Cancer Treatment and Research Communications 19 (2019) 100128

Contents lists available at ScienceDirect

Cancer Treatment and Research Communications

journal homepage: www.elsevier.com/locate/ctarc

Check for
updates

Economic disparities in Appalachia linked to risk factors for long-term
health for estrogen positive breast cancer patients

Patricia N.E. Roberson, Melanie Miller, Jillian Lloyd, Clayton Bell, R. Eric Heidel, John Bell

Department of Human Ecology, University of California, Davis, One Shield Avenue, Davis, CA 95616, United States

ABSTRACT

Background: Breast cancer is the second leading cause of cancer death for women in the United States and mortality from cancer is more common among individuals
in the Appalachian region compared to the rest of the country. We examined how risk factors for long-term health outcomes for Estrogen positive breast cancer
patients differed by county economic status in southern Appalachia.

Methods: Data was collected through retrospective data mining of patient medical files (N = 238). Using the self-reported zipcode, patients were classified into
county economic status. At-risk and distressed designations were also rural counties. Bi-variate statistical analyses were used to evaluate how demographic, be-
havioral, health risk factors differed across economic statuses.

Results: For demographic factors, fewer single individuals lived in at-risk counties and older individuals lived in distressed counties. For health behaviors, more
individuals in transitional counties report drinking alcohol but more individuals in distressed counties reported adhering to medication. For morbidity, more
individuals in distressed counties reported having diabetes or a circulatory disease.

Conclusions: Many risk factors differed across county economic statuses. Therefore, doctors must consider the patient's context as a risk factor not just their individual
characteristics. Patients from economically distressed counties may be at higher risk for treatment complications due to a larger proportion of co-morbidities and
older age. Because many risk factors (eg, previous cancer, BMI) are similarly proportioned across Appalachian economic statuses, ER + breast cancer patients in

Appalachia may be at a similarly high risk for health complications compared to the rest of the country.

1. Introduction

The cultural region of Appalachia is located along the central and
southern portion of the Appalachian mountain range covering 13 states,
420 counties, and 205,000 m? with roughly 42% of its population living
in rural communities [1]. In general, residents of the Appalachian re-
gion experience poorer overall health and higher poverty levels than
the rest of the country [2,3]. However, economic and health disparities
in Appalachia are not equally dispersed throughout the region.
Meaning, there are counties of extreme economic poverty and other
counties that are thriving. Similarly, concentrations of health disparities
tend to overlap with rural and poorer counties, and in fact, the observed
health disparities are partially caused by the county economic distress
levels [4-6]. In terms of health disparities, Appalachia ranks below
national average on 33 of 41 indicators of health with higher rates of
mortality on many of the leading causes of death (eg, heart disease,
cancer, injury, stroke, diabetes) compared to the national average [3].
Markedly, across Appalachia individuals have a 10% higher risk of
dying from cancer compared to the rest of the county; moreover, in-
dividuals living in poorer and more rural Appalachian counties have
15% higher risk of dying from cancer [2,7]. Furthermore, Appalachians
are less likely to engage in breast cancer early detection screening
which further contributes to health disparities among women
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diagnosed with beast cancer [8].

Breast cancer is the most common type of cancer diagnosis and is
the second leading cause of cancer death for women in the United States
[9]. Furthermore, Estrogen-Receptor positive (ER+) breast cancer is
the most common type of breast cancer for women [10]. Among Ap-
palachian women with ER+ breast cancer, the population density of a
patient's town (ie, rural vs urban) is linked to adherence to medication
which can reduce cancer recurrence [11]. Additionally, health beha-
viors commonly linked to ER + breast cancer prevalence, such as obe-
sity and smoking, are also higher in Appalachia [1,2]. Therefore, ER +
breast cancer patients in Appalachia may be at greater risk for health
complications depending on their county economic status given their
health and demographic factors at clinical intake. However, little is
known about the social determinants of health, health behaviors, and
morbidities among women in Appalachia and especially among those
diagnosed with ER + breast cancer. Therefore, in order to assess the risk
for longterm health complications, the present study examines how ER
+ breast cancer patients’ county economic status is associated with
social determinants of health, self-reported health behaviors, mental
health, and past/present morbidities.

The study tests the following hypotheses:

Hypothesis 1. Social determinants of health (eg marital status,
employment status, and age) differ across economic county statuses.
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Hypothesis 2. Self-reported health behaviors differ across economic county
statuses.

