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Assessment of the Respiratory Health of Working US
Coal Miners Since 2014—Radiography, Spirometry, and

Symptom Assessments

Noemi B. Hall, PhD, Laura Reynolds, RN, David J. Blackley, DrPH, and A. Scott Laney, PhD
Objective: The aim of the study is to summarize CoalWorkers’Health Surveil-
lance Program findings since 2014, focusing on prevalence of radiographic
pneumoconiosis and abnormal spirometry by region. Methods: Analysis in-
cluded the most recent Coal Workers’ Health Surveillance Program encounter
for working miners during October 1, 2014–June 30, 2022. Central Appalachia
consists of Kentucky, Virginia, and West Virginia. Results: Pneumoconiosis
prevalence was highest among underground miners, with 318 (6.2%) having ra-
diographic evidence of disease. Central Appalachianminers weremore likely to
have evidence of pneumoconiosis (relative risk = 4.1 [3.4—5.0]) and abnormal
spirometry (relative risk = 1.4 [1.2—1.6]) comparedwith all others.Conclusions:
Central Appalachia is a hotspot for pneumoconiosis, aswell as for other indicators
of respiratory impairment in coal miners. Outreach for occupational respiratory
health surveillance should focus on those areas most heavily affected, ensuring
that miners are not hindered by perceived or actual barriers to this secondary
intervention.
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LEARNING OUTCOMES

• Discuss the impact of including surface and contracted coal
miners in respiratory health screenings aimed at identifying
pneumoconiosis

• Identify at least two reasons why coal miners in Central Ap-
palachia may be less likely to participate in voluntary respi-
ratory health screenings intended to protect their health
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F indings from the National Institute for Occupational Safety and Health
(NIOSH)–administered Coal Workers’ Health Surveillance Pro-

gram (CWHSP) have demonstrated an ongoing increase in prevalence
and severity of coal workers’ pneumoconiosis since the late 1990s,
particularly in Central Appalachia.1–5 In 2014, the Mine Safety and
Health Administration (MSHA) published a final rule (MSHA dust rule)
to the Federal Register for the purpose of reducing occupational lung
disease in US coal miners. This regulation lowered exposure limits to
respirable coal mine dust, extendedmedical screening to include surface
and contract coal miners, and expanded medical surveillance require-
ments to add periodic lung function testing (spirometry) and a respira-
tory health questionnaire to the periodic chest radiographic examina-
tions.6 NIOSH subsequently updated its standards to incorporate these
expanded screening requirements.7,8

Extending respiratory screenings to surface miners is important
as surface miners are known to be at risk for pneumoconiosis with
some job types having similar or greater risk for injurious exposures
to respirable dust than underground miners.9–11 This expansion
approximately doubled the population of coal miners eligible for re-
spiratory health screenings through the CWHSP. The addition of pe-
riodic pulmonary function testing to the radiographic component of
the program was significant as spirometry can identify pulmonary
impairment not visible on radiographs and in combination with
self-reported symptoms and diagnoses provide a more complete pic-
ture of respiratory health.12

The goal of providing medical examinations to coal miners is to
inform miners of their health status, identify respiratory impairment or
pneumoconiosis early, and provide miners with pneumoconiosis the
opportunity to work in a lower dust environment while retaining their
employment.13,14 However, recent findings demonstrate that the sys-
tems and policies in place to achieve these objectives are falling short.15,16

In 2018, Blackley et al.17 described the largest cluster of progressive
massive fibrosis reported in the scientific literature. This large cluster
including both former andworking coal miners was identified through
a clinic-based investigation, not through the CWHSP, highlighting
gaps in public health surveillance. The authors emphasized the impor-
tance of the expanded health surveillance in the 2014 MSHA rule and
noted that enhanced and continued surveillance would be required to
determine the effectiveness of the 2014 dust rule. To that end, this re-
port presents the first comprehensive analysis of the radiography, spi-
rometry and symptom assessments in underground, surface, and con-
tract miner participants of the CWHSP since promulgation of the 2014
MSHA dust rule.

