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Summary Previous research has documented increased lung cancer incidence and mortality
in Appalachia. The current study tests whether residence in coal-mining areas of Appalachia is
a contributing factor. We conducted a national county-level analysis to identify contributions
of smoking rates, socioeconomic variables, coal-mining intensity and other variables to ageadjusted lung cancer mortality. Results demonstrate that lung cancer mortality for the years
2000—2004 is higher in areas of heavy Appalachian coal mining after adjustments for smoking,
poverty, education, age, sex, race and other covariates. Higher mortality may be the result
of exposure to environmental contaminates associated with the coal-mining industry, although
smoking and poverty are also contributing factors. The knowledge of the geographic areas within
Appalachia where lung cancer mortality is higher can be used to target programmatic and policy
interventions. The set of socioeconomic and health inequalities characteristic of coal-mining
areas of Appalachia highlights the need to develop more diverse, alternative local economies.
© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
Smoking is the primary cause of lung cancer, but about 10%
of lung cancer cases occur in persons who are lifetime never
smokers [1], and other cases may result from the interactive effects of smoking and exposure to environmental
risks. Environmental causes of lung cancer include exposure to second-hand smoke [2], airborne particulates from
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urban trafﬁc or fossil fuel combustion [1,3—5], and exposure to ambient metals including zinc, chromium, copper,
cadmium and nickel [6—8]. Arsenic exposure is a clear risk
factor [9], including exposure through contaminated water
supplies [10—12]. Other environmental risks include exposure to asbestos, polycyclic aromatic hydrocarbons [1] and
radon [13—15].
Previous research identiﬁed higher lung cancer incidence
and mortality in Appalachia compared to the rest of the
country [16—18]. Furthermore, lung cancer incidence in
rural portions of Appalachia is higher than in other rural
areas of the United States [16]. Since Appalachia is primarily rural, higher lung cancer incidence and mortality is
not attributable to factors unique to urban areas such as
automobile exhaust or urban industry. Higher lung cancer
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incidence and mortality in Appalachia is thought to result
from higher smoking rates and correlates of poor socioeconomic conditions characteristic of the region such as limited
access to health care.
However, another factor to consider is the impact of
Appalachian coal mining on the health of the resident population. Coal provides 40% of the world’s electricity [19] and
its mining constitutes a major industrial activity for eight
Appalachian states (Alabama, Kentucky, Maryland, Ohio,
Pennsylvania, Tennessee, Virginia and West Virginia), where
389.9 million tons were mined in 2004 [20]. Residents of
Appalachian coal-mining communities report exposure to
contaminated air and water from coal-mining activities and
express concerns for resulting illnesses [21], but empirical
evidence on community health risks from coal-mining activities is limited [22—24]. Coal contains carcinogenic impurities
including zinc, cadmium, nickel, arsenic and many others
[25], and the mining and cleaning of coal at local processing
sites creates large quantities of ambient particulate matter and contaminated water [26—28]. Shiber [29] reports
elevated arsenic levels in drinking water sources in coalmining areas of central Appalachia. Elevated lung cancer
mortality rates previously identiﬁed within Appalachia may
result from behaviors such as smoking and other correlates of the poor socioeconomic conditions prevalent in the
area, but may also result from exposure to environmental contaminants. The objective of the current study was
to determine whether elevated lung cancer mortality in
Appalachia is attributable to smoking, poverty, education,
and other demographics, or whether there is an additional
effect linked to residence in intense coal-mining areas.

