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Pneumoconiosis progression patterns in US coal miner
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progression of disease
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Abstract

Objectives—Pneumoconiosis prevalence and severity among US coal miners has been
increasing for the past 20 years. An examination of the current approaches to primary and
secondary prevention efforts is warranted. One method of secondary prevention is the Mine Safety
and Health Administration-administered part 90 option programme where US coal miners with
radiographic evidence of pneumoconiosis can exercise their right to be placed in a less dusty area
of the mine. This study focuses on characterising the progression of disease among US coal
miners who participated in the National Institute for Occupational Safety and Health-administered
Coal Workers’ Health Surveillance Programme (CWHSP) and exercised their part 90 job transfer
option.

Methods—Chest radiograph classifications of working underground coal miners who exercised
their part 90 job transfer option during 1 January 1986 to 21 November 2016 and participated in
the CWHSP during 1 January 1981 to 19 March 2019 were analysed.

Results—513 miners exercised their part 90 option and participated in the CWHSP at least once
during this time period. Of the 149 miners with =2 radiographs available, 48 (32%) showed
progression after exercising part 90 and had more severe disease prior to exercising, compared
with miners who did not progress (severity score of 2.8 vs 1.7, p=0.0002).

Conclusion—The part 90 job transfer option programme is not routinely used as intended to
prevent progression of pneumoconiosis among US coal miners. The one-third of miners who
participated in part 90 and continued to progress, exercised their part 90 option at a later stage of
disease compared with non-progressors.

Correspondence to: Dr A Scott Laney, Respiratory Health Division, National Institute for Occupational Safety and Health,
Morgantown, WV 26505, USA; aol4@cdc.gov.

Contributors NBH: analysed and interpreted the data, led writing of the article and takes responsibility for its content. DJB and CNH:

assisted with interpreting data and writing the article. ASL: conceptualised and designed the study and helped with data interpretation
and writing.

Competing interests None declared.
Patient consent for publication Not required.
Data availability statement Data are available on reasonable request.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hall et al. Page 2

INTRODUCTION

The prevalence and severity of pneumoconiosis in US coal miners has markedly increased in
the last 20 years.12 Changes in the composition of the dust, including excessive exposure to
crystalline silica, have been implicated in playing a role in the observed resurgence of
disease and the increase in the most severe forms including progressive massive fibrosis
(PMF).3-6 Federal standards, first enacted in 1969, established primary and secondary
prevention programmes to protect underground coal miners from material respiratory
impairment resulting from excessive exposure to coal mine dust.” Given the increase in
prevalence and severity of pneumoconiosis, thorough examination of the current approaches
to primary and secondary prevention efforts are warranted.

Primary prevention efforts are meant to reduce the incidence of disease and include
administrative and engineering controls such as ventilation plans and dust suppression or
capture devices. Primary prevention activities are enforced by the Mine Safety and Health
Administration (MSHA) and include review and approval of adequate mine ventilation plans
and periodic compliance sampling for respirable coal mine dust and respirable quartz.
Primary prevention of coal mine dust exposures was the focus of a recent and
comprehensive National Academy of Sciences consensus study report.8 On 29 August 2019,
MSHA published a Request for Information in the Federal Register soliciting comment from
the public regarding primary prevention strategies for managing quartz exposure in mines
including ‘an examination of an appropriately reduced permissible exposure limit, potential
new or developing technologies and/or technical and educational assistance’.%

Secondary prevention efforts are designed to reduce severity of disease through early
detection of pneumoconiosis and subsequent job reassignment to a less dusty working
environment. This is accomplished through routine radiographic screening in the National
Institute for Occupational Safety and Health (NIOSH)-administered Coal Workers’ Health
Surveillance Programme (CWHSP) and the MSHA-administered part 90 option programme
where miners with radiographic evidence of pneumoconiosis can exercise their right to be
placed in a less dusty area of the mine. Authorised under 30 Code of Federal Regulations
(CFR) part 90, the programme provides a mechanism for miners to remain employed while
preventing progression of pneumoconiosis through reductions in dust exposure.10

When permissible dust limits for coal mining were first established in 1969, the exposure-
response data underpinning the standards suggested that no cases of pneumoconiosis as
severe as small opacity major category 2 (using the International Labour Office (ILO)
classification system) would develop among miners who worked 35 years exposed
continuously to 2 mg/m3 of respirable coal mine dust. In addition, researchers predicted that
the 2 mg/m3 standard would lead to the eradication of PMF.11 In the intervening years, and
with the accumulation of evidence of adverse health effects (including PMF) continuing to
occur under the 1969 standard, NIOSH recommended in 1995 a reduction to 1 mg/m3.1112
In 2014, MSHA reduced the permissible exposure limit to 1.5 mg/m3 and NIOSH added
pulmonary function testing and symptom assessments to the medical monitoring of the
CWHSP. In addition, the programme was expanded to include surface coal miners. Though
enhancements to primary and secondary prevention programmes were made in 2014 through
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regulatory actions by MSHA and NIOSH,101314 the effectiveness of these prevention
programmes has been called into question.1®

