
ORIGINAL PAPER

Cancer Mortality Rates in Appalachia: Descriptive Epidemiology
and an Approach to Explaining Differences in Outcomes

David Blackley • Bruce Behringer • Shimin Zheng

Published online: 19 November 2011

� Springer Science+Business Media, LLC 2011

Abstract Cancer is a leading cause of death in the Appa-

lachian region of the United States. Existing studies compare

regional mortality rates to those of the entire nation. We

compare cancer mortality rates in Appalachia to those of the

nation, with additional comparisons of Appalachian and

non-Appalachian counties within the 13 states that contain

the Appalachian region. Lung/bronchus, colorectal, female

breast and cervical cancers, as well as all cancers combined,

are included in analysis. Linear regression is used to identify

independent associations between ecological socioeconomic

and demographic variables and county-level cancer mor-

tality outcomes. There is a pattern of high cancer mortality

rates in the 13 states containing Appalachia compared to the

rest of the United States. Mortality rate differences exist

between Appalachian and non-Appalachian counties within

the 13 states, but these are not consistent. Lung cancer is a

major problem in Appalachia; most Appalachian counties

within the 13 states have significantly higher mortality rates

than in-state, non-Appalachian counterparts. Mortality rates

from all cancers combined also appear to be worse overall

within Appalachia, but part of this disparity is likely driven

by lung cancer. Education and income are generally asso-

ciated with cancer mortality, but differences in the strength

and direction of these associations exist depending on loca-

tion and cancer type. Improving high school graduation rates

in Appalachia could result in a meaningful long term

reduction in lung cancer mortality. The relative importance

of household income level to cancer outcomes may be

greater outside the Appalachian regions within these states.
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Introduction

Appalachia is a 13-state, 200,000 square mile region that

follows the spine of the Appalachian Mountains from

southern New York through northern Mississippi (Fig. 1).

The region was formally defined by federal legislation in

1965, with additional counties added in subsequent years.

Appalachia has long been recognized as geographically

isolated, economically depressed and possessing a distinct

cultural identity. The Appalachian Regional Commission

(ARC) was formed during the 1960 s’ War on Poverty to

address overlapping economic, social and health problems.

ARC health initiatives have focused on construction of new

health facilities and reducing the region’s high infant

mortality rate [1]. Appalachian residents often intuitively

perceive higher cancer mortality rates in their region rel-

ative to the rest of the country [2], but widespread recog-

nition of the legitimacy of geographic place-based

disparities has been slow to gain national traction [3].

Historically, reliable information outlining the health status

of people within Appalachia has been scarce because it is a

large region spanning all or part of 13 states [4].

A limited body of research has documented the cancer

mortality burden in Appalachia. Studies in recent decades

have identified elevated Appalachian mortality rates for

lung cancer [5–9] colorectal cancer [5, 9], female breast

D. Blackley (&) � S. Zheng

Department of Biostatistics and Epidemiology, College of Public

Health, East Tennessee State University, Box 70259, Johnson

City, TN 37614, USA

e-mail: blackley@goldmail.etsu.edu

B. Behringer

Office of Rural and Community Health and Community

Partnerships, Division of Health Sciences, East Tennessee State

University, Johnson City, TN, USA

123

J Community Health (2012) 37:804–813

DOI 10.1007/s10900-011-9514-z



cancer [7], cervical cancer [5, 8–10] and all cancers com-

bined [5–9]. However, data upon which these studies were

based are now dated. In addition, most study designs are

descriptive, and compare Appalachian cancer mortality

rates to those for the entire United States. While these

comparisons may be valuable for initial identification of

geographic differences, comparing cancer mortality of

Appalachian versus non-Appalachian counties within states

could better account for variations in relevant risk factors

distorted by broader geographic comparisons.

Our objective is to present cancer mortality statistics that

compare Appalachia with the nation, with additional, primary

focus on comparisons of the Appalachian and non-Appala-

chian regions within the 13 states containing Appalachia.