2. Methods
This study investigated lung cancer mortality rates for
Appalachia and the nation for the years 2000—2004. Data
were obtained from the Centers for Disease Control and
Prevention (CDC) on lung cancer mortality rates. Mortality
rates are measured at the county level per 100,000 population, age-adjusted using the 2000 U.S. standard population
for mortality from cancer of the trachea, bronchus and lung
(ICD-10 group code GR113-027) [30]. Coal production data
were obtained from the Energy Information Administration
[31—35], measured as tons of coal mined in the county from
surface and underground mining combined. The primary
analyses compared Appalachian coal-mining areas to other
areas of Appalachia and to non-coal-mining counties outside
Appalachia; 97 non-Appalachian coal-mining counties were
excluded from analysis unless otherwise speciﬁed.
Levels of coal mining were not normally distributed
across counties. Two primary analyses examined mortality effects based on alternative methods of measuring
coal-mining exposure. The ﬁrst grouped counties into
three dummy variables: Appalachian coal mining up to
3 million tons combined over the 5 years 2000—2004,
Appalachian coal mining greater than 3 million tons, and
other counties (the latter used as the referent in regression
models). The choice of 3 million tons divides Appalachian
coal-mining counties approximately in half. The second estimated per capita exposure in Appalachia by dividing county
tons mined by the county population from the 2000 Census;
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counties were grouped into three levels: per capita exposure up to 100 tons per person, per capita exposure greater
than 100 tons, and other counties (used as the referent).
A series of supplementary analyses were conducted to
test for the robustness of ﬁndings across conditions. One
set of analyses examined coal-mining effects based on
alternative dummy variables at integer levels from 1 to
6 million tons. A second set correspondingly examined per
capita exposure effects at increasing levels. A third examined whether differences in mortality rates were related
to surface mining versus underground mining. A fourth
examined whether mortality rates were elevated only in
Appalachian coal-mining areas or in coal-mining areas outside of Appalachia, and whether differences in population
density may be related to national variation.
Covariates were taken from the 2005 Area Resource File
[36], CDC BRFSS smoking rate data [37] and the Appalachian
Regional Commission (ARC) [38]. Covariates included percent male population, college and high school education
rates, poverty rates, race/ethnicity rates, health uninsurance rates, physician supply, rural—urban continuum code,
smoking rates, Southern state (yes or no) and Appalachian
county. Selection of covariates was based on previously identiﬁed risk factors or correlates of lung cancer incidence or
mortality [39—44]. Speciﬁc race/ethnicity groups included
percent of the population who were African-American,
Native American, Non-white Hispanic, and Asian American
(using White as the referent category in regression models). Rural—urban continuum is scored on a nine-point scale
from least to most rural; because the effects of this measure
may be non-linear [45] this measure was recoded into three
dummy variables representing metropolitan, micropolitan
and rural or non-core areas (the latter used as the referent). Physician supply is the number of active MDs and DOs
per 1000 population. Because residence in the South is associated with poorer health status and higher mortality risk
[46,47] a dichotomous Southern variable was created to capture regional effects that partially overlap with Appalachia;
Southern states included Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina, South
Carolina, Tennessee, Texas and Virginia. CDC BRFSS smoking rates were available for states and some county-based
metropolitan areas, supplemented with county rates available from some state public health websites; the state
average was used when the county rate was not available.
Appalachian counties included the 417 counties and independent cities in 13 states as deﬁned by the ARC [38].
Analyses were conducted using bivariate correlations,
general linear models and ordinary least squares regression models to test for the association between residence
in coal-mining areas and lung cancer mortality, without
and with control for covariates. Post hoc tests employed
the Ryan—Einot—Gabriel—Welsch test to adjust for Type I
error. The study is an analysis of anonymous, secondary data
sources and met university Internal Review Board standards
for an exemption from human subjects review.

3. Results
First, we conﬁrmed that age-adjusted lung cancer mortality was in fact signiﬁcantly higher in Appalachia compared
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Fig. 1 Age-adjusted lung cancer mortality per 100,000, years
2000—2004.

to the nation: 67.06 versus 56.55 per 100,000 (twotailed t = 12.67, d.f. = 3026, p < .0001). There was also
a signiﬁcant gradient effect comparing three groups:
lung cancer mortality was highest in heavy coal-mining
areas (74.21), followed by all other areas of Appalachia
(65.70) and the nation (56.55); F = 88.91, d.f. = 2 and
3025, p < .0001; post hoc tests correcting for Type I error
found all means signiﬁcantly different at p < .05 (see
Fig. 1).
Table 1 summarizes study variables for heavy coal areas,
other Appalachian areas, and the rest of the nation, based
on the deﬁnition of coal mining as Appalachian counties with greater than 3 million tons mined from 2000 to
2004, and deleting coal-mining areas outside Appalachia.
Poverty, college education, and smoking rates show the
same relationship: these measures are least favorable in
heavy coal-mining areas, and intermediate in the rest of
Appalachia, compared to the rest of the country. Coalmining areas are characterized by proportionately small
race/ethnicity minority populations. Rates of health insurance were different in the omnibus F-test but post hoc
tests showed that means were not signiﬁcantly different.

