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PREFACE

-This rap‘ort is a summary of the analyses done under Contract.
Number HSM 99-73—80. during the contract period June 30, 1973 throu.gﬁ
December>31..‘ i975. Thé detq.iled examinations of tﬁe cause;épecific
mortal{ity with‘inirthe coal mining ihdustry providé info-x';‘;uation z;s regargis .
the mortality experience of the U.S. coa;l"r‘nine‘r \fhen compaféd to the
~ fotal U.S. male population, :

Any study such a; this requires the co-operation and substa.lntialt-
input of many différent ééoiﬁe. I ;v‘vould' like to‘a‘tckﬁowlerdg‘e”‘tﬁé co- -
‘operation of th;:- United Mine Workers Health and Retirélment funds, without
- whom the study \;.roulci‘ not have been posslilble.:.v In pa.rtic;xl'ar, from tbeif
group, 1 would like to thank Dr, John Neﬁdérg, ‘Mr. Mahlon Milburn,
Mr, Bill Weelks,' Mr, -ﬁenry Corteéiﬁi ;;nd tl;eir s'.taffs'- wh?r were v;ary
helpful during the long data coiiectiﬁg prbces‘s. I would a.ls;:) 1ikle to ‘,
a;:}cnoxvledge Mr. Don Eliot fgrl answering my numerous questions on tﬁe
_ intérpretation of Fund records, and M’-_" S'_cu sz-xykl()»ff of the ﬁ.eseafch and
Statistics Section for supplying info:;mation on pension d‘aiges. and lﬁcations ‘
of various‘ districts. .

h I would lalso like to _ackn‘owiledg‘e ’thé following faculty members in -
the De_par-tfn’e‘nt of Bi;‘DStZ‘ii’:iStiCS:v Dr .Ca;-ol Redmond for ﬁelpful dis.cu.ssions
on the proper methodoioéy of a‘nalys.is iqr occulpationl‘al“‘mort‘;:tlity studie;
and Dr. Philip Entérlinc whose .ix;itial in-tercst in tﬁe coal ‘mlin‘ers as -a.rrx‘

occupational group was instrumental in having a study of this tjrpe conducted. -
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Dui'ing the data co‘}lcction period, r.lx"i‘any studcnts; we.r.e involved in varipua J‘;
clerical operations and in some cases were a.b}e to ébtain partial fi;zar;ciaf
support from this contract whilg continuing their education. In'partieular
I would like to acknowiedge the inéut of former stluder;_t Mr, ‘Béb Li and‘
former student Mrs. Trudy Lerer, who is presentiy a.-senlic‘:r reséarch
assistaﬁt in the Biostatistics departnﬁénto le1 addition, Dr. Otté Wong,
’p'resfentl‘y an as-sistant pz_-o_fgs'sbr.e;t Georgetown Univer..sit.y‘; "ccnti'l‘ivb.uted..‘
| substantial’ly to Chapter I of thé présent répcrt. |

The following individuals and st;a-‘ff also provided invél.lua.tble :
contriﬁutiéns in the data collection, coding,‘ computer proées;ing. axid,
preparatio‘n of 1':he report:_ Mr. H. W Ru;ih, cqnsultant;. Miss Mafy
~vPreininger agd Mr. Steve Slefciig pragran';mers; Mrs. Nancy Haberman,
. data processor; Miss Joan Marincek, 'keypunch‘evr; and Mrs, _I.;inda Kobluls;,
secretaz;y. | | | - |

We wish also to acknowledge the effortrs> of Mrs. Marion Heid

who reviewed and coded all of the death certificates,

W’t’.ﬁl&-@_&é@
Howard E, Rockette, Ph. D,
" Project Director | '
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I, Literature Review and Historical Perspeactive

Although coal mining in Great Britain dates back to the year 852,
.the Iindus‘try‘was cﬁnfiﬁédl to _small.op’»erationsl.unﬁl ‘the é‘a.rlly‘part of_‘thle
eighteenth ce_nf;ury with the manufacture of i’forll and the invez-;tion of the
‘ stea‘m eﬁgine.. . The British medical literafuré of the 19tvh"céhtubry contained
: qq{:xjer_c;us.«xl-epo“rts. foh lung dié'gaseg among goal."m'iners‘.- A-d‘eta.il‘ed'.x,-eyiew
of ‘these reports was .given by'Meiklejohn“i.n a série-s of papers (1, | 2, 3). -
~ Only a brief summary of these reports.\;rﬂl bé given l;t‘te‘l:'e. References to
the original articles can be found in the gboyé cited re.vielw.. -

L'ung. diSeé.se‘ among the B;ifish éqal miners was ider;tified as a
diéease asséciated with coél rm.mng in 1831 by Gr‘elgory, and he is tﬁe 7
‘Ifirslt _‘Ia_.utl'lx‘olr to do so in print, Three ye'a.rls-lafer,‘l Ma;rsfxall noted 1_,hat -
. the dis“ease was a.‘ consequence .of ‘the inhalatién of fine coal mine.d;zét a.rlxd
its deéqsitidn in the lungs. Furthermore, he asserte;i that éon&itioné
f#vorable tov the éiséase oécurréd in "mines.whichll;acll hard dry seams -
and where there waé mﬁch pick work', In tht; subséquent years,l bra.s‘.edl )
on the reports a¥1d the‘obser_vatio.ns‘ .off physicians practicing in coal
mining communitieé; it was generally é.gréed that the ri_sk“ of‘develolpin_g -
such respiratory disease depénded'&n the coalv éeafn, the‘é‘ﬁttiﬁg proée;s
and the léngfh of employmént ip coal rﬁines.ﬂ ' The aisease was consideréd
non-revérs-ible and fhe oniy preQentioh was ade'qu_atl.le ventilatiqn i‘nr coa"Ir '
" mines. Aﬁ;err much contrm;ersy, i‘t.lwl.va\vs_also conciude& th‘a.l.é't-he‘ d'is_ea.sé{.

involved _s'ome constitutional factor but was primarily i:he resu_l_t’ of the



inha}qution Qf the coal mine dust,, that simple éoal dust waéllcoﬁparatiycly .
'hai'ml'c;s, and that sﬁ;oné dust ‘was the real r.lnoxijous factor. |

Toward the lattérr part of ti’xe lastrcent.ury, conditioﬁs in the British
coal mines improved coﬁéidcra;bly. In 1885, .‘!'x"a.“vlihg':d'bs'ér;red the low
" death rates, es;;uaciaﬂy from ‘pulnl'xon‘a.ry disease, amoﬁg coal minei;s; -
Smart proposed that '"there must be so_fne p;ote;i:ive feature in coal mining
operations, and that the éreserving élement might, after é.ll, be the_dldst |
derived from the coal'’, This theoryl gained much support from ﬁirt, |
Cummins, Haldane and otl;zers. Instead, free crystalline -silica -from
sana,stone was held responsible for lung damage, and the entire emphasis
was placed on s‘ilicosis. ‘ | |

In the year 1906 occupatic‘)na.l. mortality statistiés we:ré.publishétli ‘
: bY the R_g‘g&istrar_ Ge‘neral for the years 1.890‘-.92- I‘a‘ht.;l, 190.0-62, ‘Thgq"
the-vkno\fvledge- thét had been ba.se‘d‘ ﬁp- unﬁl this.lti‘m'e‘ 6nl';r on trh’e experiénce
of practicing physiciaﬁs éou.ld néw Se t.estedl. 'ri[‘l;1ese statistics i‘ndi{:at_ed
a decline in mortality fof ‘toal-miﬁé%s among ra.ll a‘ge‘_groups Iand for #11‘ T
geographical regions.r .Despite thesé findings‘ interest iﬁ th; -é.ubjec:t
continued. |

At flhle turn o;f this century, s‘ub'sta.ptial changes tool-‘g place insidew
~ the coal mi,ﬁes. The mines tl'x"emselvesfhad' be'cor'ﬁer deepér and more"l
extensi\}e. 'I‘hé progresvsive increase of r'na.c;hir@ mining Icé'ntributed to.
a serious increase in dﬁstinéss,‘ whic:lix. more tﬁan offéét the advanta‘mges -
of betté‘r; ventilation, - In the following.ye-ars‘,' cdnﬂ‘i‘cti‘.ng opinions based

on individual experiences were reported. However, even among those
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who codx.;sidex_-ed coalpnlining a .hqza;‘dogs occﬁpé.tion th.e ;:m‘ph;__t.s‘is confi;_xued
to bc; éla.ceci on free crystalline ‘siiica. o .

;’fhen, in 1928, based on a‘n,‘ apalysis of 426 deaths c;;f coal trimmers

in S;auth Wales, 'Colllisv anleilchrist '(4)‘ -reporfed that tilé .vc‘:oal- ‘.tri}nn‘uers
showed pneumoconiotic changes in tbeilr lqng'a; Nelven4tlhough the coal which
they shoveled ‘had been Wash‘ed r‘elati;.rely frc.:el: of counti-y‘rock, which was
the Iir:uelsourc”e”of éilica. Fﬁr.thermo:;;., the ltin'gs'yielldgd‘x"xo E%Pnorniél
amount of siilic‘a at aut‘ops_y. | The b\asic’role of co#l dust in the devélopment
of pneumoconiosis among co‘a]‘. mingrs‘ was thus establisﬂe&. This fheory'
was to gain further support later fr.om studies that;indicafed a high
incideﬁce of pneumoconiosis iﬁ électrotypers whd Qeré exéosed to natural
graphi;‘.e_ containing very lj.ttle free Isilica_ ‘7 {5), and in carbon electrdcie

_ ma_kélr.&*:\}.vho were expééed to ’.silica-free ca.rﬁbon (6).

A more general view of. th:e situation was made available in 1938,
when the Registrar Generai pﬁblisl’led’the occuﬁaﬁona.l mortality |
statistics covering th‘e ‘period 1930-32. Although th;c_:re was‘ a fall ‘in ‘the
mortality IOf the ccal miners frorﬁ all cal;ses, the improv‘emelnt was’ xl'nuch
less than that in thleu general popula.ti'lon., It appé.ired_ that c‘cal miners were
not l{agxy’ggfi@ipg ‘from pgblic; health irpi:rdvement to the same extent as the |
rest of the‘ population.

Iﬁ the meantime, thg Medi;:ai Research Council was asked by trhe
- Home Officlé}é.nd the Mines ﬁepartment to investigate the problem of |
chronic pulmonary -d'isc;a;se"almc;ng coa:I Jminers.'; i‘hé Iindiﬁgs were

published in three separate reports in 194_2,’ 1943 and 1945 (7).
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In thege r_elports,‘ Hart‘_and Aslett,f‘ ,bas',.e.d‘on lung changes among éurface
workers c;n the screens and coal trimmers at the dbcks, confirmed the
importance of coal dust and n‘ot rock dust as a .causati;‘?e agent of o
pneumocolniosis. It was also discovered that the inéidenc‘el ofl
pneumoconiosis Qas not uniform tk;roughgﬁt the différent regions:

it was high‘ in the a.nthré.citel or hard ceoal area a.nd low‘ih the bituminous-
or soft coal area. These findingé led Halrtl and As-lett-to-put forth thg;.
"Rank of Coal Hypothesis". The ra.nk.of coai refersr tc; the chelmica.l :
-composition and is determined mainly by the amount of volatile matte‘r.
The  range extends"f‘rom a.nthracite with the highest fank on one end,
tﬁrough the ’mediulm rank bituminous, to lignitel»with the loweét rank on
“the other, Aécording to thebhy;pothesis‘, the incidence -of pne‘umoconiosis' '
increases with the rank of coal. Inthe sa.r;ne series of reports,‘ the term.

“c;aa.l workelrsw' pneumoconiosis™ was .introciuéed, a te-rrﬁ which aQoidé
“the implication of silica. ' |
As intér"est in _occupationai rnoftality increased,

more statistics became available. In 1951 Henry, Kennavwz_ty. and Kémamy (S)
reported.the results of a study relating cancer of tﬁe bladder a..nd cancer
-of the prostate to various o;cupatiqnal gfo’ups. . De‘ath_;ertificate.s.vvrere
exa.minea for ail males who die;i from either of thcsre f.wo;caus.»e‘s in -
England and ;Kfales foi- tﬁe Itime period 1.‘;21-19I28.' "'I‘a.king tﬁe“populafiox_x |
at risk as estimated by ~1;l1.e N‘a‘-tional Ceﬁsué (19'21){0& each occu“p-ational‘t
group, th‘ey calculated t#e ratios of the ”regiéteréd”“deatﬁs to thé x;umbér
-of deaths that would be exéected if the dc_cﬁpationa.l gro\;xp had the same |

rate as the total population. Their results indicated that coal miners did"
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not have an’ excess r1ak from blac-i

ivr or prostate cancer, and in this

respe‘ct, they were quitegsimilar to a;;ricnltﬁral "wor}ger.s: who also had a

lower number of cases than expected.