Supplemental statistical analysis explains part of the varia-

tions in cancer mortality rates. This approach may clarify

more effective cancer control options for health practitioners,

public health officials, policy makers and citizens of Appa-

lachia by identifying how certain factors differentially influ-

ence cancer mortality in Appalachian and non-Appalachian

populations in the region. For clarity, the term ‘‘Appalachia’’

refers to the 410 county multi-state region designated in 2007

by the ARC. The term ‘‘non-Appalachia’’ refers to all other

counties within the 13 states.

Factors Associated with Cancer Mortality

Much of the literature about Appalachian health hypothe-

sizes that regional differences in socioeconomic conditions

contribute to Appalachia’s poor health [5, 7]. There is limited

research focused on identifying associations between spe-

cific indicators and cancer mortality. Community-level fac-

tors have an influence on mortality independent of individual

characteristics [3]. Moreover, ecological variables such as

income, education, rurality and percent minority population

have been associated with cancer rates in numerous national

studies, but analysis to test the validity of these findings in

sub-regions and for specific cancer types is limited [11].

Income

The Appalachian poverty rate exceeds the national rate by

14% [12]. The association between low economic status

and poor health is such a pillar of public health practice and

research [13] that poverty has been referred to as a ‘‘car-

cinogen’’ [14]. Low income areas are characterized by a

lack of health care resources, information and knowledge

that can facilitate healthy lifestyles [15]. Low income

populations have poorer cancer survival rates than middle

and higher-income populations [16].

Education

Evidence strongly links educational attainment with health

outcomes [17], and historical data show low high school

graduation rates in Appalachia, ranging from 87 to 95% of

the national average in recent decades [18]. National

research identifies an inverse relationship between educa-

tion level and cancer mortality rates, with variations in the

strength of this relationship depending on tumor site. For

example, the variation in lung cancer mortality by educa-

tion level is larger than the variation observed for other

cancer sites [19]. By 2000, lung cancer death rates were

twice as high among low education white men and women

and black men, compared to the more educated within each

of these groups [20]. Risk factor prevalence also varies

according to education level—the difference in the preva-

lence of smoking by educational achievement has widened

in the United States over recent decades [19].

Rurality

Thirty-four percent of Appalachian counties are considered

rural by our definition (described later). Past research

identifies higher mortality rates in rural Appalachia com-

pared to the United States for all cancers combined, lung

cancer and cervical cancer [8, 9]. Nationally, and within

Appalachia, rural residence is associated with higher pov-

erty rates than non-rural residence [7]. Rural residents have

fewer physician visits, lower use of standard preventive

care, lower percentage of health insurance coverage and

less access to clinical trials [8, 21]. Rural cancer patients

Fig. 1 The Appalachian region of the United States, 2007 Appala-

chian Regional Commission definition
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are less likely to receive state-of-the-art care because of

limited geographic access to specialized diagnostic and

treatment services [22].

Minority Population

The relative size and percentage of the minority population

in Appalachia varies, with historically low representation

in rural counties and in Central and Northern Appalachia.

Nationally, African Americans and Native Americans have

lower all-cancer survival rates than whites [14]. African

Americans have the highest death rate from all cancers

combined, lung cancer, colorectal cancer, female breast

cancer and cervical cancer of all racial/ethnic groups in

United States. The cancer death rate is 40% higher for

African Americans than whites for males, and 20% higher

for African Americans than whites for females [14].

Are cancer mortality rates in Appalachia higher than

national rates? Within the 13 states that contain Appala-

chian counties, are cancer mortality rates higher in Appa-

lachia compared to non-Appalachia? Subsequently, how

much of the hypothesized variations in these rates are

explained by select ecological variables? Analysis of

associated factors and designs of interventions to address

cancer mortality differences requires consideration of the

unique profile of a region to improve the likelihood of

effectiveness [23]. Appalachia’s length and breadth, and its

complex community and regional dynamics make gener-

alizations from national comparisons alone problematic

[24, 25]. Our analysis is designed to identify differences

between Appalachia and the nation as well as between

Appalachia and non-Appalachia within the 13 state region,

with respect to socioeconomic/demographic status and site-

specific cancer mortality rates. Up-to-date, relevant data

could contribute to more effective cancer control measures

in the Appalachian region.

