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Measures of health-related quality of life
(HRQOL) continue to be among the most
crucial tools for measuring population health1

and are emerging as both outcome and predictor
measures in clinical practice.2 However, their
integration into larger public health practice has
been limited, particularly as valid county-level
outcome indicators of health3 in association with
geographic environmental quality measures
(e.g., air and water quality and coal mining).4

Such multilevel analyses could serve as a useful
resource for assessing community health and
subsequently contributing to improved decision-
making.

Appalachian populations are known to suf-
fer disproportionately higher morbidity and
mortality compared with the nation as a
whole.5---8 More importantly, research has found
exacerbated Appalachian health disparities as
a function of coal production9---13 even after
controlling for covariates such as smoking, edu-
cation, poverty, race, health insurance, and access
to physicians. In addition, persons in central
Appalachia, where coal mining is heaviest, are at
greater risk for major depression and severe
psychological distress compared with other areas
of Appalachia or the nation.14

Because most coal mining public health
research to date has relied on county-level
data with limited covariates, we15 sought to
address this gap by analyzing individual-level
HRQOL outcomes using Behavioral Risk Factor
Surveillance System (BRFSS) data with more
extensive covariates. This research has deter-
mined that residents of Appalachian coal mining
counties reported poorer self-rated health and
HRQOL compared with residents in counties
without coal mining inside and outside Appala-
chia. The effects were consistent for men and
women and by age group even after adjusting for
smoking status, alcohol use, educational attain-
ment, marital status, race/ethnicity, body mass
index (BMI; defined as weight in kilograms
divided by height in meters squared), income,
metropolitan residence status, and access to

physicians.15 However, these studies did not
differentiate between the practice of moun-
taintop mining (MTM) and other forms of
mining.

We expanded on previous research by
exploring the specific effects of MTM on
HRQOL outcomes. MTM is a form of surface
mining that occurs in central Appalachia. Rel-
ative to other forms of surface mining and
underground mining, MTM results in large-
scale impairment in surface and ground water
and in local air quality and subsequently,
perhaps, human health.16---20 We performed this
study in 4 central Appalachian states (Kentucky,
Tennessee, Virginia, and West Virginia) where
MTM permits are active to determine whether
residence in 1 of 3 geographic areas (MTM
county, other coal mining county, and nonmining
county) was related to reduced HRQOL before
and after adjustment for covariates. We hypoth-
esized that residents of counties in MTM areas
in central Appalachia would report significantly
reduced HRQOL and self-rated health when
compared with residents of counties outside the

central Appalachian MTM zone and referent
nonmining counties.

METHODS

The study design is a retrospective analysis
of 2006 BRFSS data on HRQOL in relation to
individual- and county-level risks. Data for the
current study were limited to the 4 central
Appalachian states where MTM occurs. The
BRFSS is a telephone-based, random, stratified
survey established in 1984 to gather informa-
tion on health risk behaviors, preventive health
practices, and health care access primarily
related to chronic disease and injury and is
weighted to reflect the population of the
United States.21

The 2006 BRFSS data were collected in all
50 states, the District of Columbia, Puerto Rico,
and the US Virgin Islands with a median re-
sponse rate of 51%.22 Because nonresponse is
an indicator of potential bias, comparisons be-
tween respondents and nonrespondents on key
demographics was necessary. In 2006, 60% of
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BRFSS respondents were women (vs 51% na-
tionally); 80% were White non-Hispanic (vs
75%); and 6% were aged18 to 24 years (vs14%),
13% were aged 25 to 34 years (vs 17%), 18%
were aged 35 to 44 years (vs 19%), 22% were
aged 45 to 54 years (vs19%),18% were aged 55
to 64 years (vs 14%), and 21% were aged 65
years or older (vs 17%). The combined large
sample size and overall demographic differences
suggest that despite the low response rate, little
nonresponse bias was experienced in 2006.