METHODS
Data were restricted to the most recent CWHSP encounter

for working underground, surface, and contract coal miners during
October 1, 2014–June 30, 2022. Examinations are mandatory for coal
miners within their first 30 days of employment and within 3 years of
their initial respiratory health screening, and voluntary for the remain-
der of their career, as described elsewhere.Miners were defined as sur-
face, contract, or underground coal miners based on their employer at
the time of examination. Contractors are employed through third-party
employers, not employed directly by the mine, and they may work at
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either an underground or a surface mine. Contractors were treated as a
separate group andwere not included in the underground or surfaceminer
count. For regional analyses, Central Appalachia refers to Kentucky,
Virginia, and West Virginia. Relative risk (RR) was calculated using
the proportion of miners with the outcome of interest by region, com-
paring Central Appalachia to all other states.

Chest radiographs were classified by NIOSH-certified B Readers
according to the International Labour Office standards.18 Presence of
pneumoconiosis was defined by radiographic classifications of small
opacity profusion 1/0 or greater. Progressive massive fibrosis (PMF)
was defined as presence of at least one large opacity (>1 cm in diam-
eter). Pneumoconiosis is considered a disease of long latency; there-
fore, analysis of radiographic disease prevalence was restricted to
miners with 10 or more years of tenure.

Spirometry results were interpreted using American Thoracic
Society/European Respiratory Society 2005 guidelines.19 Reference
equations derived from data collected during NHANES III, using
age, sex, height, and self-reported race/ethnicity were used to predict
the lower limit of normal (LLN) for spirometry results.20 Spirometry
test results that did not meet the minimum acceptable quality (at least
two acceptable maneuvers with the two largest volumes repeatable
within 250mL) were excluded from analysis.21 Analysis of spirometry
test results was restricted to those miners with tenure of at least 1 year.
Forced expiratory volume in 1 second (FEV1) and forced vital capac-
ity (FVC) were used in establishing respiratory disease pattern present,
as previously described.22 Patterns of respiratory impairment were de-
fined as follows:

Obstructive:FEV1/FVC<LLNandFVC>LLNandFEV1<LLN;
Restrictive: FEV1/FVC > LLN and FVC < LLN;
Mixed: FEV1/FVC < LLN and FVC < LLN.

If any of the previously mentioned patterns were identified, the
spirometry test was classified as abnormal, and if nonewere identified,
it was classified as normal.

The respiratory health assessment administered to coal workers
included questions related to respiratory symptoms, such as presence
of wheezing, shortness of breath, and chronic cough (coughing on
most days for 3 or more months of the year). Health assessment results
are presented for those miners with tenure of at least 1 year. Miners
were also asked to report if they had ever been told by a doctor, nurse,
TABLE 1. Demographics of Participating Miners by Type, October

Total (N = 35,457) Undergr

Female, n (%) 1,954 (5.5%)
Male, n (%) 33,503 (94.5%) 11
Age, median (range) 35 (18–96)
Tenure, median (range) 3 (0–60)
Radiographsa 11,202
CWP* 483 (4.3%)
PMF* 66 (0.59%)

Spirometryb 6,834
Abnormal 868 (12.7%)
Obstructive 242 (3.5%)
Restrictive 558 (8.2%)
Mixed 68 (1.0%)

% Predicted FEV1, mean (SD) 95.4 (13.7)
Respiratory Health Assessments 8,113
Reported COPD, emphysema, or chronic
bronchitis diagnosis

352 (4.3%)

2 or more symptomsc 2,852 (35.2%) 1

COPD, chronic obstructive pulmonary disease; CWP, coal workers’ pneumoconiosis; FEV1
aRadiographs submitted among those miners with 10 or more total years of reported coal m
bSpirometry tests submitted among those miners with 1 or more years of reported coal mini
cRespiratory disease symptoms include the following: wheezing, cough, shortness of breath
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or other health professional that they have chronic obstructive pulmo-
nary disease (COPD), chronic bronchitis, or emphysema.

Analysis, including χ2 tests comparing prevalence of disease
by region, was completed in SAS 9.4 (Cary, NC). The STrengthening
the Reporting of OBservational studies in Epidemiology guidelines
for reporting observational studies were followed (Supplemental Dig-
ital Content, http://links.lww.com/JOM/B444).23
RESULTS
Of the 35,457 working coal miners who participated in the

CWHSP during the study period, 13,679 (38.6%) were surface miners,
11,641 (32.8%) were underground miners, and 10,137 (28.6%) were
contractors (Table 1). Most participants were males (94.5%) with a
median age of 35 years (range, 18–96 years) and a median tenure of
3 years (0–60 years).

