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Abstract

Background: Limited literature is available about cancer in the Appalachian Region. This is the 

only known analysis of all cancers for Appalachia and non-Appalachia covering 100% of the US 

population. Appalachian cancer incidence and trends were evaluated by state, sex, and race and 

compared with those found in non-Appalachian regions.

Methods: US counties were identified as Appalachian or non-Appalachian. Age-adjusted cancer 

incidence rates, standard errors, and confidence intervals were calculated using the most recent 

data from the United States Cancer Statistics for 2004 to 2011.

Results: Generally, Appalachia carries a higher cancer burden compared with non-Appalachia, 

particularly for tobacco-related cancers. For all cancer sites combined, Appalachia has higher rates 

regardless of sex, race, or region. The Appalachia and non-Appalachia cancer incidence gap has 

narrowed, with the exception of oral cavity and pharynx, larynx, lung and bronchus, and thyroid 

cancers.

Conclusions: Higher cancer incidence continues in Appalachia and appears at least in part to 

reflect high tobacco use and potential differences in socioeconomic status, other risk factors, 

patient health care utilization, or provider practices. It is important to continue to evaluate this 

population to monitor results from screening and early detection programs, understand behavioral 

risk factors related to cancer incidence, increase efforts to reduce tobacco use and increase cancer 

screening, and identify other areas where effective interventions may mediate disparities.
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Impact: Surveillance and evaluation of special populations provide means to monitor screening 

and early detection programs, understand behavioral risk factors, and increase efforts to reduce 

tobacco use to mediate disparities.

Introduction

About 25 million people live in the Appalachian Region, which spans 420 counties in 13 US 

states (ref. 1; Fig. 1). Forty-two percent of the region’s population is rural, compared with 

20% of the national population, and is primarily white non-Hispanic (approximately 85%; 

ref. 1). Within each Appalachian state, the minority population ranges from 4.7% in West 

Virginia to 38.8% in Mississippi and, within counties, ranges from 1.3% in Kentucky to 

16.3% in Mississippi (2, 3). In the 1960s, the Appalachian Region had a poverty rate of 

33%, improving to about 16% for the period of 2008 to 2012 (1). The Appalachian Regional 

Commission (ARC) categorizes the economic status of counties in the region ranging from 

the most economically depressed to the strongest (1). According to the ARC, 223 (53%) 

Appalachian counties were considered distressed in the 1960s, which decreased to 93 (22%) 

in 2012. Even though gains have been made overall in the region, specific Appalachian 

counties continue to have poverty levels of at least 20%, higher than the US average (4).

Limited literature is available about cancer in the Appalachian Region, specifically about 

cancer incidence. One study evaluated the relationship of screening and deprivation on late-

stage breast cancer in three states, another focused on cancer survivors in a single university 

hospital, and others evaluated cancer risk perceptions, specific screening programs, or 

mortality (5–15). All generally found higher cancer incidence and death rates, later-stage 

disease, and higher risk perception and worry about cancer recurrence. In 2007, the first 

comprehensive evaluation was published of cancer incidence rates (IR) in Appalachia, 

showing higher IRs in Appalachia than in the rest of the United States with substantial 

differences between regions (16). Despite many strengths, the evaluation showed that data 

quality—case ascertainment and missing or unknown data—varied between state and year 

(16). The purpose of this analysis is to update that evaluation by expanding the diagnosis 

years to 2004–2011.

Materials and Methods

We analyzed data submitted in November 2013 to the Centers for Disease Control and 

Prevention’s (CDC’s) National Program of Cancer Registries (NPCR) or the National 

Cancer Institute’s (NCI’s) Surveillance, Epidemiology, and End Results (SEER) program for 

the United States Cancer Statistics Web-based report. Together, NPCR and SEER cover 

100% of the US population. Cancer registries in each Appalachian state for 2004 to 2011 

met six data quality publication criteria related to case ascertainment and missing or 

unknown data (http://www.cdc.gov/cancer/npcr/uscs/technical_notes/criteria.htm; ref. 17).

