to have had a mastectomy than urban breast cancer
survivors (Table 2, p < 0.0001). Similarly, a larger proportion of rural breast cancer survivors
did not have radiotherapy than urban breast cancer survivors.
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For the overall follow-up, rural breast cancer survivors had a 27% higher (HR = 1.27,
95%CI 1.06, 1.53) risk of heart failure (HF) than urban breast cancer survivors, adjusting
for the matching factors, race, and ethnicity (Table 3). Breast cancer survivors from rural
areas had a 34% lower risk (HR = 0.66, 95%CI 0.56, 0.78) of cataracts, a 19% lower risk
(HR =0.81, 95%CI 0.69, 0.96) of hyperlipidemia, and a 15% lower risk of osteoporosis
(HR =0.85, 95%CI 0.72, 1.00: p = 0.008) than urban breast cancer survivors, adjusting for
potential confounders (Table 3).

Within the 5 years of follow-up, rural breast cancer survivors had a 39% (HR = 1.39, 95%ClI
1.02, 1.65) higher risk of HF than urban breast cancer survivors, adjusting for confounders
(Table 3). Rural breast cancer survivors continued to have lower risks of cataracts and
hearing impairments than rural breast cancer survivors after 5-years of follow-up. There was
no increase in the risk for other cardiovascular outcomes or mental health outcomes overall,
within 5 years and >5 years of follow-up.

Demographic and clinical risk factors were assessed for heart failure because this was the
only outcome for which there was an increased risk in rural compared to urban breast
cancer survivors. Family history of cardiovascular diseases, family history of breast cancer,
lower education attainment (rural only), and higher baseline BMI and CCI were risk factors
for HF in rural and urban breast cancer survivors, with similar levels of risk (Table 4).
Advanced cancer stage and single-agent chemotherapy treatment were associated with

an increased risk for HF following breast cancer diagnosis, however, no heterogeneities
were found between rural and urban breast cancer survivors (Table 5). Interaction effects
between residence and ethnicity, SES, surgery, and radiotherapy on the risk of HF were not
statistically significant (Table 6). An interaction term between residence and HF diagnosis
(Table 6, p = 0.024) on the risk of death was statistically significant, indicating differences
in risks of death among rural and urban breast cancer survivors, favoring rural breast cancer
survivors.

Discussion

In this population-based cohort, we evaluated the burden of cardiovascular disease, diabetes,
mental health disorders, cataracts, hearing impairment, and osteoporosis for rural compared
to urban breast cancer survivors. Breast cancer survivors in rural compared to urban areas
had a higher risk of heart failure (HF) overall and within 1-5 years after the initial year from
breast cancer diagnosis. There was no increase in the risk for any other health outcomes
evaluated in this study. The risk of cataracts and hearing impairments was lower for rural
breast cancer survivors overall, within and >5 years of follow-up. Further, a higher baseline
BMI and CCl, family history of CVD, family history of breast cancer, and advanced cancer
stage were potential risk factors of incident HF risk, though with similar levels of risk for
rural and urban breast cancer survivors.

With respect to demographics, differences in income and ethnicity are consistent with a
previous study on disparities in urban and rural breast cancer survivors identified within
the SEER database.1! However, our observation of no difference in baseline BMI and

CCI between rural and urban breast cancer survivors in this study was not expected. It is
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possible that in Utah, in contrast with other parts of the country, rural and urban breast
cancer survivors do not differ greatly for these baseline characteristics. Our study confirmed
treatment disparities between rural and urban breast cancer survivors.32 Radiotherapy in
particular is more challenging since daily treatment over several weeks are required, 3334
and the difficult of traveling a long distance to treatment facilities is a predominant barrier
to receiving extended treatments for rural communities. Unlike previous findings,3 we did
not observe any differences for cancer stage between rural and urban breast cancer patients.
Utah’s overall cancer screening rates are lower than the national average,36:37 potentially
resulting in higher rates of delayed cancer diagnosis than reported in states with a higher
percentage of rural women who underwent mammography screening.38