Data

The dependent variables were the Centers
for Disease Control and Prevention’s 4 core
HRQOL items placed in the BRFSS: self-rated
health, the number of poor physical and mental
health days, and the number of activity limita-
tion days (during the past 30 days).23 Item 1
focuses on self-perceived health: ‘‘In general, how
would you rate your health?’’ Items 2 and 3
relate to recent physical and mental health
symptoms and are considered mutually exclusive
and are worded as such: ‘‘Now thinking about
your physical (or mental) health, for how many
days during the past 30 days was your physical
(or mental) health not good?’’ Item 4 is concep-
tualized as a global measure of disability that
explicitly incorporates both physical and mental
health: ‘‘During the past 30 days, on how many
days did poor physical or mental health keep
you from doing your usual activities?’’

Construct validity23,24 and test---retest reli-
ability25,26 of the core HRQOL scale have been
established. In addition, a Healthy Days Index
was calculated by adding the number of poor
physical and mental health days (unhealthy days)
a respondent experienced during the past 30
days and subtracting that number from 30,
with a logical maximum of 30 days. Response
options to the self-rated health item were excel-
lent, very good, good, fair, and poor. For the
days questions, respondents were prompted to
report an exact figure (range 0---30 days).

We took independent variables from the
2006 BRFSS survey, the county-level supple-
mentary file provided by the Centers for
Disease Control and Prevention for the 2006
survey, and Energy Information Administra-
tion data.27 Variables taken from the BRFSS
were smoking, BMI, alcohol consumption, age,
gender, race/ethnicity, marital status, income,
education, and metropolitan residence status.

More specifically, we coded smoking as
a 3-level variable: current smoker, former
smoker, or not a lifetime smoker. We coded
body mass index as a 3-level variable: neither
overweight nor obese (BMI<25 kg/m2), over-
weight (BMI=25---<30 kg/m2), or obese
(BMI ‡30 kg/m2). We coded alcohol con-
sumption as any consumption (yes or no) in the
previous 30 days. We coded age in number
of years. We coded race/ethnicity as a series
of dichotomous variables specifying African
American, Native American, non-White His-
panic, Asian American, or White non-Hispanic.
We coded marital status as a dummy variable
specifying married or cohabitating versus any
other status.

We coded income as an 8-level variable for
annual household income: less than $10000,
$10000 to less than $15000, $15000 to less
than $20000, $20000 to less than $25000,
$25000 to less than $35000, $35000 to less
than $50000, $50000 to less than $75000,
and $75000 or more. We coded education
into 2 dummy variables specifying high school
or college graduation, with less than high
school used as the referent. We coded metro-
politan status as a 5-level variable: (1) in the center
city of a metropolitan statistical area (MSA), (2)
outside the center city of an MSA but inside the
county containing the center city, (3) inside
a suburban county of the MSA, (4) in an MSA that
has no center city, and (5) not in an MSA. The
final variable we included from the BRFSS was
the county-level 2005 number of office-based
general practice physicians per 100000 persons.

The Energy Information Administration was
the source for identifying coal mining counties,
which includes data for tons of coal at the
county-level mined using both underground
and surface techniques. For the current study,
we identified a coal mining county as one with
any amount of coal mining having occurred
from 1994 to 2006. In practice, most counties
with mining in 1 year have mining most or all
years. We classified each coal mining county
according to whether it was in the MTM surface
mining area (yes or no). We based the MTM
classification on a map of MTM areas in central
Appalachia28 overlaid with coal production data
from the Energy Information Administration to
confirm surface mining activity. Figure 1 shows
a county map of the 4-state region with the
3 mining groups identified.

Of the 1148 counties in the national 2006
BRFSS, 120 (10.4%) were located within the
4-state region. The 120 counties represent
29.7% of the total 404 counties in the 4 states.
These counties included 19 of 32 (59.0%)
MTM counties in the region, 23 of 58 (40.0%)
other coal mining counties, and 78 of 321
(24.0%) nonmining counties.

Data Analysis

We made descriptive summaries of the
variables followed by inferential analyses to
examine HRQOL in coal mining areas. Because
of the complex sampling design of the BRFSS,
we analyzed models using SUDAAN version
10.0.1 (RTI International, Research Triangle
Park, NC) Proc MULTILOG for the ordinal

FIGURE 1—Coal mining areas in Central Appalachian states: 1994–2006.
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measure of self-rated health and Proc REGRESS
for the continuous HRQOL days measures.
For the MULTILOG models, we dichotomized
self-rated health into fair or poor health and
compared this with the referent excellent or
very good or good health rating. Odds ratios
(ORs) were found for the MULTILOG models,
and regression coefficients for the regress
models. We estimated all models both before
and after controlling for covariates. We used
the nonmining counties as the referent in
comparison with the 2 mining (MTM and non-
MTM) groups. We examined post hoc least
squares means in the regress models.