The Appalachian Region was defined using the counties identified by the ARC (1). All other 

counties in the United States and the District of Columbia were considered non-Appalachia. 

Counties were further defined as Northern (Maryland, New York, Pennsylvania, and Ohio), 

Central (Kentucky, North Carolina, Tennessee, Virginia, and West Virginia), or Southern 
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(Alabama, Georgia, Mississippi, and South Carolina). Both Appalachian and non-

Appalachian counties were grouped by an ARC-designated economic status: distressed 

(most economically depressed), at- risk (at risk of becoming economically distressed), 

transitional (transitioning between strong and weak economies), competitive (able to 

compete in the national economy), and attainment (economically strongest; Fig. 1; ref. 1). 

Counties designated as competitive or attainment were combined and used as the referent 

group when evaluating IRs by economic status.

SEER*Stat 8.1.5 was used to calculate age-adjusted IRs, standard errors, 95% confidence 

intervals, rate ratios, and annual percent change for selected cancers defined by the SEER 

primary site groups (2). Comparisons were made between Appalachia and non-Appalachia 

by state, region, sex, race, and economic status for 2004 to 2011. Incidence trends for 2001 

to 2011 were analyzed for selected cancer sites for stability and accuracy in reporting the 

annual percent change and to show differences between current and previously published 

rates.

Results

A demographic description of the dataset is shown in Table 1. Cases from US Appalachia 

are primarily white (92%) and non-Hispanic (99%) with a higher percentage from lower 

economic status counties.

Sex

Table 2 shows IRs for selected primary cancer sites for males by Appalachian region 

compared with US non-Appalachia. Confidence intervals for the IRs shown in Table 2 are 

provided in Supplementary Table S1. All cancer sites, colon and rectum, larynx, and lung 

and bronchus IRs are higher across the regions when compared with the US non-

Appalachian IRs. The only primary cancer site that is consistently lower than US non-

Appalachia is liver and bile duct. For Southern Appalachia, the IRs are higher than US non-

Appalachia for seven cancer sites, including prostate which is higher than those for Central 

and Northern Appalachia. When compared with US non-Appalachia, IRs in Central 

Appalachia are higher for 10 cancer sites and 14 cancer sites in Northern Appalachia. Even 

though the Northern region lung and bronchus IR is higher than the US non-Appalachian 

rate, it is lower than the IRs in the Southern and Central regions.

IRs for selected primary cancer sites for females by the Appalachian Region compared with 

US non-Appalachia are shown in Table 2. The IRs for Southern Appalachia are generally 

lower or comparable with those for US non-Appalachia, except for four cancer sites. 

Invasive breast cancer IRs are statistically lower for Southern and Central Appalachia 

compared with US non-Appalachia. Breast in situ is lower in each region. Like males, the 

IRs for larynx and lung and bronchus are higher in each region compared with US non-

Appalachia. In comparison with other regions, oral cavity and pharynx cancers are higher, 

and corpus uterus cancer is lower only in Southern Appalachia. Central Appalachia is the 

only region where cervical cancer IRs are significantly higher than those in US non-

Appalachia.
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Race

Comparing the IRs for the white population in each Appalachian region with US non-

Appalachia (Table 3) shows that IRs for all cancer sites, males and females, are significantly 

higher for the Northern and Central regions, whereas there is no difference for the Southern 

region. The IR for the black population, compared with US non-Appalachia, is higher in the 

Southern and Northern regions. Within each Appalachian Region, the IR for the black 

population, when compared with the white population, is higher in the Southern and 

Northern regions.

The IRs for white males are higher in each Appalachian region compared with US non-

Appalachia and higher for black males in the Southern region only. The IRs for white 

females are higher in the Central and Northern Appalachian regions, but not the Southern 

region. Unlike the IRs for black males, the IRs for black females are higher only in the 

Northern region and lower in the Southern region.