Though it is unlikely that this job transfer programme conveys meaningful benefit for those
who do not use it, a formal assessment of part 90 has not previously been conducted among
the minority of eligible miners who do exercise their rights. This analysis examines the
efficacy of the secondary prevention efforts of early detection of pneumoconiosis and
participation in a job transfer programme and assesses disease progression rates and patterns
among miners who exercised their part 90 job transfer option during the period of 1 January
1986 to 21 November 2016.

METHODS

Linking data from NIOSH and MSHA, working underground coal miners who exercised
their part 90 job transfer option during 1 January 1986 to 21 November 2016 and also
participated in the CWHSP during 1 January 1981 to 19 March 2019 were identified and
included for analysis. Demographic information, state of employment, part 90 exercise date
and chest radiograph classification data were used.

Radiographs were classified by at least two NIOSH-certified B Readers according to the
guidelines for the use of the ILO International Classification of Radiographs of
Pneumoconioses and regulations found at 42 CFR 37. Eligibility for part 90 is based on an
NIOSH final determination of small opacity profusion ILO category 1/0 or greater according
to CWHSP procedures.16

Regions were identified based on the state where a miner worked at the time of the most
recent CWHSP encounter, with regions defined as eastern (Maryland, Ohio, Pennsylvania,
Tennessee), interior (Arkansas, Illinois, Indiana, lowa, Louisiana, Mississippi, Oklahoma,
Texas), western (Arizona, Alaska, Colorado, Montana, New Mexico, North Dakota, Utah,
Washington, Wyoming) and central Appalachian (Kentucky, Virginia, West Virginia).

For this analysis, each radiographic classification was assigned a severity score, based on a
13-point scale, ranging from a severity score of 0 (indicating no evidence of pneumoconiosis
on radiograph, with profusion of -/0, 0/0 or 0/1) through all levels of small opacity profusion
(severity scores of 1 through 9 for profusion scores of 1/0 through 3/+). For those
radiographs where a large opacity was identified, severity scores of 10 through 12 were
assigned for large opacity category A, B and C, respectively. This 13-level severity score
was then used to calculate change in classifications over time, taking both profusion and
large opacity category into account.

For those miners who had two or more radiographic classifications available including at
least one post-part 90 exercise date, categories were assigned to reflect the change in
severity score from the radiograph immediately preceding the part 90 exercise date to the
final radiograph available. If the change between the severity scores is greater than 0, the
miner is categorised as a progressor. If the change is 0, then the miner is categorised as
stable, and if the change is less than 0, then the miner is categorised as a regressor. Miners
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who do not show evidence of progression over the time period, both stable and regressors,
are grouped together as non-progressors.

Analysis of the available data, including descriptive statistics and t-tests, was conducted
using SAS V.9.4.

Of the 122 032 unique miners who participated in the CWHSP during 1 January 1981 to 19
March 2019, 4077 miners had at least one radiographic classification indicating
pneumoconiosis and of these, 513 (12.6%) miners exercised their part 90 job transfer option
during 1 January 1986 to 21 November 2016.

The majority of miners who exercised their part 90 job transfer option were men (99.8%)
and white non-Hispanic (94.6%) (table 1). The mean age at the part 90 exercise date was
50.9 years. Among the 308 (60.0%) miners working in central Appalachia after exercising
their part 90 option, 183 worked in West Virginia, 58 in Kentucky and 67 in Virginia.

Among the 513 CWHSP participants who exercised their part 90 option, 158 had only 1
radiograph available, 205 had no further radiographs available following the part 90 date of
exercise and 1 was excluded as an outlier, having greater than 20 recorded radiographs. Of
the remaining 149 miners who had two or more radiographs (range: 2-11) available, 101
miners were defined as non-progressors (79 regressors, 22 stable) and 48 were defined as
progressors. The classification of each available radiograph for miners who exercised their
part 90 option and also had three or more radiographs available in the CWHSP (n=111) is
shown in figure 1.

The mean time between a miner’s first CWHSP classification of pneumoconiosis and
exercise of part 90 was 2.54 years for the 354 miners with two or more radiographs,
regardless of the availability of radiographs post-part 90 exercise date (table 1). For the 149
with two or more radiographs including at least one post-part 90 exercise date, the mean
time was 1.98 years (range: 0.2-12.1 years) for non-progressors and 2.3 years (range: 0.1-
13.1 years) for progressors (p=0.52, table 2).

