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PREFACE

This report is a summary of the analyses done under Contract

Number HSM 99-73-80 during the contract period June 30, 1973 through

December 31, 1975. The detailed examinations of the cause-specific

mortality within the coal mining. industry provide information as regards

the mortality experience of the U. S. coal miner when compared to the

total U. S.male population.

Any study such as this requires the co-operation and substantial·

input of many different people. I would like to acknowledge the co-

operation of the United Mine Workers Health and Retirement Funds, without

whom the study would not have been possible. In particular, from their

group, I woul4 like to thank Dr. John Newdorp, Mr. Mahlon Milburn, .

Mr. Bill Weeks, Mr. Henry Cortesini and their staffs who were very

helpful during the long data collecting process. I would also like to

acknowledge Mr. Don Eliot for answering my numerous questions on the

interpretation of Fund records, and Mr. Stu Raykloff of the Research and

Statistics Section for supplying information on pension dates and locations

of va rious di stricts •

. I would also like to acknowledge the following faculty members in .

the Department of Biostatistics: Dr. Carol Redmond for helpful discussions

on the proper methodology of analysis for occupational mortality studies

and Dr. Philip Enterline whose initial interest in the coal miners as an

occupational group was instrumental in hCl.ving a study of this type conducted•
.
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During the data collection period. niaeny students were involved in various

clerical operations and in some cases were able to obtain partial financial

support from this contract while continuing. their education. II) particular

I would like to acknowledge the input of former student Mr. Bob Li and

former student Mrs. Trudy Lerer. who is presently a senior research

assistant in the Biostatistics department. In addition. Dr. Otto Wong.

presently an assistant professor at Georgetown UniversitYicontributed

substantially to Chapter I. of the present report.

The following individuals and staff also provided invaluable

contributions in the data collection. coding. computer processing. and

preparation of the report: Mr. H. W. Rush. consultant;. Miss Mary

.Preininger and Mr. Steve Sefcik, programmers; Mrs. Nancy Haberman,

data processor; Miss Joan Marincek, keypuncher; and Mrs. Linda Kobus.

secretary.

We wish also to' acknowledge the efforts of Mrs. Marion Heid

who reviewed and coded all of"the death certificates.

Howard. E; Rockette. Ph. D.
Project Director
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Ie Literature Rcv~ew and Histo.l'ical Pe rspe dive

Although coal mining in Great Britain datcs back to the year 852,

the industry was confined to small operations until the early part of the

eighteenth century with the manufa.cture of iron and the invention of the

steam engine •.. The British medical literature of the 19th century contained

nUl!lcrous reports on lung diseases among coal miners. A detailed review
, ' ,,,~ .' ..'r • , •

of these reports was given by Meiklejohn ina series of papers (I, 2, 3).

Only a brief summ.ary of these reports will be given here. References to

the original articles can be found in the above cited review.

LUng disease among the British coal miners was identified as a

disease associated with coal mining in 1831 by Gregory, and he is the

first author to do so in print. Three years later, Marshall noted that

. the disease was a consequence of the inhalation of fine coal mine dust and

. .

its depo:;ition in the lungs. Furthermore, he asserted that conditioxi.~

favorable to the disease occurred in "mines which had hard dry seams

and where there was much pick work"•. In the subsequent years, based

on the reports and the observations of physicians practicing in coal

mining communities, it was generally agreed that the risk of developing

, .

such respiratory disease depcndedon the coal seam, the cutting process

and the length of employment in coal mines. The disease was considered

non-·revers-ible and the only prcvention was adequate ventilation in coal

mines. After much controversy, it was.also concluded that the disease

involved some constitutional factor but was' primar.ily the result of the
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inhalation of the coal mine dust,. that simpte coal dust was comparatively

.harmless, and tha't stone dust was the real noxious factor.

Toward the latter part of the last century, conditions in the British

coal mines improved considerably. In 1885, haVing observed the low

death rates, especially from pulmonary disease, among coal miners,

Smart proposed that "there must be some protective feature in coal mining

operCl,tions, and that the preserving element might, after all, be the dust

derived from the coal!'. ~his theory gained much support from Hirt,

Cummins, Haldane and others. Instead, free crystalline silica from

sandstone was held responsible for lung damage, and the entire emphasis

was placed on silicosis •.

In the year 1906 occupational mortality statistics were published

by the R~gistrar General for the years 1890-92 and 1900-02. Thu~,
," .> • '

the knowledge that had been based up until this time only on the experience

of practicing physicians could now be tested•. These statistics indicated

a decline in mortality for coal miners among all age groups and for all
. ,

geographical regions•. Despite: these findings interest in the subject

continued.

At the turn of this century, substantial changes took place inside

the coal mines. The mines themselves'had become deeper and more'

extensive. The progressive increase of machine mining contributed to

a serious increase in dustiness, which more than offset the advantages

of better ventil~tion. ·~n the following years, conflicting opinions based

on individual experiences were reported. However, even among those
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who considered coal mining a hazardous occupation the emphasis continued

to be placed on free crystalline silica.

Then, in 1928, based on a.~ analysis of 426 deaths of coal trimmers

in South Wales, Collis and Gilchrist (4) reported that the coal trimmers

showed pnewnoconiotic changes in their lung's; "even though the coal which

they shoveled had been washed relatively free of. country rock, which was

'the true source of silica. Furthermore. the lungs yielded no i~bnorn;lal
......: . ,'~' .

amount of silica at autops.y. The basic role of coal dust in.the development

of pneumoconiosis among coal miners was thus established. This theory

was to gain. further support later from studies that indicated a high

incidence of pneumoconiosis in electrotypers who were exposed to natural

graphite containing very little free silica (5), and in carbon electrode

makers "who were exposed to silica-free carbon (6).

A more general view of the situation was made available in 1938,

when the Registrar General published the occupational mortality

statistics covering the period 1930-32~ Although there was a fall in the

mortality of the coal miners from all causes, the improvement was much

less than that in the general population. It appeared. that coal miners were

not ~enJ!fiting from public health improvement t9 the same extent a~ the

rest of the population.

In the meantime. the Medical Research Council was asked by the

Home Office; and the Mines Department to investigate the problem of

chronic pulmonarydisease"among coal miners. The findings were

published in three separate reports in 194?, 1943 and 1945 (7).
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In these- reports, Hart and Aslett, ,based on lung changes among surface

workers on the screens and coal trimmers at the docks, confirmed the

importance of coal dust and not rock dust as a ,causative agent of

pneumoconiosis. It was also discovered that the inCidence' of

pneumoconiosis was notunHorm throughout the different regions:

it was high in the anthracite or hard coal area and low in the bituminous

or soft coal area. These findings led Hart and As'1ett to put forth th~

"Rank of Coal Hypothesis". The rank of coal refers to the chemical

,composition and is determined mainly by the amount of volatile matter.

The range extends from anthracite with the highest rank on one 'end,

through the medium rank bituminous, to lignite with the lowest rank on

the other. According to the hypothesis, the incidence of pneumoconiosis

increases with the rank of coal. In t:le same series of reports, the term

"coal worke'rs' pneumoconiosis" was introduced, a te-rm which avoids

, the implication of silica.

As interest in occupational mortality increased,

more statistics became available. In 1931 Henry, Kennaway and Kennaway (8)

reported the res'ults of a study relating cancer of the bladder and cancer

of the prostate to various occupational groups. "Death certificates were

examined for all males who died from either of these two causes in

England and Wale s for the time period 1921-1928. Taking the population

at risk as estimated by~he National Census (19'21) for each occupational

group, they calculated the ratios of the "registered" deaths to the nwnber

of deaths that would be expected if the occupational group had, the same

, '

rate as the total population. Their results indicated that coal miners did
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not have an excess risk from blar.::>:: <,r prostate cancer. and in this

respect, they were quite simil<l,r to ag ricultural dworkers who also had a

lower number of cas es than expc ctcd. The one exception to this low

observed number among the various jobs associated with coal mining was

the group "persons conveying material to the shaft". However, the

authors<Jelt that this was due primarily to lack of conformity between the

descriptions of occupation given by the men themselves in the census and

those obtained by the Registrar at the time of death.

Using the same approach. Kennaway and Kennaway examined the

death c,ertificates of mal~s, aged 20 and over, who died from cancers

of the lung and of the larynx in England and Wales from 1921 to 1938.,

The figures for the first 12 years (1921-1932) were published in an

earlier paper, and those for the subsequent six years in a second

report (9, 10). Table 1. l,gives the mortality ratios of the observed number

of deaths to the expected number of deaths for the va'rious occupational

categories associated with coal mining.

TABLE 1. 1

Deaths from Lung Cancer in Coal Miners,
England and Wales, 1921-1938

1921-1932 1933-1938
COAL MINERS Registered Calculated Ratio Registered Calculated Rat

Deaths peaths x 100 Deaths Deaths x 11

All coal miners 289 492.5 59 485 820. 2. 5

Hewers and getters 174 274.0 63 319 442.7 7
Other underground 28 65.2. 44 52. 112..4 4

worke·rs -
Conveying material 12. 31.4 38 2.8 60. 2. 4

to shaft
Road making 29 54.8 53 37 100.0 3
Workers above

>

46 65. 1 71 49· 104.9 4
(!round

(From Kennaway and Kennaway 1936, 1947)
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Thus, in every category of coal miners, there was a considerable

deficit in mortality from lung cancer in both time intervals.' The mortality

ratio for all coal miners in both periods was 59.

Table 1. 2 shows the corresponding figures in cancer of the larynx.

TABLE 1. 2
. '. ,~ .

Deaths fro.m Larynx Cancer in Coal'~iners

England and Wales, 1921-1938.

. 1921-1932 1933-1938
COAL MINERS Registered Calculated Ratio Registered Calculated Ratio

Deaths Deaths x 100 Deaths Deaths x 100

All coal miners 257 484. 1 53 182 277.6 66

Hewers and getters 150 . 260.0 58 107 146.0 73
Other underground 30 68.5 44 18 40.0 45

workers .
Conveying material 11 25. 1 44 7 16. 5 42

to shdft
Road rnaking, 27 60.0 45 24 36.9 65
Workers abov'e 39 70.5' 55 '2'6 38.2 68

J!;round

(From Kennaway and Kennaway 1936, 1947)

Again, there was' considerable deficit of mortality from larynx cancer

in every category of coal miners. For all coal miners, the mortality ratio

was 53 in i 921-1932, and 66 in 1933-1938. Although the observed numbers

of deaths .for coal miners were low for all the types of cancers considered. .
in their series of papers, Kennaway and K:ennaway are careful to point out

"

the possible errors in the utilization of death certificates and census returns

for statistical purposes.

Ina later report, Kennaway and Kennaway investigated the possible

influence of pneumoconiosis on the incidence of lung cancer among the

-6 .... ·



British ·coal miners, during the yea,rs, 1937 to 1946 (11). The incidence

of lung cancer was estimated by the same method employed in the previous

.studies. The prevalence of pneumoconiosis was estimated by the number.

of compensation cases arising under the Workmen's Compensation Acts.

A comparison of incidence of lung cancer in different coalfields was made

by dividing the number of employed (average of 1943-1946) by the number of

deaths (1937-1946), and the rcsult was stated as the number of pers.ons

requircd to produce one ~eath. The authors maintain that this simple

approach is adequate since the age distributions do not vary much for the

different areas. It was found that the face workers had a higher incidence,

in some coalfields up to three times, than the other coal workers.· In

general, coalfields with a high prevalence of pneumoconiosis tended to have

a low incidence of lung. cancer. However, this reciprocal relationship

was not absolutely consistent throughout all.coalfields.

In order to investigate the reciprocal relationship between

pneumoconiosis and lung cancer proposed by Kennaway and Kennaway,

James examined the results of the necropsies of 1827 coal workers and

1531 non-coal workers in South Wales during 1947-1952 (12), or the 1827

mincrs, ·967 had simple pneumoconiosis and 860 had massive fibrosis.

·Primary lung cancer was found in 49 (5. 1%) of those with simple

pneumoconiosis and in 12 (1. 4%) of those with massive fibrosis. The 967

cases of simple pneumoconiosis were further divided into three groups

showing respectively slight, moderate, and severe degrees of the condition.

The results are given in Table 1..3.
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TABLE 1.3

Distribution of Lung Cancer in 1827 Coal Miners
with Pneumoconiosis and in 1531 Non-miners in South Wales

Simple Pneumoconiosis Massive All All
Slight Moderate Severe Fibrosis Miners Non-miners'

Number of Pneumo- -
coniosis deaths 524 272 171 860 182:7 1531 -

Lung Cancer deaths
·,obs,erved 31 11 7 12 61 82
Lung Cance r deaths

expected based on
all",coa"l miners 17.. 5 9. 1 5. 7 28.7 61 51. 0

Ratio x 100 177 121 122 42 100 161

(From James, 1955)

It can be. seen that the ratio of observed to expected deaths from

lung cancer diminished with increasing severity of pneumoconiosis and

was least in those with massive fibrosis. This result led the author

to conclude that early death from pneumoconiosis might be a fa,ctor in'

reducing the incidence of lung cancer in miners.

In connection with the po.ssibility ofa reciprocal relationship

between pneumoconiosis and lUng cancer among coal miners, the Registrar
. ,

General's mortality report for 1949-1953 should also be mentioned (13).

The standardized.mortality ratios from both diseases were calculated for

different coalfields in England and Wales.

The Standardiz'ed Mortality Ratio (SMR)'from lung cancer were low in

miners from Glamorgail and Monmouthsire, areas where pneumoconiosis was

most common. but was equally low in miners [rom the West Riding and Durham

areas, where pneumoconiosis was comparatively rare. Thus, the data failed

to show any consistent relationship between the frequencies of the. two diseases.
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TABLE 1. 4

s. M. R. from Lung Cancer and Pneumoconiosis in
Coalfields in England and Wales 1949- 53

Region
Glamorgan (anthracite)
Glamorgan (other)
Monmouthshire
Durham
West Riding, Yorks
Cheshire and Lanes
North Staffs
South Staffs, Worcs

Lung Cancer SMR
64
75
57
72
66
7'2

106
75

PneumoconiosisSMR

4814
,1875

527
: ,.338

880
1750
1367

(From the Registrar General, 1958)

In 1958, Doll published the mortality experience of nickel workers

and of several other occupations (14). Data for 15,247 men over the age

of 15 years who were residents in the four selected districts of South

Wales and who died in the period 1948-1956 were analyzed•. Among coal

miners, 73 deaths due to cancer of the lung we~eobserved~while152. '16

deaths were expected from the experience of workers in all occupations.

Thus, only 480/0 of the expected deaths were observed. Doll was aware'

of the possibility that the observed low incidence of lung cancer among

the coal miners might have been a result of a relatively high mortality

from other causes. According to the Registrar General, the death rates

from alL.'causes other than: lung ~ancer among coal miners aged 20-64

years was 200/0 above the national average. Therefore, if the number of

deaths from Qther causes among the .coalminers was reduced.byone

sixth (20/120), the expected number of lung cancer deaths becomes 126.80,

and, in this case. the observed number is 58% of the expected. ' This



attemptwae the first quantitative effort to calculate a cause-specific

SMR adjusted for deaths from other causes.

The population of the Rho lldda Fach, a small'miningvalley'in

South Wales, was surveyed in 1950-51 (15). The community was

re-surveyed in 19'53, when 91% of the entire population and 95% of the

miners and ,ex-miners were radiographed. The mortality experience

of the population during 1950/51-1953 was reported OyCa'rpenter et al
, .

in 1956 (16). With the entire population of England and Wales as control,

standardized mortality ratios were calculated for the: males and the

females. It was noted that the age distributions in both sexes were very

similar. Among the males aged 5 to 74, 342 deaths from ~ll causes

were observed, when 278. 2 were expected, giving an SMR of 122. 9. Among

the females, 190 deaths were observed with 186. 8 expe~ted, giVing an SMR

of 101. 7. It was suggested that the difference was due to some occupationaJ

factor. To pursue the pr.o,blem further, the male:population was divided

into non-miners, miners and ex-miners with and without pneumoconiosis.

The following results were obtained.

TABLE 1. 5

SMR,for Non-miners, Miners and Ex-miners
by category of CWPin the Rhondda Fach, South Wales, 1950/51-53

Observed Expected SMR SD
Non-Miners 28 26.9 " l04. 1 19. 67
Miners &. Category 0 ,115 104.4 110. 2 10.27
Ex-miners Categories 1,2,3 &.A 82 73.9 111. 0 12. 25

Categories B, C, D 47 33.9 138.6 20.22

(From Carpenter et al, 1956)
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The authors sl1ggestedthat the:"":. '-"',J.::; no evidence that,simple

pneurnoconio.siswas as~ociated with a decreased expectation of life; and

that a trend of mortality apparently existed among the different categories

or pneumoconiotics.-The greatest excess of mortality was observed among

miners and ex-miners with category B, C, or D Coal Workers' Pneumoconiosis

(CWP).

Realizing-the incomparability of SMR' s when the age distributions

-and the population sizes wez:e different, the authors proposed a t~ansfo~med

death rate

j-;- -1 .~ -1 rq ),V = (sin p sin

where n = number of subjeCts,

p = observed percentage of deaths, and

q - expected percentage of deaths.

The value of-,+, is positive, zero or negative depending on whether there

is excess, no excess or deficit of mortalit)'j respectively. Each't' would

have the same standard error of + 28. 7. Thus, an absolute value of
- .' ,"" -

V greater than 57.4 would indicate a significant deviation from the

expected mortality. '. Based on the value~ of \f IS, i~ was concluded that

there was no definite increasing trend of death rates among the radiological

categories~ot.CwP.

A six year (1951-1956) follow-up of the p~pu1ationin the Rhondda ,Fach was

_published in a late r report in 1964 (17). The results sugge sted that Progressive

Massive Fibrosis (PMF) was more serious than the previous study had implied.

The SMR for mine rs and ex-miners aged 25-74 with PMF was 209. 2, compared

to the previous value of 138.6. The mortality of min«Hs and ex-miners
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without PMF was also' significant~y ra,ised. The SMR for miners and

, ex-miners without pneumoconiosis was' 126.8 and' for those with

categories 1, ,2, 3 or A was 119.2. These two observations rcmained ,

unchanged even aftcr colliery accidents werc excluded. ,

The ~jor res~lts of the'six year follow-up of the Rhondda Fach

miners are as follows:

(1) Thpse miner,s with, p~ogressive massive fibrosis

had high standardized mortality ratios.