Methods

We conduct two levels of analysis. First, a descriptive

analysis of cancer mortality rates compares each state’s

Appalachian counties with (1) the nation and (2) in-state

non-Appalachian counties. Second, further statistical

analysis is conducted to examine associations of multiple

ecological variables with Appalachian and non-Appala-

chian cancer rates. County-level data are used because

cancer mortality rates and complementary socioeconomic

and demographic data are uniformly available [26]. Multi-

year data are aggregated to limit potential volatility of

single year county rates. Table 1 describes variables in the

dataset compiled on each county and independent city

(n = 1,100) in the 13 states that include Appalachia.

Lung/bronchus, colorectal, female breast and cervical

cancers, as well as a grouping of all cancers combined, are

included in descriptive analysis because Appalachian dif-

ferences have been proposed in the literature [5–10]. We use

SEER*Stat 7.0.4 software to calculate site-specific, age-

adjusted cancer mortality rates for Appalachia and non-

Appalachia in each state, with significance at a = 0.05.

National vital statistics provide coverage of nearly all deaths

within the region [19]. National Center for Health Statistics

data include age at death, sex, county of residence, under-

lying cause of death and contributing cause(s) of death for

each decedent in the United States by year. Deaths are coded

according to International Classification of Disease, 10th

Revision (ICD-10) standards, and only underlying causes of

death are used to calculate mortality rates [28].

Table 1 Operationalization and data sources for county-level dataset

Variable Operational

definition

Source

Population count County or

independent city

population

US Census Bureau,

American

Community

Survey, 2005–2009

Median household

income

2009 inflation-

adjusted dollars

US Census Bureau,

American

Community

Survey, 2005–2009

High school

graduation rate

Percent population

25 years and over

who are high school

graduate or higher

US Census Bureau,

American

Community

Survey, 2005–2009

Rural–urban

continuum code

9-part classification

system, Non-rural:

1–6, Rural: 7, 8, 9

US Department of

Agriculture 2003,

Bronstein et al.

2011 [27]

Percentage white/

minority

Minority

operationalized as

non-white

population

US Census Bureau,

American

Community

Survey, 2005–2009

Median age In years US Census Bureau,

American

Community

Survey, 2005–2009

Appalachian/non-

Appalachian status

‘‘0’’ indicates non-

Appalachian county

or independent city.

‘‘1’’ indicates

Appalachian county

or independent city

Appalachian

Regional

Commission, 2007

Mortality rates for (1)

lung and bronchus,

(2) colon and

rectum, (3) female

breast, (4) uterine

cervix and (5) all

cancer sites

combined

All ages, 2003–2007

mortality rates per

100,000, age-

adjusted to 2000 US

standard population

National Center for

Health Statistics,

2003–2007.

National Cancer

Institute

SEER*Stat

software version

7.0.4.
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Following descriptive analysis, we calculate bivariate

correlations for associations between cancer mortality rates

and selected, unmodified independent variables. This step

and subsequent analysis is restricted to cancer sites that

show consistent Appalachian/non-Appalachian differences

in descriptive-level analysis. For Appalachia and non-Ap-

palachia, we determine if variable pairings have significant

and meaningful correlations. We subsequently develop

explanatory models using multiple linear regression to

discern independent contributions of predictor variables to

cancer mortality rates.

Results

Regional Characteristics

The percent Appalachian population across the 13 states

ranges from 5% (New York) to 100% (West Virginia).

Pennsylvania (n = 5,741,255) has the largest Appalachian

population; Maryland (n = 246,387) has the smallest.

Those residing in Appalachian counties constitute 24% of

the total population of these 13 states. Compared with non-

Appalachian counties, Appalachian counties are charac-

terized by: (1) older residents, (2) lower household incomes

(3) lower high school graduation rates, (4) smaller minority

populations and (5) smaller population sizes (Table 2).

Descriptive Epidemiology

Mortality rates in the 13 states that include Appalachia

exceed rates in the rest of the country (other 37 states and

Washington, DC) for all cancers combined (7% higher),

lung/bronchus cancer (13%), colorectal cancer (8%),

female breast cancer (7%) and cervical cancer (8%). Each

of these differences is significant (P \ 0.05). Unless

otherwise noted, statistical significance for rate differences

in descriptive analysis is set at a = 0.05. Further, within

these 13 states, mortality rates for Appalachian counties

exceed those of non-Appalachian counties for all cancers

combined (5%), lung/bronchus cancer (13%), colorectal

cancer (1%) and cervical cancer (4%). Conversely, female

breast cancer mortality rates are 4% higher in non-Appa-

lachia than in Appalachia. Each of these differences is

significant with the exception of cervical cancer mortality.