The increased HF risk in rural breast cancer survivors in this study may be attributed to more
intensive forms of cancer treatments since they are diagnosed at a later stage, which could
increase risk of late effects closer to breast cancer diagnosis. However, the increased risk of
HF after five years of follow-up was not statistically significant; perhaps because we lacked
the statistical power to detect an association. Conversely, due to lower treatment adherence,
we hypothesize that rural cancer survivors may experience a lower incidence of treatment-
related late effects. Therefore, the increased HF risk observed in this study may in part be
due to non-cancer factors, the increased risk of heart failure in women of low-income from
rural communities compared with their urban counterparts had been previously reported.3?
These findings highlight the need for primary preventive strategies for rural cancer patients
at risk of cardiovascular outcomes, including increased cardiac surveillance and monitoring
to help lessen potential barriers to heart health in rural communities.

In terms of HF risk factors, the higher HF risk in single-agent treated breast cancer patients
in this study may be due to treatment toxicity leading to treatment discontinuation and
patients receiving single rather than multiple needed treatments. However, it may be more
plausible that these patients may have received multi-agent treatments but were inaccurately
categorized as receiving single instead of multiple treatments. Given that the data on patients
who received chemotherapy from the cancer registry may be underrepresented, it is not
surprising that we did not observe an association for patients receiving chemotherapy.
Similarly, we may have lacked the statistical power needed to detect an association and may
not have captured the long-term effects of chemotherapy on the heart.

The risks of other adverse health outcomes evaluated, such as hypertension, diabetes,
anxiety, and depression, did not differ between rural and urban breast cancer survivors.
Underutilization of healthcare for these health outcomes is likely due to screening barriers in
rural areas, or some conditions may not have been severe enough to be captured in our study.
Depression and anxiety are of great concern for cancer survivors;? however, depending

on screening assessment methods or healthcare seeking behaviors, these outcomes may

be underdiagnosed among cancer survivors, regardless of residence. It is unclear why

rural breast cancer survivors in this study had a lower risk of hyperlipidemia, cataracts,
hearing impairment, or osteoporosis. However, due to lower treatment adherence or care
management in rural communities, it is possible that rural cancer survivors may have a lower
incidence of certain treatment or non-cancer-related effects. To further investigate the effects
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of breast cancer treatment or cancer diagnosis on rural breast cancer survivors, future studies
using a general population without cancer as a comparison group are needed.

The major strength of this study is that it is the first study to comprehensively assess adverse
health outcomes through prolonged follow-up of a relatively large sample of rural breast
cancer survivors. Further, all diagnoses are based on electronic medical and ambulatory
discharge records from large state regional healthcare providers in the state and are not
subject to recall bias, which is problematic for studies based on self-reported outcomes.
Similarly, while electronic medical records may not capture less severe diagnoses, medical
records allow for the inclusion of a wide range of available ICD diagnosis codes for the
identification of evaluated adverse health outcomes.

There are limitations to consider for this study. Although our sample included approximately
4.6% rural and 9.9% urban Hispanic breast cancer survivors, it is unlikely that our findings
can be generalizable to more diverse rural regions of the US. Similarly, Utah’s low alcohol
drinking and cigarette smoking rates compared to the rest of the country® may contribute
to a healthier cohort of breast cancer survivors, potentially resulting in lower comorbidity
risk estimates compared to other breast cancer cohorts. In the first few years following a
cancer diagnosis, cancer survivors undergo increased medical surveillance, including more
frequent follow-up visits and medical screening. However, breast cancer survivors in rural
communities may receive fewer follow-up visits in the early years following a cancer
diagnosis, which may minimize the frequency of outcomes evaluated. Nevertheless, there
was a higher risk of HF in the first 5 years of follow-up among rural breast cancer survivors.
Given the number of patients with ER positive breast cancer, endocrine therapy usage is
likely underreported in the overall study sample. These missing data are likely to bias the
results towards the null, regardless of residency.

