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1 | INTRODUCTION

Mortality data can be used as part of public health surveillance to
monitor disease and identify health disparities in populations.®
Monitoring pneumoconiosis mortality and other causes of death
among coal miners enhances our understanding of death and disease

Cara Halldin PhD |

A. Scott Laney PhD |

Abstract

Background: Coal miners with totally disabling pneumoconiosis are eligible for
benefits through the Federal Black Lung Benefits Program (FBLP). We identify the
causes of death among Medicare beneficiaries with a claim for which the FBLP was
the primary payer and compare these causes of death to all deceased Medicare
beneficiaries to better understand elevated death and disease among miners with
occupational respiratory exposures.

Methods: From 1999 to 2016 Medicare data, we extracted beneficiary and National
Death Index data for 28,003 beneficiaries with an FBLP primary payer claim. We
summarized the International Classification of Diseases, Clinical Modification 10th
revision-coded underlying causes of death and entity-axis multiple causes of death for
22,242 deceased Medicare beneficiaries with an FBLP primary payer Medicare claim
and compared their causes of death to the deceased Medicare beneficiary population.
Results: Among deceased FBLP beneficiaries, the three leading underlying causes of
death were chronic obstructive pulmonary disease, unspecified (J44.9, 10.1%),
atherosclerotic heart disease (125.1, 9.3%), and coal workers' pneumoconiosis
(CWP) (J60, 9.2%). All diseases of the respiratory system combined (JOO-J99) were
the underlying cause of death for 29.1% of all beneficiaries, with pneumoconioses
(J60-164) as the underlying cause for 11.0% of all beneficiaries.

Conclusions: Coal miners enrolled in Medicare with an FBLP primary payer claim
were more likely to have specific respiratory and cardiovascular diseases listed as a
cause of death than deceased Medicare beneficiaries overall, and were also more likely

to die from CWP or any pneumoconioses.
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among these workers with occupational respiratory exposures.
Mortality from pneumoconiosis and other causes of death among
coal miners who are beneficiaries in the Federal Black Lung Benefits
Program (FBLP) has not been reported. The FBLP provides financial
and medical benefits to U.S. coal miners with totally disabling
pneumoconiosis arising from their coal mine employment.”® For
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FBLP eligibility purposes, the term “pneumoconiosis” is defined as
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“a chronic dust disease of the lung and its sequelae, including re-
spiratory and pulmonary impairments, arising out of coal mine em-

ployment.”*

Coal miners applying for benefits through the FBLP
receive a physician examination, chest radiograph, pulmonary func-
tion test, and arterial blood gas test to determine if they have
completely disabling respiratory conditions arising from coal mine
employment.?

While Medicare is the primary federal health insurance for
persons aged > 65 years in the United States as well as other eligible
individuals, Medicare claims data also include those for which spe-
cific non-Medicare payers have primary responsibility for claim

payment.“

The FBLP has primary responsibility for Medicare claims
related to a qualified coal miner's totally disabling pneumoconiosis.®
In this descriptive study, we use Medicare and National Death Index
(NDI) data from 1999 to 2016 to identify the causes of death for coal
miners enrolled in Medicare who had at least one FBLP primary
payer claim and compare their causes of death to the deceased

Medicare beneficiary population.

2 | METHODS

We accessed Medicare claims data files and Medicare beneficiary
data files through the Centers for Medicare & Medicaid Services
Virtual Research Data Center.”” From the 1999-2016 Medicare
claims files, we extracted final action fee-for-service (also known as
Medicare parts A and B) institutional and non-institutional claims for
which the FBLP was listed as the primary payer and excluded denied
claims.?® Claims for which the FBLP was listed as the primary payer
were linked to master beneficiary summary file (MBSF) base and NDI
segments using the beneficiary ID for the 28,003 Medicare bene-
ficiaries with a FBLP primary payer claim.””® NDI segment data for
all deceased Medicare beneficiaries from 1999 to 2016 was linked to
MBSF Base segment data from the beneficiary's death year using the
beneficiary ID.” 7

From the MBSF base segment, we extracted information on a
beneficiary's date of birth, sex, race or ethnic origin, and reason for

Medicare entitlement.® Race or ethnic origin groupings included

white, black, other (Asian, Hispanic, North American Native, and
other), and unknown. A beneficiary's original reason for Medicare
entitlement (aged 265 years, aged <65 years and receiving Social
Security Administration disability insurance benefits for 24 con-
secutive months, or any beneficiary with end stage renal disease or
end stage renal disease and disability insurance benefits) as well as
current reason for entitlement the year of their death were identi-
fied from base segment data.