Mortality rates for all cancers combined exceed national

rates in each of the 13 Appalachian regions (Table 3).

Within the 13 states, Appalachian counties in Kentucky

(10% higher), New York (11%), Ohio (5%) and Virginia

(8%) have significantly elevated all-cancer mortality rates

compared to non-Appalachian counties. While West Vir-

ginia has no in-state, non-Appalachian comparison group,

it has the second highest all-cancer mortality rate of the 13

state Appalachian regions, and it has a higher mortality

rate than all non-Appalachian regions except Kentucky.

Alabama (3% higher), Mississippi (3%) and North Caro-

lina (3%) have significantly higher all-cancer mortality

rates in non-Appalachian counties.

Lung cancer mortality rates exceed national rates in

each of the 13 Appalachian regions (Table 3). Appalachian

counties in Alabama (3% higher), Georgia (9%), Kentucky

(17%), Maryland (10%), New York (22%), Ohio (15%),

South Carolina (6%), Tennessee (3%) and Virginia (20%)

have significantly higher lung cancer mortality rates than

their non-Appalachian counterparts. West Virginia’s mor-

tality rate is third highest among Appalachian regions, and

is 23% higher than the rate for all non-Appalachian

counties combined. No non-Appalachian regions have

significantly higher lung cancer mortality rates than their

corresponding in-state Appalachian region.

Colorectal cancer mortality rates in 9 of 13 Appalachian

regions exceed national rates (Table 3). No consistent in-

state differences emerge from analysis of colorectal cancer

mortality rates. Ohio is the only state where Appalachia has

a significantly elevated (9%) mortality rate. Alabama is the

only state where non-Appalachia has a significantly ele-

vated (8%) mortality rate. Appalachian Kentucky has the

highest colorectal cancer mortality rate, while Appalachian

North Carolina has the lowest.

Female breast cancer mortality rates in 9 of 13 Appa-

lachian regions exceed national rates (Table 3). No state

Appalachian region has significantly higher female breast

cancer mortality than its non-Appalachian counterpart.

Georgia (10% higher), Ohio (9%) and Tennessee (13%)

have significantly elevated female breast cancer mortality

rates compared to Appalachian counterparts. Appalachian

Virginia has the highest female breast cancer mortality

rate; Appalachian Georgia has the lowest.

Cervical cancer mortality rates in 7 of 13 Appalachian

regions exceed national rates (Table 3). One non-Appala-

chian region (Georgia) has significantly higher cervical

cancer mortality than its Appalachian counterpart, while

Table 2 Results of independent samples t test comparing Appala-

chian and non-Appalachian counties in 13 states

Census variable County designation

Not

Appalachia

Appalachia P value

Median age 38.1 39.9 \0.01

Median household income $44,419 $37,308 \0.01

High school graduation rate 80.1% 77.8% \0.01

Minority population 28.2% 9.4% \0.01

Median population 36,034 30,842 \0.01

Source: US Census Bureau, 2005–2009 American Community Survey

J Community Health (2012) 37:804–813 807

123



one Appalachian region (Ohio) has significantly higher

cervical cancer mortality than in-state non-Appalachian

counties. Non-Appalachian Mississippi has the highest

cervical cancer mortality; Appalachian Virginia has the

lowest.

Correlation Analyses

Consistent mortality rate differences between Appalachian

and non-Appalachian counties in the 13 states are identified

for all cancers combined and lung/bronchus cancer. The

rest of our analysis focuses on these two groupings.