For those who progressed, the absolute difference in severity score from the radiograph
immediately preceding exercise date to the final available radiograph for a miner was 2.8,
and for those who did not progress, the difference was 1.7 (p=0.0002, table 2). Among the
17 part 90 miners who had evidence of PMF by the time of their most recent radiograph in
the present study, 12 (70.5%) failed to exercise their transfer right prior to reaching
profusion category 2/1, and 9 miners already had evidence of PMF prior to exercising their
part 90 job transfer option. For the 123 miners who exercised their rights prior to reaching
category 2/1, 5 (4%) progressed to PMF during the study period.

DISCUSSION

Though the part 90 transfer option programme has been in place for 50 years and miners are
informed of this right when they participate in radiographic screening, over 85% of working
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coal miners who have participated in screening and have radiographic findings of
pneumoconiosis have not exercised their right to transfer to a lower dust environment.
Among those who do, about one-third have progression of their pneumoconiosis as they
continue to work after exercising their part 90 job transfer option. These findings highlight
the importance of routine radiographic screening throughout a miner’s working career to
identify disease early when interventions, like job transfer, can be implemented to prevent
progression to completely disabling disease.

In 1962, Cochrane wrote ‘It is argued that the logical way to control the appearance of
progressive massive fibrosis is to concentrate on preventing miners reaching category 2 of
simple pneumoconiosis.’” Our findings are consistent with that conclusion. However, it is
important to note that the current study is limited to working miners. Postexposure
progression of fibrosis has been documented and is common in severe pneumoconiosis.18-22
It is likely that miners who progressed in this study will continue to progress.

The presence of miners whose classifications show regression from the radiograph taken just
before the part 90 exercise date to the final available radiograph within the study period
(n=79) may reflect challenges of classifying low profusion. Compared with those who show
progression, these miners have an initial radiographic classification of pneumoconiosis at a
lower severity (2.3 for regressors vs 3.1 for progressors, p=0.02) and their absolute change in
severity is smaller (1.7 for regressors vs 2.8 for progressors, p=0.0002). The apparent
changes in classification may also be due to the effect of multiple readers, as previously
described.23 However, given the progressive nature of this fibrotic disease, it is likely that
miners identified as non-progressors may go on to progress if followed into the future.
Therefore, the proportion of miners we identified as having progressive disease in this study
likely underestimates the total progression events and disease burden that will ultimately
occur in this cohort.

A limitation that impedes our ability to monitor lifetime progression is that radiographic
surveillance is currently limited to actively working miners. Consideration should be given
to providing ongoing radiographic surveillance to long tenured miners postemployment as
postexposure progression can occur and has implications for appropriate clinical
management and disability compensation. It is likely that both lack of participation in
radiographic screening and postexposure progression contribute to the discrepancy observed
between the number of working miners with radiographic evidence of pneumoconiosis and
the number of retired miners awarded total pulmonary disability benefits. For example, for
the period 2006-2018, the US Department of Labor awarded benefits to 10 019 retired
miners based on total pulmonary disability arising from coal mining employment.24 This
was sixfold higher than those offered transfer rights in the same period (1674).

Overall disease severity at first eligibility was higher among progressors indicating disease
was not identified early in some miners. Of the 149 miners with two or more radiographs, 31
(21%) waited to exercise their part 90 option until multiple radiographs showed evidence of
pneumoconiosis. In sum, progression was associated with identifying disease in individuals
later in the disease course and delays in exercising the part 90 option after eligibility.
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The focus of this investigation was among US underground coal miners predominantly in
the Central Appalachian bituminous coal fields. The exposure experience of this group of
workers may not be representative of the exposures faced by miners in other countries. In
addition, the systems in place for medical monitoring and reductions in exposure for miners
with radiographic evidence of pneumoconiosis differs in other coal-producing nations.2>
However, the underlying principle of early identification of disease and subsequent exposure
reduction is a prudent course of action wherever coal is mined. One factor that influences the
effectiveness of these programmes in the USA is the voluntary nature of these systems.

Participation patterns

Participation in both radiographic screening and the part 90 job transfer option programme is
voluntary and influences the ability to identify disease early and make timely interventions
to reduce exposure. A clear limitation in fully understanding the natural history of
progression of pneumoconiosis in contemporary coal miners is the lack of comprehensive
exposure and clinical data. In the present study, of the 513 miners who exercised part 90 and
participated in CWHSP, 158 had only one radiograph available and 205 had no further
radiographs available following the part 90 date of exercise.