Table 1

a
c
d

Rural—urban status and per capita supply of doctors did not
differ across these groups of counties.
Bivariate correlations were examined to test for multicollinearity among independent variables. The county
poverty rate was highly correlated to percent of the population without health insurance (r = .82); because preliminary
regression models revealed that poverty was related to lung
cancer mortality but insurance was not, the insurance variable was dropped from further analysis. Heavy coal-mining
areas correlated signiﬁcantly with other risk factors but
not at levels indicating multicollinearity, including smoking
(r = .23), high school education (r = −0.12), college education (r = −0.10) and poverty (r = .12).
The results of the two primary regression models are
shown in Table 2. The table includes both unstandardized
coefﬁcients and standardized Betas (B). The results of the
two coal exposure speciﬁcations were very similar. Living in
Appalachian areas where lower levels of coal mining took
place did not increase lung cancer mortality risk, but areas
of heavy mining were associated with signiﬁcantly higher
adjusted lung cancer mortality. Higher age-adjusted lung
cancer mortality was associated with smoking rates, urban
residence, poverty, living in the South, percent male population and lower education. Residence in Appalachia was
related to lower lung cancer mortality after adjusting for
poverty, coal mining and other variables. A greater supply of physicians was related to higher mortality rates.
The African-American and Hispanic variables were related
to lower adjusted mortality. Examination of standardized
Betas indicates that the strongest effects were for smoking, poverty, lack of high school education, residence in
metropolitan counties and the Hispanic population variable.
The race effect was examined further. In a forward
inclusion regression model of national data beginning with
the four race/ethnicity variables, the variable measuring
percent Native Americans was not related to lung cancer mortality, a higher percent of African-Americans was

Summary of study independent variables by geographic location

Smoking rate a
Percent male b
Percent African-American c
Percent Native American d
Percent Hispanic b
Percent Asian American b
High school education b
College education a
Poverty rate a
Percent metropolitan counties
Percent micropolitan counties
Percent counties in the South a
Percent without health insurance
Mean physicians per 1000
b

3

d

Heavy Appalachian
coal mining (N = 66)

Other Appalachian
(N = 347)

Rest of Nation
(N = 2615)

F or 2 , p

27.7
49.1
3.1
0.2
0.7
0.4
70.0
11.4
18.2
27.3
21.2
33.3
14.3
1.49

25.2
49.5
7.3
0.4
1.8
0.5
71.4
13.5
14.9
34.0
24.2
68.6
13.7
1.31

21.7
49.9
9.5
2.1
7.3
1.0
78.3
17.1
13.3
35.4
21.8
20.0
14.8
1.32

<.0001
<.0001
<.0002
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.36
<.58
<.0001
<.0005
<.62

Post hoc tests signiﬁcantly different between all three means.
Coal mining and Appalachian areas signiﬁcantly different from the nation.
Coal-mining areas signiﬁcantly different from Appalachia and the nation.
Post hoc differences between means not signiﬁcant.
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Table 2

Ordinary least squares regression model, age-adjusted lung cancer mortality rate
Coal exposure measured in tonsa

Intercept
Coal mining up to
3 million tons
Coal mining
≥3 million tons
Coal mining up to
100 tons per person
Coal mining ≥100 tons
per person
Appalachia
Smoking rate
Percent male
Percent
African-American
Percent Native American
Percent Hispanic
Percent Asian American
High school education
College education
Poverty rate
Metropolitan
Micropolitan
South
Primary care physicians
per 1000
a
b

Coal exposure measured per capitab

Coefﬁcient

S.E.

p

B

Coefﬁcient

S.E.