For Appalachia and non-Appalachia, unadjusted asso-

ciations between mortality from all cancers and median

household income, high school graduation rate and percent

white population are analyzed by calculating Pearson’s

coefficients (Table 4). All correlations are significant at

P \ 0.01 (two-tailed). In both strata, income and high

school graduation rates are inversely associated with the

all-cancer mortality rate. The absolute value of income’s

negative correlation with all-cancer mortality is slightly

larger in Appalachia than in non-Appalachia. The absolute

value of high school graduation’s inverse association with

all-cancer mortality is much larger in Appalachia than non-

Appalachia. Percent white population is positively corre-

lated with the all-cancer mortality rate for both groupings.

The same associations are analyzed for lung/bronchus

cancer (Table 4). All correlations are significant at

P \ 0.01. In both regions, income and graduation rates are

inversely associated with lung cancer mortality rates.

Correlations between income and lung cancer mortality are

nearly identical in Appalachia and non-Appalachia. The

inverse association between the graduation rate and the

lung cancer mortality rate is larger in Appalachia than non-

Appalachia. The difference in the size of this negative

correlation is larger for lung cancer than for all-cancer.

Percent white population is correlated with higher lung

cancer mortality rates in both regions, and the correlation

coefficient is larger for non-Appalachia.

Table 3 Site-specific cancer mortality rates per 100,000 by state and Appalachian status, 2003–2007

All-cancer Lung/bronchus Colon/rectum Female breast Uterine cervix

Not App App Not App App Not App App Not App App Not App App

AL 205.3 199.4 61.4 63.5 19.6 18.1 25.3 24.5 3.4 2.8

GA 187 187.6 55.5 60.4 17.5 17 24.5 22.3 2.9 2.1

KY 210.6 231.1 72.9 85.4 20.4 21.6 23.8 25.2 2.7 3.4

MD 188.8 192 53.5 58.8 18.7 17.1 25.8 26.5 2.2 2.5

MS 209.2 202.9 66.6 66.2 20.6 19.4 26.1 24.7 4.1 3.8

NY 170.8 189 44.7 54.4 17.4 17.9 23.9 23.2 2.5 2.4

NC 193.7 188.3 59 58.6 17.5 16.8 25 23.7 2.5 2.1

OH 198.7 209.3 58.6 67.5 19.4 21.1 26.9 24.6 2.3 3.3

PA 193.5 194.3 52.8 53.7 19.2 19.2 25.8 25.4 2.3 2.2

SC 194.5 193.1 58 61.7 18.2 17.1 24.2 24.7 2.9 2.3

TN 207.2 205.2 66.7 68.8 20.2 17.7 26.9 23.8 2.9 2.7

VA 187.2 202.1 54.5 65.4 17.6 17.7 25.4 27 2.2 2

WV – 209.8 – 67.6 – 21 – 24.3 – 3.2

US 183.8 52.5 17.6 24.0 2.4

Mortality data provided by NCHS (www.cdc.gov/nchs)

Rates per 100,000 and age-adjusted to 2000 US Standard Population (19 age groups)

Calculations with National Cancer Institute SEER*Stat version 7.0.4

‘‘Not App’’ = Non-Appalachian counties or independent cities within 13 states that include Appalachia; ‘‘App’’ = Appalachian counties or

independent cities within 13 states that include Appalachia

Bolded rates indicate significantly different intra-state rates at P \ 0.05

Table 4 Pearson correlation coefficients for independent variables

and cancer mortality rates

Independent variable All-cancer Lung/bronchus

App Not App App Not App

Median household income -0.503 -0.437 -0.430 -0.440

High school graduation

rate

-0.468 -0.195 -0.586 -0.147

Percent white 0.205 0.099 0.174 0.260

All correlations significant at P \ 0.01 (two-tailed)
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Linear Regression Models

Multicolinearity represents a threat to the reliability of

regression coefficients. Checks for multicolinearity in each

of the least squares regression models yield variance

inflation factors within the acceptable range, indicating that

coefficient variances are not unduly increased as a result of

colinearity between independent variables. Tests for effect

modification between the dichotomous Appalachian/non-

Appalachian and rural/non-rural independent variables and

the cancer mortality outcome variable in the two non-

stratified models yield non-significant p-values in initial

models; these interaction terms are removed from the final

version of each model.

Model 1, an explanatory model of all-cancer mortality, is

generated by regressing mortality rates of all counties in the

13 states on selected independent variables (Table 5). We

examine the unique contributions of selected independent

variables while controlling for effects of other variables.