Hypothesis 3. Mental health history differs across economic county
statuses.

Hypothesis 4. Co-morbidity differs across economic county statuses.

2. Method
2.1. Patient population

After receiving IRB approval, patient names were retrospectively
pulled from our prospectively maintained tumor registry for a 5-year
period (2011-2016). Data were collected through examining patients'
medical files of ER+ breast cancer patients who visited the doctor
within the last three years and were female. The study included patients
from the southern Appalachian area receiving treatment at a large
academic medical institution.

The original sample included 633 patients across different eco-
nomically distressed counties in East Tennessee as identified by the
Appalachian Regional Commission (ARC). The ARC has 5 classifica-
tionse of Appalachian county economic statuses: (a) Distressed (rank
economically worse than 10% of the nation's counties), (b) At-Risk
(rank between the worst 10% and 25% of the nation's counties), (c)
Transitional (rank between the worst 25% and the best 25% of the na-
tion's counties), (d) Competitive (rank between the best 10-25% of the
nation's counties), and (e) Attainment (rank in best 10% of the nation's
counties). [3] Using the 2017 classifications, there were no counties in
the patient population region (East Tennessee) which were classified as
Competitive or Attainment. Therefore, we focused on the three poorest
economic statuses: Distressed, At-Risk, and Transitional. In East Te-
nessee, the At-Risk and Distressed coutnies were all rural while the
Transitional county was urban.

2.2. Measures

The predictor variable for the study was county economic status
(1 = Economic Distress, 2 = At-Risk, 3 = Transitional). For the present
study, the economic classification was determined by patient's zip code
with 8.2% of the sample living in Distressed counties (n = 52); 13.5%
of patients living in counties At-Risk counties (n = 86); and 77.74% of
patients living in Transitional counties (n = 495). Because of this im-
balance across county economic statuses, we randomly selected 100
patients living in Transitional counties to test the hypotheses on a more
balances sample. The resulting final sample of 238 patients had a more
balanced distribution across counties with 21.5% living in Distressed
counties (n = 52), 35.5% living in At-Risk counties (n = 86), and
41.3% living in Transitional counties (n = 100). Distribution for all
outcome variables are presented in Table 1.

3. Results
3.1. Demographic factors

Using chi-square tests, marital status was marginally statistically
significant ()? (6) = 10.88, p = .092). After examining the adjusted
residuals, we found similar proportions of married (Distressed = 64%);
At-Risk = 69%; Transitional = 61%) and widowed (Distressed = 21%;
At-Risk = 13%; Transitional = 12%) patients across county economic
status. For single individuals, according to the adjusted residual, there
was a smaller proportion of singles in At-Risk counties (4%) compared
to Transitional (13%) and Distressed (12%) counties. In addition, ac-
cording to adjusted residuals, there was a smaller proportion of di-
vorced individuals in Distressed (4%) counties compared to At-Risk
(14%) and Transitional (13%) counties.
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Table 1

The distribution of outcome variables. For categorical variables,
proportions (%) are presented. For continuous variables, means
(M) and standard deviations (SD) are presented.

Variable level %,/M(SD)
Demographics
Marital status
Single 9%
Married 64%
Divorced 11%
Widowed 14%
Employment
Yes 47%
No 8%
Retired 45%
Age 63.70(12.42)
Behavioral health
BMI
< 30 BMI 61%
= 30 39%
Tobacco use
Current user 11%
Past user 19%
Never used 70%
Alcohol use
Yes 34%
No 66%
Mental health
History
Yes 32%
No 68%
Morbidity
Diabetes
Yes 21%
No 79%
Circulatory disease
Yes 68%
No 32%
Previous cancer
Yes 17%
No 83%
Total number of morbidities 2.44(1.71)

For age we used ANOVA and found mean differences for age across
county statuses (F(2234) = 4.08, p = .018). Post-hoc analyses in-
dicated that the age of patients in Distressed counties (M = 69 years,
SD = 12 years) was significantly higher (p = .019) than patients in At-
Risk counties (M = 62 years, SD = 12 years) and marginally sig-
nificantly higher (p = .058) than patients in Transitional (M = 63,
SD = 13) counties. According to chi-square test, employment status
was not significant (3%(4) = 3.55,p = .47).