County economic status

IRs for US Appalachia, as well as the Southern and Central regions, are significantly higher 

for the distressed counties compared with US non-Appalachia and are higher than the 

attainment/competitive counties within these regions (Table 4). US Appalachia and each 

region show higher rates than US non-Appalachia overall for the transitional counties. 

Within each Appalachian Region, there are no consistent differences when comparing the IR 

with the competitive/attainment counties; distressed and transitional counties in Southern 

Appalachia have higher IRs, whereas only the distressed counties have higher IRs in Central 

Appalachia, and transitional counties have significantly lower rates in Northern Appalachia. 

Differences were seen for the counties designated as transitional, with each region having 

significantly higher IRs than US non-Appalachia.

Time trends

US Appalachian IRs for males steadily increased in 2001 to 2007 and then decreased in 

2008 to 2011, similar to the trend seen in US non-Appalachia (Fig. 2). Overall, during the 

period 2001–2011, IRs for US non-Appalachian males decreased by 1.3% per year with a 

14% total decrease compared with a 0.5% annual decrease and 6.6% total decrease for US 

Appalachian males. The IRs for US Appalachian females steadily increased during the 

period 2001–2008 and then decreased, whereas the rates for US non-Appalachian females 

increased during the period 2001–2009 and then decreased (Fig. 2). Overall, during the 

period 2001–2011, the total decrease for US non-Appalachian females follows a pattern 

similar to the US non-Appalachian males, though not to the same degree (4.5% vs. 14%, 

respectively).

Time trends varied for each primary site evaluated. Colon and rectum cancer IRs (Fig. 2) 

among US non-Appalachian males steadily decreased, whereas the rates among US 

Appalachian males increased during the period 2001–2003 and then decreased. The total 

decrease was similar for US non-Appalachia males (29.4%) and US Appalachia males 

(25.6%) with a 3.4% and 3.2% annual decrease, respectively, both significantly different. 

Steady decreases are seen among females in US Appalachia and US non-Appalachia with a 
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24.4% and 26.3% total decrease, respectively, and statistically significant 2.7% and 2.9% 

annual decrease, respectively.

Lung and bronchus cancer incidence (Fig. 2) among US non-Appalachian males decreased 

with an annual 2.2% decrease and20.5% total decrease. Among US Appalachian males, the 

rates decreased each year, except 2004, with a lower total decrease (14.0%) and lower, 

though statistically significant, annual decrease (1.4%). US non-Appalachian females had a 

similar pattern that was not seen among US Appalachian females. In the US non-

Appalachian Region, female lung and bronchus cancer rates increased during the period 

2001–2006, whereas the US Appalachian rates increased during the period 2001–2008. Also 

in contrast with the male rates, US non-Appalachian females had a6.3% total decrease with 

a statistically significant 0.5% annual decrease. Although US non-Appalachian females had 

an overall decrease in rates, US Appalachian females had a 4.7% total increase and non-

significant 0.6% annual increase.

Female breast cancer IRs (Fig. 2) in the US non-Appalachian region had an overall 7.5% 

decrease with a nonsignificant 0.5% annual decrease. US Appalachian IRs varied during the 

period 2001–2011, but showed a 5.7% total decrease and nonsignificant0.2% annual 

decrease. Cervical cancer IRs (Fig. 2) show a steady decrease during the period 2001–2011 

with an 18.2% total decrease in US non-Appalachia and 1.6% annual significant decrease, 

whereas the US Appalachia total and annual decreases are less (8.8% and 0.7%, 

respectively). Figure 2 shows US Appalachia trends for oral cavity and pharynx, larynx, and 

thyroid that differ significantly from the trends seen for US non-Appalachia. For oral cavity 

and pharynx, US Appalachian males and females show an overall increase of almost 20%, 

whereas US non-Appalachian males had a 5% increase and females had a 3% decrease. 