The MBSF NDI segment includes death certificate information
from the NDI database, which is a centralized database of death
records, housed by the National Center for Health Statistics
(NCHS).”*° Of the 28,003 Medicare beneficiaries with a FBLP pri-
mary payer claim, 22,242 were deceased. NDI segment data were
used to determine beneficiary age at death (calculated as the dif-
ference between a beneficiary's NDI death date and MBSF base
segment birth date), years of Medicare insurance coverage (differ-
ence between a beneficiary's NDI death date and MBSF base seg-
ment Medicare coverage start date), and state of death. Multiple
causes of death were extracted for all 35,893,251 deceased Medi-
care beneficiaries from 1999 to 2016. Multiple causes of death (up to
eight total causes from 1999 to 2006 and up to 20 total causes from
2007 to 2016) include a single underlying cause of death, “the dis-
ease or injury which initiated the train of events leading directly to
death, or the circumstances of the accident or violence which pro-
duced the fatal injury” and may include additional conditions leading
to the underlying cause of death or contributing to death as in-
dicated on the U.S. Standard Certificate of Death (Figure 1).*%*?
Causes of death are coded according to the International Classifi-
cation of Diseases, 10th Revision, Clinical Modification (ICD-10-CM)
and the underlying cause of death is selected from all causes of death
listed on a death certificate based on set criteria.”?

The most common underlying causes of death for FBLP primary
payer Medicare beneficiaries were identified, and the percentage of
all 1999-2016 deceased Medicare beneficiaries with these under-
lying causes of death were also identified for comparison. Since
multiple causes of death are frequently listed on death certificates,
we also summarized multiple causes of death which was any mention
of a particular ICD-10-CM code on the death certificate (including as

the underlying cause).

L

32. PART L. Enter the chain of events—di injuries, or P

lines if necessary.

IMMEDIATE CAUSE (Final

s
CAUSE OF DEATH (See instructions and examples) f

I --that directly caused the death. DO NOT enter terminal events such as cardiac o
arrest, respiratory arrest, or ventricular fibrillation without showing the etiology. DO NOT ABBREVIATE. Enter only one cause on a line. Add additional

disease or condition > a.
resulting in death) Due to (or as a consequence of):
Sequentially list conditions, b.

if any, leading to the cause
listed on line a. Enter the
UNDERLYING CAUSE o.

Due to (or as a consequence of):

(disease or injury that
initiated the events resulting
in death) LAST

Due to (or as a consequence of):

FIGURE 1 Excerpt from the U.S. Standard Certificate of Death

PART Il. Enter other significant conditions contributing to death but not resulting in the underlying cause given in PART |

33. WAS AN AUTOPSY PERFORN
1Yes [JNo
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Entity axis coded causes of death rather than record axis codes
(which are edited and audited by NCHS) were used in this analysis
because they preserve original cause of death conditions written on
the death certificate. For comparison, we also analyzed NDI record
axis multiple cause of death codes developed by algorithms in which
duplicate and contradictory cause of death codes are removed.'? In
this study, ICD-10-CM codes used to identify pneumoconioses as a
cause of death included J60 (coal workers' pneumoconiosis [CWP]),
J61 (pneumoconiosis due to asbestosis and other mineral fibers), J62
(pneumoconiosis due to dust containing silica), J63 (pneumoconiosis
due to other inorganic dusts), and J64 (unspecified pneumoconiosis).
Pearson's;g2 tests were used to compare cause of death frequencies
between deceased 1999-2016 Medicare beneficiaries and deceased
1999-2016 FBLP primary payer Medicare beneficiaries and were
considered significant at p < .05. Dependent;(2 comparisons between
FBLP primary payer Medicare beneficiaries and total deceased
Medicare beneficiaries from 1999 to 2016 were made without cor-
recting for dependent comparisons because FBLP primary payer
Medicare beneficiaries represented 0.06% of the deceased Medicare