3.2. Health behaviors

We used chi-square to test if there were proportional difference in
patients’ health behaviors across county economic statuses. Alcohol use
was significantly different by county status (¥*(2) = 10.33, p = .006)
with patients in Transitional counties having the highest proportion of
reporting alcohol consumption (43.4%) comparted to At-Risk (34.1%)
and Distressed (17%) counties. In addition, the proportion of medica-
tion adherence was different by county status (¥%(2) = 8.90,p = .012)
whereby patients in Distressed counties had the highest proportion of
medication adherence (100%) compared to those in At-Risk (81.4%)
and Transitional (84.4%) counties. BMI (X2(2) = 3.42, p = .18) and
tobacco use (XZ(4) = 3.16, p = .53) were not significant.

3.3. Mental health

Using chi-square analysis, the proportion of mental health diagnoses
did not differ across county economic statuses (¥*(2) = 0.60,p = .74).



P.N.E. Roberson, et al.

3.4. Morbidity

To test Hypothesis 4, we first examined proportional differences of
common morbidities (eg, diabetes, circulatory disease, previous cancer)
across county economic status using chi-square. The proportion of
Diabetes was significantly different across county economic status
(X2(2) = 8.92, p = .012) whereby the proportion of patients with
diabetes was higher in Distressed (35%) compared to At-Risk (19%) and
Transitional (15%) counties. In addition, the proportion of circulatory
diseases was significantly different by county status (}*(2) = 7.55,
p = .023) whereby patients in Distressed counties had a higher pro-
portion of circulatory disease (84%) compared to At-Risk (64%) and
Transitional (64%) counties. The proportion of patient reports of pre-
vious cancers (XZ(Z) = 3.12, p = .21) was not significantly different by
county status.

Next to test Hypothesis 4, we computed the total number of self-
reported diseases and determined if there were differences across
county economic status using ANOVA. Results were marginally sig-
nificance (F(2234) = 2.46, p = .088). Post-hoc analyses indicated that
there was one difference whereby Distressed counties had a slightly
greater frequency of diseases (M = 2.86, SD = 1.77) compared to At-
Risk counties (M = 2.20, SD = 1.64); this difference was marginally
significance (p = .083).

4. Discussion

Overall, this study examined how economic disparities are linked
potential risk factors for treatment complications among ER + breast
cancer patients in Appalachia including demographic, health behaviors,
mental health, and co-morbidities. While there are known health dis-
parities among those living in Appalachia, little is known about how
these health disparities are different across Appalachian county eco-
nomic status for women diagnosed with ER + breast cancer.

Hypotheses 1 was only partially substantiated, with women in
Distressed counties being older on average but no difference was found
for marital status and employment status, despite all being regularly
linked to health disparities in Appalachian populations [1]. However,
ER + breast cancer patients in Distressed counties were significantly
older than patients in At-Risk counties and had marginal significance
for Transitional counties. This age difference could be a reflection of
population migration as younger generations of people living in rural
areas are more likely to relocate to more metropolitan and economic-
ally vibrant counties, largely due to education and employment op-
portunities [12,13]. Nevertheless, older average age may put ER+
breast cancer patients in Distressed counties at greater risk for sub-
sequent health complications because older adults are more likely to
experience fatal complications from treatment [14,15]. Further, it is
notable that marital status was marginally significance, as this indicates
a lower probability of individuals being married in Distressed counties.
This is confirmed in other research which indicates that lower income
individuals are less likely to marry [16]. Marital status has also been
consistently linked to better health outcomes [17,18] and medication
adherence among ER + breast cancer patients [11]. Therefore, these
marginally significant results warrant future examination to confirm if
marital status is different by economic status and if these differences
unequally influence the risk of health complications.

Hypothesis 2 was partially substantiated with alcohol and medica-
tion adherence differing by county economic status but not BMI or
tobacco use. Compared to the rest of the country, tobacco use and BMI
are higher in Appalachia. [2,4,5,19,20] However, the present findings
indicate that among ER+ breast cancer patients these risky health
behaviors are similarly proportioned across county economic status and
therefore maybe a risk factor for treatment complications for all Ap-
palachian patients and not just to patients who live in specific counties.