p

58.60
−0.15

8.45
1.77

<.0001
<.93

−0.001

58.66
—

8.44
—

<.0001
—

—

3.72

1.77

<.036

—

—

—

—

—

—

—

−0.46

1.71

<.79

—

—

—

—

4.49

1.84

<.015

−2.96
0.94
0.25
−0.07

0.90
0.08
0.13
0.02

<.002
<.0001
<.06
<.002

−0.63
.210
.028
−0.067

−2.93
0.94
0.25
−0.07

0.90
0.08
0.13
0.02

<.0002
<.0001
<.06
<.003

−0.063
.209
.028
−0.066

−0.04
−0.45
0.15
−0.49
−0.30
0.52
9.11
4.03
2.16
0.85

0.04
0.03
0.11
0.06
0.05
0.08
0.63
0.62
0.76
0.22

<.21
<.0001
<.20
<.0001
<.0001
<.0001
<.0001
<.0001
<.004
<.0001

.020
−0.344
.021
−0.269
−0.146
.195
.271
.104
.059
.074

−0.04
−0.45
0.14
−0.50
−0.30
0.52
9.13
4.07
2.15
0.86

0.03
0.03
0.11
0.06
0.05
0.08
0.63
0.62
0.76
0.21

<.22
<.0001
<.21
<.0001
<.0001
<.0001
<.0001
<.0001
<.005
<.0001

−0.020
−0.343
.021
−0.268
−0.146
.184
.271
.105
.059
.075

.034

—

B

−0.004
.039

F = 122.6 (16, 3010), p < .0001; adjusted R2 = .39.
F = 122.8 (16, 3010), p < .0001, adjusted R2 = .39.

related to higher rates, and Asian American and Hispanic
variables were related to lower rates of lung cancer mortality. The effect for the African-American variable became
signiﬁcant and negative after adding high school education,
poverty rate, smoking rate and metropolitan county status. That is, the apparent lower lung cancer mortality rate
among African-American minorities is due to the confound
of socioeconomic variables with race variables.
The sensitivity of Table 2 results was examined by running
regression models based on different levels of coal mining and per capita exposure. A summary of these models
is provided in Table 3. The table shows the unstandardized
coal-mining beta coefﬁcient and p level based on alternative speciﬁcations of high levels of coal-mining exposure.
(The full regression model results for these various speciﬁcations are not shown, but they are almost identical to Table 2
results.) The effect of the coal-mining exposure variable was
signiﬁcant for all levels and both speciﬁcations, except for
the lowest level of exposure measured in tons. Furthermore,
the size of the beta coefﬁcient increases with greater exposure, indicating an increasing number of adjusted deaths per
100,000.
To estimate number of deaths, the population of
Appalachian coal-mining areas was found from the 2000
Census (N = 3,875,656 based on counties with more than
3 million tons of coal mined). Translating the age-adjusted

death rate from Table 1 into population ﬁgures, the difference between Appalachian coal-mining areas and the
national rate equates to 684 excess lung cancer deaths in
coal-mining areas. Most of the Appalachian coal-mining disparity is the result of factors such as poverty and smoking,
but after adjusting for all covariates, translating the Table 2
beta coefﬁcient (3.72) into number of deaths per 100,000
indicates that Appalachian coal-mining counties are still
associated with an excess of 144 deaths from lung cancer
over the years 2000—2004.
Exposure to Appalachian coal-mining activity was also
signiﬁcantly related to lung cancer mortality when coal
mining was measured separately for surface and underground mines. Elevated mortality was found to be speciﬁc
to Appalachia; mortality was not signiﬁcantly higher in nonAppalachian areas where heavy coal mining took place.
Table 4 shows the coal-mining beta coefﬁcients and p levels for these tests, controlling for other covariates, and
based on the deﬁnition of more than 3 million tons of coal.
The largest coefﬁcient was found for Appalachian surface
mining. We examined whether the distinction between
Appalachian and non-Appalachian mining might be related
to population density. We found that population density was signiﬁcantly higher in Appalachian coal-mining
areas (95.5 people per square mile) than in other coalmining areas (43.0 people per square mile; Satterthwaite
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Table 3 Effect of high level of Appalachian coal-mining exposure on adjusted lung cancer mortality, based on alternate
speciﬁcations of exposure
Tons of coal in millions

Coefﬁcient

p

Per capita exposure (tons)