In conclusion, we observed an increased risk of heart failure among rural compared to urban
breast cancer survivors. Future studies are needed to investigate preventive approaches to
identify patients at high risk of cardiovascular outcomes for whom preventive strategies are
warranted and can be implemented in rural areas to reduce the comorbidity burden among
rural breast cancer survivors. Although other adverse health outcomes did not differ for
rural and urban breast cancer survivors in this study, investigating these outcomes remains
essential for understanding the comorbidity burden across rural populations in the United
States.
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TABLE 1.

Baseline Characteristics Among Breast Cancer Survivors Diagnosed in 1997-2017, by Rural and Urban
Residence in Utah?

Characteristics: No. (%) Rural (n=2,359) Urban (n = 11,748) pb
Ethnicity

Non-Hispanic White 2,209 (93.6) 10,171 (86.5)

Hispanic 115 (4.9) 1,218 (10.4)

Other? 35 (1.5) 359 (1)  <0.0001
Maximum follow-up time (y)

1-5 804  (34.1) 3,753 (31.9)

6-10 718 (30.4) 3674  (31.3)

11-15 463 (19.6) 2,360  (20.1)

>15 374 (15.9) 1961  (167) 02347

Baseline BM1 (kg/m?) ¢

<185 46 (2.0) 181 (1.5)
18.5-24.9 1,027 (435) 5199  (44.3)
25.0-29.9 729 (30.9) 3,761  (32.0)

>30.0 557  (23.6) 2607  (222) 01866

Baseline CCl

0 1445  (61.2) 7,089 (60.3)

1 464  (19.7) 2521  (215)

>2 450  (19.1) 2138  (182) 01308

Baseline tobacco use
No 2,207 (936) 10967  (93.4)
Yes 152 (6.4) 781 (66) 07153

Family history of any cancer €
No 979 (415) 4807  (4L7)
Yes 1380 (585) 6851  (583)  0.8693

Family history of breast cancer €
No 1341  (56.8) 6846  (58.3)
Yes 1,018 (43.2) 4902 (417) 01998

Family history of CVDs ¢

No 920 (39.0) 4550  (38.7)
Yes 1439  (61.0) 7,198  (61.3)  0.8063
Education?
<high school 386 (16.4) 1,689 (14.4)
High school degree 836 (35.4) 3,842 (32.7)
Some college 686 (29.1) 3,494 (30.0)
College degree 275 (11.7) 1,616 (13.7)
>college 176 (7.4) 1,107 (9.2) <0.0001

Household median income (census tract)
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Characteristics: No. (%)

Rural (n =2,359)

Urban (n = 11,748)

pb

<$50,000
$50,000 to <$60,000
$60,000 to <$70,000
>$70,000
Yost SESindex (censustract, quintile)
Q1 (lowest)”
Q2
Q3
Q4
Q5

920
1,082
248
109

755
829
424
295

56

(39.0)
(45.9)
(10.5)

(4.6)

(32.0)
(35.1)
(18.0)
(12.5)

(2.4)

5,476
2,553
1,109
2,610

1,528
4,663
2,159
1,522
1,876

(46.6)
(1.7)

(9.5)
(22.2)

(12.9)
(39.7)
(18.3)
(13.0)
(16.0)

<0.0001

<0.0001

Abbreviations: BMI, body mass index; SES, socioeconomic status; CCI, Charlson Comorbidity Index; CVDs, cardiovascular diseases.

a . . . . . .
Urban breast cancer survivors were matched to rural breast cancer survivors on diagnosis year and age at cancer diagnosis.

b . . . .
Two-sided Pearson’s chi-square was used to compare the proportions between rural and urban breast cancer survivors.

cOther races included: African American, American Indian/Alaskan, Hawaiian and Other Pacific Islander, Native American, and Asian.

dApproximater 28.7% of missing education and 30.2% of missing BMI values were imputed.

e . . .
In first-, second-, and third-degree relatives.

Values with <11 observations were compressed in accordance with the data confidentiality policy (unknown values compressed with first quartile).
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TABLE 2.

Clinical and Treatment Characteristics Among Breast Cancer Survivors Diagnosed in 1997-2017, by Rural
and Urban Residence in Utah?