Median household income has a significant negative asso-

ciation with all-cancer mortality. The association between

percent high school graduation and all-cancer mortality is

not significant. Percent white population is positively asso-

ciated with the all-cancer mortality rate. Thus, controlling

for other variables, as the percent minority population

increases, all-cancer mortality decreases. Rural residence is

not independently associated with all-cancer mortality rates.

Living in the Appalachian region is independently associ-

ated with lower all-cancer mortality rates. These variables

account for about 26% of the variance in all-cancer mortality

rates.

Model 2 looks at the contributions of independent

variables to lung/bronchus cancer mortality (Table 5).

Median household income has a significant negative

association with lung cancer mortality. The association

between percent high school graduation and lung cancer

mortality is negative, and unlike in Model 1, is significant.

The percent white population is positively associated with

lung cancer rates. Controlling for other variables, living in

Appalachia is associated with lower lung cancer mortality

rates. These variables account for about 34% of the vari-

ance in lung cancer mortality rates, an 8% increase over

Model 1.

In Model 3 we stratify the data by Appalachia and non-

Appalachia and generate a regression model for all-cancer

mortality (Table 6). Median household income is nega-

tively associated with all-cancer mortality rates in Appa-

lachia and non-Appalachia. The two strata have differences

in the direction of association between the high school

education variable and all-cancer mortality. In Appalachia,

there is a significant negative association between percent

high school graduates and all-cancer mortality; in non-

Appalachia, there is a significant positive association.

There is no significant association between percent white

population and all-cancer mortality in Appalachia; in non-

Appalachia there is a positive association. Rural residence

is not independently associated with all-cancer rates in

either region. These variables explain more of the variance

in Appalachia (Adj R2 = 0.296) than non-Appalachia (Adj

R2 = 0.238).

In Model 4 we again stratify by Appalachia and non-

Appalachia for lung/bronchus cancer mortality. Median

household income is significantly associated with reduced

lung cancer mortality rates in non-Appalachia, but not in

Appalachia (Table 6). The negative association between

high school graduation rate and lung cancer mortality in

Appalachia is stronger than the corresponding association

for all cancers combined. This association is again in the

opposite direction (positive) for non-Appalachia. Percent

white population is positively associated with lung cancer

mortality in Appalachia and non-Appalachia. Rural resi-

dence is not independently associated with lung cancer

mortality rates in either stratum. The variance explained in

each stratum is about 35%.

Table 5 Least squares regression analysis, weighted by population, dependent variables all-cancer and lung/bronchus cancer mortality rates per

100,000 population

Independent variable Model 1 Model 2

All-cancer Lung/bronchus

Beta SE P value Beta SE P value

Median household incomea -7.118 0.538 \0.001 -3.388 0.265 \0.001

% High school graduates -0.070 0.155 0.652 -0.204 0.076 0.008

% White population 0.331 0.046 \0.001 0.255 0.020 \0.001

Non-Appalachian (dummy) 4.654 1.760 0.008 2.078 0.871 0.017

Non-rural (dummy) -3.781 3.307 0.253 -2.130 1.630 0.191

Adj. R2 = 0.255 Adj. R2 = 0.339

Models 1 and 2 significant at P \ 0.01
a Median household income variable converted to $10,000 units to enhance interpretability of beta coefficients
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Discussion

This study reports on cancer mortality in the Appalachian

region of the United States. Analysis of associations

between socioeconomic/demographic variables and cancer

mortality rates provides new insight into why certain can-

cers may disproportionately affect residents of Appalachia.

Descriptive Epidemiology

We confirm a pattern of higher cancer mortality rates in the

13 states containing Appalachia compared to the rest of

the United States. We also identify differences between

Appalachian and non-Appalachian counties within the 13

states, but these are not consistent for all cancer types.

Although Appalachia has a unique identity, it is not

homogenous, so in-region variations across and within

states with regards to socioeconomic status and cancer

outcomes should be expected. Previous research undertaken

to identify regional disparities compared Appalachian rates

to those for the entire United States [5, 7–10]; our within-

state approach contributes an additional and potentially

more sensitive analysis to identify cancer mortality

disparities.