Coefﬁcient

p

1
2
3
4
5
6

2.41
3.42
3.72
3.63
4.05
4.71

<.13
<.041
<.036
<.044
<.036
<.017

50
100
150
200
250
300

4.12
4.49
3.90
5.34
5.54
5.59

<.014
<.015
<.044
<.010
<.009
<.009

correction for unequal variances t = 4.44, d.f. = 117 and
p < .0001).
Some research suggests that coal miners may be at elevated risk for lung cancer, although the evidence is equivocal
[48]. To address the possibility that our results are due to
current or former miners who live in coal-mining areas, we
conducted an additional regression model limited to the
heavy Appalachian coal-mining counties (N = 66). This model
is based on the fact that almost all coal miners are men.
Within these counties, percent male population was not
related to lung cancer mortality (t = −0.71, p < .48). The fact
that populations with higher percentages of males are not at
higher risk suggests that the effect in coal-mining locations
is likely not the result of current or former miners who live
in the area and who were directly exposed through occupational hazards. In addition, based on employment ﬁgures
provided by the Energy Information Administration [49], coal
miners constitute only about 1% of the Appalachian population in heavy coal-mining areas.

4. Discussion
Lung cancer mortality is higher in Appalachia because of
smoking and the correlates of poverty and low education,
but an additional risk factor is living in heavy coal-mining
areas. Living in these areas may expose residents to pollution from the coal-mining industry, or may be associated
with additional behavioral or demographic characteristics
not captured through other covariates. Access to health
care as measured by insurance rates and doctor supply is
not an explanation for higher lung cancer mortality, consistent with other research showing that coal-mining areas
with an adequate supply of primary care providers still experience increased health problems [50]. To eliminate lung
cancer mortality disparity in Appalachia, it is necessary to
continue efforts to reduce smoking and improve socioeconomic conditions; however, because coal-mining location is
an independent risk factor, and because coal mining overlaps

Table 4
areas

with other known risks including smoking, education, and
poverty, targeting anti-smoking and socioeconomic improvement interventions to these areas may be a cost-effective
strategy. Policies that would improve environmental quality in coal-mining areas are also suggested by these
results.
The possibility that environmental contamination from
the coal-mining industry causes lung cancer is consistent
with known risks linked to coal. Toxins found in coal are
well-established carcinogens [51]. The release of particulate matter and toxins from burning coal is a lung cancer
risk factor [1,52—55]. There is also an abundance of information on the deleterious health consequences of working
as a coal miner, including increased risk for pneumoconiosis, heart disease, chronic obstructive pulmonary disease
and perhaps lung cancer [49,56,57]. Exposure to particulate matter or toxic impurities from the coal-mining industry
may extend to the general population. The coal-mining
industry includes not only the mining of coal, but also
its processing, storage and transport, and the resulting
local water and air pollution can be severe [26—29,58]
and may result in increased lung cancer among community residents. The suggestion that the results may be
stronger for exposure to surface mining operations relative
to underground mining suggests the likelihood of greater
exposure to airborne particulates from surface mining operations.
Limitations of the study include the reliance on secondary
county-level data and the limited measures of coal-mining
exposure. Causes of individual lung cancer cases cannot be
identiﬁed, and the precise pathway between residence in
coal-mining areas and lung cancer is unknown. Smoking rates
were imprecisely measured and smoking effects, including
exposure to second-hand smoke linked to poorer socioeconomic conditions, may be underestimated. Demographic
or cultural variables not captured through available covariates may be contributing factors; these variables might
include Appalachian cultural beliefs such as fatalism [59]
that increase risk for poor health behaviors or lack of

Adjusted regression coefﬁcients and p-values based on type of mining, and Appalachian or non-Appalachian coal-mining

Appalachia coal mining
Non-Appalachian coal mining

Surface mining

Underground mining

Combined

5.60 (p < .008)
1.11 (p < .57)

4.55 (p < .024)
1.79 (p < .47)