Characteristics: No. (%) Rural (n=2,359) Urban (n = 11,748) pb

Ageat cancer diagnosis (y)

24-40 164  (7.0) 797 (7.0)

41-50 416 (17.6) 2093  (17.6)

51-60 567  (24.0) 2824  (24.0)

61-70 594  (252) 2,984  (25.4)

71-97 618  (262) 3,050  (26.0)
AJCC stage ©

I 1,064  (451) 5373  (45.7)
I 871  (369) 4456  (37.9)
m 256 (10.9) 1264  (10.8)

v 89 (3.8) 376 (32) 04767
Histology

Ductal 1,784  (75.6) 8,572 (73.0)

Lobular 372 (15.8) 2,250 (19.1)

Other 203 (8.6) 926 (790 00001

Estrogen-receptor ¢
Positive 1,846 (78.3) 9,238 (78.6)
Negative 380 (161) 2,022  (172) 03179

Progesterone-receptor ¢
Positive 1606 (681) 8001  (68.9)
Negative 605 (256) 3063  (261) 09250

HER?2 status (>2010)¢ @

Positive 146 (6.2) 752 (6.4)
Negative 832  (35.3) 4,065 (34.6) 05905
Endocrine therapy

No 1332  (56.5) 6,897 (58.7)

Yes 1,027  (43.5) 4,851 (413) 00437
Surgery

None 91 (3.9) 392 (3.3)
Lumpectomy® 1,148 (48.6) 6,405 (54.5)
Mastectomy 1120  (475) 4951 (42.2) <0.0001
Chemotherapy

None 1,364  (57.7) 6,930 (59.0)
Single-agent 830 (35.2) 4,029 (34.3)
Multiple-agents 53 (2.3) 245 (2.1)

Number of agents unknown 112 (4.8) 544 (4.6) 0.7515
Radiother apy
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Characteristics: No. (%) Rural (n=2,359) Urban (n =11,748) pb
None 1,129  (47.9) 5,072 (43.2)
External beam 1,160 (49.1) 6,288 (53.5)
Radioactive implant 52 (2.2) 331 (2.8)
Radioisotopes, combination, or unspecified” 18 (0.8) 57 (0.5) <0.0001

Abbreviations: AJCC, American Joint Committee on Cancer; HER2, human epidermal growth factor receptor.

a . . . . . .
Urban survivors were matched to rural survivors on diagnosis year and age at cancer diagnosis.

b . . . .
Two-sided Pearson’s chi-square was used to compare the proportions between rural and urban breast cancer survivors.

CThere were unknown values for rural and urban breast cancer survivors for stage (79 (3.3%) and 279 (2.4%)), and borderline values for ER (133
(5.6%) and 488 (4.2%)), PR (148 (6.3%) and 594 (5.0%)), and HER2 status (1,381 (58.5%) and 6,931 (59.0%)).

d . . . . . .
The HER2 breast cancer subtype information was unavailable in the Utah Cancer Registry until 2010.

e . . . . o . .
Values with <11 observations were suppressed in accordance with the data confidentiality policy. The “/ocal tumor destruction’” category for
surgery was combined with “/umpectomy’” to avoid <11 observations per cell count, as per data confidentiality policy.

The radiotherapy combination included: beam radiotherapy with a radioactive implant or radioisotopes.
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Demographic Baseline Risk Factors for Heart Failure After Breast Cancer Diagnosis for Urban and Rural

Residence in Utah (1997-2017)