Regional and intra-state comparisons identify lung can-

cer as a major problem in Appalachia. The states with the

six highest Appalachian lung cancer mortality rates form a

contiguous geographic chain from northeast Mississippi in

the south to southern Ohio in the north, and include eastern

Tennessee, western Virginia, eastern Kentucky and all of

West Virginia. Notably, each state Appalachian region with

significantly elevated all-cancer mortality (Kentucky, New

York, Ohio and Virginia) also has significantly elevated

lung cancer mortality.

Linear Regression Models

The most valuable information derived from Model 1 may

be the lack a significant association between the education

indicator and all-cancer mortality when controlling for

other variables, and the absence of an independent rural

effect. The education variable is significantly associated

with lower lung cancer mortality in Model 2. High school

education levels may be a better predictor for lung cancer

mortality than for mortality from all cancers. This finding

doesn’t rule out the importance of education or rurality to

all-cancer mortality rates. Rather, it suggests that additional

unmeasured variables associated with these may be more

strongly associated with mortality. The strength of the

negative association between median household income

and mortality rates for all cancers combined is more than

twice that for lung cancer. If this relationship has causal

elements, increases in household income within the 13

states could result in a larger relative reduction of mortality

rates for all cancers combined than for lung/bronchus

cancer alone.

In Model 3, the reasons behind the differential associa-

tion between education and all-cancer mortality between

strata are likely complex, but previous unpublished research

on a subset (Tennessee, Kentucky, Virginia) of this popu-

lation observed an association with similar dynamics [6].

This research did not identify a reverse in the direction of

this association, but did find a weaker, non-significant

negative association for non-Appalachia opposed to a

Table 6 Least squares regression analysis, weighted by population, stratified by Appalachian/non-Appalachian status, dependent variables all-

cancer and lung/bronchus cancer mortality rates per 100,000 population

Independent variable Model 3 Model 4

All-cancer Lung/bronchus

Beta SE P value Beta SE P value

App Median household incomea -6.946 1.152 \0.001 -1.239 0.696 0.076

% High school graduates -0.837 0.157 \0.001 -0.991 0.095 \0.001

% White population 0.117 0.070 0.096 0.086 0.042 0.043

Non-rural (dummy) 4.632 2.896 0.110 2.558 1.749 0.144

Not App Median household incomea -8.135 0.691 \0.001 -4.328 0.317 \0.001

% High school graduates 0.497 0.234 0.034 0.248 0.107 0.021

% White population 0.247 0.052 \0.001 0.236 0.024 \0.001

Non-rural (dummy) -7.194 5.548 0.195 -4.527 2.544 0.076

Adj R2: App = 0.296, Not App = 0.238 App = 0.355, Not App = 0.341

Models 3 and 4 significant at P \ 0.01

App = Appalachian counties within 13 states that include Appalachia; Not App = Non-Appalachian counties within 13 states that include

Appalachia
a Median household income variable in $10,000 units to enhance interpretability of beta coefficients
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significant negative association for Appalachia. Within

Appalachia, opinions on the perceived value of continuing

formal education versus addressing immediate personal or

family financial needs through work may differ from

opinions held outside the region. Schooling offers hope for

positive change to rural and impoverished areas, but

research suggests that both parents and educators in rural

regions may stress the importance of physical labor over

careers that require furthering one’s education [29]. Within

an Appalachian school-age population, low high school

completion rates have been associated with the perception

that educational attainment is not linked to economic cir-

cumstance [29]. Alternately, unmeasured characteristics

more prevalent in large urban populations in non-Appala-

chia (e.g. New York City, Philadelphia, Baltimore, Mem-

phis, Atlanta, etc.) could also influence the dynamics of this

distinction.

The differential association between percent white

population and all-cancer mortality is also interesting.