Laryngeal cancer IRs show an overall decrease for US non-Appalachian males and females 

as well as US Appalachian males, though not to the same degree. However, US Appalachian 

females show an overall increase in laryngeal cancer incidence of approximately 5%. 

Thyroid cancer IRs show a significant overall increase regardless of region or sex with a 

higher increase among US Appalachian males and females.

Discussion

Generally, the cancer incidence gap between Appalachia and non-Appalachia has narrowed 

over time, with Appalachia continuing to show cancer disparities. For all sites combined, 

Appalachia has higher rates of cancer regardless of sex, race, or region, consistent with 

previously reported findings (11, 16, 18–23). However, our data show that the gap has 

narrowed over time, with the exception of oral cavity and pharynx, larynx, lung and 

bronchus, and thyroid cancers. IRs reported by Wingo and colleagues showed patterns 

similar to those seen in this evaluation(16). Lengerich and colleagues reported no difference 

in IRs for all cancers and elevated rates for lung and bronchus, colon, rectum, and cervix in 

histologically confirmed cancers in three states (18).

The Appalachian region has a long history of poverty and has shown some improvement 

over the years, though few studies have examined IRs by socioeconomic status (SES; refs. 1, 

5, 19). Anderson and colleagues showed that late-stage breast cancer in three states was 
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higher in counties with high deprivation (5). Hopenhayn and colleagues reported that 

poverty had no association on cervical cancer rates in three states (19). An ARC publication 

described socioeconomic conditions in Appalachia, but did not examine cancer incidence by 

SES (21). Hall and colleagues discussed breast and cervical cancer screening rates among 

Appalachian women with less income (24). Our analysis uses the ARC economic 

designation for every US county to examine rates by SES, for all cancers (Table 4). The 

inconsistencies reported in our evaluation may be indicative of the variation in economy and 

health care access in the Appalachian counties. Because these may be chance findings, 

additional analysis is needed in this area.

In Appalachia, elevated rates of tobacco-related cancers are particularly apparent for both 

men and women (25, 26). Lung and bronchus, oral cavity and pharynx, and larynx cancers 

were higher among both men and women in Appalachia. Additional tobacco-related cancers 

that were elevated in Appalachia regions are urinary bladder, esophagus (men only), colon 

and rectum, cervix, and kidney and renal pelvis (women only). Other studies have shown 

varying results (16, 18, 19, 23). CDC data show that among both males and females, the 

average smoking prevalence is higher for states in each Appalachian region compared with 

the United States (20% among males and 16% among females): 27% and 20% Southern 

region; 25% and 20% Central region; and 22% and 20% Northern region, among males and 

females, respectively(27). The higher smoking prevalence may, in part, contribute to the 

higher IRs seen for these tobacco-related cancers. It is important to note that many of these 

tobacco-related cancers (e.g., esophagus, colon and rectum, and kidney and renal pelvis) are 

also related to obesity and physical activity, illustrating the multifactorial aspect of cancer 

(28). CDC data also show that the Appalachian states generally have higher obesity rates and 

higher percentage of adults reporting no leisure-time physical activity.

Differences in cancer incidence are often attributed to differences in risk factors between 

groups, but can also be the result of differences in detection rates. The U.S. Preventive 

Services Task Force (USPSTF) currently recommends population-based screening for 

colorectal cancer, female breast cancer, and cervical cancer, and lung cancer in those at high 

risk (29). The Appalachian Region has IRs for each of these cancers that are not consistent 

with US non-Appalachia. It is well documented that cancer screening rates are lower in 

Appalachia compared with US non-Appalachia (5, 11, 12, 18, 19, 22–24, 30, 31). Screening 

for colon and rectum and cervical cancer can result in the prevention of invasive cancer 

through the removal of precancerous lesions so lower cancer incidence is often seen as a 

result of effective screening for these cancers. Colon and rectum cancers are higher in 

