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Abstract  

Rationale: There has been a resurgence of progressive massive fibrosis (PMF) in the United 

States, particularly among central Appalachian miners. 

Objectives: We characterized the proportion of PMF among former U.S. coal miners applying 

for Federal Black Lung Program benefits, 1970–2016. 

Methods: Data from the U.S. Department of Labor were used to characterize trends in 

proportion of PMF cases, defined as an approved black lung claim with a determination of PMF, 

among all miners who filed for federal benefits between January 1, 1970 and December 31, 

2016. Joinpoint, logistic, and linear regression models were used to identify changes in the 

proportion of claimants with PMF over time. 

Measurements and Main Results: There were 4,679 unique PMF cases among claimants for 

federal black lung benefits between 1970 – 2016, with 2,474 miners determined to have PMF 

since 1996. The number of PMF cases among Federal Black Lung Program claimants fell from 

404 (0.5% of claimants) in 1978 to a low of 18 cases (0.6%) in 1988, then increased to 353 cases 

(8.3%) in 2014. The proportion of federal black lung benefits claimants with PMF has been 

increasing since 1978 (0.06% annual percent change (APC); 95%CI 0.05%, 0.07%; p < .0001), and 

began increasing at a significantly increased rate after 1996 (0.26% APC; 95% CI 0.25%, 0.28%; p 

< .0001). Most miners with PMF (84%) last mined in West Virginia, Kentucky, Pennsylvania, or 

Virginia. Since 1970, the proportion of claimants with PMF has increased significantly among 

miners who last worked in Kentucky (16.6% APC; 95%CI 16.5%, 16.7%), Pennsylvania (4.7% APC; 

95%CI 4.6%, 4.8%), Tennessee (16.1% APC; 95%CI 15.7%, 16.4%), West Virginia (16.8% APC; 

95%CI 16.6%, 16.9%), and most sharply among miners last working in Virginia (31.5% APC; 
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95%CI 31.2%, 31.7%), where in 2009, over 17% of claimants received a PMF determination. The 

proportion of PMF determinations for the rest of the U.S. have not exceeded 4%. 

Conclusions: There has been a resurgence of PMF, particularly in central Appalachian miners. 

The resurgence of this preventable disease points to the need for improved primary and 

secondary prevention of dust-related lung disease in U.S. coal miners.  

 

Abstract Word Count: 347 
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The United States is experiencing an unprecedented increase in the prevalence of coal workers’ 

pneumoconiosis, and its most severe form, progressive massive fibrosis (PMF); a debilitating 

disease responsible for substantial morbidity
1
 and mortality among U.S. coal miners.

2,3
 Rising 

prevalence rates of PMF have been observed in national surveillance data of coal miners from 

the National Institute for Occupational Safety and Health (NIOSH) Coal Workers’ Health 

Surveillance Program (CWHSP) which primarily targets active coal mine workers.
4–7

 However, 

the reported surveillance data do not capture all cases of PMF among U.S. coal miners given 

that only 25% to 40% of active miners participate in this voluntary program annually, relatively 

few former miners are included, and this is a disease of long latency which may not develop or 

worsen until after the miner has left work.
8,9

 A NIOSH survey of former miners between 2009 

and 2013 demonstrated a significantly higher prevalence of PMF in former miners compared 

with active miners.
10

 Additionally, a recent clinic-based investigation of PMF in Kentucky and 

Virginia showed a higher burden of PMF among former miners than was detected through the 

CWHSP.
11,12

  

The U.S. Department of Labor, Division of Coal Mine Workers’ Compensation (DOL) 

operates the Federal Black Lung Program and administers claims filed under the Black Lung 

Benefits Act of 1969.
13

 This Act describes a procedure for coal miners who may be totally 

disabled by pneumoconiosis due to their coal mine employment to apply for financial and 

medical coverage benefits. When filing a claim with the DOL, miners provide details of their 

coal mine employment and are offered a pulmonary evaluation by the DOL including a chest 

radiograph classified for pneumoconiosis according to the International Labour Office (ILO) 

system
14

 by a NIOSH-certified B Reader, spirometry, and resting and exercise arterial blood 
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gases from a DOL-approved provider.
13

 Based on these medical test results, the DOL provides 

an initial determination, indicating their intent to approve or deny the claim based on the 

presence or absence of disabling pulmonary impairment. By definition, PMF is considered 

totally disabling.
15

 Miners with other non-malignant coal mine dust lung diseases, such as 

chronic obstructive pulmonary disease, silicosis, emphysema chronic bronchitis, and simple coal 

workers’ pneumoconiosis may be eligible for benefits if they have disabling pulmonary 

impairment due to their coal mine employment.  