National research found positive associations between

percent African American population and all-cause mor-

tality independent of income, education, physician supply

and region [3, 30]. Our data only quantifies size of the total

minority population by county. The minority population of

Appalachia is predominantly African American, although

Hispanics constitute a growing proportion [31]. Our find-

ings suggest a small protective effect in non-Appalachia of

residing in counties with a large percent minority popula-

tion, but this relationship is likely confounded by other

factors associated with the variable of interest. Urban areas

with a higher percent minority population may have better

overall access to preventive care, diagnostic services and

treatment, and benefit from the existence of culturally

competent and directed minority personal and public health

programs. The Appalachian region—largely rural and with

a relatively small minority population—lacks many of

these targeted initiatives. Another possibility could be that

minorities in areas with a higher percent white population

have elevated exposure to risk factors not accounted for in

these models.

Model 4 results are partially consistent with associations

observed in previous research [6]. Within Appalachia, we

observe a strong negative association between percent high

school graduates and lung cancer mortality rates. The beta

coefficient for percent high school graduates in Appalachia

is approximately negative one. Assuming long-term con-

sistency of this relationship, within Appalachia, each 1%

improvement in the high school graduation rate could

result in one fewer lung cancer death annually per 100,000

residents. Given the region’s total population, this reduc-

tion could be interpreted as approximately 240 fewer lung/

bronchus cancer deaths per year. The association between

changing education levels and health outcomes would have

a long latency period [30], but an emphasis on improving

high school graduation rates in Appalachia could result in a

meaningful reduction in lung cancer mortality. Local, state

and national officials have varying levels of influence on

education policy, but our findings indicate an opportunity

for education stakeholders at every level to help reduce the

burden of lung cancer mortality in Appalachia.

In models 3 and 4, the negative relationship between

median household income and mortality rates is stronger

for all cancers combined than for lung/bronchus cancer

alone. In both models, the beta coefficient is also stronger

for non-Appalachia than for Appalachia, indicating that the

relative importance of income to these cancer outcomes

may be greater in the non-Appalachian portions of these 13

states. Focused inquiry into these interesting distinctions

may yield more refined conclusions about the regional

importance of household income to cancer outcomes.

Strengths and Limitations

Associations at the aggregate level may not exist at the

individual level. We use county-level cancer mortality

rates and socioeconomic data, and can’t infer individual-

level effects of predictor variables on cancer outcomes.

However, it is likely that variations in indicators related to

socioeconomic status have individual-level implications

[30]. Cross-sectional data don’t account for latency periods

between risk factors and cancer mortality outcomes, and it

is impossible to determine the direction of causality with-

out longitudinal measures. The independent and dependent

variables do not all represent identical time periods, but

every effort was made to acquire current data from corre-

sponding multi-year periods.

An important methodological issue is the decision

whether to weight data by population size. Weighting

could underestimate small county effects and overestimate

effects of large counties. However, weighting may allow us

to make better inferences about individual-level effects

from population data [32]. Risk factors affect individuals,

so the number of people contributing to a population

parameter is relevant.

Our approach does not include behavioral indicators

quantifying physical inactivity and utilization of appro-

priate cancer screening because these data are not consis-

tently available. Also, our study lacks an indicator

quantifying cigarette smoking at the county level. Active

smoking is associated with approximately 90% of lung

cancer cases [33, 34]; the additional 10% are attributed to

environmental factors [35]. There is a high prevalence of

tobacco use in communities within Appalachia [36–38],

and at least one study cites significantly elevated smoking

rates in Appalachia compared to the rest of the nation [39].

We recognize that lung cancer has a profound impact on
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overall cancer mortality in Appalachia, but comprehensive

county-level smoking prevalence data for the region are not

available. While our focus on socioeconomic and demo-

graphic variables is limited in scope, it allows for acqui-

sition of comparable data for every geographic unit.

Results of this study may serve as a baseline for more

comprehensive work incorporating behavioral, structural

and environmental indicators.

Conclusion

Cancer represents only one condition for which the Appa-

lachian region suffers a disproportionate burden of disease.

Halverson’s 2004 report identified higher Appalachian

mortality rates for heart disease, stroke, diabetes and motor

vehicle accidents [7]. Greater national attention is being

devoted to data-driven identification of place-based geo-

graphic disparities [3, 23, 26, 30]. The methods used in this

analysis could inform those interested in investigating

place-based geographic disparities for other historically

underserved regions of the country (i.e. Mississippi Delta,

United States/Mexico border, etc.).
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