The one exccption 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'felt that this was due primarily to iack of conformity between the

descnptmns of occupatmn given by the men themselves m the census and

those obtamed by the Registrar at the time of death

Using the same approach, Kennaway and Kennaway examined the

death cert1f1cates of males, Jaged 20 and over,‘ who died from cancers

of the 1ung and of the larynx in England and Wales frorn 1921 to 1938,

The figures for the first 12 years: (1921 1932) were publlshed in an

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

~report (9, 10), Table 1. lfg‘ives the mortality ratios of the observed number

of deaths to the eéxpected number of deaths for the various occupational

categones assoc;ated with coal mmmg,

TABLE 1.1

Déaths from Li.mg Cancer in Coal Miners,

England and Wales, 1921-1938

. | . 1921-1932 1933-1938
COAL MINERS Registered | Cal¢ulated | Ratio | Registered |Calculated | Rat
Deaths Deaths |x 100 - Deaths | Deaths |x I
All coal miners 289 492.5 59 485 820.2 5
Hewers and getters 174 '274.0 . 63 319 - a42.7 | 7
Other undcrground 28 65.2 44 52 - 112.4 | 4
workers g i . . ' ' :
‘Conveying material 12 31.4 -38 28 60,2 | 4
to shaft A - o '
Road making 29 54. 8 53 ‘37 - 100. 0 3
Workers above 46 65. 1 71 "~ 49 104.9 | 4
_ground ‘ : -

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

deficit in martality from lung cancer in both time intervals, The mortality -

ratio for all coal miners in both periods was 59,

re

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

TABLE 1.2 .

Deaths from Larynx Cancer in‘Coa.-li"Min‘ers )
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°1 66
Hewers and getters 150 - - 260.0 58 107 146,0 | 73 -
Other underground 30 ©68.5 . 44 18 40.0 45
- workers ‘ BN EE , I AR = b :
Conveying material 11 - 25.1 44 7 16.5 | 42
to shaft s : , ‘ ‘
Road making . 27T - 60.0 | 45 24 36.9 65
Workers above © 39 S 70,5 | 55 26 38,2 68
ground. '

(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 1921-1932, and 66 in 1933-1938, Although the observed numbers

of deaths ‘fbr‘coz_xl miners were low for all the types of cancers considered -

‘in their series of papers, Kennaway and I{ennaway are careful to hp'oint out

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

for statistical purposes,

In.a later report, Kennaway and Kennaway investigated the possible -

influence of pneumoconiosis on the incidence of lung cancer among the . °
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Bx’-iti-lah“coa]. n;inelrs, duﬂrinlg the ?ca.;sx_ 1937 té 1946 (Illl'). ?he i-nciden‘cc.
of lung ca‘ncer was estiﬁ#tcd b):r the samé met'hod cmployeci Iin Ithe ‘prev“ious‘
studicg. The prevalence of';lm..c_f_‘gmoc.oniosis was e‘st‘imate‘d by the rlmmbe'r,
of co“mpenlsatiron cases arising undert the Wori.r.men's‘ vCompensartionfrActs.

A comparison of incidence of lung cancer in differenf coalfields was made
by dividing the number of employeq_(avéragé of 1943-1946) by the number of -
déatﬁ§ (1937-‘19‘46)-, a.nd*.‘the x.'e“s;}.llt‘\rava.s state‘d as the nundbe;r‘ of pe‘rs‘on/s -
‘required to prodt;ce one c};:at};. Tlhe al‘.\thor's‘maintain tha‘t fhi% simple .
approach is a.dr;zqua,t_'e since the agé .distributioﬁs do.not varf much for the
different areas. It was found. that the face workers had a higher incidence,’
in soméb ‘éoalfields‘ up to three tirnés, than the other rcoal work;ars." In
general, coalfields with a high pre\}alence‘ of pneumoconiosirs téndea to ha\.re '
- a low incidénce of lung can’cer. Héwev‘er,‘ rth;'s reéiﬁ.rocal relatiénghip ,
~was not ébsolut-ely consistent throughout all ‘_cda.lfields.'. |

In order to investigate the recipro'cai relatioﬁship between

pneumoconiosis and lung céncer propos,‘ed' by'Kenna\;/ay and Kémaway,
Jame_s‘ea‘:amined t'he‘ results ofrthe necrqé#ies of 1327 c“oal workers a.n@
1531 non-éoal workeré in South Wales duri??g 194;1-1952. (712), Of the 1827
mlim::’rs, 967 had sim'plg pneumoc'onios.is and 860 hé& ma;ssive- fibrosis.
-'Prin‘luary‘ 1ﬁng cancer was 'found in 49 (S.“l%)‘ of those witlln sirﬁﬁle
pneuméconiosis and in iZ (1.';4%) of th‘osé‘ w-it‘h méssive fibfosis. »The;96‘?
cases of simple bnéuméconidsis were fur.ther divicied 'i;nto tf‘x':lt'eeg‘roups "
shpﬁng‘respécil:iv;aly slig‘ht, mo.de'rartke, é,ﬁd éé§eré degreés ‘(I)f the”conditiop. |

" The re.s‘ults 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 Socuth Wales

Simple Pneumoconiosis Massive All All ‘
Slight Moderate Severe | Fibrosis Miners Non-miners:
Number of Pneumo- |- o 1 .

coniosis deaths - [ 524 272 171 860 1827 1531 -
Lung Cancer deaths “ o : -
. observed - o 31 11 ' i 12 1 - 61 . 82

Lung Cancer deaths
expected based on A , o
all .coal miners 1 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 obs.erved to expected d'gaf:hs from
lung cancer diminished with ‘increasing‘l severity of phgu:noconiosis and
ﬁra.s ieast in those with massive fibrosis. _ This result led tﬁe a’xgi;hor
to conclude that.early death from pneuméc'_oni_osis rﬁiéh’t be a_fa‘ctc;r in'
reducing the in‘cidence of iung cancer in minéfs.

In éonnectioﬁ with the polssibility of a recip'roceil rela.tions}hip
between pﬁeumoconiosié éné lung canc;:r'among coal nﬁners, .the Registrar.
Ge_n\e'rélt'_s mﬁrtality rvep-ort for 1949—1953lshqtl11d a.lﬁ.o» be mentioned: (13).
Théhstandarrdized‘mo“rtlality ratios frorﬁ béth disea'.ses.‘wé"re calcula£ed for B
different coalfields in England and Wales.

The Sfandardizéd‘Mc;rtality Ratio (SMR)'from lqu cancer were low in |
minéré fron'; Glémo rga;il and Monmo:t.\;:h.s'iré‘,\areas \Ivhe re.Pn-(!l:lmO-COniQSiS was
x;nost con;n'non‘. but was eﬁ;uall&r low in rr.l'merS from tﬁe West f{iding and Durﬁarp
arcas, where pneumoconiosis was comparafively rare.".-i fous, the data failed
to ‘show a;\y cons‘i'stent relationship betwee-n the Irgquencvi‘es of tl"le, two c_\li?e{a;es. |
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TABLE 1.4

- §.M.R. from Lung Cancer and Pneumoconiosis in
- Coalficlds in England and Wales 1949-53

Region Lung Cancer SMR Pncumoconiosis . SMR
Glamorgan (anthracite) - A -7 N w
Glamorgan (other) Y - E 4814
Monmouthshire : : 57 . 1875
Durham ‘ ‘ 72 : ‘ 527
West Riding, Yorks -~ | . =~ 66 : . 338
Cheshire and Lanes 12 ‘ ' - 880
North Staffs . . 106 - : 1750
South Staffs, Worces : ‘ ' 75 ‘ 1367

(From the Registrar General, 1958)

In 1958, Doll puﬁlfshea the rhortality experi;ance of nickel workex;s
and of several’other occpéations (14). b.a‘t.a for 15,247 men over the #'ge
of 15 years whé Qere r.t;_-sidents in the four sele‘ct-ed distri;té of South‘ |
v'Waleé and who died in the perioa 19;1_8-1956_we.re;“_ana.lyze;‘cl. ~ Among coal
miner..%, f3 deé;tﬁs dué to cancer of the lung‘weVJ’:é0bs;é1"';§'ne'd,ﬂ'\%rh‘i1_e 152.16
deaths were éxpigcted'from thlt‘a experiencé of wo%kers in all oé:cupa‘tions.‘

- Thus, only 48% of fhe expected deaths'weré obslerv;d. Doll was;' é.wa‘re -
of the possibility that the observed-low -i.n:&cidence of luhg cancer among

' tht; coal miners might have Been a result of a relatively higﬁ mortality
fro‘m othler causrels.l Accordi’ng. to the RegisltrarGeneral, the dea;’th rat;;s
from alll.,"'caruses othélr'fhan7 lung‘ éanéer amc;ng Eoél‘miners agéd 20-64 |
yeafs was 20% above the national-average. Therefore, if" the humBer of
deaths from other causes ,.ém',ong the»_coél-minefs waS reducéd,bfpne :
si)cth (ZO/IZQ), the expected number of lvurng canc_ér.dea.tbs béc&ﬁés 126..8Q,‘ .

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



attcmpt-’lwea the‘first qudntitat{ve cffort to ‘caleulat‘e a cause-S'peci'fic :
SMR adjueted rfrer ‘deaths.frorm‘ other caueea‘. x

’I‘he population.of the Rhondde Fach, a. sma'.ll-"rninieg:valley‘fi‘n
Scuth Wales, was surveyed in 1‘9.50-51‘ (15).. ’fhe -’communitr)} was
re-surveyed in 19563, when' 91%.of the entire p0pu1ation‘and <?5% of the
miners and ex miners were rad1ographed The mortahty expenence
of the populatxon durmg 1950/51 1953 was reported by Carpenter et al
in _1956 (16) With the entire populatlon of England and Wales as control,
lsitandardxzed mortality. re;t1os were calculated fof the males aed the

’

femaies. It was noted that the age -distributior;s in both sexes were very
simila.r:‘ Among the males agedS to 74; 342 deaths fro@ ‘a.'ll.causes .
were observed, when 278, 2 were expected g1v1ng an SMR of 122, 9, Among
the ‘females, 190 deaths ‘were obscrved w1th 186 8 eXpected ng-mg an SMR. "
, of 101.7. It was suggested thet f;he difference was due ‘to some occupatlona‘.l
factor. To pg:ége the Iﬁr‘o,blem fuz"_ther; the maie:pepulet_ien was divided _
into non-miners, 'vmi.ne.r’s and ex;fhieers with lalnd-‘without peeemoconiosis.
The followfng resullts were obtained.
' TA‘BLE. 1.5
SMR.- for Non ‘rmners, Mmers and Ex- rmmers
by category of CWP in the Rhondda Fach, South Wales, 1950/51 53

" ‘ : , g Observed | Expected SMR SD
Non-Miners . 28 26.9 .| 104.1 |-19.67
Miners & Category 0O 115 104.4 - [10.2 | 10.27
Ex-miners Categories 1,2,3 & Al 82 - 73.9 | 11l1.0]12,25

: " Categories B,C,D - 47 . | ..33.9 - }138.6]20.22 .

{(From Ca‘rpenter et al, 71956)
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- The Ia.ut}‘iors' ‘sng.gé_;tred: that the =+ w13 no évlidé nce. th;t’:sirhple
phe.urpdco‘nio-sis"Was' aséocia-,ted ‘w‘ith a decrear._sted‘elxpe_‘ctratid‘n of»_l"ife,'.iﬁd
that a trend of mo;-'tality apparently gxisted ah‘zong‘the different Icatt‘sgories.- :
of pneumoco.ni.oticsf ‘_Thé' greatest e‘x'cess'of :"nprtalitV ‘u.ras observed aﬁong
miners and ex-mi.ners with c#tegory B,C,orD éoal Workers' Pneumoconiosis
(CwWP). | | |
Realizing the ‘incompafabil.ity? of., SMR"S wﬁén the élgé distributions

.and the population sizes were different, the authors proposed a tfansquinied

"death rate , C _
,._‘v i Jv_._r;_v_(sm_l.,J'_p_ B sin.l ‘J_? )
yhere o n = number qf subjects, | | o
P = observed percentage of aeaths, and |
q = ‘expected percéntage of de.z);ths.

_'I‘he value of ¥ is p'os?itive, zero or negative rdepending on Qhether thefe
is excess, .nc.n ex;esé or deficit oft mﬁrtality, res‘pe‘z‘cti’vely. Ea;::h v w‘ould
have the same s{andard error of + '28: 7. Thu;, an a.bsoluté ‘vaillxe olf ‘,
v greater’tl.'lan 57.4 v;rou;ld in&ica£e a sig'xliificlan{: dev.iat:'u;n fi‘oml fi’le
expected mortality. Based onrthe_“value"s‘ .of‘ ¥ 's, it was concluded that
there was no definite .i-ncreasing £reﬁd' of death rates among Vthe fadioloéical
’ca‘tego‘z"'ie-sgé"f.CWP. |

| Asixyear (1951 -1956) .Eollowr-up of the po'pu‘la.tion inthe Rbondaé -Fachr wa§
published inalater report in 1964 (l1-7).l "'I‘he ;-esults sugge sted that Progréss.ivé .
- Massive Fibrosis (IPMF) wa..s more serious than the previous stud'y had impligd.
The’SMR for fninérs .'%tnd e#-miner-s‘aged 2.5'-741v§ith PMF was 209. 2, -cdfnpéré&

to the previou§ value of 138.6. The mortality of miners and ex-miners
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without PMF was also significa};tgy raised. The SMR for mincrs and
- eX-miners without pncumoconiosis was‘126:. 8 ‘and4 fo;' thosé with :
| categogies' 1, 2, 3 or A was 119.2. 'I“hesé two obser-vvations fcmaim;i -
unchﬁngeél even after colliery ac.éidents‘were excludcd.._
. The .m:ftjor results of ti‘le'six yeér follow-u§ of the Rhor‘x‘dda‘ Fach
- miners are #s follows: |
‘ (1) : "ThQ‘S.,e,_mdilllPe_;':s ﬁth pgdgrléssive.masg.ive 'fibrosis‘rl
h.aa high standlardized mortality ratlios..
(2) There were no differences in the SMR's .of thosé \“avh‘ose .
‘original x-ray category was 0 as compared to those withlan :
x-ray category“ of l,l 2 or 3, | |
(3)  The SMR of Ithe non-miners was loﬁef than those Iof
mjners gnd_exfminer.s with original x-rgy'ca’feg_ories |
O; 1, 2,‘ 3 combined, | o
 All of these results were s&pported in Ithe findings of the 20 year follow-
ﬁp of this same group of men (13)'.7 “Fﬁrthermore“,‘ it -aIv)éears“ thla.t- on
th;e basis of the 20 year follow-up that-‘P'MF ca.t'eg‘ory. A does not lower the
SMR 5ut rat.he-r‘ has the same lifg expéctat;on as catégdricé 0,‘ 1, Zrand 3.
(af ieaSt for the first 20 years)., | '
IMorfality f1;om lung c‘artxcier amqné the l;esiciénfs, in the Rhovr‘;dda.
Fach was comm‘un-ic;a.ted to-Goldman, -who publishéd thg ;r‘esults as . part
ofhis‘ 1965' review article on lungl cancer among cdal n*;inerrs (19).! Among
‘the miners and ex-miners, 30 dcathsl ';vex;e observed.outrof 37. 0 expected, .
the corrcépopding SMR being 81. 1. ‘ch’r the non-mi;lerg m the isa-me |