The aim of this study was to analyze the trends in the number and proportion of formers 

U.S. coal miners with PMF using data from the Federal Black Lung Program. These data 

represent an additional source of information, independent of national surveillance data, on 

the burden of PMF among former U.S. coal miners.  

 

Methods 

 

Data Sources 

The DOL has maintained administrative data for all Federal Black Lung Program claimants since 

1970, and clinical data associated with these claims since 2000. NIOSH received all DOL claims 

data for the period between January 1, 1970 and December 31, 2016. 

Coal miners as well as their survivors may make a claim for federal benefits. For the DOL 

to approve a claim, medical evidence must establish the presence of a totally disabling 

pulmonary impairment to which occupational exposure to coal mine dust is a substantial 

contributor. Additional medical testing is often obtained leading to subsequent determinations 
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that may or may not uphold the initial finding. These determinations can be disputed and sent 

for a hearing before an Administrative Law Judge, and further appealed to DOL’s Benefits 

Review Board and federal courts. A claimant can receive a determination indicating PMF at any 

point in this legal process. In the event of an unsuccessful claim, miners may file a subsequent 

claim with the DOL which recognizes the progressive nature of the disease and allows that new 

testing may show evidence of worsening disease.  

The DOL administrative data associated with these claims includes the claimant’s age at 

time of filing; state in which the claimant last worked as a coal miner; years of coal mine 

employment; filing date; and a record of each administrative decision in the claims process. The 

claims adjudication database included 922,562 records from 341,176 miners applying for 

federal benefits from 1970–2016. Each record contains an administrative step in a miner’s claim 

that is identified by a determination code. 

 

PMF Case Selection 

To identify PMF cases, we selected all records with a DOL determination code of PMF (n = 

12,230), excluding those records with a missing determination code. We selected the first 

record associated with a claim receiving a PMF determination for analysis, excluding 

subsequent records for the same miner (n = 6,343). For cases with multiple claims, we selected 

the original living miner claim for analysis. Claims filed by survivors were selected only in cases 

where there was no living miner claim. A case of PMF was defined as an approved federal black 

lung claim filed between 1970 and 2016 with a determination of PMF in a miner with between 

five and 60 years of coal mine employment. The first claim associated with all miners applying 
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for Federal Black Lung Benefits who did not meet the PMF case criteria were retained for 

comparison to PMF cases.  

We examined ILO classifications
14

 of chest radiographs submitted for claims between 

2000–2016. Radiographic evidence of PMF was defined as a large opacity classification of A 

(one or more large opacities > 10 mm in diameter, with a combined dimension of ≤ 50 mm); B 

(one or more large opacities having the sum of longest dimension(s) exceeding 50 mm but not 

exceeding the equivalent area of the right upper lung zone); or C (one or more large opacities, 

which combined exceed the equivalent area of the right upper zone). We characterized the 

radiographic severity of disease, based on ILO small opacity profusion score (density of small 

opacities) and large opacity size, among those PMF cases for whom a chest radiograph 

classification was available. 

 

Data Analysis 

We examined miner’s age at time of filing a claim and years of coal mine employment among 

cases and non-cases. We also examined the trends in the number of federal black lung 

claimants with PMF relative to the number of coal miners employed in the United States using 

annual coal mine employment data from the Mine Safety and Health Administration
16

. We 

calculated annual proportions of all federal claims within a year that had a determination of 

PMF, as well as proportions of miners with PMF by state. The annual proportion of PFM cases 

was calculated by dividing the number of PMF cases, as defined above, by the total number of 

miners filing claims within the same year. 
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We conducted a time-trend analysis of PMF cases from 1970 to 2016 using logistic 

regression models to test linear and quadratic trends in the odds of PMF over time while 

controlling for coal mine employment. Prior to modeling, we centered the year variable and a 

quadratic term was calculated based on this centered value. We calculated the annual 

proportion and standard error of claimants with PMF for each year in the data and used the 

National Cancer Institute software Joinpoint
17,18

 to identify significant (p < .05) changes in 

trend. Linear regression analysis was used to test for trend over time in the proportion of 

claimants with PMF by state. We calculated the annual percent change (APC) in proportion of 

Federal Black Lung Program claimants with PMF using Joinpoint and linear regression results.  