beneficiaries.*

3 | RESULTS

Among the 28,003 Medicare beneficiaries with a claim for which the
FBLP was the primary payer during 1999-2016, we identified
22,242 (79.4%) deceased beneficiaries. The demographic and Medi-
care enrollment characteristics of these beneficiaries and 35 million
deceased Medicare beneficiaries are shown in Table 1. Most (95.7%)
deceased FBLP primary payer beneficiaries were aged 265 years at
the time of their death, male (93.6%), white (94.6%), and 70% were
from the four states: Pennsylvania (25.5%), West Virginia (18.6%),
Kentucky (16.0%), and Virginia (10.7%). The demographic char-
acteristics of workers in the US. coal mining industry are pre-
dominately male, of white race or ethnic origin, and living in
Appalachian states (e.g., Pennsylvania, West Virginia, Kentucky, and
Virginia).’* However, the demographic characteristics of deceased
Medicare beneficiaries included a lower percent of males (53.4%
females), whites (85.9%), and those living in Appalachian states
compared to the U.S. coal miners. The original reason for Medicare
entitlement for half of these FBLP primary payer beneficiaries
(50.1%) was they had received Social Security Administration dis-
ability insurance benefits for 24 consecutive months, and the current
reason for entitlement at the time of their first FBLP primary payer
claim for most beneficiaries (92.6%) was having an age 265 years.
However, for most deceased Medicare beneficiaries, the original
reason and current reason for Medicare entitlement was age 265
years (80.9% and 91.3%, respectively). Approximately two-thirds
(65.8%) of FBLP primary payer beneficiaries were enrolled in Med-
icare for longer than twenty years before death while only 38.9% of
all Medicare beneficiaries were enrolled in Medicare for longer than

twenty years before death.
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TABLE 1 Demographic and Medicare enrollment characteristics
of deceased Medicare beneficiaries with a FBLP primary payer claim
and all deceased Medicare beneficiaries, 1999-2016

Deceased FBLP
primary payer
beneficiaries

n=22,242 Percent n=35,893,251" Percent

Deceased Medicare
beneficiaries

Characteristics

Age group at death (years)

18-44 57 0.3 351,412 1.0
45-64 896 4.0 2,576,715 7.2
65-74 2689 121 7,273,275 20.3
75-84 8049 36.2 11,642,008 325
85+ 10,551 47.4 14,035,739 39.1
Sex
Male 20,822 93.6 16,720,988 46.6
Female 1,420 6.4 19,158,781 534
Race/ethnic origin”
White 21,045 94.6 30,566,629 85.2
Black 809 3.6 3,552,005 9.9
Other 355 1.6 1,642,070 4.6
Unknown 33 0.2 119,133 0.3
NDI state of death
Pennsylvania 5666 25.5 1,924,126 54
West Virginia 4146 18.6 307,605 0.9
Kentucky 3548 16.0 590,953 1.7
Virginia 2376 10.7 830,260 2.3
Other states 6506 29.3 32,226,893 89.8
Medicare coverage (years)
0-10 1797 8.1 9,178,358 25.6
11-20 5812 26.1 12,755,539 35.6
21-30 10,829 48.7 11,488,580 320
31+ 3804 171 2,457,294 6.9
Original entitlement reason
Aged 265 years 10,940 49.2 29,023,133 80.9
Disability 11,134 50.1 6,425,859 17.9
End stage renal 168 0.8 430,845 1.2
disease
Current entitlement reason®
Aged 265 years 21,200 95.3 32,770,510 91.3
Disability 882 4.0 2,735,954 7.6
End stage renal 155 0.7 373,373 1.0
disease

Abbreviations: FBLP, Federal Black Lung Benefits Program; NDI, National
Death Index.

20f 35,893,251 Medicare beneficiaries from 1999-2016 with NDI
segment data, master beneficiary summary file Base segment data from
the year of a beneficiary's death were available for 35,879,837
beneficiaries. Age group at death was missing for 688, sex was unknown
for 68, and Medicare coverage years was missing for 66.

bOther race/ethnic origin included Asian, Hispanic, North American
Native, and other.

“Current entitlement reason was missing for five beneficiaries the year of
their death.
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TABLE 2B Other combined cause of death groups for 22,242 deceased Medicare beneficiaries with a FBLP primary payer claim, 1999-2016

Underlying cause of

Cause of death (ICD-10-CM codes) death N
Diseases of the respiratory system (JO0-J99) 6466

Pneumoconioses (J60-J64) 2444

Percent of total Multiple cause of Percent of total

deaths (%) death N deaths %
291 13,276 59.7
11.0 4960 22.3

Abbreviation: FBLP, Federal Black Lung Benefits Program; ICD-10-CM, International Classification of Diseases, Clinical Modification 10th revision.

The ten most common underlying causes of death for FBLP primary
payer beneficiaries (summarized in Table 2A) account for 54.4% of all
underlying causes of death in these beneficiaries. Chronic obstructive
pulmonary disease, unspecified (J44.9) was the leading underlying cause
of death (10.1%) followed by atherosclerotic heart disease (125.1, 9.3%),
CWP (J60, 9.2%), malignant neoplasm: bronchus or lung, unspecified
(C34.9, 7.3%), and acute myocardial infarction, unspecified (121.9, 6.9%).
When compared with the 35.9 million deceased Medicare beneficiaries
from 1999 to 2016, these FBLP primary payer beneficiaries had a
significantly higher proportion of total deaths from seven of these ten
underlying causes of death including chronic obstructive pulmonary
disease, unspecified (10.1% vs. 4.8%) and CWP (9.2 vs. 0.01%).