(2) There were no differences in the SMR's of those whose

original x-ray category was 0 as compared to those with an

x-ray category of 1, tor 3.

(3) The SMR of the non-miners was lower than those of

miners and ex-miners with original x-ray categories

0, 1, 2, 3 combined.

All of these results were supported in the findings of the 20 year follow-

up of this same group of men (18). Furthermore, it appears that on

the basis of the 20, year follow..,up that PMF category A does not lower the

SMR but rather has the same life expectation as categories 0, 1. 2 and 3

(at least fpr the fir st 20 year s).

Mortality from lung cancer among the residents, in the Rhondda

Fach was communicated to Goldman, who published the results as part

of his 1965 review articlc on lung cancer among coal mine,tos (19). Among

the miners and ex-miners, 30 dcaths were observed out of 37.0 expected.

the corrcsponding SMR being 81. 1. For the non-miners in the same

community, only 3 out ofthe 5.7 expectcd deaths wcre observed. the SMR

~12-



being-:53. 1. ',The difference seemed ::J indicate that the miners and ex-miners

were more vulnerable to lung cancer than the rest of the community.. ,

However, the statistical significance of the difference was limited because

one of the SMR's was based on a very small number of deaths. This result

also emphasized the importance of choosing an appropriate control group

before inferences can be made.

Also reported in the same review article was the mortality of cOal

miners from lung cancer obtained from an,investigation into the. accuracy

of the Registr.ar General's occupational data (20). Information was acquired' '

through the National Coal Board and local inquiries about miners and ex-

miners aged 20 to 65. The mortality experience of these men during 1955

is given in .Table 1. 6.

TABLE 1.6

Cancer SMR of Min~rs and Ex-miners
in England and Wales, i 955

Underground \Vorkers ' Surface Workers
Lung Cancer Other Cancers Lurig Cancer Othe r Cancers

Deaths Observed 216 459 54 93
Deaths Expected 308 450 59 82

SMR 70. 1 102.0 91. 5 113.4

(From Goldman,' 1965)

Both the undergound and surface workers had a lower incidence of

lung cancer than the corresponding male population in England and Wales.

Furthermore, the SMR for underground workers was considerably lowe.r

than that of surface workers. There were also considerable regional
, .

differences in lung cancer mortality. It.. was low in Durham (SMR = 63.2)

and relatively high both in the south-west (SMR = 108.7) and in the north

(SMR = 147.0). The relatively high rate in the south-west was in
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conflict with the findingEJ of Kennaway and Kennaway and of the Registrar

General. but Cl. close con:tpari.son was not possible. because of the diCCcrences

betwecn the regional divisions of the country and those of the National Coal

Board.

In the same article, Goldman, based on the Registrar General's

Quarterly Returns for Wales 1956-61, calculated the annUal death rates

from. lung cancer in some selected mining and non-mining towns. To

reduce the bias Cl.rising ,from differences in age and sex structures. be,twcen
.. ~. ~ .,',.'-:' '~' -,. _.l·,_~ ": '.. , '," .... , " - . .' ,"

the different populations ~. each crude death rate was multiplied by an

appropriate "Area Comparability Factor"•. The adjusted death rates were

seen to be lower in the towns situated in mining areas. than those in non-

mining areas. This low mortality ~rom lung cancer in mining towns,

the author concluded, would be in keeping with the low mortality recorded

. for miners.
. .

From the Registrar General's data, Stocks derived the death rates

from cancer of the stomach.and from respiratory dis~ases .among coal

miners aged 20 to 65 in 1949-53' in the mining areas in England and

Wales (21). The death rates of the non-miners.in the same counties were

also calculated. To insure a proper comparison. death rates were'

adjustec:i by the comparability factor,s based on age distribution and
, '

'urbanization of residence. The mortality of the wives of the miners was

. also reported, but a further regional breakdown was not pos sible. For

the calculation of standardized mortality ratios. the expected deaths

were based on .the entire population of England and Wales.

~14-



For cancer of the stomach, thc SMR of all coal miners was 149,

and the wives of coal miners showed a similar excess over all married

women, their SMR being 154. In six out of the nine mining' areas. the

death rates from stomach cancer of the non-miners ~ere considerably

higher than the national average. In the remaining three areas. two

showed no deviation and one less than the national·average•. Furthermore,

in every area, the coal miners' rate exceeded both the 'national tate

and that of non-miners. The excess varied from region to region. with

the greatest difference occurring in an area in South Wales where 82.%

of the miners were working in anthracite mines at the time of the census.

For bronchitis among all miners in England and Wales, the SMR

was 135, and among their wives, 175. In all areas considered. the

miners showed. a higher mortality from bronchitis tha'n other male'

residents in the same community. Again, the greates~ eX'cess was.
ohserved in the same area in South Wales. where the excess in stomach

cancer was the greatest. For respiratory tuberculosis, the SMR for

all miners was 119 and for the wives. 145. However. the non-miners

show, a higher excess in mortality from respiratory tuberculosis than

, the miner s in two ar eas.

The author suggested the follo~ing factors contributing to the

observed regional differences: the coal itself or the manner of mining

it. 'the rock and soil containing the coal. and the general environment

of the ·communities. It was also concluded that sinc~ the miners'



popula~~on had bee'n. Calling, some of the excess mortality among miners

might have arisen Crom the transCer of healthy' young men into other

occupations.

There were three ,other conditions quoted by Stocks fo·r which

the Registrar General reported a standardized rate at age s 20- 64 that

was 15 percent or more in excess of that of all males taken as 100.

·These w.~rre pneeumoconiosis (1277), chronic endocarditis not specified
:. '.' ':0"'- ' - ' •

as rheumatic (146) and m.yocardia1 degeneration without mention of

coronary or rheumatic disease (127). There was no regionalinvesti-

gation done for these causes of death.

An analysis of the mortality of British coal miners in 1961 was

reported by Liddell (22). For all deaths registered in 1961 of men aged

20 to 64 in mining occupations or thought to have been employed by the

National Coal Board. the Registrars General of Engl3.nd and Wales and

of Scotland provided identity. age. occupation and cause of death. For

each man on colliery books who died in 1961, collieries provided details

including last occupation. place of death. and occupation in 1952 (or on

•
first employment if later). Where it was not possible to match a death

ce;-tificate with the information obtained from colliery. and in all

cases where a man's last recorded employment was earlier than 1961.

inquiries were made of the deceased's family through more than 200

m~dica1 offices and by mail.

The occupations as indicated on death certificates were

considerably different from those determined by inquiry•. Although

~

4212 death certificates were coded as coal miners. only 3131 were·
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definitcly--knownto have had worked- in the coal industry or 3555 if the

424 who had at least probably worked in the industry were included. Thus

the "promotion", defined as the percent difference of the oCficial figures,

was, on the average, (4212 - 3555) I 4212 or 15.60/0, ranging from 37. 1%

in Kent.to 9. 60/0 in Yorkshire•. Promotion to the coal face was 46. 70/0;-

in other words, nearly half of the deaths coded as face workers on the

death certificates were incorrectly coded as such•. The following Table 1. T

shows the distribution of cause-specific deaths at ages 55 to 64, as com-

pared to that of all occupied and retired males in England and Wales

1959-1963 at the same ages.

TABLE 1. 7

Distribution of Deaths in Coal Mines Aged
55-64 in England and Wales, 1960.

All occupied and retir.ed .
Coal Miners (0/0 ) males, England and Wales

Cause 1959-1963
Coronary disease, angina 26. 1 27.9
Vascular lesions of nervous 7.8 8.4

system
Malignant neoplasm, lung 8.8 13.2

bronchus
Bronchitis 12.0 9.3
Pneumoconiosis, occupational 4.6 0.4
All other causes 40.7 40.8
Number of deaths . 3169 = 100% 273647 = 100%

(From. :Liddell, 1973)

There was a lower proportion due to malignant neoplasms of the

lung and· the bronchus than in -the general population, but higher proportions

due to bronchitis and to occupational pneumoconiosis.
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A further analysis was carried out among the working miners.

The denominators of death rates came from a 5% sample census of the

.' , - .
mining industry in 1961. Cause-specific SMR' s wcrecalcula~ed, using

all occupied and retired males in England and Wales (i.S the control. The

. results are. presented in Table, 1. 8.

TABLE 1. 8

Cause-specific SMR among Occupied Coal Mi"ners
,in England' & Wales, 1960 .

Other
Wlderground Surface

Cause
"

Face workers workers workers
All causes 77 102 137

Coronary disease, angina 48 76 116
Vascular lesions of nervous 49· 63 94

system
Hypertens ion 40 83 99
Malignant neoplasms, lung, 49 53 82

bronchus
Malignant neoplasms, stomach 101 128

I
32

Malignant neoplasms, other 69 72 101
Bronchitis 26 64 129
Pnewnonia 25 Sg 132
Pnewnoconiosis, occupational 191 413 556 ,

Motor vehicle accident 73 113 . 149,
Other accidents 357 ·236 221
Suicide 42 111 83
All other causes 39 '..<: 63 106

(From Liddell, 1973)
- .',"' .

. ,

It'is':interesting'to note that the face workers had a. deficit in
.' .

mortality fron: eve~ycause except ~ccupational pneumoconio~is and other
. . - .

accidents, ,while the surface workers had .excesses in ~ost of the· causes.

Furthermore, there was an increasing trend of mortality across the

categories of. coal miners in every cause of death, except in stomach cancer
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and in other accidents .. This gradient was, as explained by the author,
'. '.', "'- ' .' ,

in accordance with the need for the fittest men at the coa) face, the'

tcndency for older men to move from the face whcn work became too

arduous for them, and for surface workers to include the less fit. That

the face workers had to be robust was indicated by their particularly'

low SMR' s from pneumonia, bronchitis, hypertension, coronary disease,

vascular lesions, and. all other ca~ses.

In conclusion, Lid,dell pointed out the fact that low mortality

from cancer of the lung and bronchus was not balanced by neoplasms

at other sites, and this appeared among both occupied and retired miners.

In the meantime there were no substantial investigations on the

mortality of coal miners in the United States comparable to those done in

Great Britain. Furthermore, as in- Britain, the respiratory ailments' of

coal miners were first attributed to silica. ,This opinion was reiruorced.

- by studies done in the anthracite coal mines of Pennsylvania during the

time period 1928-1931. The silica content in these mines was relatively

high- and the results of these studies indicated that the incidence of

anthracosilicosis (a term used for the condition found in miner's lungs)_

was ~ig~er for those men exposed to dust with a higher percentage of

silica.

Gl'adually, however, as a result of some of the reports of the British,

Dupplemented by findings in the U. So [Clarke and Moffet ( 23), Jones (.24 ) ]

that indicated bituminous cQal miners also had a high incidence of

anthracosilicosis,- the emphasis began shifting from silica as the sole cause.
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Then in 1957 Levin and Hunter (25) reported pneumoconiosis, identical

to the British counterpartJin a small group of Ohio coal miners. The

U.S~} although thirty years behind. was following the same course as'the
.-.,,~ .

British.

In 1960, based on a review of death certificates, Vinyard and

Lieben reported the pneumoconiosis mortality in Pennsylvania for the

Office of Vital Statistics at that tlme revealed that more than 50% of

. the pneumoconiosis and about 930/0 of the anthracosilicosis deaths in the

u. S. were reported from Pennsylvania. An extension of the study was

'reported by Lieben and Hill in 1962, c~ve~ing the period between January.

1959 to December. 1960 (27).

This later study showed that for 1959-1960. more'than one half

(in 1957-1959, about two thirds) of ,the deaths with some mention of

occupational lung disease on death certificates in Pennsylvania were mine

workers•. The high-risk age. group was those more than 45 years old. Of

the total deaths involving pneumoconiosis in the state; 820/0 occurred in

11 counties including 8 hard coal and 2 bituminous coal producing areas,

and 760/0 of the total were concentrated in .five counties (Luzerene.
~' .:" ..

Schuylkill, Lackawanna. Carbon and Northumberland). In the Luzerene and

Schuylkill counties, pneumoconiosis was the second most frequent cause'

of death among. males over.45 years old, exceeded in frequency only by

heart disease.
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Of the 2772 male deaths rcpcncd in 1959-1960 with mention of

occupational lung disease on the death certificate, 1739 (630/0) stated that

the occupational lung disease was the primary cause of death, while fo'r

the other 1033 deaths pneumoconiosis was specified to bean associated

morbid condition existing at the time of death. For these 1033 deaths

with pneumoconiosis as a contributory condition, heart disease was most

frequently liste-d as'the primary cause (49. 1%),.followed by m.~ligna.nt

neoplasms (15. 1%), and pneumonia and influenza (7. 2%). The proportion.
dying from cancer in the pneumoconiosis group was slightly less than

that in the state. However, a considerably higher percentage of those

dying of cancer with occupational lung disease complications were

specified to be due to cancer of the respiratory system.

In 1962, the U. S. Public Health Service published a study on

J

general occupational mortality for the year 1950 (28). Mining was

one of the occupations studied. A detailed mortality analysis by cause

and by age bas ed <?n the above study was reported by Enterline in

1964 (29). All deaths with co~l miners listed as the usual occupation on ..

the death certificates were included in the numerator. In order to compute

thedeath':rat~, itwas necessaryto estimate the denominator, i. e., the

number of men who, had they died in 1950~ would hav_e been classified as

coal miners.' Crude estimates were made from 1950 U. S. Census data

for men in the labor force. and from a special supplement to the February,

. : .' . ' ., - .

1954, Current Population Survey for former coal miners.

Death rates among coal miners were found to be considerably higher

than those for all males with-,work experiences. At all ages 20-64 the.
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observed deat~ rate was 95 percent (SMR = 195) above that for all male
'f_ .

workers. Furthermore, the excess increased with age. At ages 20-64,

SMR's were higher than the expected forcY7ry cause ofdeath except'

diabetes (SMR =100). The greatest excess came from- accidents at work
- - .

(SMR = 586), followed by diseases of the respiratory system (SMR =491)

and cancer of the ~tomach (SMR = 275)~ Other causes of death where the

observed number was~"more than-tWice the~.e:Xp~cte"d included tuberculosis,

cancer of the prostate, general ~rteriosclerosis, other myocardial

degeneration, ulcer of the stomach and homicide, while lung cancer was

.almost twice as high (SMR = 192).

TABLE 1. 9

Mortality of U.S. Coal Miners Aged 20-64, 1950

Cause <Jbserved Expected SMR
All Causes 5793 2966. 19.5

Tuberculosis 396 148 268
~

Syphilis 55 30 183
Malignant neoplasms 764· 428 179

Stomach. 146 53 275,
Trachea, bronchus, lung 161 84 192
Prostate 35 17 206

Diabetes 33 33 100
Strokes 309 193 161
CHD ., 1140 789 144
Disease of respiratory system 487 99 491
' ... Occupational pneumoconiosis 321 -- -.
Accident 967 338 286

At home 499 80 586
Homicide 119 51 233

(From Enterline, 1964)

Ent~r1ine"commentedthat, although the high rates in someo! the

diseases such as "other myocardial degeneration" and "general

arterios dc"rosia" niight be artifacts due to diagnostic standards and
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nomenclaturc used in coal mining communitics, the high ratcs in accidcnts

at work and in respiratory disease were clearly rclated to coal mining.

The relationship of othcr diseases to coal mining was lcss certain. It

was argued that if the environment in which coal miners livcd was a

causal factor in their high mortality rates, then it would be expecteq that,

they would be increasingly unhealthy, , rela,tivc to other workers, as they

grew older. Essentially the auth~r ~sed age as a substitutejorlength

of employment, which would be valid if all coal miners started at approxi-.
mately the same age. Such a trend of increasing mortality was observed

in disease of the respiratory system, tuberculosis and cancer of the

trachea, the bronchus and the lung, while no definite pattern was found

in cancer of the stomach, in other myocardial degeneration, in accidents

, at work and in CHD. It was concluded that some of the excesses were no

doubt due to diseases and conditions associated with the working environ-

ment and dust inhalation, while others could be a reflection of the socio-

economic environInent of coal mining communities. The possibility of a

selective out-migration of healthier workers was also discussed.

In addition to the above study, Enterline (30) wrote a review paper

in which he included: some findings on mortality in the coal mining industry

based on some data from the Society of Actuaries. Two earlier Actuarial

s,tudies on the mortality of policy holders in the underground coal mining

industry covering the periods 1915-1926 and 1927-1935 indicated that

the"observed deaths ·were above two and a hal! times higher than the

expected based on policies issued under standard risks. A third report

cov,ering 1949 -1963 indicated a somewhat smaller exce~s, the all-caus e "
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SMR:bcing 172. Thc-cxcc.ss was chif?!1y due to respiratory disease

and tuberculosis (SMR = 1111), accidents and homicide (SMR = 626)

and digestive disease (SMR = 260). Onc interesting point was that therc
" , <

was a slight deficit of mortality in malignant neoplasms, with SMR = 80.

Also included in the above review article was a 28-1/2 year

follow-up study of a gr"oup of 533 men aged 22-32 in 1937 working in three.

coat.mines in the Beckley area.
.,.

Among them, 140 deaths were observed.. .

compared toan expected,number of 88.7•. giving an SMR of 157.9. The

SMR's in tuberculosis, syphilis, digestive cancer, respiratory cancer,

disease of the respiratory system and accidents w~re 173.9,445.9, 210.0,

110.9. 150.0 and 269. 6, respectively•. However. since the number of observed

deaths were quite small. the cau~e-specific ratios must be interpreted

with caution.

The mortality experience of Pennsylvania coal miners compensated

for disability due to CWP was' analyzed by Ortmeyer, Baier and Crawford (31).

BetWeen December 1, 1965 and December 31, 1967, 22,400 coal mine:t:s,

who had worked for at least 2 years in Pennsylvania coal mines, applied

for benefits under the 1965 Pennsylvania Occupational Disease Act. Chest

. .

roentgenograms giyen to.each applicant were categorized for CWP
, ~.~ , ..

according to the 1957 ILO classification. Included in the study were 607

.men with stage C complicated CWP. Applicants with categories 2 and 3

(simple)CWP o~ stages A and B (complicated)' CWP were further divided

into two groups according to spirometric examination: those .with

FEY!FVC less than or equal to 550/0 and those greater than 550/0. All the

1165 in the first group were included, while only 449 (20% saf!1p1e) of
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the second group were included.· Only 20'70 or 1783 of those -with category

1 CWPwere admitted to the study•. Thus, the total number was 4004,

29.58 being anthracite miners and 1046 bituminous miners. The morta1ity
, '.',' ' .... , t_

experience of the entire group was followed up to January 1. 1971.