‘community, only 3"out of the 5,7 ex.pectcdl deaths were observed, the SMR
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being“f53. 1..- :The difference secmed *a ind';cafe' ﬁ\at tﬁqmihéfﬁaﬁd c:_c-mvifu.:rs‘
were more vuine_rabie to lung.ﬁancer tﬁan .the resi: of fhe co:"nmunity_‘.- |
‘However, the statistical gignificance of ;he 't‘:i‘i.ffer‘ence:-was limitga bccausé )
6ne of th'el SMR'S was based on a ;lery small humber of de‘a‘lt.hs.‘ ‘ yTh.is result : .
also ermphasized the importance of choqsing an appro‘priate »control'groﬁp
béfore‘ inferences ﬁan bé made,

Also r.eported in the same review article was the mortality of coal
miners from lung cancer obtained from an.inves_tiga.ﬁonlin;:o the!a.cclurz-a.cy ‘
-of the Régi‘stré.r General'.s océupationa.l data (20). Irn.forr-hati-dn' ﬁ/a.s ;CQﬁire& -
through the‘Na;tio‘nal Coal Board and local i‘nquiries a‘l;oﬁt-minérs and ex-
mi-ners aged 20 to 65. I:The mortélity ¢xpériénce of thé‘se men during 1955

is given in Table 1.6.

TABLE 1.6

| Ca.nlcgrl SMR of‘Mine,rs and E_x-‘minérs
in England and Wales, 1955 .

Underground Workers - | . Surface Workers :
Lung Cancer | Other Cancers| Lung Cancer| Other Cancers
Deaths Observed | 216 459 - - 54 : g3
Deaths Expected | 308 . 450~ } 59 )} 82
SMR ___70.1 102.0 _91.5 113.4

(From Goldman, 1965)

Both the undérgound and surface workers had a lower inf:idenc‘e..of" ‘-
lung cancer than the corresponding male populatio;'t in Englan-d‘ and Waleé. ,
Furthermore, the SMR for upder.gﬂro.l‘x‘:_xdr worke.r»sr wa.s con.si‘dera.bly lower: :
than tﬁat ;fhsurface wvor‘kers: 'fh‘cfe ';r;re also Co’nsidera.bvle ;e;ion;l i
.diHerc‘:nces in lung‘carhcre‘r morvtaliﬁ;. It.rwas low in Durhlam> (SMR;' '; 63. 2)
a_nd.relati\}ely high bbth in the slc>uth;wes,t »(‘Sl\‘d'R. = 108 7)> aﬁd ‘in th'e‘ n‘orth

(SMR = 147.0). The relatively high rate in the south-west was. in
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conflict wilth the finding,s of Kcnnaw’ay and Kel;maway anci l‘of the Régistrar
Ceﬁcr#l. but :a _t‘:llo‘seicorr;}pari;sc‘m w#ls not possibl'e, /bec'a.\“xsg c;f -the diff;:'rences'
betwecn the regional div'irsio-n‘s‘; -of the country and those of .the National Coal
Board.

- In the same article, Goldman, base&on‘ the’ Regis‘tvr“‘a:r Gcnlera;l"s‘
Qua:terl-,' ﬁéturns for Wales 195’6'61'. calculated the'axﬁn;lal death rates
from lung canlcer in some selected mining andvno.n-minineg ‘towns‘.:-_‘ To
;f%d‘uc_,e, the bias arising -féfg_m}t_fiiffler‘enge-s in age and sex_r ;structgreus betwcen
the different pépula.tions,'..e.ach crude death rate was multipiied by’an B
appropriai:e YArea Comparability Factor',  The a‘djusted death‘ra‘te‘s \;rere
seen to be lower in the towns Isitua.tedl in m.inliﬁg a.féas_than those in ‘x.aovn_
.xnining a.rea.s.‘ This low mox;tality.;rorh lung‘ cancer in mmlng towns,
the author conclude&, wogld‘ be in keeping with the low mortality r‘eco‘rded
- fo;" miners, | |

.From theJR.egistra;- rGenera.‘l-'s d‘atéa.,‘ Stocké derived the death‘ rates
from cancer of the stomachiand from respiratory disgaéés among cdai :
miners aged 20 to 65 in I194‘9-753'i.:'1v tﬁé >m‘inin.g a’rea‘s‘in ﬁnglénd and |
Wales (21), The dea.th_ rates c;f f.he nonfminerg in tl;le“ same counties were

~also calculated. To insure a proper comparis.o_n, de.ath '.rates were -
at"ljuks.".l;'ed‘b& the comparability factors Eased on age disfribution andl
‘urbar;iz;ati_c;n of ;-esidence. - The moi'tality c;f the wivels o-f the miners was |
“alsd reported, but a- further regional ‘IDvreakdown was not poss.ible. ‘IFol.r
the c_alcﬁlatipn of standa‘rdiz»ed mortalify ratios, the e;cpec-téd deaf};s ’

.were based on the entire pqpﬁla,ticin of England and Wales.
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qu cancer‘of the stomach, the SMR of all coal miners was 149;
and the v.lrives of coal miners sho‘wed a similar excess over ail marz;icd
worten, their SMR Being 154.’ ;n six out of the- nine min‘ing-.areasv,"tl‘ié |
death raj:éé from stomach cancer of the non-miners wer-e‘ ¢§nsidérabif
higher than the natior_ml averag‘éo In the refnaining three areas, two
showed no de.viationvand one less tl;a.n the na‘.tlional -average. . Furthermore,
in every area, the coal miners’ ifafe excéedé& both the :ﬁéfiohél' rate
and thalt of non~miner$. The excess rva.rie‘d from region to regi;an; with
t1‘1e gregtést difference occurring in an area in South Wales wher‘e 82%
of the miners were working in anthr:acite mines at the time of the census.

f‘or bronch.itis ambng all miners iﬁ England é.;xd '.Walézs, ‘the SMR'
was 135, and amgng tfheir wives, 1?5. | In all az;eas coﬁsidered, the
_-miners showed a higher morta-];i‘tyrfrorn' br‘onchitis than other fnalé
residents in the same commtvmi‘ty. Again,. the greate>slt .ex‘cress was

| observed in 1:_1_'1e same area in So‘uth‘;W.ales, ‘.th‘are the ‘.e}’:ces‘s‘in stofﬁach B
cancer vn«"a.s the greatest'. For reépirafory tuberculosis,, t,heISMR for- ,
all mihers was 119 a.ndrfor-th‘e wi;rés,' 145. Howe.ve;', 'th‘el non-miner;.sv
show 2 higher excess in mortality from resi:»iratory‘tuber\culos:;Ls than
. the‘niihers- in two areas. | |

'fhe author sugg;est-ed the followiﬁg factors contribﬁting to the -
observed regional differences:‘ the cﬁal i{sélf ;or fhe manner of mir;ing-
it, the rock rand soil co'ntaininlg fhe coal, and thg general ‘environmer'\t

of the ‘communities., It was also concluded that since the miners!'
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’populg..;i'on had been falling, a‘ome of'thé exceés mortality among minéi-s
' might have arisen ”from the transfer of healihy youﬂg men intd Iother
'occupatipns.. o

There We'x-e three other conditions éuotcd By Stocks for which |
the Regilstrar'Gcnerai reported a standardized rate at ages 20‘564 thag'
was 15 pcrcent or more in engeess of that éfail males taken as 100; |
) -!;‘he»g_}e \yere pnq_m"'noéonios.is‘(IZ’!'?), chron.ic{Iend‘oca.rditis ,not’ specified :
as rheumatic (146)> and myocardial degeneration_without mention of
coronary or rheumatic disease (127), There__ was no’regionallinvesti- '
gation done for these causes of éeath. | |

An l‘a.na.lysis of the mo‘rtalji‘t',' of IBri't:i;h coal r'nine.rs ‘in 1961 wﬁs
reported by Liddell ‘(22).‘ For all deaths registered in 1961 of men aged
- 20 to 64 in mmzng occupa.tlons or thought to ha-;re been employed Bv the. |

Na.tmné.l Coal Board, the Registrars General of England and Wales and
of‘Scotland prowdcd identity, age, occupatmn and cause of death. I‘or
each rnan. on colliery books w_ﬁo died in 1961, | collieries provided details
including last occupation, place of deatﬁ, and occupa“tion'in 1952 (or c_:ﬁ
ﬁrsf empioym-ent i.fiate-r). i‘v{fhere it v:ras; not possible to match a &eath' ‘
cé_r,tificate with ';he informatién obtained from colliery, and in all o
cases where a man'.s last révcdfded efnplofmen{ wzllsléarli‘:ier tlhan 19.‘61“',‘,
inquiries were made of the dec'eas‘ed'S‘family‘r fhrough more than 200
medical offices and by mail,

&‘ﬁe occupat:ons :;;.i;xdicated on death certificates were -
| consi@grably different from those determined By inqﬁify..--:Although- N
4212 dgath certificates were. coded'é.s coal ;riir;érs, only 3VI.31I were

-16-



defiﬁi_tcly,-know_nto ha;re Eald Qafked' _in ‘thc 'r‘_;al‘ induét_ry or 3555 1f thc

424 who h;d at ieast prébably 'vj/orked in the iﬁdustry wéréinciu&ed. "Thus
the "promotion”, defined as tﬁe percénf diffe:i-ence" of the official figures,
w#s, on the aw‘rcrage,‘ .(42i2 - 3555) / 4212 or 15, 6%, szar;ging frc;m 37. 1% .
in Kent to 9, 6% in Yor.ks.hire;l. Promotion to ;ﬁe coal _face was 46, 7%:- 

in other words,' near'ly half éf the deaths codéci as face-_lwo;ké‘r_s‘or\; the
.death‘t':ell;tif{cates' were ih'c;)rre;*;:li,r coaed ‘as‘:"st/i"ch..' The‘i'oll'oﬁhg‘Table 1. 7
shows the distribution ‘of cause-specific deaths at ag;:s -55j to 64, ‘as com-
pared to that of all o'ccAupied‘rand retired 7n"1a1e§ in England #nd Wales .

1959-1963 at the same ages. .

TABLE 1.7

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

All occupied and retired
' ‘ Coal Miners (%) | males, England and Wales -
‘ Cause 1959-1963
. Coronary disease, angina - | - 26,1 o » - 27.9
Vascular lesions of nervous : 7.8 8.4
system - ' o L .
Malignant neoplasm, lung - | - 8.8 S 13.2
bronchus = R D S
- Bronchitis - . 12,0 _ 9.3
Pneumoconiosis, occupational 4.6 0,4
All other causes 40.7 ' ‘ 40. 8
Number of deaths SRR P . 3169 = 100% 273647 = 100%’

(From Liddell, 1973)

There was a lower proportion due to malignant neoplasms of the
iung and: the bronchus than in the genera.l population, but: higher'pfoportions.l‘

due to bronchitis and to occupational pneumoconiosis.
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A fu:ft'he; 'analysis wa.g carx:ieq out am-ong.vthe wgrking minelrs.
The denominz;tors of death rates came frorﬁ a 5% sample census of the
mining industry in 1961. Cause-SPec.ific SMR's were _calcuiatéd, usi}n“g’ .
all occuf:ied and retired mdie's in Englaﬁd and Wales as the control, The

‘results are presented in Table 1. 8.

TABLE 1.8

Cause spec1flc SMR among Occupied Coal Miners
.in England & Wa.les, 1960 ’

Other . ‘
underground | 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 ' EEEI .
Hypertension ' : 40 - 83 99
Malignant neoplasms, lung, ' . 49 .53 R . 82
" bronchus : AR ' S
- Malignant neoplasms, stomach|. 101 128 32
Malignant neoplasms, other | 69. . . -} 2 - lol
Bronchitis . 26 64 - 129
Pneumonia 25 & - 58 ‘ 132
Pneumoconiosis, occupational | . 191 L 413 556
Motor vehicle accident - . 3 . o3 . 149
Other accidents . 357 - 236 . 221
‘Suicide . o 42 nr 83
All other causes 39 < 63 106

(From Liddell,. 1973) .