3.72 (p < .036)
2.04 (p < .21)
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early health care intervention, or weak tobacco control
policies that increase second-hand smoke exposure. Future
research should improve measures of coal-mining exposure
by distinguishing aspects of the mining industry, including
post-mining processing facilities, and mountaintop removal
mining from other forms of surface mining, and relating
these aspects to health indicators. Additional research is
also needed to identify exposure routes (i.e., air, water
and soil), exposure levels and biological mechanisms of
action that can account for higher lung cancer mortality in
Appalachian coal-mining areas.
The results of this study may be linked to a growing body of evidence demonstrating increased health risks
across a spectrum of indicators associated with residence
in Appalachian coal-mining areas. This evidence includes
higher mortality rates for all causes and for cardiopulmonary
conditions [60], increased hospitalization risk for hypertension and chronic obstructive pulmonary disease [23], and
increased rates of self-reported chronic illness and lower
health status [22]. These ﬁndings are not simply the result
of poverty or other demographic variables, although poverty
is a contributing factor.
Regardless of whether causes are environmental, behavioral or economic, it is clear that populations in coal-mining
areas are at risk for a host of health problems. Those areas
of Appalachia where poverty has been most persistent over
time are characterized by single source economies including
tobacco and coal [38]. Based on social inequalities models [61], addressing the health disparities of coal-mining
communities requires developing economies that offer more
diverse job opportunities at lower environmental cost,
enacting and enforcing environmental protection policies,
improving support for educational development, and creating built environments that are conducive to health and
wellness.

M. Hendryx et al.

[4]

[5]

[6]

[7]
[8]
[9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

Conﬂict of interest
[17]

None.

[18]

Acknowledgements
[19]

The study was funded in part by a grant to the ﬁrst author
from the Regional Research Institute, West Virginia University. The sponsor had no role in study design; data collection,
analysis, or interpretation; writing; or journal submission
decision.
The authors are also afﬁliated with the Institute for
Health Policy Research (Hendryx), the Regional Research
Institute (Hendryx and O’Donnell), and the Mary Babb Randolph Cancer Center (Horn) at West Virginia University.

[20]
[21]
[22]

[23]

[24]

References
[1] Subramanian J, Govindan R. Lung cancer in never smokers: a
review. J Clin Oncol 2007;25:561—70.
[2] Boffetta P. Human cancer from environmental pollutants: the
epidemiological evidence. Mutat Res 2006;608:157—62.
[3] Vineis P, Hoek G, Krzyzanowski M, Vigna-Taglianti F, Veglia F,
Airoldi L, et al. Lung cancers attributable to environmental
tobacco smoke and air pollution in non-smokers in differ-

[25]

[26]

[27]