Pneumoconiosis prevalence was highest among underground
miners with 10 or more years of tenure (n = 5125), with 318 (6.2%)
having radiographic evidence of disease, including 47 (0.92%) cases
of the most severe form, PMF. Among the 4844 surface miners with
10 or more years of tenure, 128 (2.6%) had evidence of pneumoconi-
osis, including 17 cases (0.35%) of PMF. Among the 1233 contractors
with 10 or more years of tenure, 37 (3.0%) had evidence of pneumo-
coniosis, including 2 cases (0.16%) of PMF.

Spirometry tests meeting acceptability and repeatability criteria
were submitted for 6834minerswith 1 or more years of mining tenure.
Abnormal spirometry was identified in 377 of 3172 (11.9%) under-
ground miners, 410 of 3116 (13.2%) surface miners, and 81 of 546
(14.8%) contract miners. Among all miners with abnormal spirometry,
the restrictive pattern of impairment was most common (558, 8.2%),
followed by the obstructive pattern (242, 3.5%) and mixed (68,
1.0%). The mean percent predicted FEV1 for underground miners
was 95.6 (standard deviation [SD] = 13.6), 95.4 (SD = 13.8) for sur-
face miners, and 94.0 (SD = 13.1) for contract miners.

Completed respiratory health assessments were submitted for
8113 miners with at least 1 year of tenure. The most common respira-
tory symptoms reported by miners were shortness of breath (2062,
25.7%), bringing up phlegm (1735, 21.6%), wheezing or whistling
in the chest (1696, 21.1%), and frequent coughing (1552, 19.3%),
with 35.2% of miners reporting two or more respiratory symptoms
1, 2014–June 30, 2022

ound (n = 11,641) Surface (n = 13,679) Contractors (n = 10,137)

264 (2.3%) 1,092 (8.0%) 598 (5.9%)
,377 (97.7%) 12,587 (92.0%) 9,539 (94.1%)
36 (18–94) 39 (18–96) 30 (18–94)
8 (0–51) 4 (0–60) 0 (0–53)
5,125 4,844 1,233

318 (6.2%) 128 (2.6%) 37 (3.0%)
47 (0.92%) 17 (0.35%) 2 (0.16%)
3,172 3,116 546

377 (11.9%) 410 (13.2%) 81 (14.8%)
108 (3.4%) 117 (3.8%) 17 (3.1%)
244 (7.7%) 258 (8.3%) 56 (10.3%)
25 (0.8%) 35 (1.1%) 8 (1.5%)

95.6 (13.6) 95.4 (13.8) 94.0 (13.1)
3,709 3,713 691

170 (4.6%) 151 (4.1%) 31 (4.5%)

,583 (42.7%) 1,120 (30.2%) 149 (21.6%)

, forced expiratory volume in 1 second; PMF, progressive massive fibrosis.
ining tenure.
ng tenure.
, coughing up phlegm, or asthma, COPD, chronic bronchitis, and emphysema diagnosis

© 2023 American College of Occupational and Environmental Medicine
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TABLE 2. Respiratory Health Conditions and Symptoms for Participating Miners by Region, October 1, 2014–June 30, 2022

Central Appalachia
(n = 7,787)

Noncentral Appalachia
(n = 27,670) RR (95% CI) P

Radiographsa 3,878 7,324
CWP* 331 (8.5%) 152 (2.1%) 4.1 (3.4–5.0) <0.0001
PMF* 52 (1.3%) 14 (0.2%) 1.7 (0.9–3.0) 0.06

Spirometryb 1,725 5,109
Abnormal 275 (15.9%) 593 (11.6%) 1.4 (1.2–1.6) <0.0001
Obstructive 69 (4.0%) 173 (3.4%) 1.2 (0.9–1.6) 0.2
Restrictive 185 (10.7%) 373 (7.3%) 1.5 (1.2–1.7) <0.0001
Mixed 21 (1.2%) 47 (0.9%) 1.3 (0.8–2.2) 0.3

Respiratory Health Assessmentsb 2,173 5,940
Reported COPD, emphysema, or chronic bronchitis diagnosis 152 (7.0%) 200 (3.4%) 2.1 (1.7–2.6) <0.0001
2 or more symptomsc 1,226 (56.4%) 1,626 (27.4%) 2.1 (1.9–2.2) <0.0001

BMI—categories 2,156 5,910
Overweight 685 (31.8%) 1,986 (33.6%) 0.9 (0.9–2.0) 0.1
Obese 1,262 (58.5%) 3,227 (54.6%) 1.1 (1.0–1.1) 0.0006