: -It'".i‘s'iintlerésti.’ng;;t‘ﬁ note ‘tlv'i_at the face workers had a, deficit in‘ -
mortali.ty;frc‘m? evefx_‘y_c-ause except 6ccgpaﬁonal pneumoconioéis anci other
' acci‘de.nts;-v.(hilej:'thézs‘urfaceworke;s had Aexces.‘ses/in f‘nos‘f of _ﬁme cau;es.‘
'Furthern":ore;, there was an incre'asing'tre.nd of molzlrta‘lity across: fﬁe

catcgories of coal miners in every cause of death, except in stomach cancer
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and in other accllident;eo.l" This gradient was, ;§ éxplai'ncd by the auéh‘or,r
in ac.i:ordan‘cc w'i‘th‘ the need for the fittest mén #t the‘coagl face, the“ :
tendency for oidgr men to move from the facé when work bec;.'me too
arduousz fqr them, and forisﬁrfac"e workers to irlzcl-uc.le tﬁé 1"es§ fit. That
the face workers had to be 'robt.fst was indic.at’edjby' their part‘icullarly '
low ‘SMR"s fro_m p‘neumonia. bronchitié,'ﬁypertension, 'coronary‘dli'sease,
| rvafs'cul_ar 1é$io_ns, anci_ a}l other.c-a.gse;.' | |
In conclusion, Liddell poilnted'out the fact thaty low ﬁuortality ,
from canc;er of the lung énd bronéhusl ;;vas not I‘zala’u.nced.‘tzasr ﬁeoplasms ‘
at other sites, and this appéa;ed among béth occupied and retil;ed f_niners. ;
In the meantime thei-é weré no substantial inv.e-stig'a'tion‘s on the
mortality of qoal miners in the United States comparéble to those done in
,‘G'r‘ea.t Britain, Furth;rmore, as in Britain, the réspiratory ailments of
Icoal miners were first attributed to silica. ‘V‘This opini§n was reihfor;:ed
- by studies done in the énthfacite coal mines of Pennsylj;ania du'ring.'tl‘le _,
time pericd 1928-1931, The ‘si>1i'\:.:a'. ét:;ntent Iin these mine; was relatively
high-and the results of these str;xdieé indicated that the incidence of =
anthracosilicosis {a term used for t>he condition found in ﬁqiner’s lungs)‘v
was h.iglf}ler for those men exposed to dust with a higher percentage of
silica. -
Graduall&, however, as a result of some of the ¥éports of the Eritish
supplémented by findings in the u. S [Clarke and Moffet (23), Jones ( 24) ]
that 1nd1cated bituminous cqal miners also had a h1gh 1nc1dencé of

anthracosilicosis, the emphasis began shifting from silica as the sole cause.
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Then in 1957 L-evin and Huxitcr (25)"- r;:‘éo';'tetzl‘"prncum»oconiosis,, identical
t§ the Brit_i;h countefpart,in a small ;g,roup of Ohio coal n';i-ners; 'T,h-e
U.'s;, al.t»hoq:gh thirty years behind, was folio“;ing the same course a‘xz;s’t‘h.e
Bri’tish..' | |
In 1960, v‘based ona réview of death certificates, Vinyard a.nci' '
Lieben reported the p;mcumo‘coniosis‘ mérfality in Peﬁnsylvania; fsr ?he |
_:pevi-iodeé.rch, 1957 to F’ebvrﬁ.‘a'r.y-,:" 17"959 (26). ’Re"‘cpxrd's‘ Svf.:thel-‘-Natziro'x’:iail
vOflfice‘vof Vital Statistics at that time re‘;rez;lled that ﬁ@fe tha.n 50% of -
the pneumoconiosis and about 93% of ther"anthracosilico.sis deaths in the
U.S. were reported fro.rn Pennsylvania, An extension of the sfudy was
-reported bjr Lieben and Hili in 1962, covering the perioci befweeﬁ January;
1959 to December, 1960 (27). ,
This later Vstudy‘shbwed that fo-r':1959-19'60; more than one half

{in 1957-‘1959,-about two thirds) of’the ;ieatl'lxvs with some mention 6f
éccupational lung disease on deatlflx"certif-i'catés in Pennsylv'a‘r‘xia wc-‘z‘re mine
workers, - The high-risk a‘ge.‘group was those mor‘e'lthlan 45 y‘eré.'rs old, Of’
the total deaths involvihg pneumoconiésisl in ti’xe staté;- 82% occﬁrred in |
11 counties including‘ 8_‘hard coal and 2 biturﬁinous :coé.l produciﬁg areas,i
and 76% Ofthe f.‘étal were ‘concenrtlratert.i i‘n five counties (Luze_rene,
échuylki'ii, Lackawa;ma.. Ca;-bon and Northumberland). '.In thé Luzere}l.e .andl
Schuylkill counties; pneumoconiosis was the sécond most freqrtv.\el-.nt ca.use“-_'*'
of 'deafh among males over 45 years old, exceeded ;in fx‘-equen’cy o;xly by

heart disease.
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Of tlt‘ief’Z?'?Z male de.aths reported m 1§59-196d with'.mé;mt.ién orf . -
occupationai l;xng disease on th.e. death certificate, ’_1739? (6‘3%‘) ista‘ted‘ythﬁ -
gh@_ occupational lgng di;ea}s’el was the,priman,.'i‘.‘caus’e of dg‘ath,ﬂv;/hil‘e'lfdx},ﬂ
tl';e t:;ther 1633 dleaths vpnex,llmoconiosié: v;rasl-ls.;»)vecified t;:o be an'ass_ociatec;l
morbid cohd‘ition 'existing at the time ofl deat‘h.ll Fbr. _tﬂese 1'0'33 deatﬁsl | i
with pncumoconiosis ;;15 a coﬁtriﬁutoz}ytondition, heart di’s‘le‘aslg-wa.s_ most
; _freqhéntl*} listed a;s:"t_he‘.;:;')"l;irﬁé.‘ry _ca1‘.1;5e (49 1°76I),‘."::fcf‘}lowed by m;iignant ‘
neoplasrns‘_(IS..l%), and Rneumonia a-.nd‘inflﬁex;z.va (7; 2%). Thepr;:portilon
dying from cancer in the pneumdconiosis éroﬁp “és slightly lgss than‘ |
that in the state. Howvever, a ’consid‘e:r_ably higher‘ percenfalge 'l)f Ith.olsé ‘
dying of cancer with(occupa.-t.:ivonal lung dislease t;,ompiications _ﬁvere‘
specified to be due to ;:ancer of the respi;atoryl system. |

In ,1962, the U. S Public Health Sérﬁce ﬁub-lis'hed a.sfudy on
general bécupafional mé;fality for the ‘y.ea.r i-950 (‘28).. hining w;ts u
one of th.é oécupations studied. A deta.i_led morfali& #nalysis by ,caﬁse,
and by age based on the above study was repo?ted' glyr.Eﬁterline m |
1964 {29). Ail ‘dea_ths wi‘th’ cogl mil‘ners l'isfed as the rusuall qccupation 0n P
- the dea.fh cert‘ificates were inc‘luded in the numerator. »I.n ordé-r to compﬁtle
. th‘e“d_e-s.th‘flrate,‘. it was nec'e’ssary";to gst‘i{'f?f";'.te‘ the @eqomigator,l i.e., the
nu.mbvnerpf .men ifvho, had they. died in 195;0; woula hgv_e ’b‘eer‘x c_lassifiedl'as :
coal miners, C;ude e;£imates we-re’m‘alrde from 19SOJU'. _S. Censu.s data
for men in the labor force and from a e‘lpecial‘ suppieméntifo the Februarf;
1954, Cﬁrrept P;opulafion Survey for 'fc.:ox.-n'iezl- coal 'rx.uincr.lsl..: | |

Death fates among éoai miners were found to be Consi;dér?bly/ Irl‘li-grher
~than thcse‘f"o‘r‘l all males wiifh-:wqu e:;périe‘nces. At all ages 20-64 the .
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observed d‘t_':ath rate was 95 percent (SMR = 195) #bo;fe #hat for all Ima.l'é
worke‘lfs.v'.lf'urthermc-are, ‘the excess :im’:.r.eased'\‘vith age.l"'-At ages 2,0_54’- .
SMR'aI ,yvé_reu higher than the expec.:te‘d for c,};gry- ‘cau:se‘ of dE:iEl.vt"h exc-fzpt” |

‘ diabete>s (SMi?. = 100).. The greatést cxcess’ came from a.ccide;nts at work
(SMR-= 5.86)', followéci by diseases of the respiratory svyster_n (SMR = 491) ‘
anld cance‘r of the;' $tomach (SMR = 275).' vOthér cause‘s of déath where the

_ observed number ‘.wésff('rdno'ré.tha:;i,‘-rt';rilce tilé-‘-‘é‘:#ﬁé'cf‘é‘d 'inlcliud'c‘a.c‘rl:tuber_;l.lilosis,
cancer of the prostéte', general qrtgriosc‘:léros‘is'l, Vbthcr m&rocardigl
degenefation,‘ ulcer of the sto::nach and l;xomicide, while 1ung cance;r was

‘almost twice as high (SMR = 192).

. TABLE 1.9

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

Cause P Observed Expected SMR

All Causes - S 5793 S 2966.. .} 195 |
Tuberculosis . . 396 148 268
Syphilis | : - 55 .} 30 183
Malignant neoplasms o 764 428 179

Stomach ° - B 146 | 53 - 275

Trachea, bronchus, lung 161 - 84 192

Prostate ’ ' - 35 | 17 206
Diabetes L .33 | 33 - | .100
Strokes - 309 | 193 "161
CHD . . 1140 . 789 : 144

. Di‘sezis’e,'of“respirat_ory system | =~ 487 - - 99 o 491
'~ Occupational pneumoconiosis | =~ 321 | - -
‘Accident . S 967 - 338 286

At home , .1 499 [ 80 | 586
Homicide 119 51 233

.(F:'rom Enterline, 1964)

" Entcrline.commented that, although the high rates in some of the
- diseases such as "other myocardial degeneration' and ''general

- artcriosclcrosis" ‘ni"i-g,ht be artifacts due to diagnostic standards and
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nomenclature used in coal mining cenﬁjmnitics, the high rates m eecidcnts
at v;iork and in respilratory disease were cleafiy related to coel mining'._
The i'e'lationship.qf other diseases to c‘oal mihing was less certain, It -
was a.r‘gued that if the environﬁmen£ in.‘wh'ich 'Icoal miners lived. was a.
causal factor ip their high mortality ratels,"‘th.en if: weeld be ex‘pected“that“ ‘
they wou}d be _increasingly uﬁﬁealthy, felafive to .c‘eth‘er wor.ke.rs‘,, as .they- |
g'rew.o‘lide‘i'. Esseﬁtialiy ifhe.‘aﬁt'h-er used ‘age‘- as a.spb‘s‘ti‘t’ute,‘fer“length-
of emplqyfneht, which Vwould b.e ve.lid if all coal miners started- ‘a.t appfoxi-
mately the same Iege. Such a trend of increasing r;lo:fality; wai's observed
in disease of the respiratory eystem, tube;-cul-psis an?d‘cancex.'iof the
trachea, ti'le bronchue and the lung,“ while ﬁo ‘definite‘ Ilz.»afctern was founci. N
in cencer of the stornech, in othelf myocardial degeneration, in accidents .
.at work and in CHD, .It was .eox.'icluded that some of the excesses werel no
doubt due to disease‘e and contliitione associeted with the Iworkin_g' ‘environ-
'meﬁt- and dust inhelation, wﬁile others could be alreflection vof the socio-
economic envir‘onm‘etllt of cozl mininge.omr‘nunities.l The p-ossibility‘ of a.r -
selective out-migratic‘n‘u‘ of heelthier werkers was aleo éiscussed;

In addition to ehe above study, Enterline (3.0)'w}rote a i'eview pa.pe:e
in _which'.he inclu.de'd; soh'lle_ findings ‘on mortelity in .the.coal mining industry
base‘d on some deta. from the Society of Acfgeriee. Two-earlier Actuarial
studies on the‘morta.lity‘ of policy holders ie ti;1e undergreuna coei mininé
1ndustry covering the perlods 1915-1926 and 1927- 1935 1nd1cated that B

‘the observed deaths were above two and a ha.lf times h1gher than the -
. expected based on policies issued under standard nsks.. A third report '

cOVhCrihg 1949-1963 indicated a someivhat smaller e:éee,s’s, Ithe all-cause -
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| S.MRJbeing 172, ’I‘he__;rexcess was chicfly due tol resi:oiratory disease

and tuberculosis (SMR = 1111), accxdents and homicide (SMR = 626)
>.a.nd d"i__gcrstive'di_sease (SMR = 260).. One mterestmg zpomt was that there :

wae a slight deficit of mortality in mahgnant neoplasme, with SMR = 80.

| Also included in the ebove review article- vtas a 28-1/2 year |

follow-up study of a group of 533 men aged 22 32 ut 1937 workmg in three ,
| | .-c..Qz;l.»m,lp?,s‘ in the Bcckley area. Amorzg them, 140 deaths were observed,
comparedl to-anlexpected.nurhber of 88. 7, giving an"SMR of 157.9. The_
SMR's in tuberculosis, syph‘ilis, digestive cancer, respiratory c.ancrer,
disease of the resp1ratory system and acc1dents were 173, 9, 445, 9 210.0,
110. 9, 150 0 a.nd 269. 6, reSpectlvely. However, srnce the number of observed
deaths were qu1te small, the cau§e-spe¢ific ratios must be interpreted
~ with eauti_on'. "’ | |

The mortaiity expericnce of Pennsylvarlia coal rt:iners cofnpensated

for dlsabxhty due to CWP was analyzed by Ortmeyer, Baier and Cra.wford (3-1).
BetweenDecernber 1, 1965 and December 31 1967, 22.400 coa-l miners, |
\xrho had worked for e.t least. 2 ye.a.rs in Pennsyylvanial coal mines," appli,ed' -
for benefits under the 1965 P;ennsylvania Oecupatioﬁal Disease Act Chest
roentgenograms g1ven to. each appllcant were categonzed for CWP
accordmg to the 1957 ILO classn'lcatmn. " Included in the study were 607
men with stage C complicated CWP. Apphca.nts w1th categones 2 and 3
: (simple)~CWP or stages A and B (complicated) CWP were further divided’
into.twlo groupe according to s‘pi'rometric:ex‘amixltatioxt:' those with: |
- FEV/FVC less than or equal te 55% and these ;greatcr fthan 55%. All the ‘

1165 in the first group were included, while only 449 (20% sample) of
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the second group were included. _O'nbly 20% or 1783 of those with éafegory

1" CWPwere adnditted fo the study. Thus, ﬂ;e fovta‘l nurr.xtdei" was' 4004,
' 2*9‘58 bein‘g a.nth‘racitc miners,dnd 1046 bitur;airxnldds' miners.- 'I’he- mort_atlity
expencncd of the 'entlre giro‘up was followed dp to January 1, 1971

Standardized mortality ratios from all causes, based on the _

deaths expected of white males in Pennsylvanié. in 1959-1961,

were -
¢ R

‘calculated for thé‘sé' 4004 miners. The fesu_lts,‘:"are summarized in Table '1.10.