For the continuous variables, we calculated
effect size from the post hoc comparisons to
determine the overall magnitude of the com-
parisons using the f effect size index for multiple
means. Effect size values provide an indication
of the magnitude of observed differences and
in a practical sense show the size of differences
between means. Effect sizes of 0.10, 0.25, and
0.40 indicate small, medium, and large effects,
respectively, using the f calculation for multiple
means.29 We used counties without mining in
each of the 4 states as the referent group for the
categorical county grouping variable.

RESULTS

The final BRFSS sample size for the 4 states
was 10234. Table 1 provides a summary of
the demographic categorical and continuous
covariate study variables overall and by the
3 county groups.

MULTILOG Regression Results

Both unadjusted and adjusted comparisons
for the self-rated health variable suggest all coal
mining counties have significantly reduced
self-rated health. Before we added covariates to
the model, residents in other mining counties
had 1.30 greater odds of reporting fair or poor
self-rated health (95% confidence interval
[CI]=1.15, 1.48; P£ .001) compared with ref-
erent non---coal mining counties while residents
of MTM counties had 2.20 greater odds (95%
CI=1.95, 2.49; P£ .001). When we added the
covariates to the model, the effects persisted
only in the MTM counties (OR=1.31; 95%
CI=1.13, 1.52; P£ .001) compared with resi-
dents in other mining counties (OR=0.89;
95% CI=0.76, 1.03).

Multiple Linear Regression Results

Tables 2 and 3 provide unadjusted and ad-
justed mean comparisons for the HRQOL depen-
dent variables. Similar to the MULTILOG models,
both surface and other coal mining counties
have significantly reduced health ratings on all the
variables before we added covariates to the model,
but MTM counties reported greater HRQOL
impairment (Table 2). Effect sizes for these
differences range from 0.15 to 0.42, indicating
modest to large effects. Specifically, the effect
size was 0.15 for poor physical health days (F [1,
10231]=100.00; P£ .001), 0.21 for poor mental

health days (F [3, 10231]=76.42; P£ .001), 0.18
for activity limitation days (F [1, 10231]=77.96;
P£ .001), and 0.42 for the Healthy Days Index
(poor physical and mental health days combined,
F [1, 10231]=126.99; P£ .001).

When we added the covariates to the model,
the effects of coal mining on HRQOL persisted
in the MTM counties (Table 2). In addition,
HRQOL impairment in other coal mining
counties begin to appear more similar in HRQOL
to the referent nonmining counties, which is
consistent with a body of literature document-
ing health disparities among the Appalachian

TABLE 1—Demographic Categorical and Continuous Variables (Covariates) by County

Group: Behavioral Risk Factor Surveillance System; Kentucky, Tennessee, Virginia, and

West Virginia, 2006

Characteristics No Coal Mining Other Coal Mining Mountaintop Coal Mining Total

Categorical variables, no. (%)

No. counties 78 (65.0) 23 (19.2) 19 (15.8) 120

Sample size 7162 (70.0) 1614 (15.8) 1458 (14.2) 10 234

Women 4440 (62.0) 976 (60.5) 891 (61.1) 6307

Smoking status

Current 1579 (22.0) 392 (24.3) 393 (27.0) 2364

Former 1947 (27.1) 457 (28.3) 400 (27.4) 2804

Nonsmoker 3636 (50.8) 765 (47.4) 665 (45.6) 5066

Alcohol use (past 30 d) 4257 (59.4) 1120 (69.4) 1126 (77.2) 6503

High school education 3974 (55.5) 995 (61.6) 855 (58.6) 5824

College education 2456 (34.3) 387 (24.0) 296 (20.3) 3139

Married 4096 (57.2) 983 (60.9) 819 (56.2) 5898

Race/ethnicity

African American 820 (11.5) 26 (1.6) 34 (2.3) 880

Asian American 125 (1.8) 14 (0.1) 15 (1.0) 154

Native American 252 (3.5) 36 (2.2) 50 (3.4) 338

Hispanic 129 (1.8) 13 (0.1) 16 (1.1) 158

Overweighta 2698 (37.7) 588 (36.4) 512 (35.1) 3798

Obeseb 1959 (27.4) 524 (32.5) 499 (34.2) 2982

Continuous variables, mean (SD)