All statistical analyses were performed in SAS V9.4
19

 and Joinpoint V4.5.0.1.
18

 This study 

was approved by the Institutional Review Boards of both NIOSH and the University of Illinois at 

Chicago. 

 

Results 

 

Claimant Population 

There were 314,176 miners who applied for Federal Black Lung Program benefits from 1970–

2016. We identified a total of 4,679 unique PMF cases during this time (see Table E1 and Figure 

E1 in the data supplement), nearly all (93%) from claims made by a living miner (Table 1). The 

mean age of miners with PMF at time of filing their claim was 61.6 years (median 61, range 27–

93), which is slightly younger than the mean age of non-PMF claimants (mean 62.3). The mean 
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duration of coal mine employment of PMF cases (23.0 years, range 5–58) was significantly 

higher than non-PMF claimants (18.9 years). 

 

Trends in PMF Claims 

The number of PMF cases among Federal Black Lung Program claimants fell from 404 (0.5% of 

claimants) in 1978 to a low of 18 cases (0.6%) in 1988, then increased to 353 cases (8.3%) in 

2014 (see Table E1 in the data supplement). The total number of PMF cases since 1996 through 

2016 (n=2,474; annual average: 118) has surpassed the number of cases during 1970–1996 

(n=2,205; annual average: 85), while overall coal mine employment has declined steadily from 

250,226 miners in 1979 to a total of 81,485 miners in 2016 (Figure 1). The number of coal 

miners filing claims for Federal Black Lung Program benefits peaked in 1978 at 83,252 likely as a 

result of the 1977 passage of Public Law 95-239, which amended the Federal Coal Mine Health 

and Safety Act to expand benefit eligibility criteria.
20

 Miners with previously denied claims were 

invited to apply again under the new amendment with new claim numbers. There have been 

1,564–5,766 claims filed annually with the DOL since 1981. 

The annual proportion of DOL Federal Black Lung Program claimants who received a 

determination of PMF has increased since 1978 (Figure 2). The odds of a PMF case occurring 

within a year increased significantly, with evidence of a quadratic association, throughout the 

study period, controlling for coal mine employment. Joinpoint regression analysis identified 

four time segments in which the linear change in proportion of PMF cases differed significantly 

from one another. The proportion of PMF cases significantly increased from 1970-1975 (0.29% 

annual percent change (APC); 95%CI 0.28%, 0.30%; p < .0001), decreased from 1975-1978 (-
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0.35% APC; 95%CI -0.44%, -0.25%; p =0.27), increased from 1978-1996 (0.06% APC; 95%CI 

0.05%, 0.07%; p < .0001), and began increasing at a significantly increased rate after 1996 

(0.26% APC; 95%CI 0.25%, 0.28%; p < .0001). The overall average annual percent change from 

1970 to 2016 was 0.14%.  

 

Geographic Distribution 

The geographic distribution of PMF cases differed significantly from non-PMF cases (Table 1). A 

large proportion (83.9%) of PMF cases from 1970 to 2016 were in claimants who last worked as 

a miner in West Virginia (n=1,327, 28.4%), Kentucky (n=945, 20.2%), Pennsylvania (n=935, 

20.0%), or Virginia (n=714, 15.3%), despite only 62% of all claims originating from these states 

(see Figure E2 in the data supplement). Results from linear regression models of the proportion 

all claimants with a determination of PMF from 1970–2016 indicate that the annual proportion 

of PMF cases increased significantly in each of these states (Figure 3). The percentage of PMF 

cases increased most in Virginia (31.5% APC; 95%CI 31.2%, 31.7%; p < 0.0001), where in 2009, 

over 17% (n=40) of claimants received a determination of PMF. The percentage of PMF cases 

also increased in Kentucky (16.6% APC; 95% CI 16.5%, 16.7%; p < 0.0001) and West Virginia 