Central Appalachia refers to Kentucky, Virginia, and West Virginia, while Noncentral Appalachia refers to all other states.
BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; CWP, coal workers’ pneumoconiosis; PMF, progressive massive fibrosis; RR, relative risk.
aRadiographs submitted among those miners with 10 or more total years of reported coal mining tenure.
bSpirometry tests and respiratory health assessments submitted among those miners with 1 or more years of reported coal mining tenure.
cRespiratory disease symptoms include the following: wheezing, cough, shortness of breath, coughing up phlegm, or asthma, COPD, chronic bronchitis, and emphysema diagnosis.
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(Table 1) Three hundred fifty-two miners (4.3%) reported having re-
ceived a diagnosis of COPD or a related disorder (COPD: 188, 2.3%;
emphysema: 56, 0.7%; chronic bronchitis: 161, 2.0%).

Of the 35,457 working coal miners who participated in these re-
spiratory health screenings, 7787 participants (22.0%) worked in the
Central Appalachian states of Kentucky, Virginia, and West Virginia
(Table 2). Among Central Appalachian miners with 10 or more years
of experience (n = 3878), 331 (8.5%) had evidence of pneumoconiosis
on their chest x-rays, with 52 (1.3%) showing evidence of PMF. Among
Central Appalachian miners with at least 1 year of mining tenure, 69
(4.0%) had spirometry results showing an obstructive pattern of impair-
ment and among miners from all other states, 173 (3.4%) also showed
an obstructive pattern (RR = 1.2 [0.9–1.6]). Central Appalachian
minersweremore likely to have evidence of pneumoconiosis (RR=4.1
[3.4–5.0]) and abnormal spirometry (RR = 1.4 [1.2–1.6]), compared
with miners from all other states. Central Appalachian miners were
also more likely to report the presence of two or more respiratory dis-
ease symptoms (RR = 2.1 [1.9–2.2]) and to report previous COPD,
emphysema, or chronic bronchitis diagnosis (RR = 2.1 [1.7–2.6]),
compared with miners from all other states.
DISCUSSION
In 2014, important enhancements were made to the long-standing

NIOSH-administered CWHSP. This report presents health surveil-
lance findings including radiography, spirometry, and self-reported re-
spiratory symptoms among US coal miners. In summary, our findings
demonstrate that significant respiratory disease exists and continues to
persist in contemporary, working underground and surface coal miners,
as well as miners employed as contractors. A 2010–2011 survey of sur-
face miners reported 2.0% of miners with at least 1 year of tenure had
evidence of pneumoconiosis, and a recent report of the first 6 years
of surface miner inclusion in the CWHSP showed 1.6% prevalence
of pneumoconiosis.10,24 The current study focuses on prevalence among
longer tenured miners (10 or more working years), but the finding of
2.6% pneumoconiosis prevalence among surface miners is comparable
with these previous estimates.

This study affirms that Central Appalachia continues to be a
hotspot for pneumoconiosis, as well as for other indicators of respira-
tory impairment and disease in coal miners. Among coal miners with
10 or more years of tenure, miners in Central Appalachia were 4.1 times
© 2023 American College of Occupational and Environmental Medicine

Copyright © 2024 American College of Occupational and Environment
more likely to have evidence of pneumoconiosis comparedwithminers in
all other regions of the United States (Table 2). Although COPD rates are
the highest in Central Appalachian states (West Virginia had the highest
rates of COPD across the United States in 2021 [age-adjusted prevalence,
11.4%]25), 4% of Central Appalachian miners with 1 or more years of
tenure had spirometry results showing an obstructive pattern of im-
pairment, comparable with working aged adults in the United States
(4.2%).26 Overall, Central Appalachian miners were more likely to
show either an obstructive, restrictive, or mixed pattern of respiratory
impairment (15.9%) compared with miners in the remainder of the
United States (11.6%, RR = 1.4 [1.2–1.6]) and were more likely to re-
port a prior diagnosis of COPD, emphysema, or chronic bronchitis
(RR = 2.1 [1.7–2.6]). Other factors aside from occupational exposures
may also influence respiratory impairment in this population. Central
Appalachian miners were more likely to be obese compared with
miners in the rest of the US (RR = 1.1 [1.0–1.1]), and obesity has been
shown to play a role in respiratory impairment27,28While smoking sta-
tus was not available for this analysis, smoking status alsomay have an
impact on respiratory impairment. Adult tobacco use in Central Appa-
lachia, including cigarette smoking, is among the highest in the United
States.29 However, exposure to coal mine dust has been shown to
cause COPD, even after controlling for cigarette smoking.30–33