Appalachia for both men and women, regardless of region, except for women in the 

Southern region where rates are consistent with non-Appalachia. Various studies have found 

lower colorectal cancer screening rates in Appalachia areas, or among persons residing in 

rural areas (12, 30, 31). Cervical cancers are also higher in Appalachia overall and appear to 

be driven by increased rates primarily in Central Appalachia. Horner and colleagues and 

Hopenhayn and colleagues reported lower cervical cancer screening percentages among 

rural and Appalachian populations (11, 19). Hall and colleagues demonstrated that cervical 

cancer screening percentages were approximately 3% lower for Appalachian women (24). If 

screening for these cancers is suboptimal, our study may be underestimating the already 

high cancer burden in Appalachia.
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Female-invasive and in-situ breast cancer is lower in Appalachia, regardless of region, 

similar to other results (5, 16, 21, 24). Lung and bronchus cancer screening for certain at-

risk groups was recommended in 2013; however, given increased tobacco use in Appalachia, 

it will be important to monitor differences in IRs before and after this recommendation.

Prostate cancer has a higher incidence in Appalachia than non-Appalachia possibly due to 

differences in risk factors or detection rates (32, 33). Prostate IRs are known to be higher in 

the black population than the white population, approximately 64% higher (17, 34–36). 

Black males in Southern Appalachia represent approximately 30% of the male population, 

compared with 13% in US non-Appalachia, and may, in part, contribute to the higher 

prostate IR (3). Compared with the Southern region and US non-Appalachia, prostate cancer 

is significantly lower in Central and Northern Appalachia where black males represent 

approximately 15% and 17%, respectively, of each region’s male population. Cook and 

colleagues examined prostate cancer incidence by race and US Census Division showing 

that the divisions with the highest black: white rate ratios encompass the Appalachian 

region; the two divisions in Cook’s analysis with the highest rate ratios include Southern 

Appalachia (34). CDC data show that nine Appalachian states have PSA screening rates, 

among men age 40 and older, above the US rate of 57% and that a higher percentage of 

black men had a PSA within the past 2 years (37). This suggests that black men may be 

more likely to have PSA screening which may be a result of the known elevated rate of 

prostate cancer in the black population (17). In turn, the increased PSA screening 

percentages may, in part, contribute to the higher prostate cancer IRs. PSA screening 

recommendations have varied over the years. The USPSTF, in 2008, had no 

recommendations on screening for men under age 75 and recommended no screening for 

men age 75 and older (38). Li and colleagues found that PSA screening among black males, 

ages 40 to 49, was 15% higher than white males for the period 2000–2008 and suggested 

that the USPSTF recommendations had little effect (39). Since 2012, the USPSTF 

recommends against PSA screening among men of all ages (40).

The observation that thyroid cancer is higher among both men and women in Appalachia 

could also be due to more detection among the urban Appalachia population. Studies have 

suggested that the approximate 3-fold increase in thyroid cancer in the United States over 

the past few decades is due to increased diagnostic procedures and/or awareness, whereas 

others suggest an actual increase in the disease (3, 41–44). Davies and Welch also report that 

detection of thyroid cancer and access to medical care are strongly related (43). Given that 

the Appalachian Region generally has less access to care, primarily in the rural areas, it 

would be expected that thyroid cancer IRs would be low. The thyroid IR among Appalachian 

males is higher than seen for non-Appalachia, though the difference is not statistically 

significant. This difference is led by the statistically significantly higher IR in Northern 

Appalachia, whereas the IRs in Southern and Central Appalachia are lower. This pattern is 

also seen among Appalachian females. A brief review shows that urban areas have higher 

IRs and may, in part, contribute to the higher rates overall, where access to medical care is 

more readily available. This may lead to more thyroid cancers identified incidentally which, 

according to various studies, may represent approximately 15% to 24% of thyroid cancers 

(42).
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Strengths and Limitations

This is the only analysis of Appalachia using data covering 100% of the US population and 

the first to report cancer incidence by economic status for the entire region. Other studies 

were limited to specific cancer sites and states, implied cancer incidences based on 

hospitalizations, or were limited to cancer mortality rates (11, 13–16, 18–24). This analysis 

improved upon the article by Wingo and colleagues by using a broader time period (eight 

versus three years) and having complete population coverage (100% vs. 88%; ref. 16). Using 

a broader time period and complete population coverage allows more in-depth evaluation of 

potential differences and may help to identify reasons for the differences.