ent European countries: a prospective study. Environ Health
2007;6:7.
Nafstad P, Haheim LL, Oftedal B, Gram F, Holme I, Hjermann
I, et al. Lung cancer and air pollution: a 27 year follow up of
16,209 Norwegian men. Thorax 2003;58:1071—6.
Pope CA, Burnett RT, Thun MJ, Calle EE, Krewski D, Ito K, et al.
Lung cancer, cardiopulmonary mortality, and long-term exposure to ﬁne particulate air pollution. JAMA 2002;287:1132—41.
Coyle YM, Minahjuddin AT, Hynan LS, Minna JD. An ecological
study of the association of metal pollutants with lung cancer
incidence in Texas. J Thorac Oncol 2006;1:654—61.
Waalkes MP. Cadmium carcinogenesis. Mutat Res 2003;
533:107—20.
Harrison RM, Smith DJ, Kibble AJ. What is responsible for the
carcinogenicity of PM25? Occup Environ Med 2004;61:799—805.
Jones SR, Atkin P, Holroyd C, Lutman E, Batlle JV, Walker
P. Lung cancer mortality at a UK tin smelter. Occup Med
2007;57:238—45.
Guo HR, Wang NS, Hu H, Monson RR. Cell type speciﬁcity of lung
cancer associated with arsenic ingestion. Cancer Epidemiol
Biomarkers Prev 2004;13:638—43.
Boffetta P, Nyberg F. Contribution of environmental factors to
cancer risk. BMJ 2003;68:71—94.
Ferreccio C, Gonzalez C, Milosavjlevic V, Marshall G, Sancha
AM, Smith AH. Lung cancer and arsenic concentrations in drinking water in Chile. Epidemiology 2000;11:673—9.
Veiga LH, Amaral EC, Colin D, Koifman S. A retrospective mortality study of workers exposed to radon in a
Brazilian underground coal mine. Radiat Environ Biophysics
2006;45:125—34.
Barros-Dios JM, Barreiro MA, Ruano-Ravina A, Figueiras A.
Exposure to residential radon and lung cancer in Spain:
a population-based case—control study. Am J Epidemiol
2002;15:548—55.
Krewski D, Lubin JH, Zielinski JM, Alanvanja M, Catalan VS,
Field RW, et al. A combined analysis of North American
case—control studies of residential radon and lung cancer. J
Toxicol Environ Health A 2006;69:533—97.
Lengerich E, Tucker T, Powell R, Colsher P, Lehman E, Ward A.
Cancer incidence in Kentucky Pennsylvania and West Virginia:
disparities in Appalachia. J Rural Health 2005;21:39—47.
CDC. Cancer death rates—–Appalachia, 1994—1998. MMWR
2002;51:527—9.
Hampton JW, Friedell GH. Cancer surveillance: a problem
for Native American and Appalachian populations. Cancer
2001;91(Suppl.):242—6.
World Coal Institute. http://www.worldcoal.org/ [accessed
September 14, 2007].
Annual Coal Report. Energy information administration. Washington, DC: United States Department of Energy; 2005.
Goodell J. Big coal. Boston: Houghton Mifﬂin; 2006.
Hendryx M, Ahern MM. Relations between health indicators and
residential proximity to coal mining in West Virginia. Am J
Public Health 2008;98, doi:10.2105/AJPH.2007.113472.
Hendryx M, Ahern M, Nurkeiwicz T. Hospitalization patterns
associated with Appalachian coal mining. J Toxicol Environ
Health A 2007;70:2064—70.
Temple JMF, Sykes AM. Asthma and open cast mining. BMJ
1992;305:396—7.
West Virginia Geological and Economic Survey. Trace elements
in West Virginia coals. http://www.wvgs.wvnet.edu/www/
datastat/te/index.htm [accessed December 12, 2006].
Stout BM, Papillo J. Well water quality in the vicinity of a coal
slurry impoundment near Williamson West Virginia. Wheeling,
WV: Wheeling Jesuit University; 2004.
Ghose MK, Banerjee SK. Status of air pollution caused
by coal washery projects in India. Environ Monit Assess
1995;38:97—105.

Author's personal copy
Lung cancer mortality is elevated in coal-mining areas of Appalachia
[28] Ghose MK, Majee SR. Assessment of dust generation due to
opencast coal mining—–an Indian case study. Environ Monit
Assess 2000;61:257—65.
[29] Shiber JG. Arsenic in domestic well water and health in central
Appalachia USA. Water Air Soil Pollut 2005;160:327—41.
[30] Centers for Disease Control. Compressed mortality 1999—2004
request. http://wonder.cdc.gov/cmf-ICD10.html [accessed
September 14, 2007].
[31] Freme F. Coal industry annual 2000. Washington, DC: Energy
Information Administration, US Department of Energy; 2001.
[32] Freme F. Annual coal report 2001. Washington, DC: Energy
Information Administration, US Department of Energy; 2002.
[33] Freme F. Annual coal report 2002. Washington, DC: Energy
Information Administration, US Department of Energy; 2003.
[34] Freme F. Annual coal report 2003. Washington, DC: Energy
Information Administration, US Department of Energy;2004.
[35] Freme F. Annual coal report 2004. Washington, DC: Energy
Information Administration, US Department of Energy; 2005.
[36] Area resource ﬁle. Rockville, MD: U.S. Department of Health
and Human Services, Health Resources and Services Administration; 2006.
[37] Centers for Disease Control. Behavioral Risk Factor Surveillance System. http://www.cdc.gov/brfss/index [accessed July
11, 2007].
[38] Appalachian Regional Commission. http://www.arc.gov/
index.jsp [accessed August 17, 2007].
[39] Silverstein MD, Nietert PJ, Ye X, Lackland DT. Racial disparities
in the incidence of lung cancer: Savannah River Region Health
Information System cancer registry, 1991—95. J Health Care
Poor Underserved 2003;14:23—33.
[40] Albano JD, Ward E, Jemal A, Anderson R, Cokkinides VE, Murray
T, et al. Cancer mortality in the United States by education
level and race. J Natl Cancer Inst 2007;99:1384—94.
[41] Silverstein MD, Nietert PJ, Ye X, Lackland DT. Access to care and
stage at diagnosis for patients with lung cancer and esophageal
cancer: analysis of the Savannah River Region Information System cancer registry data. South Med J 2002;95:900—8.
[42] Polednak AP. Geographic pattern of cancers related to tobacco
and alcohol in Connecticut: implications for cancer control.
Cancer Detect Prev 2004;28:302—8.
[43] McDavid K, Tucker TC, Sloggett A, Coleman MP. Cancer survival in Kentucky and health insurance coverage. Arch Int Med
2003;163:2135—44.
[44] Leistikow BN, Tsodikov A. Cancer death epidemics in United
States Black males: evaluating courses, causations, and cures.
Prev Med 2005;41:380—5.
[45] Hillemeier MM, Weisman CS, Chase GA, Dyer AM. Individual and
community predictors of preterm birth and low birthweight
along the rural—urban continuum in central Pennsylvania. J
Rural Health 2007;23:42—8.