Standardized mortality ratios from all causes, based on the

deaths' expected of white males in Pennsylvania in 1959-1961, were
. 4

-',c

:calcu1cited for these 4004 miners. The results are summarized in Table ·1..10.

TABLE 1. 10

Mortality of Coal Miners by Categories and Stage of CWP
in Pennsy1vania~ 1965/67.;.1970

Deaths Total Simple CWP Complicated CWP
bvArea Deaths 1 2 &. 3 A with 1 A with 2 & 3 B C
Both lObS. 14, 55 84 511 35 187 311 327
Areas Exp. 1188 88 432· 35 - 160 223 180

SMR':' 119 96 113 100 112 138 182

Anthra~ite{~~;: .
1119 51 394, . 15 140 250 269
810 47 318 13 117 175 1.40

SMR':' 127 108 118 119 U5 143' 192rbS. 336 33 117 20
, ····47 61. 58

Bituminous Exp. 306 40 113 22 44 47 40
SMR>:' 100 82 99 90 105 120 145

* SMR computed from w~.ighted estimates since it was based on both 20%
and 100% samples.

(From Ortmeyer et al. 1973)

There was a significant excess of deaths in the population as a whole

(SMR = 119). For both anthracite and bituminous miners, the greatest

excess of deaths came from miners with stage C complicated CWP. followed

by those with stage B. Among the anthracite miners. mortality was

elevated 1S% to 20% in those with categories 2 and 3 simple CWP and stage

A complicated. CWP, while there was no significant excess in the corres-

ponding groups among the bituminous miners.



.When mortality was analyzed according to lung function results.

the excess mortality in miners with stages A and B could be completely

explained by those with rcduced ventilatory capacity. Mortality for

men at the working ,ages (under 65) was considc'rably higher than that for

men aged 65 and over. regardless of category or stage of CWP or level

of ventilation capacity.

~In 1962-1963. 4134 Appalachian miners were randomly selected

by the U.S. Public He"alth Service for a prevalenc.e study of CWP (32).

Of the sample. 3726 (90%) coal miners agreed to participate. The cohort

was followed up to January 1. 1972. and then mortality experience was

reported by Costello, Ortrneyer and Morgan (33).

Of the qriginal cohqrt, 451 men were certified as having died

,
, during this per~od, and the vital status of about 230 (6%) men rem, ined

undetermined. Expected deaths were calculated from the rates for all

males inthe United States in 1968. Atotal of 30 deaths wcre attributed

to cancers; 24,to lung cancer. 2 to esophagus cancer. 1 to nasopharynx

cancer and 3 to stomach cancer. The SMR for, lung cancer was 67. based

on 36 expected deaths. When lung cancer deaths were analyzed by age.

it was discovered that the age group 65-69 was most vulnerable, with 9

obsc"rved'deaths whilc'hilly 1 was expected. it was .pointed out that 21 I,

of the 24 miners dying from lung cancer either were or had been

cigarette smokers, and one was a pipe smoker.

In conclusion. the a,uthors pointed out the. disagreement on lung

cancer mortality among coal miners between the British studics and the



previous Amcrican studies. Based on this study, the ':luthors concluded

that the experience of the Appalachian miners tended to confirm the

British :findings in regard to.- thc. lower ~han normal mortality frorrt lung

cancer in coal miners.

The mortality of the same cohort by categqries of CWP, by

duration of underground mining, by smoking history, by lung function·

test and by respiratory impairment symptoms~as:.reporte-d ina later

article (34). The origina! cohort of,3726 was divided into 2549 employed

miners and 1177 ex-miners. The vital status as of January I, 1972

was determined for 9.50/0 of the employed miners and 99% of the

ex-lniners. Standardized mortality ratios were computed using the

entire population of tlle U. S. as the basis for comparison.

Among the actively employed miners, only 225 deaths out of the

241. 9 expected were observeq (SMR = 93), whereas 308 deaths took

place among the ex-miners when only '248. 5 were anticipated (SMR = 124).

The combined weighted SMR for the entire cohort was 104. When the·

miners were analyzed by their radiographic categories of CWP, and by

their duration underground, the following results were obtained (Table 1. 11).

TABLE 1. 11

M~rtality of Appalachian Coal Miners by Category
of CWPa:nd Duration Underground, 1963-1971

Years Category 0 Simole CWP Complicated CWP
Underground Deaths SMR Deaths SMR Deaths SMR

Employed ~ 29 110 91 5 61 2.· 90
Miners 30 + 76 93 15 87 13 143
Ex.;. ~ 29 86 120 6. 87 14 221 .
Miners 30 + 149 119 28 1.43 25 138

(From- Ortmeyer ct aI, 1974)



For tpe.,miners and ex-miners without radiographic evidence of

CWP, the SMR's were about the same, whether they had been underground

for more or less than 30 years. - For tho,se with simple Cytp, only those

ex-miners with more than 30 years experience of underground mining

showed- an elevated mortality. Employed miners afflicted with complicated

CWP who had less than 30 years of underground mining h~d a much lower

mortality than their counterpart in the ex-miners. Fipally,miners with
<, ',"' , -, " .' ,'. , •

both complicated CWP and more than 30 years of underground mining

exhibited a significantly increased mortality, whether employed or not.

It was found that cigarette smoking had a greater impact on death

rates than the duration underground. Table 1. 12 shows that even within

the high-risk ex-miners, neither the non-smokers nor the ex-smokers

showed any elevated death rate, except for rn.en with complicated CWP.
'-" ,,' {" ',' . , . .

On the other hand, smokers in every category of CWP, whether employed

or not, showed a significantly higher mortality. The greatest excess

mortality was observed in smokers with complicated CWP.

TABLE 1.12

Mortality of Appalachian Coal Miners by Category of CWP
and by Cigarette Smoking, 1963-1971

Smoking Category 0 Simple CWP Complicated CWP
habit - Deaths SMR -, Deaths SMR Deaths' SMR

Em.ployed Never smoked 31 72 2 39 '0 --
Miners Smoked in past 23 55 3 41 4 125

Smoked when .130 111 15 115 11 244
examined

Never smoked 37 73 7 95 , 7 125
Ex-miners Smoked in past 60 103 7 115 14 1;38

Smoked when 136 158 19 148 16 198
, examined.,

,-" "

(From Ortmcycr et aI, 1974)
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The best predictor of excess mortality in both employed and
r~ ,

ex-miners was airway obstruction (Table 1. l~). Airway obstruction was

defined by the, ratio of the volume 'of gas exhaled in·the first secoI1d o'fa
.',. .. ' ~ ::.

[orced- exhalation to the total volume exhaled, i. e., FEY. /FYC. being

less than 700/0. No miners, regardless of their employment or CWP-

status, showed any excess mortality, provided their FEY. /FYC ratio

Was atl'east 700/0.

TABLE 1. 13

Mortality of Appalachian Miners by Categor,y of CWP
and by FEY. /FYC Ratio, 1963~1971 - -, .

FEY. / Category 0 Simple CWP Complicated CWP
FYC Ratio Deaths SMR Deaths SMR Deaths SMR

Employed <'70% 76 115 7 69 11 192
Miners ~ 700/0 105 82 12 85 4 86

<70% 120 134 17 149 23 168
Ex-miners ~700/0 83 103 11 93 7 98

(From Ortmeyer et aI, 1974)

Some correlation was found between the severity of dyspnea and

the increased mortality in miners without CWP and in some with ,simple

CWP. However.. no such correlation was found for those with complicated

CWP. The presence of chronic bronchitis symptoms (cough with _sputum)

was associated with elevated death rates in all three groups of employed ­

miner~ andin'the';eX-rrliners-without CWP. Ho~~eYer,· the ex-miners with.
complicated CWP but no chronic bronchitis symptoms (SMR = 177) showed

a considerably higher mortality than the corresponding<'ex-miners with

such symptoms. "



Ortmeyer e~ al also discussedthe possible sources of disagreement

between their study and the one reported [or all U. S. coal miners in 1950.

The most probable origins of the d~£fcrence were: (1) misclassification

of-coal miners and ex~miner_sinthe 1950 deaths and populations; (2) exceedingly

high death rates 'among the 136 (6%) employed miners losfto follow-up in

their study; (3) a faster downward trend in death rates for coal miners

,than that for.,all U. S. males £I'om 1950 to the 'period 1963 -1971. Am9ng these
,·,c, ~" " - - . • .

three possibilities, the sec.ond one seems highly hypothetical. It should

also be noted that their study consisted of bituminous coal miners only.

whereas the 1950 study consisted of both bituminous and anthracite coal

miners.

While most_ effort has been concent:t:ated on respiratory diseases_

among the coal miners, other dis~~ses have also been observed to 1:'e high

in this occupation. Matalo et al (35) noted the earlier results of Dixon

that indicate a high incidence of gastric carcinoma in Carbon County, Utah.

Motivated by these results, Matalo and. his colleagues
.-

studied the incidence

of stomach cancer in Carbon and Emery Counties, the only coal mining

regions in the state of Utah. An adjacent non-coal mining area, Utah

County, was chos~n as a control.

The variables taken into account were sex, age, .ethnic group,

nativity, occupation, diet, house-heating system, blood type, family history

of cancer, and socio-economic class. The study included those patients

who were recorded to have stomach cancer in: the Rocky Mountain States
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Cooper,ative Tumor Registry. The SMR's for males was 342 in Carbon

County and 338 in Emery County when compared to the entire state of

. Utah. The SMR for Utah·C'ounty when compared to the entire state

was 77. Although the SMR was also high in stomach cancer for females

in the coal mining regions. (152 and 229 respectively) it was more

pronounced for males. The author notes that all the houses in Carbon

.a.nd Emery County were heCl;ted by coal as oppos,ed to natural gas or
., ~-:; ...'..' , ,'. • '-f "

electricity used in Utah C.ounty. The diet and socio-economic class

distributions are stated to be similar in the three counties, and although

in Carbon County a high percentage of the patients were foreign born, .

in Emery County the patients were mostly local residents. The authors

conclude that the high incidence of gastric cancer in' Carbon and Emery .

. Counties "could be related to frequent exposure to coal.carrying

carcinogenic hydrocarbons, in addition to the other unknown etiologic

factors. It .

The results of Matalo et al in Utah prompted Creagan, Hoover

and Fraumeni (36) to do the same type of analysis for a larger group. The

mortality from gastric cancer among the white population in23 coal mining

c0UI:lties in .se,,:,,.en states in the ·United States during 1950 to 1969 was'
. , ,',\

compared with the rates of other counties in the corresponding states that

were matched by educational level.

The number of fatalities was ascertained from the National Center

for Health StatisH-cs. Population estimates for counties were calculated

by linear interpolatio'n of census data for 1950, 1960 and 1970. SMR's

were calculated·for all the coal mining areas for both sexes. Among the.
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knales, there, were 969 d,caths attributed to stomach cancer compared

to 721. 6 death expected from ratcs in control countic~ (Risk Ratio = 1. 3.

p < O. 001). Among thedcmales. 51~ d,c.,aths were observed with ,446. 9
",- .

anticipated (Risk Ratio = 1. 2. P <. 0.001). The excess mortality in coal

. rniningcounties was slightly greater for men than women in all states

except Illinois and Ohio.

Among the males in coal mining areas. excess deaths were

observed in lung cancer (Risk Ratio =1. 3. P "'- O. 001), but mortality

'.

was significantly low. from leukemia (Risk Ratio =o. 9. P ~ 0.05),

and from colon cancer (Risk Ratio = 0.8, P ~ O. 001). The females had

increased deaths from cervix cancer (Risk Ratio = 1. 2, p' <:: 0.001) and

from lung cancer (Risk Ratio = ,1". I, P < 0.05), while mortality from

. breast cancer cIUsk Ratio = o. 9, P <. o. 001) and from colon cancer

(Risk Ratio = o. 8, P ~ O. 001) were less than the expected. Thus. there

was an excess in cancers associated with low socio-economic class, and

a deficit in cancers related to high socia-economic class. It was suggested

that the mortality experience reflected the socio-economic class status' rather

than the occupation.

Se~eral'other types o[.,cancE;rs have been mentioned as possibly

being related to coal miners, but data sources are small and the findings

are only suggestive.. Creagan and FrauITleni (37) suspect that the high

incidence of brain tumors in Eastern Kentucky for the time period 1963-

1969 may be' related to occupation. Most of the men iIi this area are,

engaged in either coal mining or farming. In another study. Wynder

et al (38) suggest a possible association bctween bladder cancers and

coal mining. However. the numbers were too small for any strong statement.
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In regard to cardiovascular disease among coal miners the results

of a recent study by Costello, Ortmeyer and Morgan is of interest (39). Using

the same cohort of 3726 Appalachian coal mirters;'which was discu~sed earlier,

they computed an SMR for working and nonworking miners for all.heart disease

and for the subcategory of ischemic heart disea~se. Comparisons were made

with both the standard U. S. male population and the male population of the

seven Appalachian states. The results are presented in Table 1. 14.

TA~LE 1. 14

Mortality of Appalachian Coal Miners
for Heart Disease and Ischemic Heart Disease

Working Mine r S

U.·S. 7 States U. S. 7 States
Obs. Exp. Exp. SMR SMR

All Heart Disease 76 104 108 73' 70
Ischemic Heart Disease 69 95 100 73 69
All Causes 200 242 249 83 80

Nonworking Miners

All Heart Disease
Ischemic Heart Disease
All Causes

122
114
272

117
109··
249

122
. 11,2
269

104
105'
109

100
102
101

No excess of cardiovascuiar disease is indica~ed in their findings. When SMR1s

were computed on the basis of weight and smoking status, both normal weight

and obese smokers in the nonworking. cohort had excess mortality, while only

obese smokers in the working group had.excessmortality•.

Th~ literatur~ in regardt~ the mortality and.mor.bidity of coal

mining is very. extensive and a compr<?,hensive review of all of it would. be

~33-



a large undertaking. The main purpose of this review was to provide some

hi.storical pers'pectiye in regard to the health problems associated with.

coal mining. while at the same time se~ecting those papers' which d~al more

directly with the types of problems this study may help answer. Thus. we

have discus'sed only the British apd U. S. findings. have emphasized mortality

studies rather than morbidity studies. and have not dis~ussed in as great

a: detail. as might be considered me~ited those studies which bave ~aken into

account variables (smoking, diet. etc.) which our study has not considered.

A brief summary of the studies we have presented and their results are

pr'esented chronologically in Table 1. 15.
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II. -Scope::!bf Present Study

The main purpose of this study is to determine whether or not coal

miners have anexc~ss mortality when compar_ed to the total-U. S. p()PYJ.a~ion..

In regard to the mortality experience of the U. S. coal, miner, the previous

studies have been so contradictory that even when essentially the same

control populations .have been used the results have diHered dramatically.

T. hus it becomes importantto resolve whether or not co~l miners as a -group
"' " " . ,,<.,"! •

have a high mortality when compared to the total U. S. population as

, indicated in (29, 30)" or whether their experience is more comparable to

British coal min~rs as indicated in (33, 34, 39).

Secondly, it is of interest to determine which causes of death, if

any, are as soc~ated with coal mining.· Of special interest are stomach

cancer, lung cancer, and nonmalignant respiratory diseases since these

have been the most frequently mentioned in the literature. There appears

to be agreement on the high rate of stomach cancer although its exact

relationship to coal mining -is obscure. The lung cancer rates among coal

miners are conflicting', and although there is general agreeme,nt that non-

malignant respiratory diseases are high, there is no general agreement

as to which subcategories are elevated.

Although it wo'Uldalso' be inte'resting to study mortality in regard to

length of exposure, amount of exposure, mining technique used and type of

coal mined, this is, unfortunat'ely, heyond the scope of this study. Partial

workhistories are avaiiable only for those miners who were pensioned and
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even in these cases some are incomplete since it was only necessary to
, , ,

show 'suf~i~ient'work ~xperience to be eligible for:;.pens'lon.-:, Exposure levels

can of course only qe crud~ly estimated for that time period. Even the

mining techniques change over 'time and a worker would.. probably be exposed

to several different techniques., Furthermore, the fact that the same technique

produces such a large variation in dust levels at different n'lines (40) may

indicate that any relationship, even if it existed, might be difficult to

recognize. Some indic::ation might be obtained in regard to the type' of coal

mined, although for the Appalachian region the rank of coal varies to such

an extent that it might be necessary to undertake the difficult task 0·£

identifying the mine in which a miner was employed•."~·The problem also

exists that if the miner were mobile he may have mined coal of varying ranks.



III. Mate rials and Method s

A. Delinition of the Cohort and Da~a Froce ssing

The United Mine Workers of America Health and Retirement,

Funds (the Fund) at the timeo! dat~ collection had re co ("ds [or approxi-

mat'ely 550, 000 men who at one time had been eligible for medical

benefits •. Of these, 190, 000 were kept separately and we will hereafter

refer to them as the Active File. This represented men who at the

present time were eligible for medical benefits. A man remains eligi-

hie for benefits as . long as he meets one of the following three conditions:

(1) he is a working miner in a signatorycompany*

. (2) he is pensioned

(3) he is unemployed but he has worked for a signatory

company within th.:l last year**'

The remaining 360,000 records were f~r miners who were no'

longer eligible for benefits (Inactive File). Since many of the men in

this file may again become eligible, there is a certain amount of trans-

ferring th':lt takes place between the two files. However,· in order to

create filing space the Fund has in some cases destroyed records of men

whom they feel"have no possibility of again becoming eligible for benefits.

. .

The last time this occurred for this file was in 1958•. Therefore, the

date which was chosen to define the cohort was January I, 1959.'

* There is a minimum requirement as regards number of hours and
there are certain jobs which do not qualify the miner for eligibility.

** II a mine r is eligible,Jor Workmen's Compensation, he may be
carried for up to 4 years.
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The Fund record contained name , social ~c curity numbe r, dis-

trict numbe r, local union numbe r, birthdate. age, and 'fast kno~n

addre s s. The first date that a man entered the Fund was ·also .indica-

ted. However, since for 72.60/0 of the cohor~ this date corresponded.