Income categoryc 5.6 (2.1) 5.1 (2.2) 4.6 (2.3) 5.4 (2.2)

Age, y 51.4 (16.0) 52.8 (15.9) 51.9 (15.8) 51.7 (16.0)

Metropolitan status categoryd 2.3 (1.5) 3.3 (1.7) 4.0 (1.6) 2.7 (1.7)

Physicians per 1000 population 29.8 (11.9) 30.2 (15.8) 27.2 (9.1) 29.5 (12.3)

Note. Percentages may not add to 100% because of rounding.
aBody mass index (BMI; defined as weight in kilograms divided by height in meters squared) = 25–<30 kg/m2.
bBMI ‡30 kg/m2.
cCoded as an 8-level variable for annual household income: less than $10 000, $10 000 to less than $15 000, $15 000 to
less than $20 000, $20 000 to less than $25 000, $25 000 to less than $35 000, $35 000 to less than $50 000, $50 000 to
less than $75 000, and $75 000 or more.
dCoded as a 5-level variable: (1) in the center city of a metropolitan statistical area (MSA), (2) outside the center city of an
MSA but inside the county containing the center city, (3) inside a suburban county of the MSA, (4) in an MSA that has no
center city; and (5) not in an MSA.
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population that result from the covariates in-
cluded, such as income and smoking.11,12 How-
ever, the effect sizes for these differences are
not as strong, ranging in strength from 0.03 to
0.06 despite retaining their statistical significance
(F [1, 10231]=13.92; P<.001, physical health
days; F [1, 10231]=14.60; P<.001, mental
health days; F [1, 10231]=8.54; P<.01, activity
limitation days; and F [1,10231]=22.19; P£ .001
Healthy Days Index).

When we repeated the models with cova-
riates separately for men and women, we found
similar findings for each gender, particularly
for men and women in MTM counties for the
Healthy Days Index (Table 3). In addition,
when we repeated the models once again by
age group (younger than 50 years or 50 years
or older), the effects remained and increased
with age in the MTM counties for the Healthy
Days Index (Table 3). Although not shown in
the table, significant similar trends were noted
for greater odds of reporting fair or poor self-
rated health for both genders and the 50 years
old or older group in each of the mining county
groups; however, the greatest odds were
among residents in the MTM counties
(OR=2.04---2.50; P£ .001).

DISCUSSION

We further expand the literature base on the
effects of coal mining on self-rated health and
HRQOL15 by isolating mountaintop mining
(MTM) activities and comparing them with other
coal mining and nonmining areas in 4 central
Appalachian states. In this individual-level health
behavioral analysis using BRFSS data, self-rated
health and HRQOL were significantly reduced

among residents of MTM counties in the un-
adjusted and adjusted models. When analyzed
by gender and age group, although the effects
were slightly stronger for men, effects were
present for women as well, and trends were
similar for the MTM counties. These findings

suggest the unique contributions MTM activity
makes to negative health ratings among residents
in counties with MTM activity compared with
residents in the other county groupings and
further add to a developing environmental
health disparities literature base pertaining

TABLE 2—Health Related Quality of Life by Mining Group: Behavioral Risk Factor Surveillance System; Kentucky, Tennessee,

Virginia, and West Virginia; 2006

Mountaintop Coal Mining Other Coal Mining No Coal Mining

Variables Unadjusted Mean (SE) Adjusted Mean (SE) Unadjusted Mean (SE) Adjusted Mean (SE) Unadjusted Mean (SE) Adjusted Mean (SE)

Poor physical health (past 30 d) 7.76 (0.30)*** 6.06 (0.28)*** 5.99 (0.25)*** 4.92 (0.23) 4.63 (0.10) 4.91 (0.10)