This study also brings to light the challenges in ensuring robust
participation in the CWHSP for all US miners. The purpose of the
CWHSP is to provide access to respiratory health screenings for work-
ing coal miners throughout their careers, at no cost to them, to identify
disease early and prevent further progression. This program provides
the most up-to-date estimation of the respiratory health of the nation’s
working coal miners. Its success in identifying disease at an early stage
relies on participation of the workforce at regular intervals throughout
their careers. The CWHSP examinations are mandatory for new miners
within the first 30 days of employment, however, continued participa-
tion is voluntary, and has historically been low, fluctuating between
25% and 40% for the past 30 years.16,34

The CWHSP participation across the workforce was affected
by the first years of the COVID-19 pandemic, as this study’s timeframe
extended through June 2022. Early in the United States’ pandemic re-
sponse, the US Department of Homeland Security’s Cybersecurity and
Infrastructure Security Agency listed energy and mineworkers as essen-
tial critical infrastructure workers.35 While this allowed for continuity in
mining operations and exempted miners from work stoppages, the
125
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pandemic disrupted routine healthcare and occupational health screen-
ings. As a result of necessary restrictions to protect the mining work-
force from COVID-19, the number of respiratory health screenings for
miners conducted or received by NIOSH during the pandemic de-
clined precipitously compared with previous years. For a comprehen-
sive discussion of the effects of COVID-19 on participation in the
CWHSP, see Hall et al. (2023).16

Participation in the CWHSP also differed by region. While Cen-
tral Appalachia accounted for 40%–45% of US coal mining employ-
ment annually from 2014 to 2021, only 21.9% of CWHSP participants
worked in Central Appalachia (Table 2). Although many factors may
influence a miner’s decision to participate in these respiratory health
screenings, unemployment statistics in Central Appalachia show that
unemployment is relatively high in this region (ranging from 2.5% to
3.9% in June 2022), while unemployment in the mining workforce in
particular is elevated (2.6% in March 2022 to 6.5% in March 2023).36

An environment where unemployment is high and opportunities
for other employment in mining are low may lead to fraught decisions
for coal miners, who may perceive a respiratory disease determination
as a threat to their employment status.37–39 These workers may elect
to not participate in voluntary respiratory health screenings regardless
of the ease of access, to prioritize stability and job security in the short
term. Faced with a real or perceived lack of adequate job protection,
miners continue to work through the beginning stages of disease, in-
creasing their exposure to hazardous levels of coal mine dust and
thereby increasing the likelihood of developing more severe and debil-
itating illness. Miners with radiographic evidence of pneumoconiosis
can exercise their right to work in a lower dust position without a re-
duction in pay. However, recent data show that more than 75% of eli-
gible miners do not participate in this job transfer program.15

Although routine medical surveillance and job change or trans-
fer may protect health in the long term, it is clear that some miners
avoid critical health screenings and requests for special health protec-
tions. Instead, they continue to work in dusty, hazardous conditions
with respiratory impairment, often expressing that providing for their
family is paramount, even at the cost of their own health.21,38,40 This
report highlights that voluntary participation in respiratory health
screening is not working as intended and recent trends in participation
seem to track with the trends in overall coal miner employment in the
United States. Perhaps of most concern is that the region of the country
with the highest prevalence of disease also has the lowest levels of par-
ticipation in respiratory health surveillance, a program designed spe-
cifically to protect their health. It is important to note that these find-
ings also demonstrate that pneumoconiosis continues to occur among
contemporary coal miners in the United States despite it being clear
that this system has not identified every case of pneumoconiosis among
currently employed coal miners. This is an observation that has been
borne out from analyses of federal disability compensation data where
39% of miners with disabling pneumoconiosis did not participate in
the NIOSH CWHSP during their working careers.41 While the collec-
tive approach to assessing and protecting the respiratory health of
the US coal mining workforce can certainly be improved, continued
monitoring of respiratory health of actively working coal miners is
necessary for early intervention to avoid unnecessary progression to
the most advanced stages of pulmonary fibrosis.
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