- -
to the"earliest date listed on Fund records (July I, 1950) and. of course.

in no case was the date later than January 1. 1959, it was not adequate

for estimating length of exposure. lC a miner was no longer covered by

the Fund, there was' a "VOID" stamped on the record with the date he

became inactive and the reason. II a man had been pensioned, the record

was stamped to indicate this but, in general, there was no pension date.

1£ the Fund had knowledge of the mine r' s death the re cord was stamped

IlDECEASED" with a date of death. On ITlost records, but not on all of

th,~rn, the dependents of the miner were also listed, a l1d in some cases

these were useful in the later stages of follow-up. The pe riod s of in-

activity afte r the miner joined the Fund we re indicated in various place s

on the back of the re cord and this info.rmation was ne ce s sary in order to

determine which men were active on January 1, 1959.

A 10% sample was taken of the 550,000 records by taking a ran-

dom start for each file cabinet drawer and selecting every tenth record.

Afte·r a r~cord was ~eleetedan examination was made to determine if

the miner was eligible for Fund benefits January 1, 1959. If the miner

was eligible, the rec·ord was microfilmed. The final number of 23,253

thus represents a 10% sample of miners eligible for benefits January 1,

1959. Twenty of these we re subsequently eliminated from the cohort.

One miner was excluded because the birthdate was omitted fro·m hi's



record. The remaining nineteen died prior to January I, 1959 but

were still considered eligible on that date per way of Fund records.

~Iter workable copies of. the records were .obtained, codiri'g

jackets or envelopes were prepared and the reproductions were inserfed. .

for later coding. All information .subsequc ntly obtained fo r each miner

was kept in this folder, which was constructed so that all coding could

be dOI'le directly onto the front of the envelope. All coding v.:as verified
• ~J

independently by a s~conq clerical person. Cards were keypunched

directly from the front of the envelopes and all work was verilied inde-

pendently by a second keypunch operator. After reading the cards onto

tape, a program was written to. edit the data and any discrepancies were

resolved. Corrections were made on both the tape and the cards in order

that a "back- upu file be maintained.
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B. Follow-Up

'An esse'ntial part of this' or·any. other 'mortality. study is the;

ability to make a vital status determination ofaU~dhortmembers during

the period of observation. In the case of the Miner's Health and Retirement

Fundscohort this determining date was December 31, 1971. Figure 1

presents a summary of the results of the various follow-up procedures.

The 9100 men in the Active File were assumed to be alive at the

end of the follow-up period and no fur,therfollow-up was·initi~ted. The

relll3.inder were submitted to the central data processing office of the

Internal Revenue Service. After submitting a deck of punch cards

showing name, social security number, and other identifying information,

we were sent the 'date the last income tax return was filed. Of the

group submitted to IRS we identified 3588 of the miners as alive at the

end of the. studypedod. A mine x: was considered alive. December 31, 1971
,.- L" .,

per way of IRS return if both of the following conditions were satisfied:

(1) An income tax return was filed in 1973. (for the .earnings

in 1972)

(2) The miner himself signed the return .and there was no

indication of a death.

Thus, even. if a .return wa~:fi1ed in 1973 the nUner was not assumed to be alive

if only his wife's signature was present or if there was any indication of a

death. In these cases an attempt was made to obtain a. death certificate to

verify exact date of death.
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In the meantime, while awaiting the information from IRS, a search

was made'at the Fund Cor the death certificates of the min-era whose Fund

record indicated a death. Since the Fund paid a death benefit for which

certification of death was required, many of these certificates were

available •. Approximately 3500 acceptable death certificates were obtained

at the Fund. An additional 2500 certifications of death were obtaine-d but"

they were not an original state copy and provided only a summary

(underlying ca~~e and date o'f death) of the information recorded on the

state certificate. However, provided with the date of death and the state

in which the certificate was :filed. the original certificate was readily

obtained. Approximately 780 additional mtners were indicated dead on the

Fund record but n.o certificate was on file at the Fund. Most. of these·

certificates were subsequently obtained by sending requests to the ste-.te

of last residence and in some cases by supplementing this information with

t1postoffice follow-up". In swnrnary, state certificates were obtained for

6745 of the .coal miners identified by the Fund to .be dead. Of this group

approximately 88% had died prior to December 31, 1971.

For the remainder of the cohort. a total of 3800, there was no

conclusive evidence available froIn either the Fund or IRS. At this point.

two follow-up procedures were used simultaneously. - First,U. S. Postal

Service "mailing list correction cards" were sent to the local post offices'

to ascertain if the study subjects moved to a more recent address than the

one shown on the .Fund records. Quite often, three or four states may

have been involved if there was any mobility. I! there was any indication
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of a death; a request .was made first to the latest addre.ss and eventually,

if no results were obtained, requests were made to the states of previous

re.sidence.

Simultaneously with the "post office follow-up~'a request was

made to the Social Security Administration data processing section in

Woodlawn, Maryland, to provide us with information -concerning the'

study subjects'ben'efit status•. Th~)r.esulting possibilities were: making
.' ~ ,...-~,. .' ;" ' . , ' .' . , . "

contributions "to the Social S.ecurity fund; receiving benefits from the Fund;

death cla~ms filed; no record; or wrong information (incorrect S.S. number,

etc.). A miner was assumed to be alive if he was. makin.g contributions

to the Social Security fund or receiving benefits. If a death claim was

filed, Social Security supplied either the state of last residence, state of

last claim, or the state of last employ~ent. Death requests were then

made to the appropriate state.

Of'the 3800 who still had a vital status that was Undetermined,

1597 were indicated alive by either Post Office or Social Security. Of this

1597, 70% were identified as alive by both sources. D.eath certificates were

obtained for an additional 1769 miners. who were identified as dead either by

Social Security or Post Office. In many of these cases it wa.s necessary to.

send to several different states or have information provided from other

sources before the .death certificate could be obtained. By this point in the
. .

study it became difficult to give credit toone particular source for resolving

a case, since many follow:"up operations were proceeding simultaneously.

With the above stated sources of vital status information completed

the in:-depth inve stigation was initiated for the. 434 case s for whom. no
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definite resolution had been made. Of necessity, because of the time delay

between approach and response, some of the steps taken would be overlapping

or duplicate effort. Lists of study subjects were. mailed fi:rst to thedis,trict

office s, and then to the local union offices of the UMW of A., Any new

information was used in conjunction with Postal Service cards and death

certificate requests in an attempt to resolve the question of vital status.

Next we matched our "lost to follow-up" cohort to the total study

population on the basis of social security number and last known address.

Since two workers having social security numbers close in sequence might

also indicate proximity of employment at the time numbers were assigned,

letters were sent to study subjects whose. social security-numbers would be

close tc? the "lost to follow-up subject." Letters were also sent to Local

. .

Union officers with a ,proxiInity in address to those men whose vital status

was still unresolved.

Additional methods of follow-up included queries to the widow or

other famUy member of the deceased study subject (determined from earlier

advice) asking for a specific place and date of death and inquiries to hospitals,

nursing homes or morturaries •. Finally, information was obtained from R. L.

Polk directories and telephone directories in an attempt to obtain an initial

";.'- .. , ,', .

indication of vital status which could be"pU:rsued using some of the previously

mentioned techniques.

Thenet result of all of these follow-up procedures is that the vital

status of all but 235 of the original cohort were resolved at the time of

analysis. Furthermore, due to the long time taken by many: of the states to
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respond to Qurr.equests., we",continu.e to obtain ce~rtificate:s for requests made

three months ago. Thus, we now have made vital status determination for an

additional 130 mine rs whic:h when coded and added to t1;e co!tortwill red (icce

the number "lost to follow-up" to 105.

a-nee the vital status was determined, it was neces,sary to determine

which· men had died from a spe cific cause of death. All 7,628 deaths were

c~~firmed by death c,.ertificates. I?eterminC!-ti~n and coding of the underlying

and contributory causes of death was done by a nosologist trained at'the

National Vital Statistics Division of 'the United States Public Health Service

in Rockville, Maryland, according to the Seventh Revision of the International

List (41).
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FIGl.TRE 3.1

Summary of Fo11ow~upa5 of December 31, 1971.
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c. Methods. of :Analysis

. Two summary measures of risk are presented in this report to

compare cause - spe cHic mortal;tyand toidentiIy,:tho,se ca.uses showing

statistically significant excesses and deficits. The first of these, the

Standardized Mortality Ratio (SMR), makes use of an external comparison

group. SMR analysis was done using both the total United St'ate smale

population for the:years 195'9 through 1971 and the total United States male
• ,~< ' •

population in 1965 as contro~ groups.

The SMR's are adjusted for age by the indirect method, utilizing

the total U. S.male population as a standard. Age-.andcause-specific

mortality rates in.the standard population were applied to-age-specific

subgroups of the coal miners at risk in each calendar year of follow-up,

1959-1971. to obtain the number of deaths e~pected within each subgr')up•.

. The SMR is then computed as the ratio of the sum: of the observed number-of

deaths to the sum of the expected number of deaths, summation being taken

ove r cale ndar year and age - group. Significant deviations from one, indicating

excesses or defiCits in coal miner mortality relative to the control group,

are identified by examining confidence intervals placed on the SMR paramete r •.

Under the assumption of ,a Poisson distribution oI deaths, these bounds are

-obtained as documented in- (42). SMR I S are cons idered to be significantly

different Irorn 100, at the 5% level, if their 95% confidence intervals do not

-- contain 100.

Since the=9bse rvation pe riod for the study spans the time period

for part of the Seventh Revision LCD and part of the Eighth Revision lCnA (43),
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when using total rates [or the years 1959-1971, an adjustment was made so

that causes of death coded by the two diHerent revisions would be'as ",. ,.'

comparable as possib~e. This'a:djustment was ,based .on a compara,bility'

ratio (44), which was computed by using the results of all dea,ths occurring

in 1966 coded according to the Seventh Revision lCD, and a ra.,ndom sample

of the,se same 1966 deaths stratified by cause and coded.according to the

Eighth Revision lCDA. The. ratios were computed by dividing the numbers of
• '1'

deaths estimated from the st,ratified random sample (coded by the Eighth

Revision) by the numbe rs of deaths assigned to themo st comparable cause s

,
when coded by the Seventh Revision. Appendix 1 gives those causes of death

for which we have comparability ratios and presents the category numbers

according to the Seventh Revision lCD and the category numbers of the most

comparable category according to the Eighth Revision leDA. A more

detailed description can be found in (44, 45, 46).

Although the use of comparability ratios 'provide's a method of

conversion~from the Seventh Revision lCD to the Eighth Revision lCDA,

'-there are several disadvantages to this method:

. (l) Since the method has not gained wide spread use, it

remains unfamiliar to many investigators and may be

considered by some to be an "unproven" technique.

(2) In addition to being subject to sampling errors, these

ratios ~ay have introduced a bias into the results' since

th~y we re computed using death ce rtiIicate s lor both male s

and females. Furthermore, if the ratio is age-related,
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the necessary informat.ion is not available to adjust for

age diHe renee s between the standard and study populations.

(3) The selection of the causes of death to be evaluated is

limited to those for which comparability ratios are

available.

(4) Although the specific-causes of death can be interpreted

indiv:idually, when considered as a subcatego:,y of a larger

group one ~btains the undesirable result that the sum of the

expected deaths may not be equal to the sum of the

observed. Since many of the comparability ratios are

close-to 1. 0 the deviation of the total expected from the

~otal observed was small compared to the numbe r of

deaths being evaluateC'.

Because of the se limitations,: all of the Standardized Mortality Ratios

were recomputed using the 1965 u.S. male rates. This latter procedure

bas the advantage of not requiring comparability ratios since both the death

certificate s and- the stand~rd population mortality case s we re·. coded according'

to the Seventh Revision ICD~ Also, for the 1965 rates, a more detailed

evaluation [or cause of death is pos sible since we are no longer limited to

those cause s [or which comparability rat ios are available. The disadvantage

of us ing only one year as representative of the total obse rvation pe riod is

that misleading re suIts could be obtained for disease s which. have a trend

or which vary .from year to year.

Fortunately, the Standardized MortaJ~ty Ratios obtained using. the'



two different control groups identified the' same causes of. death as excessively

high. Therefore, for the coal miner.s' cohort, the choice of the more.

appropriate control between the'se two alternatives is more of an academic

que stion than a. practical one.

Unfortunately, complete information on the racial. composition of

the cohort was not available. For the 7628 individuals who died during the

pe riod of obse rvation, examination of 1he d~ath certificates revealed that 6660

were white (87. 3%), 646 we~e- nonwhite (8. S%), and 322 (4.2%) were unknown.

Without making unfounded assumptions about the mortality rates of white

versus nonwhite coal miners, .it is, not'possible to obtain estimates of the rates

. for the individual race s. As a re suIt, no adjustment is made in the analysis

for race. Howev~r, all calculations were redone using th.e total U. S. white

male rates. For most causes of death the change in SMR was small (Jess than 10%).

Those causes for which there was a appreciable change will be discussed in

the Re s ult s Se ct ion.

The s~cond measure used in this report. the relative'risk. is

based upon an internal comparison using the remainder of the miners'

cohort. This relative risk and the test of significance associated with it are

based on the methods of Mantel and Hae ns zel (47, 48). This risk repre sents

a weighted average of the odds ratio within each coal miner subgroup and,

as such. is actually an.approximation to the relative risk. The weights

are inve rsely proportional to the subgroup variances, thereby providing a

means of -adjusting for -any variability that may occur within the control

population. Using the total coal mine'rs' cohort as a comparison group,

the ~xpeeted number of deaths i~~~ workers in agiv'en subgroup is obtained
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by applying the age-adjusted cause-specific mortality rate for 'the

control gr~~p to' the ,nli:~ber of 'coal mi~ie'rs aLrisk in the "subgroups."

The corresponding relative risk, which is adjusted by age ,and by

calendar, pe riod of death, is computed 'for each' subgroup of intere st,
"',_'. _ ,0

enabling identification of cause s showing exce s s and deficit mortality'

risks and comparisons between"groups to be made., A summary

chi-square statistic with one degree of freedom is used to te st

whether the relative risks are significantly different from' one.

Each Fund record has the miner's district number and these

can be. associated with certain geographical regions. In computing

a relative risk a subgroup consisted of those districts which were

served by the same area medical office. Thus, we can obtain,

SOIne comparison between various geographical regions. The

local union numbe rs we re also available, but the se have changed

to such a degree (mergers, etc.) that they could not be used for

analytical purposes.:

In considering cause-specific mortality of coal miners,

some, attempt will also be in:ade to take into account the contributory

cause s of death. It is felt that in an occupational group such as

coal mirters, dis~~ses may be under reported ,if only the underlying

cause is conside~red. The reiore, multiple cause of death coding

was done fo r all the miner s in the study and an inve stigation will

be conducted in regard to the relative frequencies with which a'

speci~ic cause is r~ported~ as underlying or contributory. The
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procedure 5 used in doing the multiple cause of death coding can be

found in Appe ndix I.

In describing the met~odology used in the ·p.resent study, it 1"5

important to be aware of some of the limitations of these techniques.

The nature of these limitations, which are present inmost

occupation~l mortality studies, have been well characterized by

others, and will be only briefly summarized here.

First we conside r the concept of "statististical significance."

Those· SMR' s found to be "statistically significant" at p = .05 we re

indicated in the tables. This significance level was used primarily

to indicate which cause s of death might be of inte re st for furthe r

evaluation. It should be noted that when a large number of tests

are· condude.d. some reje ctions will occur by chance alone. This

is a well known. situation and is.9ften refe rred to as the "problem

f . 1·' 1 ."49o mu tlp e corn.partsons. Also in regard to significance, one

must always differentiate between ,. statistical significance I' .~n.d

"practical significance." Thus. if the sample size is large,

even small nume rical difference s, may be statistically significant.

However, if variables known to affect mortality for this cause

have not been taken into account, are known to produce differences

larger than the one observed, the result might not be regarded

as having "practical significance." This differentiation is just

one manife station of the fact that a variety of interpretations can

be given as to why a particular cause of death has a highe r rate
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than expe etation.

In tlii'~" st~dy, the comparison group was·"the total U. S. male

population. Since 'working a job can ..be .consideredseleetive in

regard to health, the ,mortality ,rate of a working population is

typically Ie ss than that of the total U. S.,population.. This effect

vades for different occupational groups, and for different causes

of death and the reduction in. mortality rate for a working

population due to the IIh~althy wo ike re£fe~t" ha:sb~en estimated

by various source s to be in the range of 1O%.to 40%. Unfortunately,

the' "healthy worker effect" is confounded with occupational

environment and interpretations of .. an SMR for a working population

in the range of 90-11 0 could vary considerably depending upon

how large one assumes the "healthy worker effect" to be.

Finally~ one~~st be' conscious;'of ~hatg-rol1P thesitnple

can be conside red repre sentative. This study is re strieted to .

miners who were members of the United Mine Worke rs Health

and Retirement Funds on Jan~ 1, 1959. This include.s only

bituminous coal mine rs. Estimate s based on our method of

sampling indicate that there were approximately 65,00 miners

pensioned by ·.th~ Fund o.nJan. I, 1959 and approx~rn:ately

165,000 active miners at that time. This latter'figure

represents more' than 90% of the 180,303* men recorded as

*Number obtained from the Bureau of Mine s
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actively employed in bituminous mines in .1959.
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IV. Results

A. Mortality Experience of the Coal Miner Cohort nJn-d'erlying <:;ause)
, . '", ," ' ..,' ~

The total number of miners in the cohort was 23, 233. At the

time of the analysis, the infoJ;mation as regards 'vital status was pr.ocessed

for 22,998 of these miners, a group representing 99% of the. cohort. or

this n~mbe r '7628 (33%) died during the pe riod of observation. A listing

of the underlying causes of'death coded according to the Seventh Revision ICD

is given in Appendix II. The unusually high number of deaths for an

occupational study of this type is due in part to the· age distribution of the

cohort (Table 4. I). As indicated in the Table, there .are a large number

o-f men in the old,er age groups, a result of the fact that the cohort consists

of both ac.tivemine rs and pensione rs •. The requirement for pens ion in
I

1959 included the restriction that a man be at least 60 years old. In the

present section, we evaluate the mortality of the combined group of

pensioners and nonp~nsioners. Comparisons of the mortality patterns

between the se two groups will be evaluated in the next se etion.