NIOSH encourages all coal miners to take advantage of the medical screening offered at no
charge to themselves at routine intervals throughout their working careers. NIOSH conducts
outreach to make miners aware of when and where they can get their X-ray, spirometry and
respiratory health assessments. Efforts to increase overall participation in the CWHSP have
been enhanced through mobile screening efforts at or near mine sites, a variety of media
campaigns in the US coal fields and through social media. Overall population participation
has fluctuated between 20% and 40% in recent years. Many miners participate in the
CWHSP early and/or late in their working careers but do not participate in the middle of
their careers.26 However, at the individual level, the importance of getting screened early and
at regular intervals throughout a working career is the key to early detection.

We have previously reported that participation in the part 90 option programme is low
(14.4% of eligible miners exercise their job transfer option) and that miners in Central
Appalachia are even less likely to exercise the option (13.1% vs 17.3% in other states).2’
This alone demonstrates that this element of secondary prevention is not living up to its
intended purpose. The reasons miners do not exercise their part 90 job transfer option are
numerous and complex but privacy concerns and perceived fear of job loss have been noted.
28 To specifically address those concerns, MSHA promulgated rulemaking in 1980 to
address low participation in the part 90 programme by providing additional protections
related to job security, working hours, wages and work assignments. In the context of the
1980 part 90 rule update, mandatory transfer of miners with evidence of pneumoconiosis
was considered as one mechanism to eliminate poor participation in the programme. MSHA
ultimately excluded requirements for mandatory transfer of miners and in concluding the
preamble to the proposed rule stated ‘MSHA will monitor participation rates over the next 3
years, and if the number of miners exercising the part 90 option does not substantially
increase, MSHA will reconsider the appropriateness of a mandatory transfer programme’.
As noted by Spieler in a 1989 West Virginia Law Review, ‘this was never done’.2°
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Participation rates over time have remained relatively unchanged since the programme’s
inception.

This study highlights two primary findings. First, when effectively used to its potential, the
systems in place for early identification of pneumoconiosis and enhanced protections from
ongoing exposure appear to work as intended. Early identification of pneumoconiosis and
reductions in or elimination of ongoing exposure provide protection against the most severe
forms of the disease confirming previous research and long-held beliefs with regard to the
natural history of dust-induced fibrotic lung disease. Second, the system is rarely effectively
used to its potential. In an evaluation that was conducted over three decades ago Spieler
reduced the issue to its essence, ‘Does the programme accomplish its public health
purpose?’2829 Though the part 90 job transfer option programme has been in place for 50
years and miners are broadly aware that it is available to them, over 85% of working coal
miners who have participated in screening and have radiographic findings of
pneumoconiosis do not exercise their right to transfer to a lower dust environment. Among
those who do, one-third have progression of their pneumoconiosis even after exercising their
part 90 option.

The authors have not declared a specific grant for this research from any funding agency in the public, commercial
or not-for-profit sectors.
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Key messages
What is already known about this subject?

. The part 90 job transfer option programme has been in place for 50 years and
miners are informed of this right when they participate in radiographic
screening. Over 85% of working coal miners who have participated in
screening and have radiographic findings of pneumoconiosis have not
exercised their right to transfer to a lower dust environment.

What are the new findings?

. Of the less than 15% of coal miners who do exercise their part 90 job transfer
option and continue to work, one-third have progression of their
pneumoconiosis.

How might this impact on policy or clinical practice in the foreseeable future?

. The established primary and secondary prevention systems for early
identification and cessation of progression are not achieving their intended
objectives. New policies should be considered to prevent the ongoing
epidemic of debilitating lung disease in US coal miners.
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Figure 1.
Radiographic Classifications for part 90 miners participating in the CWHSP with 3 or more

radiographs (n=111), 1986-2016. Each timeline represents a single miner, with each
radiograph as a distinct event on the timeline, and classifications represented as indicated in
the figure legend (by profusion and presence of large opacity). Each red X indicates the date
of part 90 exercise for that miner.
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Table 1
Characteristics of part 90 coal miners participating in the CWHSP, 1 January 1981 to 29 March 2019

No of miners 513

Years of age at part 90 exercise date (mean+SD) 50.9+7.1
Male 510 (99.8%)
White non-Hispanic 442 (94.6%)
Region last worked

Eastern 72 (14.0%)
Interior 40 (7.8%)
Western 93 (18.1%)
Central Appalachian 308 (60.0%)

Time in years between first pneumoconiosis classification and part 90 exercise date (mean+SD) ¥ 254¢4.1

Frequencies presented as no.(%), miner age in years and time intervals presented as mean+SD. Values were missing for some observations (2 date
of birth, 2 sex, 46 race/ethnicity).

*
n=354, calculated for those with =2 X-rays.

CWHSP, Coal Workers’ Health Surveillance Programme.
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