Poor mental health (past 30 d) 6.32 (0.27)*** 5.12 (0.27)*** 4.86 (0.23)*** 4.21 (0.22) 3.80 (0.09) 4.00 (0.09)

Activity limitation (past 30 d) 5.34 (0.26)*** 3.97 (0.25)** 3.73 (0.20)** 2.89 (0.19)* 2.95 (0.08) 3.18 (0.08)

Healthy Days Index 11.11 (0.34)*** 9.08 (0.32)*** 8.97 (0.30)*** 7.79 (0.28) 7.08 (0.12) 7.42 (0.11)

Note. Nonmining counties served as the referent group. A Healthy Days Index was calculated by adding the number of poor physical and mental health days (unhealthy days) a respondent
experienced during the past 30 days and subtracting that number from 30, with a logical maximum of 30 days.
*P < .05; **P < .01; ***P £.001.

TABLE 3—Health Related Quality of Life by County Group, Stratified by Gender and by Age

Group: Behavioral Risk Factor Surveillance System; Kentucky, Tennessee, Virginia, and

West Virginia; 2006

Mountaintop Coal

Mining, Mean (SE)

Other Coal Mining,

Mean (SE)

No Coal Mining,

Mean (SE)

Women

Poor physical health (past 30 d) 6.24** (0.37) 4.99 (0.30) 5.31 (0.13)

Poor mental health (past 30 d) 5.78* (0.37) 4.75 (0.31) 4.65 (0.12)

Activity limitation (past 30 d) 3.99 (0.32) 3.03** (0.26) 3.44 (0.11)

Healthy Days Index 9.65*** (0.43) 8.33 (0.37) 8.35 (0.15)

Men

Poor physical health (past 30 d) 5.77* (0.43) 4.91 (0.37) 4.28 (0.15)

Poor mental health (past 30 d) 4.05* (0.12) 3.45 (0.30) 2.96 (0.13)

Activity limitation (past 30 d) 3.89* (0.39) 2.72 (0.29) 2.77 (0.13)

Healthy Days Index 8.11*** (0.17) 6.97 (0.41) 5.94 (0.17)

Age < 50 y

Poor physical health (past 30 d) 4.35** (0.36) 2.99** (0.28) 3.45 (0.12)

Poor mental health (past 30 d) 5.46** (0.41) 4.54 (0.34) 4.51 (0.13)

Activity limitation (past 30 d) 3.18** (0.32) 2.06** (0.24) 2.45 (0.10)

Healthy Days Index 8.04** (0.46) 6.52 (0.39) 6.79 (0.15)

Age ‡ 50 y

Poor physical health (past 30 d) 7.43* (0.42) 6.53 (0.34) 6.13 (0.15)

Poor mental health (past 30 d) 4.74* (0.36) 3.94 (0.28) 3.59 (0.12)

Activity limitation (past 30 d) 4.52 (0.35) 3.57 (0.28) 3.80 (0.12)

Healthy Days Index 9.83*** (0.46) 8.77 (0.38) 7.96 (0.16)

Note. Nonmining counties served as the referent group. A Healthy Days Index was calculated by adding the number of poor
physical and mental health days (unhealthy days) a respondent experienced during the past 30 days and subtracting that
number from 30, with a logical maximum of 30 days.
*P < .05; **P < .01; ***P £.001.
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specifically to coal extraction and processing in
Appalachia.10---13,15

Interestingly, in some cases, women resi-
dents in the other mining county grouping
reported statistically improved HRQOL in the
adjusted models. This effect was only seen in
women younger than 50 years and was limited
primarily by the activity limitation days mea-
sure, which used a more severe health standard
than did the other questions (e.g., work loss
days, bed disability days) and has been found
to be a useful indicator of disability30,31 even
at the county level.32 This finding is difficult to
explain, but it may be that these environments,
after controlling for critical variables such as
income and education, characterize the finer
qualities of primarily rural settings relative to the
referent group. In addition, our analysis did not
control for other potentially confounding vari-
ables, such as the higher rates at which women
enroll in continuing education and community
colleges.33 Still further, this finding may be
spurious, given that women consistently report
significantly reduced HRQOL, including activity
limitation, compared with men in other popula-
tion-based studies.34,35

Self-rated health spans past and present
physical, behavioral, emotional, and cognitive
aspects of health and includes cognitive aspects
in the future (i.e., people may forecast a health
trajectory into the future on the basis of past
and present information).36 In addition, a robust
body of literature has linked self-rated health to
mortality.37---45 Because of this link, the Centers
for Disease Control and Prevention and the
World Health Organization23,46 recommend
self-rated health as a measure of population
health. Therefore, the increased ORs of report-
ing fair or poor self-rated health among MTM
county residents in the adjusted models suggest
a significant elevated mortality risk in these
populations.