Guided by the cause 5 for which comparability ratios we re available.

age-adjusted SMR's were computed for the coal miner cohort for the general

causes of death listed in Table lA of Appendix III. A more detailed breakdown

was done for "neoplasms"'and "cardiovascular disease" and the specific

causes of death within these categories for which an SMR was computed

can be found in Tables IB and IC of Appendix IIl.~ .The corresponding

SMRls for the 22,998 men in the coal miner cohort are presented in



AGE GROUP

ALL AGES

'" 30
30-34
35-39
40-44
45-49
50-54
55-59

. 60-64
65-69
70-74
75+

TABLE 4.1

Distribution of Coal Miners by Age

FREQUENCY

.22,998.

1,136
. 1.720

2,300
2,414
2,681
2,298
2,111
2,030
2,382
2. 103 .
1,823

PERCENT

100.0

4.9
7.5

10.0
10.5·
11. 7
10.0
9.2
8.8

10.4
9. 1
7.9



Tables 4.2A, 4.2B, and 4.2C.

The cohort shows excess mortality [rom "accidents" and from

mariy o·c then~rimaiignant ~e spiratory dise ases. Influenza, .emphysema,

asthma, and tuberculosis all re sult in significantly high SMR 1 s. Ill-

de!in~d causes and the category "all other causes" are also significantly

high, while diabetes, peptic ulcer, cirrhosis, and cardiovascular disease

reveal significantly low SMR's.

1. ' Malignant Neoplasms - The ,observed and expected numbers

of deaths for neoplasms were 1223 and~1252•. 2, respectively, yielding ~n '

SMR of 97. 7. The Inore detailed breakdown pre sented in Table 4.2B shows

that the only cance r which are, significantly high are those of the re spiratory

organs with an SMR of 112.5. Of the 373 deaths froIn, respiratory cancers,

352 were classified as cancer 6Ithe lung (ICD 162-:162). Although the

excess due to respiratory cancer was significantly high, it could be related

to nonoccupatio~al[3:ctors. The S'M·Rof 1-12.5 is well within .therarige of

"whatmight result from differences in residence, or smoking habits of the

control and study groups (42).

Also of interest is the category of dige.stive cancers. One of

the few'results.agreed upon by all previous investigators is the high
.':~ J • l' . .

incidence of stomach cancer noted in coal miners (21~29, 35, 36). SMR's.

were computed for stomach (lSI) and colon (153) cancer separately, using

comparability ratios of 1.02 and 1.01 (46). The SMR for stomach cancer

. was 134.9 (P < .05h while. for colon ca:ncer, the SMR of 70.9 was

.signiIicantly low. The remainder of the digestive cancers considered as

a group revealed :mortality close to expectation (SMR = 99. 1). A number
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TABLE 4.2A

ObserVed and Expected Deaths, and Standarrlized
Mortality Ratios for Coal Miners for Selected

Causes of Death (N =22,998)

42 46.2 91.0

·408 283.0 144.2*

81 81.3 . 99.6

30 26.1 115.1

162 86.2 187.9*

625 459.5 136.0*

Cl\U5C OF OL/\TIl

'All C.lUSCS

All Malignant Neoplasms

Benign and Unspecified Neoplasms

Maj~r Cardiovascular Diseases

Bronchitis

Acute Bronchitis and Bronchiolitis
" - '. <':

Chronic and ,Unqualified Bronchitis

Influenza

Pneumoni'a

Emphysema

Asthma

~uDerculosis

Syphilis

Other Infective and Parasitic Disea~es

Diabetes Mellitus

Peptic Ulcer

Cirrhosis of Liver

Cholelithiasis, Cholecystitis, and
Cholangitis'

Nephritis and Nephrosis

·Acciden~s

.Suic1des

Homicides

Xll-Defined C~uscs

All Other Causes

Ob::o. r.xp.

1628 '7506.1'

1223 . 1252.2

14 14.4

4285 4501~2

'<27 31.5

1, 2.5

26 29,0 .

28 14.8

21.1 232.3

··170 118.3

32 18.3

63 43.3

16 13.1

1~ 17.6

64 110.2

42 58.7

64 104.9

22 16.7

.,,*
s~m,

97.7

97.5

89.7..

189:6*

93.4 .

143.7*

174.9* .

145.5*

122.3

14.1

58.1*

. n.6*

61.0*

132.0

\lit StandarQizcd Mort41lity R41tio "(SMR) is significantly different
from 100 at the 5% level.
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TABLE 4.2B.

Ob"s~rv~d and E~pected Deaths, a;ndSt~:iid'ilrdized
Mortality Ratios for Coal Miners for,'Selec'&:ed
Causes of Malignant Neoplasms (N = 22,998)

CAUSE OF DEATH

All Malignant Neoplasms

Buccal Cavity and Pharynx

Digestive Organs and Peritoneum

Respiratory Organs

Breast

Genital Organs

Urinary Organs

Leukemia and Aleukemia

Other Lymphatic and Hematopoietic

All Other Sites

Benign and Unspecified Neoplasms

:Obs.

1223

31

408

373

o
124

66

50

58

il3

14

Exp.

1252.2

37.8

419.8.

331.5

1.9

151.0

75.8

50.0,

57.8

125.3

14.4

*SMR

.97.1

81.9

97.2

112.5*

82.1*

:87.1.

100.7

100.4

90.2

. 97.5

'4' Standardized Mortality. Ratio (SMR) is significantly different
fro~ 100 at the .S% level.



TABLE 4.2C

Obs erved-andExpected Deaths, aiJ.dStindar~ized

Mortality Ratios for Coal Miners for S.elected .
Causes of Cardiovascular Disease-(N =22,998)

CAUSE OF DEATH

Major Cardiovascular Diseases.

Active Rheumatic" Fever and Chronic
Rheumatic Heart, Disease

Hyper~~nsive Heart Disease

Ischemic Heart Disease

Chronic Disease of Endocardium and
Other Nyocardial Insufficiency

All Other Forms of Heart Disease

Hypertension

Cerebrovascular Disease

Arteriosclerosis

Other Diseases of Arteries,
Art'erioles, and Capillaries

Obs ..

4'285

35

213

2823·

38

133

58

802

133

50

Exp.

4501.2

46.8

199.4

2922.2

56.1

136.2

49.5 "

'832.3

159.0

76.6

*SMR

.95.2*

106.8

96.6

67.0*

97.6

117.1 -

96.4

83.6*

65.3*

• Standardized Mortality Ratio (SMR) is significantly different
from 100 at the 5% - level •.



of nonoccupational variable s have been related to stomach cance r in the

literature including socio-economic status, ethnic background, geographic

region, and diet. The only study mentioned in this report which controlled

for these variables was the one reported by Matalo (36), <and 'hestill

.obtained a significantly high SMR for~.·stomach cancer. The low incidence

of colon cancer is also consistent with his results.

2. Cardiovascular Disease - The observed and expected

numbers of deaths forcard'iovascular diseases were 4285 and 4501. 2,

respectively, No subcategory had an SMRthat was significantly high,

and only two, hype rtensive heart disease and hype rtension, showed SMR' s

greater than 100. Since. hypertens ion',is. known to be highe r in blacks, . some

type of adjustmept for race could be more important here .than for other

cause s .. ' The .~MR' s for hype rtension and hype rtensive heart disease we re

. recomputed using the total U. S. male rates for whites~ The results showed.

an SMR of 130.3 for hypertension and 124. 1 for hypertensive heart disease,

the latter being .significant (P <.05). It should be emphasized that the

SMR' s ba'sed on the white rates give an upper bound for the true SMR, with

the true values probably lying between .the values obtained using ~he total

U. S. male rates and the white male U. S. rates.

3. Norima1i-gnantRe~spirCl.toryDise~se - The coal miners'

'showed excessive mortality from most of the nonmalignant respiratory

,disease s. Urifortunately, comparability ratios were not available for many

·of the subcategories of interest. Of those which could be computed, influenza,

emphysema,~ asthma, . and tuberculosis all resulted in significantly high

SMR's (P. < . 05). Only pneumonia and bronchitis showed SMR's lower than
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expectation (93< 4 and 84.8, respectively). The remaining nonmalignant

re spiratory dise ase s we re 'grouped with all othe r cause s, providing an

explanation for the observed high SMR (136.0). or the 625 deaths in the

category "all other causes", 299 were due to nonmalignant respiratory

diseases, and of these, 187 were due to pneumoconiosis (lCD 523-524)

for'which no rates were available.

4. Disease s with a low SMR - It is intere sting to note that

diabetes, peptic ulcer, arid cirrhosis all yielded significantly low SMR's •

. The' result for diabete s is not surprising since this was one of the few.

diseases reported as having a low SMR in the study based upon the 1950

census (28, 29).

5.· . Accidents - The observed and expected numbers of deaths

due to accidents were 408 and 283.0, respectively, resulting in a significantly

high SMR of 144.2•. Within ~hi~ 'group, 103 were killed in mine diaste..rs or

. cave-ins. Eliminating these 103 deaths from the com.putations reduces the

SMR for accidents to 107. 8~ which is not significantly greater than 100 at

the 50/0 level.

6.· Ill-defined Cause s -:. The high SMR for ill-defined causes

may be due to the characteristics of the areas in the country in which coal

mining. com.m.uilitiesare usually located. In these generally m.ore rural.

areas, the proportion of death ce rtificate s that do not indicate a specific
...

cause of death tends to be highe r than the propo rtion in urban areas~·

7. All Other Causes - As was mentioned previously, the high.

SMR noted for this category is probably related. to a large degree, to the
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inclusion of 299 de ath s from. nonmalignant r~ spn·atory diseases. Unfortunately,

the comparability ratios which we re ne ce s sary for a more detailed evaluation

were not available.

"The lack of availability of comparability ratios for some of the

causes of death is one of the main reasons for redoing the analysis using the -

1965 total U. S. male rate s. A summary of the observed ~nd expe cted deaths

,and SMR IS for se Ie cted cause s of death using· this corriparison group is
.!. -.., J~.

presented in Table 4. 3A.. More detailed breakdowns for "neoplasms",

.Ilcardiovas cular disease s", and nonmalignant re spiratory diseases" are

provided in Tables 4.3B, 4.3C and 4.3D.

A comparison of the SMR's using the 1965 rates to Tables 4.2A. 4. ZB.

- and 4.2 C show the re suits to be quite similar. The only significant change

occurred for influenza, where the SMR in~reased to 348. 6. This change is

·D1ost probably a' function of the large year-to-year variation in mortality from

. this cause and the fact that in 1965 the death rate was relatively low; for the

years 1960, 1963, 1968, and 1969. the u.s. death rates -for influenza.for

.n1any age. groups were four times as high as the 1965 rates. -

.As sugge sted previously. removing the nonmalignant respiratory

·diseases from the category "all other causes" reduces the SMR, the resulting

-·value of 79.0 being significantly low. The SMR for the category "nonmalignant

respiratory disease s" is 157. 1 and is stati"stically significant (P < • 05). A

-::tnore detailed breakdown of the causes of death within the nonmalignant

.respiratory disease category is shown in Table 4.3D. As was mentioned

earlier in this report. the SMR for influenza is rnisle.ading since the 1965

total U. S. ITlale rate for this cause was low. Primary atypical pneumonia
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(lCD 492) and chronic interstitial pneumonia (lCD 525) a.rc high, hut these,

diseases are too nonspecific to. attribute to particular causes. Bronchitis,

found to be high in some previous studies. has';an SMR 0[85. O. It is

·interesting to note, however, that all of the deaths attributed to chronic

bronchiti~ also mentioned emphysema (lCD 502). Emphysema as an underlying

'. ca.use of death without mention of bronchitis (lCD 527. 1) was also significantly

high (126.3, P <.05). The largest .SMR was Jor pneumoconiosis (leO 523, 524).

-Since standard rate s for the total U. S. population are not available for this

cause of death, it is not possible to compute an actual SMR•. Therefore, the

SMR was computed by using as a comparison the combined rates of causes of

··death 511-517, 520, 522 -524, the smalle st disease category available which

·:contains pneumoconiosis as a subcategory. Thus, the SMRof 925.7 is

conservative.
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B. Mortality of Pensione r.s vs. Nonpens ione rs

It was noted earlier in this 'report that the cohort of 22,998 coal

mine rs included me n who we re,:aJready p~nsioned on January I, 1959. Some

of the problems associated'with drawing fnferences about a working population

"
from a group of retirees have been discussed elsewhere (50, 51, 52, 5~j.

·Obviously, the ,pensioners are a select group in that they consist only of

,

,thos,e men who have survived long enough to retire. In view of this. an attempt

was made in this study to identify those miners who were pensioned on '

,...January I, 1959 and, using this information, to compare the mortality

-experiences of the pensioned men and the nonpensioned'men.

"'The 085 card (the record which ,was microfilmed) for each miner

indicated whethe,r or not he was receiving a pension but, unfortunately, did

not pr~vide the pension date. As a rer;ult, it was necessary to decide on a

'criterion for determining which of the miners listed as pensioned did, in

fact, hold this status on January I, 1959. To do this, it was assumed that

,all miners retired as soon as they we re eligible to do so which, in 1959,

was at age 60. While t~ere were, undoubtedly, exceptions to this.. the

.assumptton,appears to be a reasonable one. Thus, all miners in the cohort,

.who were 60 years old as of January I, 1959 and whose 085 card indicated

,a pension, were considered to be in the pensioner cohort. The resulting

'number of men satisIying these, conditions in the cohort is 6524. which

-compares favorably with a figure representing 100/0 of the pensioners which

the Fund had on record as of July I, 1959,0.r approximately 6549 men (54).

Once the pensione r group was identified, Standardized Mortality

Ratios we re computed Ior both the pen'sione rand honpen-sione r cohorts

..71 ..



using totaLU. S. male rates •. The results for the nonpcnsioner cohor.t are

shown in Table s 4.4A, 4.4B, and 4.4C, while those for the pe nsione r

cohort are presented in Table s 4. SA, 4. SB, and 4. se.

The nonpensi"oner group showed an SMR of 106~ 1 (P < • OS), and

this was higher than the SMR of 98.3 obtained in the pensioner group. The

pensioners tend to show slightly higher mortality from cancers, but their

overall SMR from all malignant neoplasms is only 104.6. In fact, the only

neoplasm [or which observed deaths exceed expected deaths in both groups

i~ respfrafOry 'canc'er, .whe~·e theSMR fbr the pensioners is 115.8 and for

the nonpensioners is 109.9. Although the SMR for all digestive cancers

was significantly low for the nonpensioners, a further breakdown for

selected sites showed the same pattern. as for the total cohort; the SMR's

for stomach and colon cancer were III and 62, respectively. An even

larger diHerence was apparent in the pensioned group, where the SMR for

stomach cancer was 151, compared to anSMR of 77 for colon cance~r.

An examination of the SMR's for cardiovascular. disease also

showed a slight difference between the pensioner and nonpensioner cohorts.

With the exception of rheumatic fever, the pensioners' SMR's were lower

than those of the nonpensioners for all subcategories of cardiovascular

disease. However, this is primarily due to the deficit of heart disease in .

the pension group (chronic disease of endocardium 49.4, arteriosclerosis 70.5,

cerebr'ovascular disease 91. 4) rather than to an excess in the nonpensioned

cohort.

For nonmalignant respiratory diseases the pattern observed when

. evaluating the ,total cohort appe.ars· to.betrue for both the pensioned and

~7Z.-



nonpensioncdcsubgroups •. Namely, high SMR's for .influenza t emphysema,

asthma and tube rculosis. B ronchitisand pne umonia are not highe r than

expectation for either cohort. The farge,st dif£er~nces between the two

cohorts appeared for inLluenza and tuberculosis, both of which showed

higher SMR's in thenbnpensioned cohort.

One of the more pronounced differences in cause specific mortality

between pensioners and nonpensioners was for accidents. Of the total

number of deaths from this cause. 164 occurred in the mine. Since the

.
pensioners are not at risk for occupational accidents, it:wouldbe more

appropriate to use the SMR of 181.0 for the nonpens ioned group in depicting

the SMR of the U. S. coal miner for this cause of death. Ii :mine disasters

and cave-ins are eliminated, the observed number of deaths for the

nonpensioned gro'up.is reduced to 216 with a corresponding SMR equal to

122.5. h, in addition, all accidents occurring' at the mine are eliminated,
" . "", .. .'.

the-observed numhe r of deaths is 164 and'the SMR is 93. o.

Other cause s which we re' highe r in the nonpensioned group included

ulcers and nephritis •. The pensioners showed highe,r mortality than the

nonpensioners for cirrhosis and cholelithiasis. Diabetes showed a

significantly low mortality in both the pensioned and nonpensioned group

(55.0 and 62.2, respectively).

Subsequent to this analysis, we ,decided to verify Ollr assumption

that most of the men who had been listed as pensioned by the Fund records and

who had been 60 or over by January I, 1959. were, in fact, pensioners. Using

information in a separate file, we obtained the date the first pension check was

issued for the 6:524 men included in our pen~ioner cohort, L e., the men we

~73-



believed to be pensioners at the initial-date of the study. The resulting number

of men who were receiving pension checks prior to January 1,1959 was 5,836.-

Since insome"'ca se s'r~tirement"deeurredbdore the fir.st pension che ell:. was

issued, the actual number of men in the cohort who were retired as 6f January 1,

1959 probably lie s between 5836 and 6524. The Sta'ndardized Mortality Ratios

for the 5836 men were recalculated and in no case did a cause of death show an

SMR that differed by more than 10% from that obtained using the pension group

based on birth year.
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Table 4.4A

. Observed and:Expccted Deaths, and Standa·rdized
M~rtality Ratios for Nonpens'ioned Coal Miners
':for Selected Causes of Death (N = 16,474)

CAUSE Or' DLJ\TII

1\11 C.:luses

All Malignant Neoplasms

Benign and Unspecified Neoplasms

Major C~rdiovascular Diseases

Bronchitis

Acute Bronchitis and Bronchiolitis'

Chronic and Unqualified Bronchitis

Influenza

Pneumonia

Emphysema

Asthma

,Tube rculos i s

Syphilis

Other Infective andParasi~icDiseases

Diabetes Mellitus

Peptic Ulcer

Cirrhosis of Liver

Cholelithiasis, Cholecystitis, and
Cholangitis

Nephritis and Nephrosis

Accidents

·Suic~des

Homicides

Ill-Defined C~uses

All Other Causes

C:Qbs.