TABLE 1.10

Mortality of Coal Miners by Categories and Stage’ of CWP ”
in Pennsylvania, 1965/67- 1970 :

Total

Deaths - Simple CW’P Complicated CWP

by Area Deaths | 1. 2 & 3 A with 1 A with 2 & 3 B | C

Both Obs, 1455 . 84 511 | 35 187 311 | 327

Areas {Exp. 1188 88 | 432 35. 160 223 | 180
SMR: | 119 96 1 113 100 112 138 | 182

: ‘ Obs. | 1119’ 51 394 15 140 250 | 269

Anthraate {Exp. 810 47 | 318 . 13 117 175 | 140

: SMR* 127 108 | 118 119 E15 143°]| 192

Obs. 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: we1ghted estimates since 1t was based on both 20%
and 100% samples.

(From Ortmeyef et al, 1973)

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

(SIMR.' = 119).' For both a‘nt‘hraci‘te‘and bit\il;ninous miners, the greateét
eJ;cess of deaths came from'minerlsvwith s'tagre C c)onllplicat‘ed-’CWP,‘ fbllowed
by those with stage B.. Among the a.nthra.cxte miners, mdrtahty ‘was Lo
elevated 15% to 20% in those with categorxes 2 and 3 81mp1e CWP and stage
A ¢omplx;atcd. CWP, whﬂc there was no s1gmf1can£ excess in t‘he.corres‘-

ponding 'groups among the bituminous miners.
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. When ‘mprtality wgs ana{lyzédﬂaccording to lung functioﬁ resulté,
the excess mortdlity in minérs Wit‘.h: stagéa A,a'nd B could be compl’gtelyf
explained by those with rcduced irentilatorf capacity., Mortality f.or
men at tl;le wofking ages ‘(u.rilderll65) was consid‘t.e’rzit;ly‘ higher tha;n that for
‘men aged“6‘5 ‘and 6ver, fegardiesé of catégory or stage of CWP or level
of véntilat-ion capacity.

In 1-962-1963, 4134 Appalachie.x‘n rﬁiners were‘randlamiy selected
by the U.S. Public Health S‘eryi‘cé for a iarevale‘:.nc.er study §£ CWP (32).
O-fl the samplé, 3726 (90%) coal miners ag.feed ‘tvo'pariv:icipate.l The cohort.
was followed up to January 1, 1972, and then mortality e#ée;ience was .-
reporte‘d by Costello, Ortmeyer and Morgan | (33). N |

Of the original cohort, 451 meﬁ were certified‘as haviing died
~during this pe;i_g‘)d, and the vital status of _abou‘é 230 (6%) ‘men fEm;inéd 5
undetermined. Expected dé‘a.tlhs were:calcula.ted from tll.'xe rates for alll
males' in'th‘er United Stafes in 1968. A total of 30 déaths wcré a.ttlributedl ;
to cancers; 24.to lung ;an;:ér, 2bt‘o ésophagué ca!ncer,l 1 to \nasépharynx -
cancer ;nd 3 to stom;ch cancér. '.The SMR for_lﬁng_ cancer was 67; "ba.sed
on 36 #pected c.leathsb. ‘Whn.en lung cancer deaths were analyzéd by age, | ‘v i
it was discovere_d that ti‘le ;ge gfoup 65-69 was mosf vulnerable, with 9
oblsc'rv"e‘d- ’ﬂeath’s_ I\‘vhi'le:‘wbhly 1 was cﬁpéct’ed. It was pointed out ‘tfaat 21 ' . -
- of the 24 miners dying frqn;x' lung cancer .either‘\‘vere :c;r had been »
gigaretté smokers, and one was a pipé smoker. |

In conclusion, the authors pointed out theﬁdiség—f‘eem.ent» on lung R

cancer mor.tality among coal miners between the British studics and the
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‘previous A'mcriean studies. ‘Based on this study, the authors coneleded .
that the experien;:c of the Appaleehiae miners tended to corﬁ'irm the
rBritish‘-findirnge_}in re'g_a,_x;d‘ fo, t‘;hc,.l‘o‘\s‘rer ;h‘an‘ ne;mal 'rhOrtalit;r fro;n rlung
cancer ‘in coal miners, | | |
The euertality of the same eebort by categories of cwP, By
duration qf unc}ergreund r;rﬁining, by'smokihg his;ory., bsr ‘ltlmg fu.nc.t_iron a
itv‘est and Sy reepiratory impkaiirnient"sylr,"mp;fogm's',__wu.v'a_.sl \‘xfe‘j;.d:t_\é‘diie a later
~article (34), The original cohort"o_f‘,3726 -was: d_ivilded into 2549‘ e_rnll:;loyed
miners and 1‘177‘ ex-'@;ners. "The vital status as of January 1, 1972
was determined for 95% of the employed'miners and 99% of ti‘le‘
e:;:mminers. Standerdized morta.litjr ratios ‘wei'e‘ comput‘ec‘l using the
entire po-pulatlon cf the U,S. as the bas1s for compa.nson.
Among the actlvely employed miners, only 225 dea.ths out of the
241.9 expected were observed (SMR 93), whereas 308 deaths took
place among the ex-miners whep only 248, 5 were ant1c1pated. (SMR‘ = 1»24).
‘The combined weighted SMR for‘ the entire co‘hor;: "'sxa;as 104, When the .
miners were analyzed by‘their radiographic categories of CWP, anci by
their duraeion unelerground, the follo{ving resulf;s were ebta.inea {Table 1.11).
. TABLE L.11 |

Mertality of Appalachian Coal Miners b)} Category
. of CWP-and Duration Underground, 1963-1971 ..

Years' - Category 0 Simplec CWP Complicated CWP
‘ Underground | Deaths SMR Deaths | SMR. Deaths SMR
Employed £29 110 = - 91 5 61 - 2. ..-90
Miners 30+ 76 93 15 g7 | 13 143
- Ex- _ <29 : 86 120 | 6 87 14 . 221
“Miners | 30+ 149" 119 |- 28 143 25 138

(From Ortmeyer et al, 1974) |
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For the »erniners and .’cx-miners without radiographic evidence’ of
CWP the SMR'B were about the same, whether they had been underground |
for more or less than 30 years, For thase w1th simple CWP only those
 ex-miners with- more than 30 years exper1ence of und’erground mining
' showe.d» an clevated mortelity'. E'rnployed miners afflicted with con’iplieated
CWP who had less than 30 ;'ea.rs of underground mining had a much lower
mortality thaln‘ their eo'unt_e'rpa._rt 1n the e_x-rr‘m'ng:ré. Finally, ,min,ere .with |
both complicated CWP and more than 30 years of underground mini‘ng |
exhibited a significantly inereaSed rlnortality,. .whether employed or not.

It was found that cigarette smoking had a greater impact on death
‘rates than the duration underground. ‘Table 1"1'2 ‘slhows that even within
the high-risk ex-miners, neither‘ the non-smokers nor .the ex-smokers :
: showed any elevated death ra.te, except for men w1th comnlzeated CWP
On the other hand, smokers in every category of CWP whether employed
or not, showed a s‘1gmf1cant1y hlgher mortality . The greates‘tkexcevss.
mortality was obseryed in smokers udth,colmpli-cated CWP‘.'.

TABLE 1.12 |

Morta.hty of Appalachla.n Coal Mlners by Category of CWP
‘and by Clgarette Smokmg, 1963- 1971

Smoking Catepory 0 Simple CWP Complicated CWP

"habit: "Deaths SMR |- Deaths SMR Deaths SMDR
Employed ‘Never smoked 31 ° 72 2 39 ' -0 -
Miners Smoked inpast | . 23 55 [ 3 41 4 125

Smoked when 130 111 | 15 115 [ 11 244

examined o ' ) B

Never smoked - 37 73 7 95 L7 125

Ex-miners| Smoked in past 60 103 | . 7 - 115 14 138
‘ ‘Smoked when 136 - 158 (. 19 = 148 16 - 198
| - examined.; a | ' L

‘ {From Ortmeyer et al, 1974) -
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"The best predictor of excess mortalify in bothﬂ emplqyed angi
ex-miners was “a.irwaAy obstru‘ction (Table"l. 13:). Airwa;;r oﬁstructiﬁn was
defined by Jthc-v“rvafi-o of the: volume"of gas exhaled in:the first second of a
forced' éxhalation to‘the-total volume exi;aaled, i, e, ].-'.‘E‘V.‘/FVZZ, being-
less than 70%. No rrlliners,l régardiess of their employment or ICWP. -
status, showedrany excess mortaiity, ‘provided their I‘:‘.EV.I /FVC rat‘i'o‘ ,‘
| ‘was at least 70%. | |
TABLE i 13

Mortallty of Appa.la.chlan Miners by Category of CWP
and by FEV. /FVC Ratio, 1963- 1971 B

FEV./ Category 0 Simple CWP | Complicated CWP
' FVC Ratio | Deaths SMR Deaths SMR | Deaths SMR
Employed . | <70% 76 115 | 7 69 11 192
Miners T 70% 105 82 12 =~ 85 4 86
. < 70% . 120 134 17 140 23 168
. Ex-miners 270% 83 103 11 93 7 98

{From Ortmeyer et al, 1974) -

Some correlation was found betweén th;e severit).r'of dyspnea and |
the increased morfality in minérs without CWP and in sofne Withl ‘srimple
| CWP, Howeve-r‘,lf, no such correlation was found for thoSé with ;ofr;éliéa£ed )
CWP, The presenée of ch-ronié bro"nchitis .s‘:yrlnII)torns (c':o;.tgh with‘splutum)
was associated w-ith.elevated d‘.eath.rétes in all three gfduia;s of employeti '
rniner; and "injfthe"';éx-;rﬁvihe;-s‘—iwit‘hdut' C‘I“'?:'P.' | Ho.{ge;ner.,'t‘h‘e--ex-njiners" with
complicétcd CWP but no c_hronic- Eronc-;bitis Isy?nptloms‘(SI\‘/Iﬂ?; = i??),.'slgiowed
a considerably higher n;ox;tality than the crc.)_rrespondi'n‘g;e:-:!-miners with |

" such symptoms,
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O‘itmcyér et al also discusacc‘i_t‘;hg po:.asi.i)le sourccs of dis‘ag_rveemcnt
betwceh, their study and the vone reported fo‘r. all U,S. coal minc‘rs in '195'(5.. |
The most probable oriéins .tl)f the di‘-ffcrcnce >were:. tl) mis’claésificatipn .
oyfr:,coa.l miners and ex-miners in the 1950‘d‘eaths aﬁd ﬁopulatidns; (2‘) exceedingly
high death r‘a.te_s.'a.:"no'ng the 136 (6%) cy‘mployed miners lost to follow-uf) in
their study; (3) a Ifaster Vdo‘wnv;rard trend in‘ death i—ates for coa.i minei:s :
than that:_fon,,,all u.sS. ma}c% fi-qrjr‘; 1956_ tqj the :Eériqd 1963-‘1‘;)7'1. , Améng thelée
thfee possvivbi]'.ities, thé second oﬁe seéxjns highly‘bypothetical. It should -
also be xnlolfed that théir study cl:onsis‘téd‘ qf bitu;ninous coal miners onl{r.
whereas thé 1950 study consisted of both bituminous and anthra.cite coal
‘miners. |

, Whij.e most effort has béen concentrated on respiratory diseases.
among the coal miners, ot.bler disg_a".s'es. Al}\z;.ve #Iso been ou.bsekr‘\_r_ed to ke high
in this occupatli'on. : Mataldi et al téS) | noted therearlier i;esﬁl;cs of Dix.orn‘:
that indi;ateva high incidence éf gastric carcinoma in Carbon Cou.nty,‘ Utah,
Motivated byl,these‘ results, Matalo a;ad,his c.olleagues studied the incidence
of stomach canéer in Carbon and Erﬁer)‘r Counties-, thé only coal mining .
regions in thé state of Utah, An adj;cexl'xt' non-coal miningl area, Utah
County, wa‘.s._chvo‘s?n as af,_AchF-l".OI'