7

[46] Murray C, Kulkarni S, Ezzati M. Eight Americas: new perspectives on U.S. health disparities. Am J Prev Med 2005;29(4—10).
[47] Ziembroski JS, Brieding MJ. The cumulative effect of rural and
regional residence on the health of older adults. J Aging Health
2006;18:631—59.
[48] Hoffmann B, Jockel KH. Diesel exhaust and coal mine dust:
lung cancer risk in occupational settings. Ann NY Acad Sci
2006;1076:253—65.
[49] Energy Information Administration. http://www.eia.doe.gov/
fuelcoal.html [accessed July 11, 2007].
[50] Huttlinger K, Schaller-Ayers J, Lawson T. Health care in
Appalachia: a population based approach. Public Health Nurs
2004;21:103—10.
[51] West Virginia Geological and Economic Survey. Trace elements in West Virginia coals. http://www.wvgs.wvnet.edu/
www/datastat/te/index.htm [accessed October 6, 2007].
[52] Kleinerman R, Wang Z, Wang L. Lung cancer and indoor exposure to coal and biomass in rural China. J Occup Environ Med
2002;44:338—44.
[53] Zhang J, Smith KR. Household air pollution from coal and
biomass fuels in China: measurements, health impacts, and
interventions. Environ Health Perspect 2007;115:848—55.
[54] Lissowska J, Bardin-Mikolajczak A, Fletcher T, Zaridze D,
Szeszenia-Dabrowska N, Rudnai P, et al. Lung cancer and indoor
pollution from heating and cooking with solid fuels. Am J Epidemiol 2005;162:326—33.
[55] Wu A, Henderson B, Pike M. Smoking and other risk factors for
lung cancer in women. J Natl Cancer Inst 1985;74:747—51.
[56] Coggon D, Taylor AN. Coal mining and chronic obstructive pulmonary disease: a review of the evidence. Thorax
1998;53:398—407.
[57] Huang X, Gordon T, Rom W, Finkelman R. Interaction of iron
and calcium minerals in coals and their roles in dust-induced
health and environmental problems. Rev Miner Geochem
2006;64:153—78.
[58] Ghose MK, Majee SR. Characteristics of hazardous airborne dust
around an Indian surface coal mining area. Environ Monit Assess
2007;130:17—25.
[59] Coyne CA, Demian-Popescu C, Friend D. Social and
cultural factors inﬂuencing health in southern West
Virginia: a qualitative study. Prev Chronic Dis [serial
online] 2006 Oct [Accessed 2-29-08]. Available from:
http://www.cdc.gov/pcd/issues/2006/oct/06 0030.htm.
[60] Barnett E, Halverson JA, Elmes GA, Braham VE. Metropolitan and non-metropolitan trends in coronary heart disease
mortality within Appalachia, 1980—1997. Ann Epidemiol
2000;10:370—9.
[61] Graham H. Social determinants and their unequal distribution: clarifying policy understandings. Milbank Quart
2004;82:101—24.