3392 .

529

8

1738

13

1

12

12

70

70

14

36

7

4

29

24

28

.4

"

319

53

26

9B

286

r:xp.

3197.•8

588.9

8.0

1.740.7

13.. 2

1.1

11•.8"

5.2

80.6

50.4

8.6

22.4

5.9

9.1

46.6

26.1

76.4

5.5

21.7

176.3

57.1

23·2
42.2

203.7

*S:"'~

. . 106.1*

89.8*

100.0

99.8

. 98.5

101.6

232.6*

86.9

138.8*

163.2

160.9*

117.9

43.7

62.2*

91.9

36.6*

72.6

110.7

181.0*

111.9

232.4*

.' 14.0.4*

'* Standardized r·1ortality Ratio (SNR)' is significantly different
from 100 at the 5% level.
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Table 4. 4B

Observed and Expected peaths ~ and Standardized
Mortality Ratios for Nonpensioned Coal" Miners

for Selected Causes of Malignant Neoplasms
. (N = 16.,474) _

CAUSE OF DEATH

All Malignant Neoplasms

Buccal Cavity and Pharynx

Digestive Organs 'and Peritoneum

Respiratory Organs

Breast-

Genital Organs

Urinary Organs

Leukem~a and Aleukemia

Othel Lymphatic and Hematopoietic

All Other Sites

Benign and Unspecified Neoplasms

Obs.

529

12

148

205

o

29

29

24

30

52

8

Exp.

. , 588~9

20.4

182.0

186.5

0.9

44.2

31.9

22.1

31.6

61.1

8.0

89~8*

59.0

81.3*

_109.9

65.1*

90.8 .

108.9

94.9

16.8

100.0

Standardized ~1ortality Ratio (SHR) is significantly different'
fro~ 100 at the 5% level.

'-16- ,



Table 4,.4G

Observed and Expected Deaths, and Standardized
Mortality Ratios for Nonpensioned Coal Miners
lor Selected Causes' of Cardiovascular Disease

. (r:f= 16,4'74)

CAUSE OF DEATH

Major Cardiovascular Diseases

Active Rheumatic Fever and Chronic'
Rheumatic Heart Disease

Hypertensive Heart Disease

Ischemic Heart Disease

Chronic Disease of Endocardi~ and
Other Myocardial Insufficiency

All Other Forms of Heart Disease

Hypertension

Cerebrovascular Disease

Arterioscierosis

Other Diseases of Arteries,
Arterioles, and Capillaries

Obs ..

1738

86

,1173

20

65

22

282

47

21

Exp.

1740.7

30.2

72.2

1195.6

20·3

58.9

17.9

263.4

37.1

30.8

•SMR

, 72.8

119.1

98.1

98.6

110·3

122.9

107.1

. 126.8

68.2

* Standardized Mortality Ratio (SMR) is significantly different
from 100 at the 5% level.



Table 4. SA

Observed and Expected Deaths, and Stan'dardizcd Mortality
Ratios for Pensioned Coal Miners for Selected Causes

0.( Death (N = 6524)

CAuse 0F or:,\TIl

All C.:lU,SCS'

All Malignant Neoplas~s.

Benign and Unspecified Neoplasms
. '

Major Cardiovascular Diseases

Bronchitis

Acute Bronchitis and Bronchiolitis

Chronic and Unqualified Bronchitis

Influenza

Pneumonia

Emphysema

Asthma,

i'uberculosis

Syphilis

Other Infective and Parasitic Diseases

Diabetes Mellitus

Peptic Ulcer

Cirrhosis of Liver
;

Cholelithiasis, Cholecystitis, and
Cholangitis

Nephritis and Nephrosis

Acciden't.s

Suic.ldes

Homicides'

Ill~Defincd C~uscs

All Other Causes

Ob~. ,r.X? •

, 4236' 4308. 0

694 663.4

6 6.4

2547 2760. 5 '

14 18.3

a 1.4

14 17.2

16 9.6

147 151. 7

100 67.9

18 9.7

27' .. 20.9

9, 7. 1

9 8.4

35 63.6

18 32.6

36 '28.5

18 11.2

18 24• .5

89 106.7

28 24.3

4: 2.8

64 44.0

339 255.8

•
S~m

98.3

104.6

94.4

92.3*

76.3

81.4

166.'5

96.9

147.4*

185.2

129. 1

125.9

107. 1

.55.0*

55.3*

126.5

161.3

73.5

83.4

115.3

145.4*

132. 5*

Standardized Mortality Ratio (SMR) is significantly different
from 100 at the 5% level.

~78-



Table 4.SB

Observed and Expected Deaths, an4 Standardized
Mortality Ratios for Pensioned Coa,l Miners
forSeleet.ed Causes 'of Malignant<Ncoplasms

(N =6524)

CAUSE OF DEATH

All Malignant Neoplasms

Buccal Cavity and Pharynx

Digestive Organs and Peritoneum

Respiratory Organs

Breast

Genital Organs

Urinary Organs

Leukemia and Aleukemia.·

Other·Lyrnphatic and Hematopoietic

. All Other 5i tes

Benign and Unspecified. Neoplasms

Obs.

694

19

260

168

o

95

37

26

28

61

6

Exp.

663.4

17.5

237.8

145.0

1.0

106.8

43.8

27.6

26.2

57.6

6.4

*S~1R

104.6

108.7

109.3

115.8

88.9

84.4

94.2

107. 1

.. 106.0

94.4

Standardized l-1ortality Ratio (SHR). is significantly different
frOm 100 at·the 5% level.
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Table 4.5C

Observed and Expected Deaths~ and Standardized
Mortality Ratios for Pensioned Coal Mit:'lers for

Selected Causes of Cardiovascular Disease
(N =6524)

CAUSE OF DEATH

Majbr Cardiovascular Diseases

ActiyeRheumatic .Fever and Chronic
Rheumatic Heart Disease

Hypertensive Heart Disease

Ischemic Heart Disease

Chronic Disease of Endocardium and
Other Nyocardial Insufficiency

All Other Forms of Heart Disease

Hypertensior;t

Cerebrovascular Disease

"Arteriosclerosis

Other Diseases of Arteries,
Arterioles, and Capillaries.

Obs."

2547

13

127

1650

18

68

36

520

8.6

29

Exp.

. 2760. 5

16.6

127.2

1726.7

36.4

77.3

31.6

568~8

122.0

45.8

*SMR

92. 3>:~

78.6

99.9

95.6

49. 4>:~

88.0

113.8

91.4*

70.5*

63.-4::~

* Standardized Mortality Ratio (SMR) is significantly different
from 100 at·the 5% level.
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C. Mortality Patterns- For MultipJe ~ause of Death

In this, as in most other mortality studies, the interpretation of

the d.3.ta has. depended solely upon the'f:B-rid~rlying-cal,l5eof d,eath. Howev~l:"
. ' , ," ." . " -<-' .•.-; ~' . - ;" ",

. additional m.ortality information may 301'50 be recorded 'on the death

certificate in the form of "disease or condition directly leading to death",

."antecedent cause ll
, or 1I 0 ther significant condition". We will loosely

~~Jer to t~ese ~s " contributory .cau~_es of death". T~e_ n~ed for ta~ng

data of this nature into ac:;count has been reported by several authors

(55~ 56. 57). Although there is no generally accepted way of handling

,multiple cause of death data. one method which fuisbeen suggested is to

compute the ratio of the total number of tim.es a particular cause is .coded

(swn of underlying and contributory} to the number.of cases for which.the

. same cause appears as ~nderlying.

Tabulations of this nature have been reported by Gur.alnick (58)

for a one-third sample of the deaths occurring in the United States during

1955. and by Olson et al (59)•. for a: fijty percent sample of the deaths

in the state-. of Caliiornia during the same year. In a group such as the

coal miners •. these ratios would b~ of interest since many of the nonmalignant

respiratory diseases may not appear as the underlying cause of. death. A

ratio substantially larger than one could indicate an underreporting of cause-

specific mortality if only the underlying cause were used.' Furthermore, it

may be possible that. 'for a particular occupational group, the cause is

present 9n the same number of death certificates as for the control

population but it does not occur as an underlying. cause the same proportion of

tin'les.



The ratios of total deaths to unde rlying' deaths for the cause s listed

in Table I of Appendix IV we re computed individually for white sand

nonwhites. A total ratio for each cause was computed by forming the'
, / ',~

quotient of the sum of total deaths for whites and nonw~ites with the sum of

the underlying deaths for whites and nonwhites. In computing the frequency

of the total deaths (underlying and contributory). distinctions were made

only for the first three digits of the leD.

The number of ca¥ses coded per death usually increases -with age.

- since deaths at older ages are more likely to involve multiple causes~ The

ratios for the age groups £.35. 35-44. 45-54. 55-64, and 65+ are.

respectively, 1. 12, 1. 30. 1. 48, 1. 78, and 2.07. Tables of these ratios

by age and by race for selected causes of death can be found in Appendix IV•

. A summary of these tables over all age groups is presented in Table 4. Gi

The ratios for the two races are similar. - The largest difference occurs

for diabetes where the ratio is more than twice as high for whites as for

nonwhites (4.84 compared to 2.25). - Other than diabetes. the causes which

show the greatest differences between the races are hypertensive heart

disease, pneumonia, bronchitis, pneumoconiosis. tuberculosis, and-

cirrhosis.

The ratios given in Table 4. 6 are in close agreement with the results

--of Guralnick (58) and Olson (59). Table 4.1. compares these two studies

--with the coal miner cohort for selected causes of death. - The lower ratios

for coal miners for respiratory disease could be due to the fact that coal

miners have respiratory disease as the underlying cause much more than the

~82~·
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TABLE 4.7

Comparison of the Total/Primary Ratios among Three Studies'

Gura1nick' s Olson's. Coal Miner
Cause of death Study Study Study·

Ali causes 1. 91 2.05 1. 95

Digestive cancer 1.05 1.08 1. 15

Lung cancer 1.04 1.04 1. 07

Diabetes mellitus 2.46 3. 18 4.35

Stroke· 1. 75 1. 95 1. 81

ADH ** 1.32 1.34 1. 28

Hypertensive'disease 2.50 2.69 1. 77

Genera.1 arteriosclerosis ....
7.50 6.03 8.82 ....

Respiratory disease 3. '79 4.46 3. 12

Pneumonia 2.76 3.57 2.25

Accidents 1.22 ·1. 18 1. 20

* Those cases where,4500 was coded in conjunction with 4221 were not
used" in the numerator of therat~o.

** ADH stands for Arteriosclerotic and Degenerative Heart Disease.

-85-



gene ral population. It could also, however, indicate th,:,-t the physician

is more l~kely to certify respiratory disease as .the underlying cause if he is

de aling with a coal.mine r.

Perhaps the most interesting comparison is that for diabetes. One

possibility for the large difference is that the ·groups may have different

l'ac~al compositions; another possibility is that the coal "miners may have

jlJ.st as m.uch diabete s as the controlgroup but it- is -!'lot be~g coded as the

underlying cause. Diabetes is particularly interesting in coal miners because

it has aroused spe culation as to why mortality is. low in this group and a

selection factor has been suggested (29). One answer could be that its

incidence is not low but that it simply doe s not appear as often as an underlying

cause. An examination of the death ce rtificate s of coal mine rs who died from,

diabetes showed no unusual pattern but, unfortunately, the necessary information

foz: a proper comparison with an appropriate control group is not available.

The ratios for hypertensive heart disease also differed for the coal miner cohort.

The reason for this is unclear,. but one possibility may be a difference in racial.

compo s it ion.
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D. Analysis'RY District

The coal miners in the cohort we,re employed in different geographic

locations. At pre sent. the be st indication we have of the geographic
. . "

"location is the district union number. Frequencies of the\'number of miners

by last district of employment are shown in Table 4.8. Since the number

within each district is sometime s too small for analytical purpose 5, the

districts-,havebeen grouped togetheraccordi~gto their area Il1edical office. *
. :'. ~, - ." '. ' .. ... , ' " " ,'. .

The cities given ,in the Table a:re the l~cations of the offices, but the

geographic area covered by the districts served by each medical office

ntay be quite large. Table I of Appendix V-summarizes, the approximate

geographic locations (60) of the districts associated with each medical office.

Relative, risks for each area were computed for the causes presented

'in Tables 2A. 2B, and 2C of Appendix V. For each comparison, the

remainde r of the coal mine r cohort was used as a control, and a Mantel..,

Haenszel chi-square test with one degree of freedom was used to determine

if the relat,ive risk'was significantly different from one. Table s showing

the relative risks by medical area for the more important of these causes

are given in Appendix V.

1. All Causes Although some of the relative risks for
• I .' •

all causes differ ~ignificantly fro:m on~-.' ther.:i.'~ge-ofval:Ues is not great.

The largest value is 1. 15 for Evansville and. the lowe st is .80 for '

benver.

* These medical offices are the assignments in 1973. Recently, the Fund
has consolidated the ten areas into seven.

~87-



TABLE 4.8·

Frequencies of Coai Mine'rs in the Cohort by Distr.ict ,Union Number

District Number

Beckley
Birmingham
Charleston
Denver

Evansville

Johnstown·
Knoxville

Morgantown

..Pittsburgh

St. Louis

Unknown

* No longerin existence

29
20
17
10*·
15
22
27*

8*
11
23

2
19
28
30

4
16**
31

3
5
6

12
13**
14
21
.~-

3188
1105
2643

72
336
376
III

13
626
602

2217
1232

836
1642
1282

39
1465

286
1866
1186
1461

44
142
217

11

** District 16 was iil Maryland and now is part of 31.
District 13 was in Iowa and now is part of 14.
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2. All CaJ;lcers The relative risks for all cancers show

a larger difference. Both CJ;laorleston (Relative Risk = 1. 30) and

Pittsburgh (Re~ative Risk = 1. 30) are, sig,nV~~antly ~igh (P.(. 01). A

., more detailed analysis revealed t~at the high cancer risk in Pittsburgh

was due primarily to high risk of digestive cancers (Relative Risk = 1. 50)

an~ of cancers of unspecifie,d sites. For Charleston,. the 'excess was

primarily due to lung cancer (Relative Risk = L 72). It should be
"~ • • < •

emphasized that thes e diff~rences could be reflecting the differences in

1nortality patterns for t~e total populations of the different areas rather

than difference s in the coal mining population.' Thus, the exces s of

-digestive cancers in the Pittsburgh area is probably reflecting, to some'

extent, the high rate obser'l{ed for the total population of that area (61).

3., Cardiovascular Disease The highest relative risk

for' cardiovascular disease occurred for Evansville (Relative Risk = 1. 25),

where the excess appears to be due primarily to an increased risk of

dyingfrom'ischemic heart disease.· The only other subcategories which

showed unusually high risks for any district were cerebrovascular

disease (1. 80 in Birmingham), rheumatic heart disease (2.40 in Pittsburgh)

and the categories "all other heart disease" and hypertensive heart

disease (3. 04 and 1. SS,respectively, in Beckley).

4. ,Nonmalignant Respiratory Diseases Miners in the

Beckley (Relative Risk = L 47) and Johnstown (Relative Risk = 1. 57)

districts showed significantly high risks of dying from nonmalignant

-respiratory diseases (P <. 01). The high risk in Johnstown was due
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almost solely to pneurpoconiosis (Relative Risk =4.22), while in Beckley,

both emphysema and pneumoconiosis were high with respective risks

of 2.. 03 and 1. 64~The relative" risk of 2. 60 for bronchitis in. Beckley

,," was also significant. but this was based only on 7 observed and 3. 2

expected deaths. The other high relative risks of note occurred for

emphysema in Denver, where the risk was 1. 88, and for other

nonmalignant respiratdry:diseases in Knoxville, where the risk. was

1.71.

5. Ill-defined Causes
-.:,'

Exces s mortality from ill- .

, "

defined causes appeared in the Birmingham and Charleston districts,

as indicated by the respective relative risks of 5.44 and 4. 15. These

two districts accounted for 80 of the death certificates that were coded

. with this cause. In fact. only two other districts had relative risks

greater than. 5. (Beckley, with a risk of 1. 23 and Denver with a risk

of • 82).

6. Accidents Although the SMRfor this cause for miners

was high, the deaths seem to be distributed as expected among the different

districts.
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V. Summary of Major F~:ndings. ",'

The major aim of this study has been to compare the long-term

mortality expe rience of a cohort of coal mine rs cove red by the. United

",MIne Workers Health and Retirement Funds to that expected ~sing the

total United State smale population as a control. The principal results

are· as follows:

1. The overall mortality of coal miners, as,ref~ected by a

Standardized Mortality Ratio of 101. 6, is not excessively high when

,compared to the mortality of the total U. S. male population. Major cause s

of death revealing elevated risks are nonmalignant respiratory diseases,

,accidents, and stomach cancer.

2.; Nonmalignant re spiratory disease s with high Standardized

'Mortality Ratios include emphysema (143.7), asthma (174.9), and tuberculosis

(145.5). Furthermore, all of the cases where bronchitis was the underlying

cause of death also mentioned emphysema. An exact SMR could not be

computed for pneumoconiosi's, but even a conservative' estiInate would be

very high. Pneumoconiosis was the underlying cause of death ~or 187 cases

'and a contributory cause in an additional 393 cases.

3. Mortality from a~l malignant neoplasms' re suIts in an

SMRof 97. 7. ":'Respirat~ry carf~erhas an SMR of 112.5, 'which is intermediate

to what has been reported in previous studies of U. S. coal miners. With this

amount of excess, one must be cautious when attributing it to occupational

exposu,re. since it is well within the range of what could re sult from difference s

in smoking or geographic regions between the study and control. populations.
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The SMR fo r stomach cance r was 13'4.9 and the finding of an exce s s for this

cause is consistent with previous studies.

4. The SMR for. all cardiovascular d'iseases i5':,95. 2. No '

~ignificantly high excess is noted for any subcategory of cardiovascular

disease.

5. Although there was not a large difference between the

'pensione r group and the no npensione r group iri the'SMR [(jr"all caqs~ 5

(106. land 98.3, respecti,,:,ely) the SMR for some causes of death differed

lor the two subgroups. The SMR for stomach cance rwas 151. 2 for the

pensioner group and Ill. 4 for nonpensioners. For accidents, the SMR

was higher in the nonpensioned group (181. 0 compared to 83.4).