Conversely, alcohol abuse diagnoses are lower among the
Appalachian population than national averages, though there is some
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indication that this difference may be due to patient under reporting
[2,19]. For our sample, ER+ breast cancer patients in Transitional
counties reported greater alcohol use compared to At-Risk and Dis-
tressed counties. However, upon examining the qualitative data, none
of these affirmative reports would be diagnosed as alcohol abuse: “I
have one or two glasses of wine” or “I drink socially”. Therefore, this
response might not be a measure of alcohol use but of patient-doctor
disclosure. Meaning, patients in Distressed counties may be less likely
fully disclose to their doctor what may be perceived as poor or un-
acceptable health behaviors compared to those in Transitioning coun-
ties. This conclusion can similarly relate to the medication compliance
findings.

For our sample, a higher proportion of ER+ breast cancer patients
in Distressed counties reported adherence to medication; in fact, 100%
of patients from Distressed counties reported adhering to their medi-
cation. However, compared to national samples, medication adherence
is lower among Appalachians, which is potentially linked to the high
poverty rate (ie, inability to afford co-pays) [2] and distrust of medical
professional recommendations [7,8]. This was a surprising findings,
and while the reporting may be accurate, this might be a further in-
dication that patients from Distressed counties are less likely to disclose
health behaviors to medical professionals, especially those behaviors
that are perceived to be unhealthy. If true, then ER+ patients from
Distressed counties may be at higher risk for health complications as
doctors are less able to intervene and potentially prevent complications
without an accurate report of past and present health behaviors.

Hypothesis 3 was not substantiated, as the proportion of mental
health diagnoses was not different across county distress status. One
explanation for this lack of significance may be linked to the tradi-
tionally low rates of mental health diagnoses in the Appalachian area,
which literature commonly contributes to social stigma of mental
health helping seeking and low access to mental health providers [19].
Therefore, medical doctors may consider assessing for mental health
symptoms rather than self-reported mental health diagnoses. A com-
pilation of symptomology may provide a better assessment of risk fac-
tors compared to actual mental health diagnosis.

Hypothesis 4 was partially substantiated with a higher proportion of
patients with diabetes and circulatory diseases from Distressed counties
than in At-Risk and Transitional counties. These findings replicated
previous literature research that has found both heightened levels of
diabetes and heightened levels of circulatory diseases (eg, heart attack
and stroke) in Distressed economic counties as compared to non-dis-
tressed counties in Appalachia [4,6]. Appalachia leads the nation for
mortality as a result of cancer, diabetes, and heart disease [2], however,
the proportion of previous cancers were not different by Appalachian
county. It appears that patients from economically distressed counties
are at a greater risk for co-morbidities and therefore a greater risk for
treatment complications.

5. Conclusions

Though this study is limited by the self-report nature of the patient
intake process, there are some notable conclusions that can be taken in
determining patient potential risk for treatment complications. First, it
appears that patients from economically distressed counties may be at
higher risk for treatment complications due to a larger proportion of co-
morbidities and older age. Second, there are a number of risk factors
(eg, previous cancer, BMI) which are similarly proportioned across
Appalachian county economic statuses. This may be an indication that
ER + breast cancer patients in Appalachia are at a similarly high risk for
health complications compared to the rest of the country. Third, patient
disclosure of health behaviors (eg, alcohol use and medication ad-
herence) may be different by economic status because of known patient
distrust of medical professionals. This lack of disclosure may be a risk
factor for health complications as doctors may be able to less effectively
or appropriately treat the patient without knowledge of these lifestyle
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risk factors. Future research should further explore the prevalence of
disclosure among Appalachian ER+ breast cancer patients.

Conflict of interest

No authors report conflict of interest with regard to the submitted

manuscript.

Supplementary materials

Supplementary material associated with this article can be found, in

the online version, at doi:10.1016/j.ctarc.2019.100128.

References

[1]
[2]
[3]
[4]

[5]

(6]

S.W. Cole, Chronic inflammation and breast cancer recurrence, J. Clin. Oncol. 27
(July (21)) (2009) 3418-3419.

L. PDA, G. Cecil, Sheps Center, Appalachian Regional Commission, Health
Disparities in Appalachia, 2017.

Commission A.R. Moving AppalachiaForward: appalachian Regional Commission
StrategicPlan 2011-2016. 2010.

L. Barker, R. Crespo, R.B. Gerzoff, S. Denham, M. Shrewsberry, D. Cornelius-
Averhart, Residence in a distressed county in Appalachia as a risk factor for dia-
betes, Behavioral Risk Factor Surveillance System, 2006-2007, Prev. Chronic Dis. 7
(September (5)) (2010) A104.