(16.8% APC; 95%CI 16.6%, 16.9%; p < 0.0001), where 5–11% of claimants per year have had a 

determination of PMF in since 2011. Tennessee has fewer absolute numbers of PMF cases than 

its central Appalachian neighbors, but has experienced a significant increase in percent of 

claimants with PMF (16.1% APC; 95%CI 15.7%, 16.4%; p = 0.0001), peaking in 2008 with 17.7% 

(n=6). The APC in proportion of claimants with PMF in Pennsylvania was 4.7% (95%CI 4.6%, 
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4.8%; p < 0.0001). In contrast less than four percent of Federal Black Lung Program claimants 

from the rest of the U.S. had a PMF determination annually (Figure 4).  

 

Pattern of Radiographic Findings 

Among cases with a PMF determination, 2,318 were miners who made claims after Jan 1, 2000. 

Of the 1,930 claimants with available chest radiograph classifications, data about large opacities 

was missing for 283 (15%). Of those with data, 1,621 (84%) had a recorded finding of large 

opacities, indicative of PMF:  915 miners (56%) had category A; 548 (34%) had category B; and 

158 (10%) had category C (Table 2). In addition, 26 miners had no large opacity recorded; we do 

not know how PMF was determined to be present in those cases. Forty percent of PMF cases 

had low small opacity profusion scores (category one), while the remainder (60%) had category 

two or higher simple pneumoconiosis. 

 

Discussion 

 

The frequency and proportion of PMF in former U.S. coal miners applying for Federal Black Lung 

Program benefits has significantly increased from 1970–2016, with a significantly accelerated 

rate of increase since 1996. We identified 2,474 cases of PMF in the 21 years from 1996–2016 

which exceeds the number of cases found in the 26 years since the program began in 1970 (n = 

2,205). This marked rise in PMF cases has occurred during a period of declining workforce 

numbers, but cannot simply be attributed to increased numbers of claimants as the number of 

new claimants has been stable. These findings are consistent with previously published reports 
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showing an increase in the number and severity of this most disabling form of coal workers’ 

pneumoconiosis.  

Most PMF cases were among claimants working in the central Appalachian states of 

Kentucky, Virginia, and West Virginia. The significant increase since 1996 in the number of 

miners applying for federal benefits with PMF in the present study mirrors the trend described 

in national surveillance of active miners in the CWHSP, which has seen PMF in central 

Appalachia climb to unprecedented levels.
11

 This analysis indicates that Tennessee has a similar 

increase in its rate of claims with PMF in recent years and should be targeted for enhanced 

surveillance and prevention efforts in addition to Kentucky, Virginia, and West Virginia.  

Cumulative dust exposure is an important risk factor for the development of PMF.
21–23

 

MSHA dust data indicates that dust levels have been in compliance with the appropriate 

regulations.
16

 Our findings suggest that miners may have been exposed to higher average dust 

concentrations than reported.
24,25

 Further, changes in mining methods and techniques may 

have altered the size, shape, and/or mineralogic characteristics of coal mine dust in ways that 

promote more intense fibrogenic lung responses, such as increased exposure to  respirable 

silica.
26–29

 

For the most recent period of available data (1996–2016), the number of miners with 

PMF (n=2,474) is more than ten times greater than the number identified in working miners 

screened by the CWHSP (n=225).
30

 This may be a result of voluntary participation of active coal 

miners in the CWHSP. Most coal miners file for federal workers’ compensation after their 

careers have ended when there is greater incentive to file for benefits, which include medical 

care. This difference may also reflect cases that progress to PMF after a miner leaves mine 
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employment. There is evidence that early stage coal workers’ pneumoconiosis can progress to 

PMF even in the absence of continued coal mine dust exposure.
10,31,32

  

We found that 40% of miners with a determination of PMF had low small opacity 

profusion, a result that has not been frequently reported in the medical literature.
33,34

 The 

conventional notion that a PMF lesion is seen only in cases with high category simple 

pneumoconiosis (categories two or greater) is likely incorrect. High category disease may 

progress to PMF as the result of coalescence of lesions therefore reducing small opacity 

profusion, or may be the result of some individual lesions increasing in size. Uncertainty 

regarding the pattern of progression underscores the need for continued surveillance of low 

profusion pneumoconiosis, even absent further exposure.  