Despite improvements upon previous analyses, this study is subject to a number of 

limitations. The intent of this analysis was to present a broad overview of differences in IRs 

for Appalachia compared with non-Appalachia, and thus may not have revealed differences 

for specific cancers by race and sex, particularly by economic status. The analysis was also 

limited to the county level with counties designated as Appalachian or non-Appalachian. 

This study did not fully investigate differences when designating counties as either urban or 

rural. Screening rates and risk factor data were only available in this analysis at the state 

level and may not be indicative of the actual screening or risk factor in each county. In 

addition, the screening and risk factor data are based on self-reported responses from the 

Behavioral Risk Factor Surveil-lance System (37). Another limitation is that rates were 

calculated for all ages and were not evaluated by age group. Where differences may not have 

been identified in this analysis, subsequent analyses by age group may yield different results.

Conclusions

We found that cancer IRs are generally higher in states that include Appalachia. This 

observation appears in part to reflect the high prevalence of tobacco use and could also 

reflect differences in other risk factors, patient health care utilization, or provider practices in 

Appalachia populations compared with the rest of the United States. Further, because the 

region is historically under-served and often under- or uninsured, screening for and 

diagnosis of cancer could be underused causing the already high burden of cancer to be 

underestimated. Attention to preventing tobacco use and promoting cessation might help 

reduce the excess cancer burden in this region. In addition, screening for breast, cervical, 

colorectal, and lung cancer can either prevent cancer or detect it early, potentially reducing 

incidence and mortality from these cancers. It is important to continue to evaluate this 

population to monitor potential changes in tobacco cessation, and cancer screening that may 

occur as the Affordable Care Act increases access to insurance coverage of these services for 

millions of people.

With these emerging population-based cancer surveillance data that are representative of the 

entire Appalachia Region, future analyses have the potential to evaluate cancer incidence at 

finer geographic levels and by stage distribution. More specific analysis may help to better 

understand behavioral risk factors and to identify areas where intervention programs may be 

needed to mediate disparities, such as those documented for educational attainment, and 

cancer screening, and early detection. Additional economic status analyses could be 
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considered for specific cancers by race, sex, and urban–rural status and should include time 

trends. Initial cancer survival analyses for the Appalachian Region are under way and could 

continue so that progress in cancer control efforts in these populations can be more 

completely documented.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
County Economic Status in Appalachia, 2010–2011. Map by the ARC produced in March 

2010, reproduced in August 2015 by the Centers for Disease Control and Prevention with 

permission. Sources, the U.S. Bureau of Labor Statistics, LAUS, 2006–2008; U.S. Bureau of 

Economic Analysis, REIS, 2007; and U.S. Census Bureau, 2000 Census, SF3.
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Figure 2. 
Temporal trends in invasive cancer IRs by cancer site, sex, and Appalachian status, United 

States, 2001–2011. Rates are per 100,000 and age-adjusted to the 2000 US standard 

population. Percent change (PC) was used to quantify the total percent change in rates from 

2001 to 2011. Annual percent change (APC) was used to quantify the change in rates during 

2001 to 2011 and was calculated using weighted least squares regression. Caret (^) denotes 

APC is significantly different from zero (P < 0.05). Appalachia includes select counties in 

Alabama, Georgia, Kentucky, Maryland, Mississippi, New York, North Carolina, Ohio, 
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Pennsylvania, South Carolina, Tennessee, and Virginia, and all counties in West Virginia. 

Non-Appalachia includes all counties not in Appalachia.
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