Th? variables takeﬁ i?xto acco‘dnf were sex, age, ethnic groﬁp_,
nativﬁy, occupation, diet,‘.house-heatin'g 'ss,rstén*;, Iblo.od type, family history
of cancer, aﬁd‘ soc‘io-‘econo“m‘i‘c claéé. 'I‘he'.'study in‘clud.e.d tho#e patiénts

who were recorded to have stomach cancer in the Rocky. Mountain Statcs
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Coopcnatix_\ré Tumor chist;y; . The-SM‘R!; {6:- m_ales was 342 in Carbon
County and 338:in Erﬁcry County ywhen ;:oﬁparcd fo the entire state of :
-Utah. The SMR ‘for Utah‘-vc:ounty when comi::a'r,ed'to the -entire‘.state '
Qas 77. A}.‘though the SMR was ;lso hiéh'ih 'stonﬂ;a‘c'h"'éam‘:er'fc;;' fe‘males“
in the coal mining regi?n%g (152 aﬁd Zé9 respectivcly)’ it was rﬁore :
pro‘nounc.ed for males. The authori notes that all .the-‘ housesj in Carbon
and Er%ig 4 Cop?ty‘ were heatedby c‘:‘pal‘as ppppl‘:?ﬁed to patural gas or
électricity; ﬁlsed 1n Utah .C_ounty. ;I‘ﬁe diet and soc»ié-ecox‘xor-n'ié class; _
distributions are stated to"be sirnilaf in the thx;ee countiés, and‘ althoﬁéh ‘
in Carbon County a high‘percentagé‘-of‘th._e_i:latients ;w-ér-e foreigrﬂx-born,v”
in Emerj;r County the pétiehts were mbstly local ’r-esidents.i_ ‘The authors -
conclude that the high in_ciden;é of gastric cancez" m Carboﬁ and Emery.
: Coun:tiesx"'c‘puld ‘b.e :élgted to frequentﬁexpos‘ure, tb‘cd‘al_gérryiz‘lg
carcinogehi;: hydrocarbons, in addit.iox;:dfcry the other ﬁnk_nov;vn‘etiologic -
factors. "
The results of Matalo et al in Utah pr.omptéd“ Creagan, Hoover
and F;aumeni (36) todo tl;xe same typt‘e’ of anaiysis for a larger group. Th‘ef
mortality from gastric cancer among the white .population in 23 coal rr;ining‘
counties 1n seven states in fh_e' United Sfates during 1950 to 1969 was
compalred withathé rafles of othér coﬁﬁtieé in the cor}éspdndi;-xg sltéteé that
‘,weré rnatched by educational level.‘ ‘ -
The number of f_atali#ies was ascertained ffom the ‘I.\Iational Center
for Héal’f‘ﬁ St;‘.ttis‘ti‘cs. Population éstimates for counties we.]:fe‘ craAl‘culateci K
by lincar intérpolation of census data for 1950, l:960‘rand 1970. ‘SMR"s‘ .
were calcui;ted;forr ail the coal miln-ing-a;-e;g for bothiserrces,. ' Ai’nong“thc;
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males, there were 969 dl_eatb‘s at‘tri;butcdllto stomach cancer cémpared

to 721. 6 death expcéted from‘ rates i;u ;.o:ntzv'ol countics (Risk Ratio = 1. 3,

P < 0. 001). Amongt tl;cz females, 5)‘..3‘ deaths quc observed with-446.9 "
~anticipated (R.i:;‘»k Ritio = 1. 2, P < 0. 001); The excess lm‘ortality ir; coal
-mining countics was slightly gfcate;' for men than wc;mcn in a.ll“sta.tes
except Ilinois and Ohio, |

Among tl;e x;nales in cc;a.l mini'ng areas, ex'césé deaths "wér.e'
observed in lunglcancér {Risk Ra:tio = 1.3, P < 0,001), 'but m-o;-lt.ality
| was significantly low from leukerﬁia (_Riék Ratio = 0; é. P £ 0. 05),_
and fr;)m colon cancer (Risk Ra-tti’c‘) = 0.5,- P. < 0. 001). ‘The females had
increased deaths frc‘nlm‘cervix éaﬁcer (Risk _Ra‘tio = 1; 2,' ‘P 4 0.‘001) and
from l‘ung cancer (Risk Ratio =-1.1, P £ 0. 65), whill_e mdrtélity from
_breast cancer (Risk ‘Rat-ic'» = 0. 9,‘ P» < 0,001) and from{ célon canéer
(Riék Rat'io =0.8, P ( 0.001) were less ‘tha‘n the expected. Thﬁs, th?re
was an excess Ain qancers associated w1th low_sociO—econqmic ciass, and . |
a deficit i.n cancers related to -high sb;:iofeconomic class. It was suggested
that the mortality experience i‘efiected the sociofeconomic class ’status‘rather‘
'tban the occupation. - |
Sébera]..ic;ther types qf-;cgncé_rs have been mentioxlled as possibly

‘being related to coal mirrrlerlsl,, ‘but‘data sources are .small a,xlldlthefindings
are.qnly' sug_‘gesti’ve.v' Creagan and,Fraumgni (37) su;péct that the high
incideﬁce of brain tumors in Eastern Kentucky‘for 'th‘g_'time period. 1963-
1969 may be'irélaéed to: occupat‘ioh.' lMostj of the men in this .‘;.\'réell_ a‘re‘
engaged in either coai mining or faxl'ming, in another 's‘i:udy, Wyndér'.

et al (38) sdgg_ﬁst a possible ass‘i;:ciatic:’n betwecn bladdler. é;ncer.s z;nd.‘-
4coa.1 mining, Howc;ver, kthe; numbers were too émallifor any strong statement..
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In feg:ard to tardiovascular_ disecase amohg,lcoal mincrs the results
of a recent study by Costello, Ort‘mcyé'r and Morgan is of interesf (39), Using -
tﬁg same cohort of 3726 -Apﬁélé‘{c':hia; coal ;hiﬁ;:'rST‘{vhich was discussed éé.;'lier,
they computed an SMR ff)r.wofking and nonworking miners fo‘r all heart diseasé -
and for.the siubcat'eggry of ischemic Ihez;’}t disea‘-se. Comparisons wére made -
with both fhe standard U._SI. :;naIe populafién énd the male populétion of 1.;khe‘

seven Appalach‘ia.vn states. The results are presented in Table 1. 14,

TABLE 1, 14

Mortality of A.ppé.lachian Coal Miners
for Heart Disease and Ischemic Heart Disease

Working Miners

. 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 3 69

All Causes 200 242 = 249 83 80

" Nonworking Miners

All Heart Disease 122 - 117 122 104 100

Ischemic Heart Disease 114 109 112 ' - . 105 102

All.Causes 272 249 269 . 109 101

No éJ;;ess of calrdiQi(ascﬁiar di_:séa‘,s‘e is_“ipd,i_cart»'ed in their findings. When SMf{"S
ﬁere computled or; the bé.;is_ of w;iéhi; and sméking status, | ;bof‘h normal weight
ancﬁ obese smékers in the nonworking. cohort had excess rr;ort'ality, while only_" :
obese smokers in the working group, had excess mortality. " -

The’ literafurél"in_l‘rég'z-trd."t; the moffqiity‘ artnd-un"xoxibidity of ;:6#1

~ mining is very extensive and a comprchensive review of all of it would be

~33.



Ie;. large undertaking. - The main f)urptalsc of this rcview.vwa‘s to provid'e some
“historical perspective Iinlzjelagard to flue health problems é.séociated with.

coal mining, while at the Sa‘me timg» selﬁéctﬂipg tHose.pla.pgrs“w‘hivéh deal moz;e‘
directly with the types of probleﬁs this study mayvhelp‘ ;ns;ner. Thus, we -
have diségssed only the British 'a,nd U.S. findings, rhave emphasized morta-lity
stud‘i;es ra.ther‘ than morbidity stﬁdies, ‘a;nd have not ciiscussed in as great

a detail as might'be clonsider'ed:rﬁe'rited t!;ose,s-tud:'ies 'which have taken inj:o ‘
a.ccolunt. variables (smoking, die)atl, etc. ) which our study i’ias not cbnsidergd.

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

presented chronologically in Table 1. 15.
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IL. ’>S‘crope~'f”of Pre sent.St‘udy )

| The mainr purpose of thi"s study is to determine whether or not coal"
miners ha‘v,‘_e an-excess mortality when corppar,ed to the t;tal*g. S. pép,ulation.. ‘
" In regard to the mortality experiencé of the U.S. co‘al'miner, the prev_iou;
studies have been so contriadictory that even when .es sentially the sam;z
control populations ‘hav_e beenln ‘uséd the results have differed dra'.-maticallf.
Thus it bei:o;n_es important to resolvg\r.‘vlillether or not cgé.l‘ miPers__ as a’'group
have a ﬁigh mortality when compa.mred.to the totél U.s. popula;tion aé
“indicated in (29, 30}, or whetﬁer th‘eir experience is more compa?able to
Brii—:ish coal miners as indicated in (33,_ 54, 39).

Sec.dndly, it is of interest to detér’nﬁne which causes of death, if
ény. are associated with coal mining; - Of special interest are stomach
'cahc.:er, lung cancer, and nonmalignant ‘respirato'r-y_disea.ses since these -
have been the most frequeﬁtly mentiongd in the iitérature. There appeéfs
to be agreement on the high rate of stomach cancer althougﬁ_ its exact B
relationship to éoa‘l .mining:is obscure. | The lung cancer rates -#n;éng ceoal
miners are coﬁflicting-, and althougl;x tﬁex_-e is general afgreevm(-gnt that non- |
malignant Ifespirato:f:y disease$ are high,b thereb is no geﬁeral #éfé;ament
é.s to which ‘subvcategories are elevated. |

Al‘i:hdggh-:it would also be- i'nt;,e"res"t‘li;ig to study mortality in regard to '
length qf exposure, amount of exposu-re,‘ .n.iining technique used and typel ‘(‘)f _
coél mined, £hi’s is, u’n.fdrtunatély,- beyond the scbpe of this stt;df. .Par‘tiall ‘

“work-histories are available only for those miners who were pensioned and
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even in these cases some are incomplete srincle'it wag 'only‘ ﬁecesééry to.
show -s‘uff‘i'éinjant“‘ivorl-’c ;}tpéx"i"éncré to b’é’-':élig‘iblé _:foﬁf“;,i)enéion.:-y Exposure ie*;'els
can of course only be crudgly esti?nated for that '£ime périod. Even the
mining techniques cha-nge. over time and a ﬁrorker ‘wou‘ld‘,v,p‘ryobably be exposed
to sevéral diffe:l:ent techniqués;z , Furt”hern;ipre, the ...Eact thét th‘t.a ,;_é.me geéhrﬁique
‘pr;)duces such a large ;.rariat.ionl in dust lévels z}t differ‘ent miﬁes (.{LO) ma‘j‘r
"infi.icat‘e that any relationship, even if 1t existed, ;night‘be &ifficult to
recog—nize.’ Some indigat‘iqn mlght be‘/ :‘.;ibta_.ine»d in r.e‘gé.z"_d to the typ.e' ofr_g‘:loa.l
rrxiped, although for the Appalachian reg.ion thé rank of coal varies to such
an extent that it might be necessary té,undertake th«lekdifficult task of
identifying the mine in which a miner was re:r'nployed. .;""“‘The problem also

exists that if the miner were mobile he may have fnined coal of vé;rying ranks.



‘ HI. . Materials and Methods

A. Deafinition of the Cohort and Data ‘Processing

The United Mine Workers of America Healtﬁ and 'Retirement_
~Funds (the Fund) at the time -rof dafa collection had recorde for epproxi—
m.at‘e‘ly‘ 550,000 men who at one time ‘ha‘d ﬁeee.eligibie for rﬁedieal
benefits,  Of tl';ese,- 190, 000 were kept.fselperate»ly and we will hereafter |
refer to them as the Active File. I'I'h_is represented x"neln Qﬁo at the
i:l;éseﬁt t‘iIEne were eligible for rhedlieal benefits. A man rlemains eligi~
ble for benefits 2s long as he meets one of the following three conditions:

(1) ‘he is a working miner'in a signatory con}pan?*

'{2) he is pensioned o

(3) he ie unemployed but he has ﬁvbrked fo.rl-al- signatory

company within the last yeae*#’i -
| The i'erna‘i'nincr 360, 000 re cbrae‘ ;'}ézié for mme re rvlrho we‘re‘ no -

longer ehglble for benefits (I.nactwe‘ File). Sinee many of. the men in
thxs f11e may again become ellg:.ble there is a certam emount of trans-
ferring that te.kes place between the two _-filels. However,-‘in order to
‘create filing space,tﬁe Fund ﬁas in s.eme caeets destrro'y‘e.d records of men
whom'they feel have no possibility of again becoming el)'.vg‘ible for beeefits.
The last ti.rr.;e this occurred for thisvvlfirle “_w‘a's m 1958. " Therefore, ithe

date Which was chosen to define the coho;t was January 1, 1959,

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

*% If a miner is eligible-for Workmen's Compensatlon, he. may be
carried for up to 4 yea.rse : o
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. The Fuhd recérd contained name, social _se.'curity number, dis-
trict numt":‘;erl,. local unién Inumber, birlth_'da-te, age, -‘a.nd‘fas\t ‘knowﬁ-
addreés. The first date that a man entered the Fund was also indica- .
tea. However, since for 72. 6% of the cohort this date crorresponded‘
to th-e":éarliésf date listed on Fun:d:recordsr (‘July 1, 1950) and, of course, -
in no case was the date later than-Janué.ry'l,' 1959, it was not #déquate
for estimating lgngth‘of exposure. If a miner was no lovnger cowlre red ﬁy ‘
" the .Fuﬁd, thére was'a ""yOID" s_tamped on the record with the date he
becarmew inactive and »the reason. I.f a man héd been pensioned, fhe re-cord _
was staﬁlped to indicate ’this but, m genéral,lthere was no pension date'."‘
If the Fund had knowledge of the ininer's death fhe re ci:u;d was sta-ﬁlped
YDECEASED" vnrrith.akda.tc;. of death. On m§s£ records, but not on all of
th:tm,' the dependents of’the miner were a;so Ilisted,' and in some jc:ase.s
these‘were‘ulsef‘ulrin thg la.ier stagels Jof foliow-up.' The p_eriods of in-
activity after the r;niner.joir;ed the Fﬁnd were indicated in"var,ious pla.ﬁes
on the back. o.f the record‘ and’this”inforr‘na_tion was nece.ssafy in Drd;ar to
determine which men were active on Je;nlﬁalry 1, 1959, | ‘

A 10% s#mple was taken bf the 550,060 ;ecords by tqkihg a ran-
dom start for each file éabine_t drawer and ‘selecting every tenth record.
After a xié.cord was "4se‘1e &edahl e'xar'ninatlion‘ was made'tb dete rmi:;e if
the miner was eligible for Fund benefits: f]'anua.’rj,r 1, 1‘959. If the -fniner
was eligible, ‘the recﬁ#d'was microfilméd'. The final number of 2_3, 253
thus represents a 10% slample of mine:rs elig'ible fc;r_be‘ntlafits Janua;ry 1,
1959, Twenty of these. were s;,ubseqqently- elirﬁiriated frbrri the cohort.