In this study, 83.9% of FBLP beneficiaries had at least two
causes of death listed on their death certificate. Specifically, 19.3% of
death certificates had two causes, 21.4% had three causes, 17.3%
had four causes, and 26.0% had five or more causes listed. Multiple
causes of death included chronic conditions such as any mention of
chronic obstructive pulmonary disease, unspecified (J44.9, 30.2%),
atherosclerotic heart disease (J44.9, 21.1%), CWP (J60, 18.2%),
congestive heart failure (150.0, 17.2%), and pneumonia, unspecified
(J18.9, 14.4%) (Table 2A) for FBLP primary payer beneficiaries. They
were more likely to have any mention of nine of these common
causes of death compared with all deceased Medicare beneficiaries.

The percentages of total deaths for the causes listed in Table 2A
among FBLP primary payer Medicare beneficiaries using record axis
cause of death data were generally similar to results using the entity
axis coded causes of death. Differences were noted in percentage of
total deaths using record axis codes for chronic obstructive pulmonary
disease, unspecified (27.7%) and pneumonia, unspecified (12.9%).

Table 2b shows that from 1999 to 2016, all diseases of the re-
spiratory system combined (JOO-J99) were listed as the underlying
cause of death for 29.1% (n = 6466) of the FBLP primary payer Medi-
care population with any mention of a disease of the respiratory system
in 59.7% (n=13,276) of this population. Pneumoconioses combined
(J60-164) were the underlying cause for 11.0% (n=2444) with any
mention of pneumoconioses in 22.3% (n=4960). The proportion of
deaths due to CWP decreased from 9.9% in 1999 to 5.7% in 2016
(underlying cause), and from 21.4% to 11.6% (multiple cause).

4 | DISCUSSION

We describe the causes of death in a population of Medicare-enrolled
coal miners with at least one FBLP primary payer claim and compare
their causes of death to all deceased Medicare beneficiaries. Exposure to

coal mine dust can lead to a spectrum of cardiovascular, respiratory, and
non-respiratory conditions, and in the current study, we found specific
cardiovascular and respiratory causes of death were associated with
FBLP beneficiaries.">' Cardiovascular diseases (ie, atherosclerotic
heart disease; acute myocardial infarction, unspecified; congestive heart
failure; stroke, not specified as hemorrhage or infarction; and athero-
sclerotic cardiovascular disease, so described) were among the top ten
most common underlying causes of death. Cardiovascular causes of
death were also reported among Kentucky residents with pneumoco-
niosis listed as a cause of death, and another study of coal miners re-
ported an increased risk of ischemic heart disease mortality with coal
dust exposure.'”*® While cardiovascular diseases could be associated
with systemic gas exchange abnormalities in coal miners, cardiovascular
comorbidities are prevalent in coal miners.®° Miners participating in
the National Institute for Occupational Safety and Health Coal Workers'
Health Surveillance Program have a high prevalence of hypertension and
obesity, which may or may not be related to mining.'? Furthermore,
Medicare beneficiaries with an institutional FBLP primary payer claim
from 1999 to 2016 (n=19,700) had a significantly higher prevalence of
hypertension, ischemic heart disease, heart failure, hyperlipidemia, and
respiratory comorbidities compared to nearly 34 million 2016 Medicare
beneficiaries.”

Diseases of the respiratory system (JO0-J99) were the underlying
cause of death for 29.1% of miners and listed as a cause of death for
59.7%. In addition to CWP, other diseases of the respiratory system are
common in coal miners due to the relationship between coal mine dust
exposures and chronic bronchitis, emphysema, respiratory infection,
and respiratory failure.*® In our study of coal miners enrolled in Med-
icare with at least one FBLP primary payer claim during 1999-2016, we
identified pneumoconiosis as the underlying cause of death in 11.0%
and lung cancer (ICD-10-CM code C34) as the underlying cause of
death in 7.4% (n = 1642), with any mention of lung cancer as a cause of
death in 8.4% (n = 1871). Another study of 5907 deceased underground
U.S. coal miners from between 1969 and 1971 through 2007 identified
pneumoconiosis as the underlying cause of death in 6.8% (n =403) and
lung cancer as the underlying cause of death in 9.6% (n = 568), although
FBLP beneficiary status was not reported.”*