6. The SMR for accidents for the nonpensioned group is 181. o.

When deaths from accidents occurr;ng within the mine we r.e eliminated, the

SMR is reduced to 93. o.

7 Q The relative number of times a cause of death appeared on

death certificates as an underlying cause as opposed to a contributory cause

is found to be consistent with other multiple cause of death studies. The

major exception to this is diabete s which appears a large r proportion of

times as a contributory cause for coal miners than for the other populations.
• ' . .'~ '. I '_ r .~ .' _" " .

This is of particular interest since the SMR for diabetes is low for coal

mine rs (SMR := 58. 1).

8.. Although inte rnal comparisons we re made among diffe re nt

geographic regions, conclusions are difficult to make since, inmost cases.

it is impossible to determine whether differences in mortality patterns are

due to differences in the coal mining populations or just a reflection of

different mortality patterns for the total populations ..One exception is
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pneumoconiosis since it is primarily an occupational disease. When

compared to the other districts~ the JoHnstown district (Central Pennsylvania)

showed a relative risk of 4.22 (P <.01).
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Appendix I

Comparability Ratios for Conversion from 7th to 8th Revision

Category numbers
according to the

", Eighth Revision, 1967

008, 009
010-019
090-097
Rema.inder of 000-136
140-209
140-149
i. 50':' i 59'
160-163
174
180-187
188, 189
170-173, 190-199
204-207
200-203, 208, 209
210-239
250
280-285
320
390-448
390-398, 402, 404,410-429
390-398
402, 404
410-414
424, 428
420-423, 425-427, 429
400, '401, 403
430-438
440
441-448
466
470-474, 480':'486
470-474
480-486
490-493
490+491
492
493
531-533

Category numbers
according to the
Seventh Revision, 1955

571, 764
'-001-019
020-029
030-138
140-205 ,
140-148
150-156A, 157-159
160-164
170
171-179
180, 181
156B, 165, 190-199
204
200-203, 205
210-239
7.60
2,90-293
340
330-334, 400-456
400-443
400-402, 410-416

,440, 441, 442, 443
420, 422. 1
421, 422.0, 422. 2
430-434
444-447
330334
450
451-456
500

"480-483". 490-493, 763
480-483
490-493, 763
501, 502, 527. 1, 241
501, 502
527. I,
241
540, 541

-99-

Provis ional
c.omparability
ratio l "

1. 185
0.950
0.322

'0.- 98-3
0.988
1.055
0.938
1. 024
0.991
0.999
1.013
1.000
0.998
1.056
0.968
0.994
0.944
0.959
0.999
1.000
1. 13'8
0.398 '
1.063
0.828
0.801
0.820
0.9,81
0.894
1. 549
1. 195
0.993

'0.960
0.994
0.994
1.068
1.049
0.696
0.979



Appendix! (cant'd.)

Comparab,ility Ratios for Conversion from. 7th to 8th Revision

Category number s
according to the
Eighth Revision, 1967

550-553, 560'
571
574, 575
580-584
590
600
740-759
760-769.2, 769~4-772,

77-778
780-796
Residual
E800-E949
E810-E823
E800;.E807, E825-E949
E950-E959,
E960-E978
E980-E999
E980-E989
E990-E999

Category numbers
according to the
Seventh Revision, 1955

560, 561, 570
581
584, 585'

'5;90-594
600
610
750-759
760-762, 765-776

780-795
By subtraction:

.. E800-E962
E810-E835
E800-E802, E840-E962
E963, E970-E979
E964, E980-E985

E990-E999, E96'5

Provis iona1
com~ra,bi1ity

ratio 1

0.757 .
1.003
0.982
0~880

1.026
0.904
1.008
0.968

0.994
0.940
0.926
0.974
0.884
0.939
0.993

0.919

1 Ratio of deaths 'assigned according to the Eighth Revision
to deaths assigned according to the Seventh Revision. '
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Appendix r (contld.)

',. ':"

Rules for Coding Multiple Cause for Coal- Miners

1. Use 7th revision rCD - 4 digitc.odes (001 - E999) excluding
Sy-rnptoms, Senility, and Ill-defined conditions (780-795),
Female Disorder Codes (620-626, 630;;;637), Deliveries and
Complications of" Pregnancy, Childbirth, and Pu'erperium (640­
689) J Dis eas.es of Early Infancy (760- 776).

3. Under the category 260X (Diabetes) some resulting conditions
may be coded back to 260X. Be sure to code the associated
cause as indexed as if it were without diabetes. i.e.:

Diabetic retinitis is coded to 260X. For this
study code 260X (Diabetes) and code 377X
(Retinitis) also.
Diabetic nephrosis is coded to 260X. Code 260x

',(Diabetes) and 59lX (Nephrosis).

4. Do not use Psychosis with cerebral arteriosclerosis (360X)
as an underlying cause, but do use it if given as associated
cause. i. e. :

a. Ca. of lung (l63X)
b. Psychosis due to (309X)
c. Cerebral arterios clerosis (334X)

Code underlying cause 163X and the
associated cause 306X.

The same rule would apply to Psychosis of Other Demonstrable
Etiology. (308X). In other words, where psychosis is stated as

'due toa condition that can be coded to the combined code,
use it rather than 2 separate. codes.

5. In the cas e of a vague ter m modified or later clarified by
a more specific term, do not code the vague term. i. e. :

a o Retroperitoneal tumor (230X)
b. Malignant Schwannoma (158X)

c. ------------
Code only 158X
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Appendix I (cont'd.)

a. Lymphosarcoma (ZOO l)
b.
c •

. ',Major findings of operation.
Reticulum -' sarcoma caecum (ZOOO)

Code ZOOO

b. Assunle the terms carcinomatosis, generalized c~rcinoma,

etc. with a primary cancer to be the same as metastasis,
and code it to 1999, as an as sociated cause~ .

7~ Do not co.de hemorrhage or obstruction·6f a 'site .or system
."""hen a. cancer or ·its metastasis is involved in this particular
site or system. i. e. :

a. ·Intestinal hemorrhage
b. Metastasis from
c. Carcinoma upper left lobe of lung

.Code - 163X (und,erlying)
1999 (metastasis)

8. Do not code hemorrhages from leukemia no matter what sites
are hemorrhaging.

Do not code malnutrition, septaecemia or secondary anernia with
a cancer.

ge Do not code an operation or the findings of an operation
performed for a disease condition already coded.

Do not code any condition due to a treatment for an already
existing and coded disease unless the resulting condition
actually caused the death. i. e.:

a. Bronchopneumonia
b.J}d.enocarcinoma bronchogenic
c.Dermatitis due to radiation

Do not code the RadiatIon dermatitis.. .

4 wks.
I yr.
6 mo.

10.. Do not code an accident caus'e if. it is the direct result of,
a disea~e condition. i. e.:

a., Strangulation
b. PulnlOnary congestion
c. Dis·seminated miliary tuberculosis

5 min.
1 wk.

Code underlying 0 19Z ~nd associated
cause 5Z2X.
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Appendix I (contld.)

11~ po not-code atelectasis with a lung condition. i. e. :

a. Malignancy of left lung
b. Atelect~sis"ma;s sive
c.

Code only l63X

6 mos.

12~ Pleural effusion (003) with a cancer will be coded to non­
tubercular pleural effusion (5J 92), unless tuberculosis is
present on the certificate •

. 13~ For the combined terms Arteriosclerotic hypertensive heart
'disease and Hypert~nsiv~ arteriosclerotic hea~.t,dlscea'se,.

code both 4200 and 443X. '.,y

. . . .

14~ The'spedal c<od~434. 5 wa's used for cor pulmonale. The special
code 910A was used for a mine disaster.

15. Whenever a 4221 was coded, a 4500 was also coded since the. I
in 4221 implies arteriosclerosis.
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Appendix II

liR:epr~:diJced~fro in"<'?;. '211U
'~bes(~aya'ila~I~'~~cq'PY>,

U~OE~CYl~t·.CA~JE:C~ 'C~AJ~ FREQIJENCY

TOTAL CO~L ~lp.,jt:~S

COD F':;EClJENCY
TOTAL "H~TE NONWHITE

1.0 211 lq Q

2.0 1 1 0
2. 1 311. 24 q

2,2 1 t 0
,: 8. 0 1 t 0
1..b.0 1 1 . 0
lQ.2 1 \) 1
2l. 0 8 7 0

.l~ .0 5 2 3
'20.0 3 1 0
~3.0 1 1 0
51.4 7 6 1
72. 1 1 t 0

1.32.0 2 1 t
,3'1.1 1 0 1
f3'.:J.3 1 1 0
So:o.q 2 2 0
SQ, •q 4 ·3 0
1'12.° 1 1 0
l Q3. 0 1 11 0

1011 .° b e. 0
1(15. 0 5 01 1
l:l'i. q 1 1 0
t/Hi • ~ j 3 0
11:7.0 1 1 0
Hi; .v 7 7 0
150.0 27 21 \
is 1,.0 127 113 2
lSt.7 2 2 0
1S2.Q I 1 0
15>. ~ 1I 4 0
,'B.I 2 1 1
15 5•2 2 2 0
15:\.3 Ie. 10 0
153. 8 SI.I 47 6
IS3,Q 8 7 0
15/l.0 19 ' 3Q ,3
15,).° 8 a 0
155.1 17 17 0
15 6.0 1 1 0
t'Sb.l 16 15 t
1':.&.2 b " 2
157.0 711 7J 4
,58.0 2 2 tl
'I Sq.• 0 2 2 0
tOn.2 1 1 0
Ibn. q 1 t 0
1°1.° ,Q 1~ 5
162. 0 1 , t 0
lo,~,J. , '" ",130. ·1':,1,6. ,:' 14
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Appendix II (cantld. )

U~OERLYI~G CAuSE OF DEAlt- FIlECUENCY

YOTAL COAL M!N;::;;S

COO' F'REnt;E .... Cy
lOYAL. WH!TE NONIOH ITE:

103.0 220 199 If!
h3. 11 1 1 0
lbS. O 8 '7 0
177,0 12.2 10.11 ·ra
119.0 2 2' 0
180. 0 2'1 20 2
16\:0 112 3a 3
190,9 3 3 0
1Q1." 1 1 0
19 1,3 2 '2 0
'91.7 1 1 0
191. 9 2 2 0
193.° III 1'1 0
lCiJ.2 1 1 0
193.q 2 '2 0
l Q.:J. U 1 U 0
195. 0 2 2 0
19!1. 0 :3 l 0
'Q!l.7 1 1 0
l'i6.Q 3. 2 1
1'}7.~ 2 1 1
19';.0 1 1 0
I9';.! 7 7 0
l QQ • Z 59 51 II

20n,O 11 1,) 0
. 2:JO. t 20 19 0

200.2 'II a 0
201. 0 11 10 0
20l.1 2 2 a
iI'B.O 10 a 2
~oa,o 21 2'J 1
~oa.l 7 7 0
ZOIl.2 2 2 0
;»OCl.l 15 J2 2
ZOu,'I S S 0
223.0 :s 2 1

'227.0 1 1 0
230,0 1 t .0

.23\.0 1 1 0
237.0 8 4 !
21.11,0 32 30 0

0'250,0 1 1 0
252.6 1 1 0
2'53.0 2 1 1
200.0 6u 51 12
?7u.0 3 .) O·
2~1!).'5 'j " 0
c'U •. 0. 1 1 0
2i3P..0 1 1 0
2 9 2.2 1 o· (l
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Appendix II (cont'do ).

ijNnERLVING CAUSE OF "OE~'H FPEOUtNCY

TOTALCOAL·~lNERS

COO F~EGUE"'CY

TOhL ;'li'lITE NON~I1UE

~q? "J 1 1 0
2'12,Q 1 0 1
~QLI,O 1 1 0
2'H,,0 1 1 0
307,0 2 "2 JJ
30 Q ,0 II j 1
"~2~,O II 4 0
322 ,I 1 1 0
322,'- 1 1 0
330.0 23 22 1
331,0 4UO :n8 37
332,0 267 220 32
33Z~1 1 1 0
)~a,o 71 tiS Q

3:.11'l,O 1 0 1
3uO,2 1 1 " 0
1110.3 1 1 0
3QZ,n 1 0 1
3iJ3,O 2 Z 0
3::5,0 3 .3 0
3':1Q,0 7 Q a
3';)2,0 b 6 0
35;,3 2 1 I
355,0 Q " "0
3~c.l 7 7 0
3138.0 1 CJ 1
Co 1.0 1 I" 0
l,l U1, 1 1 1 0
4110,0 q 13 a
/.I1t ,0 q 7 1
1:1111.0 2 2 0
lIlh,O 13 10 t
c2 0 • 0 72 q - &37 &1
020. 1 lQLl:.l 17e 3 loa
a21 • 1 7 7 0
G~I.'\ 2 1 1
4i?1.4 b b 0
e22. , lCjo 110 15
e22,~ 23 20 2
a30. 0 2 I 1
~31 .0 2 2 0
c":U.O 23 2S 2
433, , IS 1" 1
a:SI~.1 39 31 1
(l3 L1 .2 1 1 0
~jQ.q liZ 39 1
lIH, S u 3 t
QUZ.1'l 50 43 7
QQ2i ll 1 0 0
4~3.0 Ihe lei 38
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Appendix II (cont'd~-_)

lINOE~L.~IIIjC C.t.IJSE OF "'c.A iH, FREQUENCY

TOTAL CO-'L MH;;:RS

COO FREOIJ~NCY

-TOTAL. \olH!T~ rlON:.lHITE

atlo,O 12 9 2
Clas,o S :a. 1

'_Gll~,~ a Iq !iI 5
G50,0" 127 ItS q

as"l b b 0
tl~I,O lIO 3.5 7
,452,0 1 1 0
453,1' 1 1 0
4~3,1 1 1 0
c5 a ,r\ :5 S 0
"S5,() 1 1 O.
45b,O 3 .§ 0
GbO.o 2 Z 0
41!11,1J 1 1 0
463,0 5 3 2
coa,O II 4 0

• 40'i ,0 lUI H 3
4 b6. 0 12 loJ 2
41 6 7,2 II 1 3-
480,0 16 13 !
481, !I 1Il : 10 0
4liO.O 3'1 27 0
aq t. 0 122 1 i 0 12
0 9 2,0 23 20 2
A~3.0 J6 Jl 5
500. 0 'I I) 1
'502.0 • ? 2 I fI 3
'!j02.1 CI <J 0
Ci1a,O 1 1. 0
'5l q ,O 1 i 0
52/),0 2 2 0
521,0 II ~ 0
'522,0, 3 3 0
1522." 1 1 0
'523,0 62 53 8
523. , H H 2
523,3 83 7fJ 4
52",n 3 J 0
525. 0 '5B 51l b
5l~.0 11 11 0

_5,27,0 I 1 fl
521" 170 - IS~ 10
527,;; 30, 20 41

53Q,1 3 3 0
540,0 18 Ih 2
~II 0,1 b S 0
5101 1,0 12 12 0
Sllt,1 b b 0
SCl2,\l I 1 0
542.1 2 1 0

.-107':' ,



Appendix II (cont'd. )

UNO~~LVING cAUSE OF O:,ATH FREQUENCY

TOTAl. CO~L I'.INf.RS

coo FI~EaU::NCY

TOTAL "'"IrE NONlo/i'iITE

li~l.O 1 1 0
15"'1.2 1 0 1
5r.15. 0 1 1 0
,5')0.,1 5 5 0
II)Oc'l." 1 1 0
5t>O.5 2 2 0
St.I.n 1 0 0
501.; 1 1 0
5'" I. 5 1 0 0
570.2 10 15 1
570.3 1 1 0
1510." 1 1 0
570.') 11.1 13 0
571.1 b 6 0
1572.1 b b 0
57?? 2 2 0
572.0 15 13 O'
sao.o 1 " 1 0
'.;31.0 lJ7 01 1
5'; I 1 17 14 2
15'53: o· 2 2 0
S~a.O q 9 0
1;05. 0 13 13 0
5 c6.0 b a 0
587.0 11 10 0
sqo.o II .. 0
sq I.;J 1 1 0
SQ2.0 25 23 2
S'H.O 12 11 1
1.01'1.0 27 21.1 2
&O~.1 1 0 1
600.2' 1 1 0
6U2. 0 5 '3 0
603.0 J 3 n
6 0 5. 0 1 1 0

-~Cn.O 1 1 0
"~ClQ.O b 5 1
61 O. a 18 15 2
btl.O 1 1 0
b12. 0 1 1 o .
6q3.2 1 1· 0
1a o .l 1 0 1
TlO.O, 1 1 0
71'5.0 :5 1 0
722.0 J 5 0
'll.",1 1 IL 0
725.0 1 1 0
730.2 1 0 o ,
733. 0 1 1 0
144 e l 1 1 0
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'Appendix I!'(cont'd.)

- UN!1EI?I. VINe; CAUSE OF DE4'HI FREQUENCY

TOTAL COAL '" I ~'Er:S

COO FREctJ~~CY

TOTAL ~HLTt:: NONlojtoiITE

753.1 1 1 0
756.2 2 2 "757.1 2 2 0
151.3 1 u 1
7S9.t1 1 0 1
H2. 4 ,13 12 1
782~q 1 1 0
7c3. 1 2 2 0
7as.~ 1 1 0
HZ.O " J 1
7?a.1l -4 " 0
7 Q5.0 Q J 1
~q'5.2 2 2 0
79'3.11 Sb au 15
795.5 75 S3 11
802.0 l.I oS 1
610.0 1 0 1
flO." 1 1 0
;'12.0 1 1 0
812. a 12 10 1
fI2.~ 1 1 0
810. t: 1 t ,0

811:.7 1 0 I
AIS. e 1 1 0
81b.O 1 1 0
fib .1 8 tI 0
Sib. U Ie lb 1
8t 9 .1.I, " 1 t 0
f19.9 1 1 0
eZI.t: 1 ! a
823.0 J l 0
823.'4 9 9 0
llc!!J.O 2 2 0
e20.Q~ 1 1 0
825.0' 2 1 1
825 • 4 21 18 3
8~'i.S 1 1 0
825.~ 1 1 0
8S0.0 " l.I 0
851.2 1 1 0
880.9 1 1 0
~a2." 1 0 1
"a8.1 1 1 0
(l~8.q 2 2 0
e90. 9 1 0 1
fl91. U 1 1 0
8 Cl 2. Cl 1 1 0
891.1.2 2 2 0
895.° 1 1 (l

Cilon.o 10 1:$ 0
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Appendix II (contld.)