One miner was excluded because the birthdate was omitted from his h
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reco;d. ’I'»he‘ rlcmainingl hinctgen died prior tlo,Janu»ary 1, l959» but . :
ﬁvere still considered eligib‘le on that déte per way of Fulx;zci records.

Affer }yoli_'kable c;opiés of; the records Qere .obtained, .coﬁ.i-r{g ’ |
jackets or envélopes were preparetli_ a.nd‘ the reprp'ducti’ons were'in;e rted _‘
for later coding. All informati-on jsubséquently obtained for each miner
was kept in this folder, which wa>s constructed sb that ail goding could
' bg doﬂ{;e d'i.‘rex_:ltuly 'ont‘o the f‘rdntbf the elnv’ellope. All codi‘hg. was’ vé‘.r‘_';:'fie‘i:'{ ‘

‘ iﬁdependeﬁtly by a second clericallpefson. Ca.rds were keypunched |
directly from the front of the envelopes and éll work was verifjed ';nde- E
pendently by a second keypunch 6pe rator. After feading the cards onto
tape, a 'program was wfitten_ tb, éditlthe data and any discrepancies were
resolved. Corrections were made on -both t}'lle; fape aﬁd the cards 1n order

' that a "back-up” file be maintained.
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B. Follow-Up

An é"ssght‘ial part of this or-any other 'mdrt‘a"lity stj,ﬁdy is the -
ability to make a vital status deterrﬂination of tal-l cohort members duf’i.ng ‘
the period of observation. In the case of the Miner's Heia.lth‘ alnd Retire.me.r;t
Fundscohort this ‘determining daﬁ;e was Decemb‘?er 31, 1971, Figure 1
prese.‘nts a su?nmafy of the results df 1-:he various follow-up procedures.

The 9100 men in the Active.‘File were assumed to‘ be alive at the
- e;:xa bf the éoilc;'w._ﬁl:; period;mc‘_l n(.:; fur)t;her..',fcb‘llc;W-ﬁp v}é.ls‘"inii:ié.ted.‘ The |
remainder were‘submitted to the clentzl-afdata processing offiée-of the
Internal Revenue Service. Afté;' submitting a deck of punch cards
shpwing name, social sec.urity' ‘numbe'r,‘ and other identifying information,
we wérel sent the 'date the last ingon'.xe £a3£,return was filed.  Of tt;xe’

‘ gl;oup‘submitted to IRS we identiﬁéd 73 588 ‘C‘!f thé mi‘ne:rs as ‘aiive at the
end of ‘l;hé.st}idy _ﬁéfiod. A miner was dér‘ls‘ivdgt‘:’ed. alive December 31, ‘197'1
per way of IRS return .if‘ both of the fdliov;ri“:.lé conditic‘:né were satiéfied: |

(1‘) CAn iﬁcoi’ne tax return was filed in 197’3, (fo4r>' the :earhings .

in 1972) | |

(2). The miner hin:xﬁelf signed the.’lvr‘.ett.;:.'rll and there .was no

o indication of.; a death.

Thtés, even if a return was’filed. in 1973 ‘the miner was not assumed to bé‘ a.live‘
if only his wife's signature was present or ifthére was any indicatidfx of & '
death. In thes\e cases an _atten‘ipt ,wasr-ma‘id'e to obtain Ia death certificate to

verify exact date of death. -
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" In the meantime, while .a.waiting‘-thcvinvformatie‘n _froni I‘liS, a search.
was madc at the Fu.ne for the deeth 'eertifica-t_es of the rhirﬁ:rs’ Qhose.Fund
record indicated a ‘death.‘ S.ince the Fued paid a death benefit for which
certification of death wae fequired; many of these certificates vi;'erez |
ave.ilable.ll Appr'o'ﬁ-:ilmet‘ély '3I500 aleceptaBIe -aeatﬁ certificates were ot;tainedl I‘
at the Fund. An edditionel 2500>certificbationsl of Idcath iv‘é:re obtained but'»‘l ‘
fhey were not an o_riginal state copy and provided only a summary
(underlyiﬁg ee‘\_xée and date of death) of the ilnformatio,n‘recorded on the
state certificate., However, rprov-ided with the date of deeth and the state
in which the cert1f1cate was f11ed the ongmal certificate was readxly ’
obtained. Approx1mate1y 780 addztlonal miners were 1ed1cated dead on the
Fund record but no certificate was on file at the,Fund. Mest_ of theSe
certificates were subsequently obﬁined by sending requests to the s‘tate
of last residence and in some cas‘es‘by supplementing this in.formatioz;x with
‘'post office follow-ep”. In smnfnary, sfate certﬁicates were obtained for
6745 of the coal miners 1dent1f1ed by the Fund to be dead Of this group |
Iapproxxmately 88 Jo had d1ed prior to December 31, 1971, |

Fo_r the remainder of the cohort,"a. total of 3800, thel_-e was no
conclusive evidence available from either the' Fund or IRS, At thi's" point,
two follow-up procedures were used sin;ultaneously. : First,‘ ‘U.S. Isostal
Service "m_ailingllist correction cards' were .sent to the local pest officie.S'
to ascerta.in if the study sulbje_cts' moved toa ‘more rec’enlt address then the
one‘ shown on the Fund recorde. Quit-e eften, threc or fou; states may

have been involved if there was any mobility, If there wa.s-vany indication

-44-



of a death; a rcquest_.v‘.ra.s made first to 'tb-e latest zyd_drel_',s‘s._e‘md eventual‘ly,.;'
,if no resulis were obtained, recidests I\Iaver’e made to thé sta.-tes of previousl
- rrg_\s-id ence. |
Sirr"‘mltaneouslyr with the ""post office follow-up!' 'a request was

made to t‘fle Social Seqﬁrity Administration data processing section in I
Woodlawn, Maryland, to prbvide us with information -concerning- ’the o
study slubjects’-bgn‘efit status. - Theresultmg possibilities were: making
.contributions”to 1‘:he; Social Security fund; rec;eiving b-enefits from the Fund;
dgath cla.'imsl filed; no rt_?.cq;'d; or wrong i‘nfo'rma.tion (incbrrect S.S. nurnbér,
etc.). A miner was assumed to be alive if he was ,makir}g contributions |
to the Social Security fund or- receiviﬁg benefits. If a death claim was . |
filed, Social Security supplied éith-er‘the state of last residence; staté of :
last claim, or the state of last emplo?rr_nem_:. _Deafgh‘_ requests wer‘e then
: ma.de to th;: é.pproi:riate state. | |

| vOf:f'the 3800 who still vha.d a vital status Ktha.t was iundet_ermineci._ .
15é7'were. indicated a.iive 'By éilther Post ‘Office or‘ Social Security, Of thié,
1597, 70% were id‘t;:ntified as Iali}v,e- by both sources. Deafh‘ CertificatéS' wefé
obtained for an 'add‘itional' 1769 rnilners'_‘who' were identified as ’cllead either by
Social Security or Post Office‘.‘ In ﬁialny ;Jf these cases it was nece-ssary; to .
send to several different states or have information pr‘o,vide’@ from other v
sources befox;é the death certificate could be ob‘tra;ined.. By this' poinf 1n the-l B
study it becamé difficult to give credit to one éa.rticﬁlar s'our‘ce“for _resoh;*inlgl
é case, since manj follow:-,up oPgrations wer'e proceediﬁg simulfaneousl;r.

With éhe above stated sourcés of vit'al.l status infor;natio‘n‘ c’ompl.etbed '

the in-de,pth investigation was initiated for the 434 cases for whom no
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def'mité resoluti@h had been made. Of necessity, bécause Vof the tirne delay‘
betweevn abproa;h and response, some of the steps taken would be ow.;eriapping.‘
or duplicate effoz;t. Lists of study subjlu‘ect‘s were mailed fii‘st to the district |
offices, ‘and then to'the local uﬁi;on oﬂlice's of_ the »UMW‘Of A.. Any new
info-rmat‘ion was used in‘conjunction vfzith Postal Servic.evf 'crard's 'an’d'delath
certificate requests in an atfémpt to resolve the question‘ of vital status.

Next we matched our "'lost tor follow-u‘p”' cohort to the total study -
population on the basis of sotial secuﬁfy numser and las'f. known address.
Since two workers having social security numbers close in sequence might
also indicate proximity of emplgyment at the time numbers were assigned,
letters were sent to study subjects v'.rho.se, soéial secuvrityv-numbers would be
close to the "lost to fo‘l‘low—-up ;ubje ct." Letters ;:Je f,e als§ éent to Loéal
Union officers with a proxirﬁity ina‘c_id_ress to those men whose ‘_vital.l status
was still unfésollved. |

Additional methods 'ofr follow-up included queries to the wido.w' or
other family member ;nf the deceased étudy sul:;jecf (determinea f;:;ria earli‘erl:
#dvice) asking for a spe cific Rla.cev é.n'd‘ date of death,and‘ inéuiries to l';qspité.ls,
nursing homes or ﬁérturaries. : Finaily, ipférméﬁion wés. obtained ‘f.'l;:olrn R. IL.
.Polk directofies and telephone directc;ries in an attempt to obtain én'initial_
indiéation'of vital s;c‘é%'us whtch could bepursued uéing sﬁine of the p‘reviously
mentioned tec.hniques.: |

The net result of all b.f th‘es‘e fol'low‘-up procedures is that the vital
status of a_xll but 235 of the original cohort>were resoivéd at‘ the time of

analysis. Furthermore, due to the long time taken by many of the states to
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respond to our requests, we continue to obtain certificates for requests made
three months ago. Thus, we now have made vital status determination for an
additional 130 miners which when coded and added to the cohort will redice

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

Ofice the vital status was de‘t‘érmi'ned, ’it‘wals. necessary to d'eterming :
‘which men had died from a spe.cific c‘aqseof death. * All 7,628 ;ieathé were
conhrmed B_y dg{afch g,e‘;.ti;k'iqatels; - Determination ana coding of the updérlying K
and contributcﬁry causes of death was done by a nosologist trained at the |
National Vital Statistics Division of the United States Public Health ‘Servflc;e
.in Rockyville, Maryland.f accordihg_#o tﬁe Seventh ’Re.vis'ion of the Inte rn;tional

List (41). "
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FIGURE 3,1
Summary of Follow-up as of December 31, 1971

23,253
20
Excluded
23,233
. 3800 : (f- o
9100 : 6745 Sent to - © 3588
Active File . Fund Deads | P.0. and S§.S. 1 IRS Alive
1769 . 1597 R X1/
Dead ’ ‘ Alive » Unresolved
. 235 _ - 199
f{Lost~to-followd{ - ‘| Resolved by
up at time of other sources
analysis , Jof follow-up
105 130 .
Presently . Resolved since |
" lost~to - analysis was
follow-up - initiated
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C. Met_;,‘hqu.‘of:;)“kna’iylsis
| ';I'wo ‘shmmary measures of risk are presented in tﬁis report to

‘compare cause-specific mortal,ity_and t‘o,ideptiff:thqs,g; causes showing
statistically signifiéaht ex:.;esse’s and deficits. The ‘fir‘st of these, the
Standardized Mortality Ratio (SMR), | makes use of an external comparison :
group. SMR analysis was done usiné boti’x the total United Stvates male
pgpqlatign forj {:hei-/ygg:‘s _19‘5"9 f.hl_ro'u‘gh“l‘97'1 and the ‘tétél United States ;nalé B
population in 196‘5 as cont‘rol groupé. |