Noting inconsistencies among self-rated
health among 4 large nationally representative
surveys, particularly among the category of fair
or poor self-rated health,47 some have ques-
tioned the use of this indicator to track popula-
tion health. However, the consistent findings
among the HRQOL items in this study that
mirror the results found with the self-rated items
suggest that the effects among residents in the
MTM counties are not spurious or data artifacts.
The effect sizes for the HRQOL items are small in

the adjusted models, as expected, because they
query respondents’ health of only the past 30
days. Yet results of the Healthy Days Index
adjusted findings (Table 2) still suggest, on av-
erage, approximately 1.5 days worse reported
HRQOL among residents of MTM counties
compared with residents in the other coal mining
counties and residents in the referent nonmin-
ing counties each month. Thus, MTM county
residents experience, on average, 18 more un-
healthy days per year than do the other pop-
ulations. Across an average American lifetime of
78 years, that is approximately 1404 days, or
almost 4 years, of additional HRQOL impair-
ment directly associated with residence in an
MTM county. To gain insight into the magnitude
of these findings, when MTM and other coal
mining counties were not separated in a previous
study,15 there were 462 reduced HRQOL
days across an average American life.

Limitations

Our study has several limitations. First,
county of residence does not necessarily in-
dicate exposure in this ecological design study.
Coal mining activity may be distributed more
heavily in some parts of a county than in others,
and mining effects may cross county lines to
affect nonmining counties. Similarly, forms of
surface mining occur in the non-MTM counties,
and other industry activities––such as coal
preparation and transportation––that also pose
environmental risks take place in both MTM
and other mining areas. This fact may partially
explain some of the observed small effect sizes.
If only residents of communities where coal
mining activity directly occurred were surveyed,
the effect sizes and reduced HRQOL could be
larger than are those reported in this study.

Second, only 52 counties that were located
within Appalachia and where coal mining was
present were available for analysis. Third,
multiple statistical tests raise the possibility of
a type I error, although most Appalachian
mining effects were significant at P<.01 or
better. Fourth, additional unmeasured con-
founds such as psychological stress and eco-
nomic uncertainties among residents and
workers in mining areas may influence
HRQOL in both MTM and non-MTM envi-
ronments. Fifth, the study does not include
direct environmental measures of air and water
quality; information, such as that from the

Environmental Protection Agency’s (EPA) na-
tional ambient air quality standards, exists for
only a limited set of primarily urban counties.
Likewise, water quality data are available
nationwide only for public water systems and
not for private wells and for public systems
only when an established EPA standard has
been exceeded. Future research will need to
obtain specific environmental and health mea-
sures of these communities to fully assess the
impact of coal mining on human health.

Conclusions

Results indicate that previously documented
HRQOL disparities in Appalachia’s coal mining
areas are concentrated in MTM zones in the
central part of the region. These disparities
partly reflect the chronic socioeconomic
weaknesses inherent in coal-dependent econo-
mies and highlight the need for efforts at
economic diversification in these areas.
However, significant disparities persist after
control for these risks and suggest that the
environmental impacts of MTM may also play
a role in the health problems of the area’s
population. In April 2010, the EPA issued
new guidance regulating MTM that recognized
the environmental and community health
costs imposed by this practice48; the guidance
was intended to make new MTM permits much
more difficult to obtain. Several weeks after
this ruling, the first MTM permit application to
come before the EPA was nevertheless ap-
proved, leading to concerns from environmental
communities that the rules would not be inter-
preted or enforced as intended.49 Our results
contribute to the evidence base in support of
the April EPA decision. j
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