Rural Urban
HR  (95% Cl) HR  (95% Cl) pa
Ethnicity b
Non-Hispanic White
Hispanic 134 (0.83,2.16) 092 (0.76,1.10) 0.151
Other 0.57 (0.18,1.77) 050 (0.32,0.79) 0.834
Baseline BMI (kg/m?) €
<185 101 (0.37,2.75) 069 (0.37,1.30) 0.528
18.5-24.9 Ref Ref
25.0-29.9 124 (0.95,1.61) 116 (102,132 065
>30.0 148 (1.11,1.98) 163 (142,187) 0555
Basdine CCI ¢
0 Ref Ref
1 115 (0.86,1.53) 1.45 (1.27,1.66) 0.286
=2 176 (1.28,241) 205 (177,2.38) 0392
Bassline tobacco use ¢
No Ref Ref
Yes 137 (0.80,2.33) 131 (102,168 0882
Family history of CVDs €
No Ref Ref
Yes 129 (100,165 123 (109,139 0737
Family history of breast cancer f
No Ref Ref
Yes 125 (1.00,157) 116 (104,1.29) 0.558
Education
<high school 137 (103,182 106 (092,124 0118
High school degree Ref Ref
Some college 0.93 (0.69,1.26) 0.99 (0.87,1.15) 0.712
College degree 0.75 (0.47,1.19) 0.80 (0.650.99) 0.804
>college 056 (0.29,1.08) 0.83 (0.64,1.05) 0272
Yost SESindex (censustract, quintile) f
Q1 (lowest) 1.09 (0.84,1.43) 120 (1.02,143) 0550
Q2 Ref Ref
Q3 1.04 (0.74,1.48) 095 (0.81,1.11) 0.641
Q4 074 (0.48,1.14) 093 (0.78,1.11) 0.338
Q5 1.27 (0.40,4.05) 087 (0.73,1.04) 0527

Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; HR, hazard ratio; Cl, confidence interval; CVDs, cardiovascular

diseases; Ref, reference.
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a - L . . .
Cochran’s Q statistic was used to test for the heterogeneity in risk estimates in rural and urban breast cancer survivors at the p-value of 0.05 (>0.05
indicates no heterogeneity).
b .
Models were unadjusted.
c . - . . .
Models were adjusted for race, ethnicity, tobacco use, education, and age at cancer diagnosis.
d . . : . .
Models were adjusted for race, ethnicity, CCI, education, and year and age at cancer diagnosis.
e . . . .
Models were adjusted for race, ethnicity, CCIl, BMI, tobacco use, and age at cancer diagnosis.

fModeIs were adjusted for race and ethnicity.
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Clinical Risk Factors for Heart Failure at =1 Year Following Breast Cancer Diagnosis by Urban and Rural

Residence in Utah (1997-2017)

Rural Urban
HR  (95% Cl) HR (95% Cl) P&

AJCC stage ¥

| Ref Ref

1] 124 (096,159 126 (112,142 0910

m 208 (1.41,307) 186 (153,227) 0615

v 258 (1.38,482) 196 (1.39,2.76) 0.450
Estrogen-receptor ¢

Positive Ref Ref

Negative 133 (097,1.82) 117 (1.01,1.36) 0468
Progesterone-receptor ¢

Positive Ref Ref

Negative 1.18 (0.90,1.55) 110 (0.97,1.25) 0.646
HER?2 status (>2010) ¢

Negative Ref Ref

Positive 156 (0.78,3.12) 155 (1.10,2.16) 1.000
Endocrine therapy d

No Ref Ref

Yes 1.01 (0.78,1.30) 096 (0.85 1.10) 0.728
Surgery @

None Ref Ref

Lumpectomy 054 (0.21,1.40) 0.67 (0.40,1.10) 0.694

Mastectomy 0.57 (0.22,1.50) 0.87 (0.53,1.43) 0443
Chemotherapy ¢

None Ref Ref

Single-agent 251 (1.08,581) 150 (1.00,2.26) 0.280

Multiple-agents 1.01 (0.74,1.40) 092 (0.79,1.08) 0.606

Number of agents unknown 1.09 (0.60,1.98) 112 (0.86,1.47) 0935
Radiotherapy d

None Ref Ref

External beam 091 (0.73,1.19) 085 (0.76,0.96) 0.515

Radioactive implant 093 (0.34,257) 094 (0.63,1.39) 0940

Radioisotopes, combination, or unspecified 0.83 (0.11,6.14) 0.99 (0.41,2.40) 0915

Abbreviations: AJCC, American Joint Committee on Cancer; HR, hazard ratio; Cl, confidence interval; Ref, reference.

a - Lo . . . _—
Cochran’s Q statistic was used to test for the heterogeneity in risk estimates in rural and urban breast cancer survivors at p < 0.05 (>0.05 indicates

no heterogeneity).