These workers’ compensation data were not designed for public health surveillance. 

Filing for federal black lung benefits is voluntary, and the proportion of coal miners who file for 

these benefits is unknown. There have been several legislative changes over time that have 

affected the number of claimants for Federal Black Lung Program benefits. Most notable was 

expanded eligibility criteria introduced in 1977 which led to a peak in new claimants, but 

changes limiting the amount of medical evidence that a coal operator and miner can submit 

(2001) and the passage of the “Byrd Amendment” in 2013 which introduced the 15-year 

presumption led to increases the number of claimants as well. These changes, however, are 

unlikely to have affected the proportion of claimants with PMF filing for benefits. Benefits 

application rates may also be affected by a state’s particular workers’ compensation rules as 

well as by the availability of knowledgeable local benefits counselors and clinics, whose funding 

has remained unchanged in recent decades, that help miners file black lung claims, and these 
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data likely underestimate the number of miners with PMF. Further, some of our analyses were 

limited by missing information in the administrative and clinical data available on PMF. Finally, 

the DOL claims data only records the state in which the miner last worked in the coal industry, 

precluding a more nuanced geographic analysis of where exposures may have occurred. 

The proportion of PMF cases among federal black lung claimants are increasing, and the 

number of coal miners with this severe and often fatal form of lung disease is substantial. 

Changes in mining processes associated with increased mechanization; mining of thin-seam 

coal; and an increase in silica exposure could be contributing to this increase, and additional 

research is needed to understand how these factors are associated with current disease trends. 

The exceptionally high number of contemporary cases of PMF identified in this claims database 

highlights the continuing need for effective primary and secondary prevention of dust-related 

lung disease in U.S. coal miners.   
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Figure Legends 

 

Figure 1. Number of miners filing for Federal Black Lung Program benefits that were found to 

have a determination of progressive massive fibrosis (PMF) compared to average annual coal 

mine employment, 1970–2016. The number of claimants with PMF from 1970–1972 are 

combined due to small numbers. Office workers are included in employment totals from 1973–

1977. Data sources: U.S. Department of Labor, Office of Workers’ Compensation Programs, 

Division of Coal Mine Workers’ Compensation; U.S. Department of Labor, Mine Safety and 

Health Administration; and the U.S. Energy Information Administration. 

 

Figure 2. Number of claimants for Federal Black Lung Program benefits and the percentage of 

these claimants that received a determination of progressive massive fibrosis (PMF) during 

their claim process, 1970–2016. Observed and Joinpoint regression model results are displayed. 

Data restricted to those miners with between 5 and 60 years of coal mine employment. Data 

source: U.S. Department of Labor, Office of Workers’ Compensation Programs, Division of Coal 

Mine Workers’ Compensation. 

 

Figure 3. Percent of claimants Federal Black Lung Program benefits that received a 

determination of progressive massive fibrosis (PMF) during their claim process in the central 

Appalachian states of Kentucky, Virginia, and West Virginia compared to the rest of the U.S., 

1970–2016. Data restricted to those miners with between 5 and 60 years of coal mine 
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employment. Data source: U.S. Department of Labor, Office of Workers’ Compensation 

Programs, Division of Coal Mine Workers’ Compensation. 

 

Figure 4. Average annual percent change in the proportion of coal miners with PMF among 

Federal Black Lung Program claimants by state, 1970 –2016. Hawaii and Alaska had no cases of 

PMF and are not pictured. Data restricted to those miners with between 5 and 60 years of coal 

mine employment. Data source: U.S. Department of Labor, Office of Workers’ Compensation 

Programs, Division of Coal Mine Workers’ Compensation. 
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Table 1. Characteristics of miners applying for Federal Black Lung Program benefits who 

received a determination of progressive massive fibrosis (PMF) during their claim process 

compared to those who did not receive a PMF determination, 1970–2016. State is determined 

by the last state in which the miner was employed as a coal miner.  