IJNl}l~L.YING· C~U51:: OF D::ATH F~EUIJ~"'CIf

TOTAL. COAL I1PI:i:'S

COL> FRF~I.'t: ...CY

rOTAL. Io;l1lTE /l;orHI~T TE

QCO.b 1 0
,

0
QUO.9 2 2 0
~OI.3 1 1 0
902.0 9 q 0
9.)2. I 1 1 0
90?".:? 3 1 0
902.7 1 1 0
QC?6 J 0 0
t;lOj.u 2 1 1
qH • ., Z 2 0
Q03.7 3 3 0
Cl U \. 9 3 J' 0
90D.U J Z I
«l00.7 2 Z (l

ClC4.9 1'" . 17 I
91°.1 1 1 0
C;1(l.2 31.1 30 3
910.5 1 1 0
910.9 1 1 0
910. A • "9 0 /I

911. I- 12 U /I
912.1 b b (l

4H2.2 12 12 0
91?.3 i. 2 0
912. 9 1 1 a
Cll=.U 1 1 0

'n Q .2 7 1 0
q;~ • .i 1 1 'Q

q 1"'. 7 1 1 0
alo.oR Z 2 O·
916. 0 19 1:- 3
'no.z b 0 0
,Q ..l b. 3 1 1 0
Ql0.7 1 1 0
911•• 9 .3 1 0
'11 9 • 0 5 5 0
91 9 • 1 1 1 0
Cll q .2 1 1 0
lO19.9 5 5 0
Cil21.q 1 1 0
'12.3.9 Z 2 0
Ql',.2 2 C 0
Q2,;.3 1 t 0
Q27.0 1 1 0
CiI~9.r; 1 1 0
ClZQ.8 9 5 " "

Cili Q • 9 1 1 0
Cil3<'. Q ' 1 1 0
CilB.Q 1 t 0,
Q~o. 0- 1 1 0
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Appe nd ix IV (cont' d. )

U""!)E~l. YING CAUSE· OF OEAT"f FREQUE~ICY

TOTAl-COAL HI:\IEq:;

COO FRECIJ£'lr.y
rOTAl. ¥jIolITE NONIOHITE

93b.l 1 1 (j

.; 3e.• 2 II b 0
936~'q 8 5 2
9~0. 0 1 1 0
953 ••n 1 1 0
c)b2.0 5 S 0
970.2 1 1 0
971.1 1 1 0
q 7 1.b 1 1 0
.73.1 3 1 0
97G.o ~ a 0
975.0 1 1 0
1Q7b. 1 1 0
1Q1b.O tlt 58 1
917 .0 3 3 0
978.n . 1 1 0
qal,a 21 13 8
9C\2.tl 4 1 1
q~3.0 G 2 2
9b3.b 1 1 a
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TABLE lA

General Causes of Death for which Standardized
Mortality Ratios were Computed

ICD CODE
CAUSE OF DEATH

(Seventh Revision)

All Causes

All Malignant Neoplasms

Benign and Unspecified Ne'oplasms

Major Cardiovascu~ar Diseases

Bronchitis

Acute Bronchitis and Bronchiolitis

Chronic and Unqualified Bronchitis

Influenza

Pneumonia

Emphysema

Asthma

Tuberculo;:;is

Syphilis

Other Infective and Parasitic Diseases

Diabetes Mellitus

Peptic Ulcer

Cirrhosis of Liver

Cholelithiasis, Cholecystitis, and
Cholangitis

Nephritis and Nephrosis

Accidents

Suicides

Homicides

Ill-Defined Causes

All Other Causes

-112-,

1-999

140-205

210-239

330-334 , 400- 45 6

500-502

500

501-502'

480-483

490-493

527.1

241

1-19

20-29

30-138

260

540-541

581

58~-585

590~594

800-962

963,970-979

964,980-985

780-795

Remainder



Appendix III

TABLE IB-

Causes of Death Due to Neoplasms for which
Standardized Mortality Ratios were Computed

CAUSE OF DEATH

(Neoplasms)

All Malignant Neoplasms

Buccal Cavity and Pharynx

Digestive Organs and Peritoneum

Respiratory Organs

Breast

Genita~ Organs

Urinary Organs

Leukemia and Aleukemia

Other Lymphatic and Hematopoietic ~

All Other Sites

Benign and Unspecified Neoplasms

-113-

lCD CODE

(Seventh Revision)

140-205

140-148

"150-159

160~164

170

177-179

180-181
-'

204 -

200-203,205

165,190-199

210-239



. Appendix III

TABLE Ie

Causes of Death Due to Cardiovascular Disease for which
", 'Standa·rdiz.~d Mortality Ratios': were Computed

- CAUSE OF D.EATH leO CODE

(Cardiovascular Diseases) (Seventh Revision)

Major Cardiovascular Diseases 330-334,400-456 .

A~tive ~,eumatic Fever and Chronic
. Rheumatic Heart Disease 400-402,410-416

Hypertensive Heart Diseas.e· 440-443

Ischemic Heart Disease 420,422.1

Chronic Disease of Endocardium and'
Other Myocardial Insufficiency 421,422.0,422.2

All Other Forms of Heart Disease 430-434

Hypertension 444-447

Cerebrovascular Disease 330-334

Arteriosclerosis 450

Other Diseases of Arteries, Arterioles,
and Capillaries 451-456

-114-



TABLE I

Causes of Death for which Ratios of Total/ Primary were
C~mputed in Multiple Causes of Death Analysis

CAUSE OF DEATH

All Causes

All Malignant Neoplasms

Digestive Organs and Peritoneum"

Lung, Bronchus, Trachea

All Other Sites

. Cardiovascular~Renal Disease

Vascular Lesions A'ffecting CNS'

Arteriosclerotic and Degenerative
Heart Disease .

Hypertensive Heart Disease

Other Hypertensive Disease

General Arteriosclerosis

Chronic Nephritis

All Other Cardiovascular-Renal Disease

Diabetes Mellitus

Nb'nrnalignant Respiratory Disease

Upper Respiratory Infections and
Influenza

Pneumonia

Bronchitis

Pn~umoconiosis and Pulmonary Fibrosis
of Occupational Origin

All Other Nonmalignant Respiratory
Disease

Tuberculos~s

Syphilis

Ulcer of Stomach

Cirrhosis of Liver

- Accidents

Suicides

Homicides

All Other Causes

".rCD CODE

{Seventh. Revision)

1-999

. 140-205

150-159

162-163

-Remainder (140-205)

330-334,400-468,592-594

330-334

420-422

440-443

444-447

450

592-594

Remainder (330-334,
400-468,592-594)

260

470-527

470-483­

490-493

500-502

523-524

Remainder (470-527)

1-19

20-29

54-0

581

800-962

96'3,970-979

964,980-985

Remainder (1-999)
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Appendix V

TABLE 1

. Approximate Geographic Locations for.~the

. Districts Served by Each Area Medical Ofiice

Beckley

Birmingham

'Charleston

. Denver

Louisvillet,:

Johnstown

Knoxville

. Morganto'l,vn

Pittsburgh

St. Louis·

Southeast part. of West·Virginia

Alabama

Southwestern_.part of West Virginia

Washington, Montana, Wyoming, Utah,
Colorado, New Mexico, Alaska

Western Kentucky, Western Indiana and one
part of Eastern Kentucky

Central Pennsylvania

Tennessee, part of Southeastern Kentucky

Northern part of West Virginia, Western Maryland,
Southwest corner of Pennsylvania

Ohio and Western Penn~ylvania

Iowa, Illinois, Missouri, Kansas, Oklahoma,
Arkahsas

* L~ter came under the jurisdictIon of Evansville



Appendix Y

TABLE 2A~

General Causes of Death for which Relative Risks
were <Computed: for Analysis by District

CAUSE OF DEATH

All Causes,

All Malignant Neoplasms.

Benign and Unspecified Neoplasms

Major Cardiovascular Diseases

Nonmalignant'Respiratory Diseases

Influenza

PneUmonia

Bronchitis

Pneumoconiosis

Emphysema

All Other Nonmalignant Respiratory
Diseases·

Asthma

-Tuberculosis of RespiratorySyste~

Tuberculosis, other forms

Syphilis

Other Infective and Parasitic Diseases

Diabetes Mellitus

Peptic Ulcer

Cirrhosis of Liver

Cholelithiasis, Cholecystitis, and
Cholangitis .

Nephritis and Nephrosis

, Ac'cidents

Suicides

. Homicides
"

Ill-Defined Causes

All Other Causes

.. 127-

lCD CODE

(Seventh. Revision)

1-999

140-205
I

210-239

330-334,400-456

'.470'-527

480-483

490-493

500-502

·523

52.7.1

Remainder (470-527)

241

1-8

10-19

20-29

30-138

260

540-541

581

584-585

. 590-594

800-962

963,970-979

964,980-985

780-795

Remainder



Appendix V

TABLE 2B

Causes of peath Due to'Neoplasms for which
Relative Risks W"ere Computed for'Analysl.s by District

CAUSE OF'DEATH

(Neoplasms)

All ~~lignantNeoplasrns

Buccal Cavity ?nd ,Pharynx

Digestive Organs and Peritoneum

Stomach

Large Intestine

rCD CODE

(Seventh Revision)·
, ~ \ '.' " -

140.;.205

140-148

150-159

151

153

Other Digestive and Peritoneal Organs

Respiratory Organs

Genital Organs

Urinary, Organs

Leukemia and Aleukemia

Other Lymphatic and Hematopoietic

'Other Sites

Brain

All Other Sites

Benign and unspecified Neoplasms

.. 128-

150,152,154-159

160-164

177-179

180-181

204

200-203,205

165,170,19'0-199

193

165,170,190-192,
194-199

210-239



Appendix V

TABLE 2C

Causes of D~ath Due to Cardiovascular Di~ease
for which· .Re 1 a tive·.:··Ri sks' '\~lere Coi!!puted

for Analysis by District

CAUSE OF DEATH

(Cardiovascular Diseases)
. ..:."

Major Cardiovasc~lar Diseases

. Active Rheumatic Fever and Chronic
Rheumatic Heart Disease

Hypertensive Heart Disease

Ischemic Heart Disease

Chronic Disease of Endocardium and
Other Myocardial Insufficiency

~1 Other Forms of Heart Disease

Hypertension

Cerebrovascular Disease

Arterio'sclerosis

lCD CODE

(S~venth Revision)

330-334,400-456

400-402 410-416, .

440-443

420,422.1

421,422.0,422.2

430-434

444-447

330-334

450

Other Diseases of Arteries, Arterioles,
and Capillaries

-129-

451-456



Appendix V

Relative Risks for Selected Causes of Death
for ~~ch~Medical ~i~a

Table 3

CAUSF. OF Ol:,\TH: All Causes

Observed Expected Relative
DISTRICT Deaths Deaths 'Risk 1

-

Beckley 955 890.0 1.10**

Birmingham 350 340.0 1.04

Charleston 691 655.6 1.08

Denver 290 351.1 .80**

Evansville 466 421.6 1.15*
- .

Johnstown 878 811.7 , ' 1.13**

Rnoxville 938 105,0.6 .8.5**

Morgantown 939 996.3 .91* '

Pittsburgh 1351 1::BO.3 " 1.03'

St. Louis 764 ' 776.6 .98

1.

•
*.

Significance of Relative Risk based on Summary Chi-Square
with one degree of freedom •

Significant at S% level.

Significant at 1\ level.

: .,130~



Appendix V

CAUSF. OF nEl\1'II: All Cancers

Observed Expected Relative
DISTRICT Deaths Deaths Risk 1

Beckley 147 145.1 1.02

Birmingham 42 55.5 .74

Charleston 132. 105.8 1.30**

Denver 40 55.5 .70*

Evansville 59 68.0 .86

Johnstown 127 129.4 .98

Knoxville 152 170.5 .87

Morgantown 143 159.8 .88

Pittsburgh 257 209.7 1.30**

St. Louis 124 123·2 1.01

1.

•
*.

Significance of Relative Risk based on Summary Chi-Square
with one degree of freedom.

Significant at 5% level •

Significant at 1\ level.

, 0131-



Appendix V

Table 5

CAUSF.OF nE,\TH: Digestive Cancers

"

Observed Expected Relative
DISTRICT. Deaths D,caths .~\R.i.sk 1

-.
•

Beckley 43 '47.2 .90

Birmingham 13
. 18.2 .70

Charieston 34 34.2 1.00

Denver 14 18.9 .73

Evansville 24 . 22.8 1.06

Johnstown 55 43·7 1.30

Rnoxville 38 55.6 .65-

Morgantown 51 53.6 .94

Pittsburgh 98 71~6 1.50**

St. Louis 38 42.1 .89

1.

*.

Significance of Relative Risk based on Summary 'Chi-Square
with one degree of freedom.

Significant at 5\ level.

Significant at L\ levele

.. 132-



AppendJx V .

Table 6

CAUSF. OF DE/\TII: Re spiratoryCancer

Observed 'Expected Relative
DISTRICT Deaths Deaths Ri,sk 1

.'

Beckley 50 46.5 1.09
"

Birmingham 14 17.6 .79
.

Charleston 54 33.7 1.72:i<"*

Denver 10 16.4 .60
';"

Evansville 13 20.7 .61

Johnst:own 22 38.5 .54**
•

Knoxville 52 54.3 .95

Morgantown 46 48.5 .94

Pittsburgh 69 60.8 1.20

St. Louis 43 36.1 1.22
,

1.

'it *

Significance of Relative Risk based on Summary Chi-Square
with one degree of freedom.

Significant at 5% level.

Significant at 1\ level.



Appendix V

Table 7

CAUSE OF. DC,\TH: Cardiovascular Disease

Observed Expected Relative
DISTRICT Deaths Deaths Risk 1

;

Beckley 515 483.7 1.09
'.

Birmingham 185 187.2 .99

Charleston 320 350.1 .89

Denver 150 201.8 .70**

Evansville "284 238.1 1.25**
"

Johnstown 496 , 465.5 1.09
•

Knoxville 495 570.9 .83**

Morgantown 563: .564.7 1.00

Pittsburgh 795 ,770.9 1.05

St. Louis . 477 450.6 1.08

1.

'*

Significance of Relative Risk based on Summary Chi-Square
with.6nc·dcgree of freedom.

Significant at 5% level.

Significant -at 1% level.

!eo134-
, ..



Appendix V

Table 8

CAUSE OF.· DEATH: Nonmalignant Respiratory Diseases

Observed Expected Relative
DisTRICT Deaths

'.
Deaths Risk 1

Beckley 118 85.9 1.47**

Birmingham 29 .'y 33.2 .87

Charleston
.,

62.0 1.20}2

Denver 38 34.5 1.11

Evansville 41 .41.1 LOO
.,

Johnstown L16 72.2 1.57**..
Knoxville 105 101.6 1.04

,

Morgantown .65 97.5 .63**

Pittsburgh 104 129.5 .76*'

St. Louis 53 76.4 .66**

1.

*

Significance of Relative Risk based on Sununary Chi-Square
witho.ne degree of freedom.

Significant at 5% level.

Signifi¢ant at 1\. level.

sl35c



Appendix V

Table 9

CAUSE OF DC}\TII: Pneumoconios is

Observed Expected Relative
DISTRICT Deaths Deaths Risk I

Beck.ley 34 "22.5 1.64*

Birmingham 9" 8.6 1.05

Charieston 12 16.3 .71

Denver 6 8.2 .72

Evansville 1" 10.2 .10**"

sJohnstoo.rn 60 lSi. 1 4.22**

Knoxville 19 26.5 .68

Morgantown 10 24.0 .38**

Pittsburgh 28 30.4 .91.

St. Louis 5 18.1 .26**
,

10 Significance of Relative Risk. based on Summary Chi-Square
with one degree of freedom.

• Significant at 5% level.

•• SignLficant at ~% level •

.. 136.



AppendixV

Table 10·

CAUSE OF. nr:J\TII: Emphysema Without Mention of Bronchitis

Observed Expected Relativc·
DISTRICT .,

Risk 1Dcaths [:)ca ths
,

Beckley 36 20.2 2.03**.

Birmingham 7 7.8 .89

Charleston 18 14.2 L3°

Denver 14 7.8 1.90*

Evansville . 14 9.5 1.53
,

Johnsto.wn. 14 1"t. 8 .76

Knoxville 23 24.0 .95

Morgantown 13 22.5 .54*

Pittsburgh 23 . 28.8 .76

St. Louis 8 17.3 .43*

1." Significance of Relative Risk based on SUITmlary Chi-Square
with one degree of freedom.

* Significant at 5% level.

*·Significant at 1% level.



Appendix V '

Table 1.1

CAUSE OF DEATH: Accidents

Observed Expected Relative
DISTRICT Deaths Deaths Risk 1

Beckley 52 57.7 .89

Birmingham 19 19.5 .98

Charleston 53 49.3 1.10

Denver 20 16.0 1.27

Evansville 30 21.0 1.47
"

Johnstown 31 32.1 .80

Knoxville 72 " 69.0 1.10

Morganto~n 57 49.0 1.20

Pittsburgh
43 ' 57.0 .72

St. Louis
30 31.'5 .95

1. ' Significance of Relative Risk based on Summary Chi-Square
':wlth one>degree of fr~edom.

..
••

Significant at 5% level •

Signi fican t~ at l' level •



Appendix V

Table 12

CAUSF. OF DEATH: Ill-Defined Causes

Observed Expected Relative
DISTRICT Deaths Dea"ths Risk 1

Beckley 26 19.7 1.39

Birmingham 33 7.4 5.44**

Charleston 47 14.'9 4.15**

Denver 6 7.5 • 3~·_·-...

Evansville .
.22*2 8.8

Johnsto......n 5 1'2. 0 .27**

K.'1oxville 12 23.2 .48*

Morgantown 8 20.8 .35**

Pittsburgh 15 27.2 .50*

St.Louis
8 15.7 .48

1.

**

Significance of Relative Risk based on Su~ary Chi-Square
with one degree of freedom.

Significant at 5~ level.

Significant at 1% level.