Model was adjusted for BMI, CCl, race, ethnicity, tobacco use, education, age at cancer diagnosis, and year at cancer diagnosis.
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Models were adjusted for BMI, CClI, race, ethnicity, tobacco use, and age at cancer diagnosis. HER2 for cancer subtype characterization was
unavailable in the Utah Cancer Registry until 2010.

Models were adjusted for BMI, CCl, race, ethnicity, education, tumor grade, cancer stage, age at cancer diagnosis, and year at cancer diagnosis.
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TABLE 6.

Component and Joint Effects to Evaluate Interactions, Between Rural and Urban Residence in Utah and
Selected Risk Factors on The Outcomes of Death and Heart Failure Among Breast Cancer Survivors (1997—
2017)

CrudeHR (95% Cl) pa  Adjused HR (95% Cl)  pa

Outcome: heart failure

Ethnicity?
Urban: White Ref
Urban: Other 1.46 (1.26,1.70)
Rural: White 0.83 (0.67,1.03)
Rural: Other (combined)f 097 (0.52,1.80) 0146

Socioeconomic status (SES)¢

Urban: SES (Q=4) Reference Reference

Urban: SES (Q<4) 114 (0.99,1.31) 113 (0.96, 1.32)

Rural: SES (Q=4) 1.08 (0.71,164) 111  (0.70,1.77)

Rural: SES (Q<4, Combined)f 139 (114,168) 0613 137 (113,1.66) 0.599
Surgeryd
Urban: without surgery Reference Reference

Urban: with surgery 0.64 (0.38,1.08) 1.31 (0.52, 3.28)

Rural: without surgery 1.45 (0.53, 3.96) 3.57 (0.58, 22.0)

Rural: with surgery (combined)” 081 (0.48,137) 0772 154 (0.61,3.89) 0.237
Radiotherapyd

Urban: without radiotherapy Reference Reference

Urban: with radiotherapy 089 (0.78,1.03) 0.86 (0.75, 1.01)

Rural: without radiotherapy 125 (1.02,1.54) 1.14 (0.91,1.42)

Rural: with radiotherapy (combined)” 112 (0.90,1.39) 0.987 111 (0.88,1.40) 0.509
Cemotherapyd

Urban: without chemotherapy Reference Reference

Urban: with chemotherapy 137 (1.17,1.60) 1.15 (0.96, 1.38)

Rural: without chemotherapy 125 (1.04,1.49 1.21 (0.99, 1.48)

Rural: with chemotherapy (combined)f 172 (135,219 0967 131 (0.99,1.75) 0.739

Outcome: death €

Urban: without heart failure Reference Reference
Urban: with heart failure 122 (1.08,1.37) 115 (.02, 1.30)
Rural: without heart failure 116 (1.03,1.30) 1.09 (0.97,1.23)
Rural: with heart failure (combined)’ 105 (0.86,1.26) 0.013 0.94 (0.78,1.14) 0024

Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; HR, hazard ratio; Cl, confidence interval.

a. . . . . . . . .
Likelihood-ratio test for interaction terms at p < 0.05. Urban breast cancer survivors were matched to rural breast cancer survivors on diagnosis
year and age at cancer diagnosis.

bUnadj usted.
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C, . . .
Models were adjusted for BMI, CClI, race, ethnicity, and smoking status.

a . . .
Models were adjusted for BMI, CClI, race, ethnicity, education, tumor grade, and cancer stage.

e . - . .
Models were adjusted for BMI, CClI, race, ethnicity, tobacco use, socioeconomic status, and cancer treatment.

nypothesized most risk.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 April 02.

Page 23



	Abstract
	Introduction
	Methods
	Study Population
	Data Source and Study Variables
	Outcome Measures
	Statistical Analysis

	Data Availability Statement
	Results
	Discussion
	References
	TABLE 1.
	TABLE 2.
	Table 3.
	TABLE 4.
	TABLE 5.
	TABLE 6.