 

Claim Characteristic 

PMF Claimants 

(n = 4,679)   

Non-PMF Claimants 

(n = 336,497)   

Claim Type 

Living Miner (N, %) 4,350 93.0 288,158 85.6 

Living Survivor (N, %) 329 7.0 48,339 14.37 

Age of miner
†
 (mean, SD) 61.6 9.7 62.3 10.3 

Coal mine employment
‡
 (mean, SD) 23.0 9.9 18.9 10.3 

State/Region
§ 

(N, %) 

West Virginia 1,327 28.4 67,213 20.0 

Kentucky  945 20.2 49,266 14.6 

Pennsylvania 935 20.0 69,445 20.6 

Virginia 714 15.3 22,791 6.8 

Eastern 306 4.7 27,135 8.1 

Interior 109 2.3 25,259 7.5 

Western 65 1.4 8,387 2.5 

Unknown 278 5.9   67,001 19.9   
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Table 2. Distribution of ILO Classifications of large (n = 1,930) and small (n = 1,621) opacities for 

miners with an administrative determination of progressive massive fibrosis and an available 

chest radiograph in the DOL clinical data. 

 

Large Opacity Category* n % 

A 915 47 

B 548 28 

C 158 8 

No large opacity 26 1 

Missing 283 15 

Total  1,930   

Small Opacity Profusion Category† n % 

0 4 0.2 

1 645 40 

2 762 47 

3 205 13 

Missing 5 0.3 

Total  1,621   

* Categories shown reflect categories of large opacities 

according to the ILO Classification of Radiographs for 

Pneumoconiosis. 

† Categories shown reflect major categories of small 

opacity profusion according to the ILO Classification of 

Radiographs for Pneumoconiosis. Small opacity profusion 

categories shown only for radiographs with large opacity 

categories indicating PMF (category A, B, or C; n = 1,621).  
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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Table E1. Number of miners filing claims for federal black lung benefits and those found to 

have a determination of progressive massive fibrosis (PMF) from 1970 through 2016. Data 

source: U.S. Department of Labor, Office of Workers’ Compensation Programs, Division of 

Coal Mine Workers’ Compensation. 

Year 

PMF Cases Claimants Percent of Claimants with 

PMF Determination (n) (n) 

1970–1971
*
 12 22,120 0.05 

1972 0 417 0 

1973 173 17,291 1.00 

1974 278 22,786 1.22 

1975 178 15,211 1.17 

1976 205 14,324 1.43 

1977 125 9,343 1.34 

1978 404 83,252 0.49 

1979 121 27,015 0.45 

1980 92 23,789 0.39 

1981 70 5,786 1.21 

1982 55 4,240 1.30 

1983 57 5,368 1.06 

1984 57 4,500 1.27 

1985 43 3,742 1.15 

1986 34 3,730 0.91 

1987 30 3,356 0.89 

1988 18 2,826 0.64 

1989 37 2,759 1.34 

1990 36 2,527 1.42 

1991 31 2,534 1.22 

1992 31 2,475 1.25 

1993 34 2,361 1.44 

1994 49 3,643 1.35 

1995 35 2,220 1.58 

1996 38 2,009 1.89 

1997 41 2,171 1.89 

1998 39 1,650 2.36 

1999 38 1,567 2.43 

2000 46 1,951 2.36 

2001 97 3,667 2.65 

2002 77 3,032 2.54 

2003 72 2,023 3.56 

2004 69 1,954 3.53 

2005 76 1,928 3.94 

2006 72 1,737 4.15 
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2007 88 1,894 4.65 

2008 105 1,607 6.53 

2009 125 1,832 6.82 

2010 155 3,613 4.29 

2011 132 2,633 5.01 

2012 155 2,847 5.44 

2013 199 3,393 5.87 

2014 353 4,252 8.30 

2015 312 4,440 7.03 

2016 185 3,361 5.50 

Total 4,679 341,176 1.38 
*
 The years 1970 and 1971 are combined due to small numbers. 
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Figure E1. PMF case selection from Federal Black Lung Program adjudications data, 1970–

2016. Data source: U.S. Department of Labor, Office of Workers’ Compensation Programs, 

Division of Coal Mine Workers’ Compensation. 
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Figure E2. Total number of PMF cases by state among claimants for Federal Black Lung 

Program benefits, 1970 –2016. Hawaii and Alaska had no cases of PMF and are not pictured. 

Data restricted to those miners with between 5 and 60 years of coal mine employment. Data 

source: U.S. Department of Labor, Office of Workers’ Compensation Programs, Division of 

Coal Mine Workers’ Compensation. 
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