A. Amarasinghe, G. D'Souza, C. Brown, H. Oh, T. Borisova, The influence of so-
cioeconomic and environmental determinants on health and obesity: a West
Virginia case study, Int. J. Environ. Res. Public Health 6 (August (8)) (2009)
2271-2287.

J.A. Halverson, E. Barnett, M. Casper, Geographic disparities in heart disease and
stroke mortality among black and white populations in the Appalachian region,

[7]

[8

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Cancer Treatment and Research Communications 19 (2019) 100128

Ethn. Dis. 12 (4) (2002) FallS3-82-91.

A.M. Spleen, E.J. Lengerich, F.T. Camacho, R.C. Vanderpool, Health care avoidance
among rural populations: results from a nationally representative survey, J. Rural
Health 30 (1) (2014) 79-88 Winter.

B. Behringer, G.H. Friedell, Appalachia: where place matters in health, Prev.
Chronic Dis. 3 (October (4)) (2006) A113.

R.L. Siegel, K.D. Miller, A. Jemal, Cancer statistics, 2018, CA Cancer J. Clin. 68
(January (1)) (2018) 7-30.

Society A.C. Breast cancer facts & figures 2017-2018 2017.

P.N.E. Roberson, A. Southerland, H. Mitchel., J. Lloyd, R.E. Heidel, J. Bell, Factors
predicting medication prescription adherence in Appalachian breast cancer pa-
tients, Breast J. (2017).

P.J. Carr, M. Kefalas, Hollowing Out the middle: the Rural Brain Drain and What it
Means for America, Mass.: Beacon Press, Boston, 2009.

P.J. Carr, M.J. Kefalas, The rural brain drain, Chron. Higher Educ. 9 (2009) 1-13.
R.A. Damhuis, C.J. Meurs, W.S. Meijer, Postoperative mortality after cancer surgery
in octogenarians and nonagenarians: results from a series of 5390 patients, World J.
Surg. Oncol. 3 (2005) 71 Nov 9.

M.L. Janssen-Heijnen, S. Houterman, V.E. Lemmens, M.W. Louwman, H.A. Maas,
J.W. Coebergh, Prognostic impact of increasing age and co-morbidity in cancer
patients: a population-based approach, Crit. Rev. Oncol. Hematol. 55 (September
(3)) (2005) 231-240.

K. Edin, M. Kefalas, Promises i can Keep: why Poor Women Put Motherhood Before
Marriage, University of California Press, Berkeley, 2005.

H.L. Koball, E. Moiduddin, J. Henderson, B. Goesling, M. Besculides, What do we
know about the link between marriage and health, J. Fam. Issues 31 (8) (2010)
1019-1040.

D. Carr, K.W Springer, Advances in families and health research in the 21st century,
J. Marriage Fam. 72 (3) (2010) 743-761.

Z. Zhang, M.Meit Alycia Infante, English Ned, Dunn Michael, K. Bowers, An
Analysis of Mental Health and Substance Abuse Disparities & Access to Treatment
Services in the Appalachian Region, (2008).

T.M. Kruger, B.M. Howell, A. Haney, R.E. Davis, N. Fields, N.E. Schoenberg,
Perceptions of smoking cessation programs in rural Appalachia, Am. J. Health
Behav. 36 (March (3)) (2012) 373-384.


https://doi.org/10.1016/j.ctarc.2019.100128
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0001
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0001
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0002
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0002
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0003
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0003
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0003
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0003
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0004
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0004
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0004
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0004
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0005
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0005
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0005
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0006
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0006
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0006
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0007
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0007
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0008
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0008
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0009
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0009
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0009
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0010
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0010
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0011
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0012
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0012
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0012
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0013
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0013
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0013
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0013
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0014
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0014
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0015
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0015
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0015
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0016
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0016
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0017
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0017
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0017
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0018
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0018
http://refhub.elsevier.com/S2468-2942(18)30069-8/sbref0018

	Economic disparities in Appalachia linked to risk factors for long-term health for estrogen positive breast cancer patients
	Introduction
	Method
	Patient population
	Measures

	Results
	Demographic factors
	Health behaviors
	Mental health
	Morbidity

	Discussion
	Conclusions
	Conflict of interest
	Supplementary materials
	References