Death certificate data from FBLP Medicare beneficiaries aides in
the understanding of pneumoconiosis and other cause mortality
among coal miners but death certificates have limitations related to
their potential for error, including disease misclassification or omis-
sion. Causes of death represent the medical opinion of the medical
certifier of death (e.g., coroner, medical examiner, physician, nurse
practitioner, or justice of the peace), are based on their access to
medical records, laboratory results, occupational history, and autopsy
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results, and are not validated by medical records. They may include
errors or there may be missing information when causes of death are
not correctly identified or the chain of events leading to death are not
adequately reported."??> The death certificate does not include all
medical conditions present at death, but instead describes the se-
quence or process leading to death.”® Therefore, absence of pneu-
moconiosis on the death certificate does not indicate absence of
pneumoconiosis, rather it was not included or recognized as being
involved in death. In fact, all FBLP beneficiaries have been determined
to have totally disabling pneumoconiosis through a claims process that
includes detailed documentation of employment history and a com-
pletion of a pulmonary evaluation by an authorized medical profes-

sional.®

When used for surveillance purposes, mortality data
consistently underestimate the cases of occupational lung diseases
and the extent of this underestimation has been identified for certain
types of pneumoconiosis.’*?* For example, in Michigan, 8% of dece-
dents with confirmed silicosis had any mention of silicosis on their
death certificate.?* Available U.S. surveillance data indicated the age-
adjusted mortality rate from all pneumoconioses as a cause of death
declined from 12.8 per million in 1999 to 6.4 in 2014.2° Specifically,
the age-adjusted mortality rate for CWP as a cause of death declined
from 4.7 in 1999 to 1.3 in 2014 despite an increase in the national
prevalence of radiographic CWP among long-tenured underground
coal miners from 5% in the late-1990s to 11% in 2017.2%%” This dis-
crepancy may indicate recent cases of CWP are not yet accounted for
in mortality data and could further exemplify underestimation of oc-
cupational lung disease in mortality data. In our study, among the
22,242 deceased miners with totally disabling pneumoconiosis, 42.6%
(n=9477) had CWP listed as a diagnosis on a FBLP primary payer claim
(data not shown). Among this subset of 9477, we found that 29.3%
(2774) had CWP listed as a cause of death, and 35.0% (3321) had any
pneumoconiosis listed as a cause of death.

One of the limitations of Medicare claims data is that a bene-
ficiary's occupation or work history is not included, except for coal
miners identified using the FBLP primary payer variable. Since oc-
cupational exposure to coal mine dust causes specific cardio-
pulmonary conditions in coal miners, a suitable group of ever
employed Medicare beneficiaries for comparison to FBLP primary
payer beneficiaries was not available and we opted to use the
comparison group of all deceased Medicare beneficiaries to provide
context to our findings. Causes of death among Medicare bene-
ficiaries with similar demographic characteristics as the FBLP pri-
mary payer beneficiaries (i.e., white, male Medicare beneficiaries
West
[n=1,493,187]) were also compared to deceased FBLP primary

from Pennsylvania, Virginia, Kentucky, and Virginia
payer Medicare beneficiaries. Results of chi-square tests indicated
no significant difference in the proportion of FBLP beneficiaries with
acute myocardial infarction, unspecified or atherosclerotic cardio-
vascular disease, so described underlying cause of death. There was
no significant difference in the proportion of FBLP beneficiaries with
malignant neoplasm: bronchus or lung, unspecified; acute myocardial

infarction, unspecified; stroke, not specified as hemorrhage or in-

farction; or malignant neoplasm of prostate multiple cause of death
(Table SI).

The 1999-2016 U.S. population mortality data from the Na-
tional Vital Statistics System listed CWP (ICD-10-CM J60) as the
underlying cause of death for 4345 individuals aged 215 years
(https://wonder.cdc.gov). Our study was limited to Medicare bene-
ficiaries with a FBLP primary payer claim and included approximately
half of the 4345 individuals identified in national statistics (n = 2037).
Those in the National Vital Statistics System with CWP as the un-
derlying cause of death that were unaccounted for in our study ei-
ther may not be enrolled in Medicare or may be enrolled in Medicare
but not entitled to FBLP benefits. Our results describe the reported
burden of occupational respiratory disease and other causes of death
among coal miners enrolled in Medicare with a FBLP primary payer
claim. These miners were more likely to have specific respiratory and
cardiovascular diseases listed as a cause of death compared to all
deceased Medicare beneficiaries and were also more likely to die
from CWP or any pneumoconioses than deceased Medicare bene-
ficiaries. When the limitations of mortality data and additional sur-
veillance data sources are considered, these data enhance our

understanding of death and disease occurrence among coal miners.
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