The SMﬁ‘s are adjusted fx:.u' age by the‘ indirect method, utilizing
the total U. S. male population as a‘s‘éand'a.rd. Ag‘g-.lahd ‘cause-specific
,mortal‘ity rates in .thg standard populafion_ were applied to-age-specific
subgroups of the coal miners; at risk ihleach calend‘ar lyear of :t'ollow-upl,
‘ 1959-i971, to obt:;in the_ nﬁmber of dea_o.th'se}::pect’e‘d within each sub.gr_oul.(p.' ’
- The SMR is tﬁe;l cémputed as the ratio of the sut‘;ni of t;iue ‘ob#erved numbe.lr"of
. deatﬁs to.the; sum of the expected nufn‘ﬁer ol deaths, summation b'eing taken |
over calendar year and a.ge.-g‘roup. Siénificant deviations from one, indica’?ing
'- exﬁesses'or deficits in coal miner mortality relati\}é to'the control grodp, |
é.re identified by examining confidenc‘e‘: intei—vais pl_:.a.c.:led on the SMR paran;ete r.
Undef:_the al.ss‘t_zmpt_:ion of .a Poisson distribution‘ of deaths, these bounds are '
.obtainéd as documented 1n (42).,' SMR's are considereé to be si‘gniﬁ'cantly:;-
-differex;t from 100, at the 5% lével, .‘ik"rtheir 35% confidex;ce intervals do notl
-contain 100,

Since thel-:.gbse rvation périodjfo’r: trhe studyr‘s.pans vth'e' fime I-J‘eriod |

for part of the Seventh Revision ICD and part of the Eighth Revision ICDA (43),
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when using total rates for the yéérs 1959-1971, an édj;stment was made so

that causes of death E.oded by the two 'diffe rent revisions would be as

co_xr}p_arable as possib},e. ,'I‘.I‘.his-;t‘:cltjt}_str_nent was based on a comparabil-ity""l,

- ratio (44), which was computed by'usi‘nég the results of all deaths occﬁi‘ring

in 1966 coded according to t}'le Seventh'v Revision ICD, and.a rando.rn sample

of these same 1966 deathls stratiﬁed‘by‘ vcause 'Ia.nd coded--accérding to 1‘:h‘e

Eighth Révisiqn ICDA The ;ﬁatiqs.‘ \yére_:;:omputgd by."'d‘ivi-‘di‘ng the numbers of

deaths estimated from the st.x:atified random ;améle (coded By the Efghth |

Rgvision) by the nurnberlsiof déaths ‘ass‘igned to the mo st .compa.ra.‘ble ca.tises

when cc:ded by the Seventh Re;ri;sion..- Appendix 1 »gives those causes of death

for which we Have comparability ratios and prgsénts the catevgory pumbers
according to the Sevrenth. Revision ICD and the categofy numbers of ti‘xe most |
compar#ble category accordjng to ‘vthe Eighth Revision ICDA. A mrlar'e
detailed description can be found in (44, 45, 46). |

Althouéh the use of Icomparability ratios ‘.pfovide"s é. method of
conversion from the Sevénth f{evision ICD to the Eighth Re»vr"i‘sion ICDA,:"'

"‘there are several disadx_raritages to this' method:

(1) Since the method has hot gained widesprea;d use, it
remai-ns unfarnilia.f to many inve‘stigdtor;c, and may be
considered by some to be an ""ur.lf.)roven"‘ technique_.

(2) In addition to being subject to sampling errors, these
ratios r,n‘ayihave introduced: a bias into the results'.sin_ce
they we re computed uSiﬁg death ‘ée rtifica#es 'Ifor both males

and females. Furthermore, if the ratio is age-rela.ted,“
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| the necessary informatj.on‘is not ayailable to adjuét for
age differences }Inetweeg‘ the ‘sta;_.n'dard and stﬁdy p;:pulations.
 (3)‘ The selection of the causes of deat'h/.t‘olbe evé.luéted is
~limited to those for whliéh cﬁmp.oarabili%:y‘lratio.s are A
available.
(4).‘ Although the spe;:ific-éauses of id‘e'atrh can be interpreted.
indigidﬁally, when considered as a s.ﬁbclate‘gory'of a larger
."grou“p one ebtaigs fhe undesirable result that Ithe sum ﬁf fhe
eJ;pe cted deaths may not be eq.ug.i to .the- sumn of the
observed. Since many of tl;e comparability r:-;t%os are
ciose!to 1.0 the deviation df the toté.l expe cted-fr.orﬁ fhé N
" total observed was small compared t;: Vthe number of
. deaths bein.gvevlaluatéc’-.
Bécaﬁse of these lim..itations,Z all of the Standardized Mortality Ratios
were recomputed using thé' 1965.U.S.. r;xalerate Se FIfhis latter procedure
has the advantage of not requiring comp;r_lability rétitﬁs sincg both the déath
certificatesl and the standard .population..mortality cases }we're. éoded accox;aing'
to the Sevénfh f{evision ICD. Also, for the 1965 lr‘ates, a more detaiiled
evaluation for c:‘au.srelof death is pos sibl;e ﬁirice we are no longer limited to
those égug'é;s for Whlch comparablhtyratlosare .avai'la.b.le.‘ -The d'isadv;ntage
- of using only one year as repre.sentativel vof the total b‘bser‘vation‘ pe ri'oc'l: 1s I
that »ml;.sleadi.‘qg results could be obtained‘.for diseases which have a.‘-tre.nd
or V-vlhich va.ryr‘from year to year. | | |

Fortunately, the Standardized Mortality Ratios'obtainé_d using the
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two..different control groups identified the'same causes ol_’,deafhé.s e#ceséiveiy'
hiéh. THérefore, for the coal m.in;er\s‘ cohart, the choice of the morefl“ .
appropriatg control Betwee'n these two allte.rnat-ives is more of an‘ﬁcademic
question thén a p}ractical one. |

Unfd'i'tuna;te_ly, complete ‘information on the racial c‘ompo-..c,it.io‘n- of -
the cohort was not available. For the 7628 ihdividuals who ciied during th‘e
perilod of obse rvatilon,. exa'rn‘i'na.ti‘oﬁ c‘cf‘i-he ;iea.th c_erti.t'iciates/ revealed thaf 6660
were white (87. 3%), 646 were nrl.-x‘-xwhite (8.5%), and 322 (4.2%).'were unknc;w‘n.‘
Wit.hout rn-aking unfounded assu'-mptions. about the mortality rates of whit;e
versus nonvs;hite coal miners, l.it is not"pbssible to obtain estimates of the rates
-for the individual races. As a result, .Ino ;a\djl'ustment is made in the analjrsis
for i:a;ce. Howevgr, all calculat;ions were redone using the tofal U s. v;rhite
male ra‘teé. ~ For most causes of death the ‘c.hange; in SMR was ‘;mall (less tl‘m.n‘ 10%).
Those causes for which there was a appreciable change will be. discusse-d in
the Resuits Secti‘on.i .

. The second measu;e used.inlthis -report, the relative risk, is
based upon an infernal compariso'n using the remainder of the i"n‘iners.‘l
-cohort, This relative risk and Fhe test of sigﬁificance associatea with it a.re>
b'ased on the methods of Méntel and Haenszel (47, 48).‘ This risk Arepresepts
a weighted aver‘age‘ ;Df thg odds re;tign within each coal miﬁef ;e.ubgroup and‘,-‘ ‘
as such, is -an;_trially" anapproicirﬁation to tﬁe relati:ve‘ risk.l The weights
are inversely propoxftional.to the subgrpu_pva.riances, thereby providing a
means of—adj‘usting for-any: vériabilit? that fnay occur within tbe 'c‘on'tlrol
pépulation‘. Using the fotal coal miners' cohort as a. comparison group, -

the éxp_‘ected' number of deaths for workers in 'a"‘g»i‘v‘en"s'ubgroup' is obtained
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by applying threr age-adjgsted cause-spécific morﬁality rate for the
coﬁ‘t}rol group t‘o_“.’the ,n(irﬁx“xb;r ‘of,':‘rtl:“oai f;.xi;ie-r,s‘ at._:ri‘sllc in the »,-subgfr.ohi)s._
The corresi)ond-ing relative risk, whicﬁ is adjusted by age :an'd by'
r.‘:alenda"j:-‘ period of death, is computed for each subgroup of interest,
enabliné ident:ifi'c‘at‘ion ofcﬂauwselsl shé‘wiﬁé ‘-excless'-a.nd defic;if %norta;lify—l '
risks and‘ comparlisolns betWeen?graups Ito. be .made.. Avsruxr'nmary
chi-square statistic with bne degree of fz;eedom is used ‘to test.
\vﬁether the relative risl.cs are sigﬁific"anﬂy‘dif;fe..r—enffror;l'oné.

Each Fuﬁd recc&rtj has the miﬁer's distx;ict number and these
can‘be. 5ssociated with certain geographical regions. In crorlnputinglr ‘
a.A relative risk a subgroup cpnsisted of tho;e districts which we.z;e‘
servled by thle.l "same_ area medical office, Thus, we can obtain .. -
some comparison between various geographical Vregions.. / "I‘helr
local u;n’.'on ‘pumbtvzrs were a.Iéo ‘availlaléle, but these héye changed
to sﬁch a degree (rnergérs, e’tc.)l that they 'coﬁld not be used for
| analytical purposé-s.: |

In considering causefspecifié mortality of coal miners,
‘.c;pme,:‘_"at.f‘erﬁpt‘ w111 .al'so Be.‘:j‘vr'in‘;de totake :j.n_‘qd{'a..czlcp.unt _.'.c‘he-.' tl:;‘)ntrlibu1l:c\>‘rynr
causes of death.r )14 i;s felt that in an o;_-cu.pational group su'ch as -
coal'minéz:s, diseases may be underreported if only the ‘underlyiﬁg'
cause is considered. Therefore, fnultiplg cause éf dea.‘th coding
was done fof ‘a.ll the miners in t'hc.a V' étudy -and> a.n 'ilnvesl.tiga.tion will‘.
Ee conducted- in fegard to the relative frequencies with which a

specific cause is reported as underlying or contributory. The

-53-



procedures used in do{ng the multiple cause of death co‘ding‘can be
foqnd in Appendix L

In describing the methodolc;gy gsed in-the present study, it is.
importa.nt to be aware of some of the liﬁitations .o’.f these‘tecl‘u’-;iqulesv."
The nature of ithe:-se limi-tatiio‘n.s, which are present >in 'mOSt |
oc;':upafion_al'morta.lity studies, have been well cha.;:'acterized by
-others, and will be only briefly surnrriérized here.

.First we conside;' the concept vsf ”Sfatististical .siénifica/nce.“
Those SMR's found to be ”stati#tically ;ignificant" ét P = .05 were
ir;dicatedl in the tables. . This signiﬁcance level Qa.s used primarily
to 'indjicate which causes of death fnight be 6{ interest for furtger
evaluation. It shn;uld be 'nbted that when a‘ large number of tests. :
are conducted, some rejections will cccur by cl;xa_mice‘l alone. ' This
is a well known situation and Iis, gfte;n. re_fez:‘.x"edl.t‘o a‘.;s 'thg "problem
of r‘r‘lult.iple <:<:xrnpa.risonsI."49 ,.Also in‘“‘regard to 'S'ighifica;lce, one
must alwé.ys differentiate between ”statisti-ca.l' significance'' ard
"praétic31' significance." IThlu‘s, if the sample size is lé.rgé. .
even smalllilnun';erical differences. may be statistic_élly significant.
.However, if -va.riables kx;xoWn to affect mort‘alityl. fér‘ this cause |
have not been take‘n.into account, all-e'known to prodl_.'x-c;e differénces
larger than the one observed, the result might‘not be regérdéd
as having "p-ract.ical si»gni.‘fic'ance‘."‘ FKThi‘;; differenti;tion is juét
‘cime manifestation of th;e fact that a v‘a.riety. of interpretatiohs can

be given as to why a particular cause of death has a hi'gher rate
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than expectation.

Inth1s ét'{idy, " V:‘.Jhe‘ cémpa:iébh grou‘p” Qésffi‘:heq total U.S. male
popula'tiox‘;. -Since ‘working a. job éé.n be v,consi‘de’re:d‘-sz.e‘lect‘ive. in
regard to health, the mortality. rate of é. working pz‘:pulatic;n is
- typically less than thét‘ of the t&al-U.S.ﬂ 'populatior;. __"This effevé.t
Qé;ies f'o-r different occﬁéational groups, and for difi;el;exl'xt cal.l15es
of death and the ‘reduction in mortality rate for a.working |
populatmn dLie to‘f;he "fléalthy \a;t;fké:r"éftféét“ hés'Iv'l}:rze’énf’éstimated
" by various sources to beri’n the range of 10% to 40%. Unfortrunately,‘
the" ”he‘lalfhy workér effect’ i;ﬁ, confounded with occui:ationa.l |
en#ifonme'z?t and _interpretations‘ of .an SMR for a rwo»rking population -
in the r;nge of 90-116 coul& vary considerably dépéﬁding‘uéop
how large one assumes the '"healthy worker effect" t§ be;.

: r‘llj?.inally;f'oﬁé rnust be cdn#cﬁio'ﬁs‘;of what .'g-x-'qup ‘-‘the':'s‘:‘ifnple
‘ cah‘ be considefed repfesentative; - This st‘udy is ;'estricted to
miners who were‘members‘ of the United“ly\/ﬁne, Workers Health
‘and ’Retiremrent Funds on Jén’. 1', 1959, “;I’_his- i"nclp.des o;xly‘
bituminous coal miners.ﬁl E_stimates. based én our methéd »qf o
sampling indicate that there were apbroximately 65, (".)Orrnine“rs
pensioned blyj,tl'lnge Fund on -Jaﬁ, 1,7 ‘ 1959v,aﬁdv app'rg‘:\'::imaitely
165,000 active miners at that 1I;imle. Thié latter';fi'gx;lre |

represents more than 90% of the 18_0,303*“men recorde‘d' as -

¥*Number obtained from the Bureau of Mines
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actively employed in bituminous mines in .1959,
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Iv, Results |
A, Mjortality’Experience of the Coal Miner Cohor; (Udd‘e"i_'lying Cause)

The total number of mipers in the cobort was -2“3,. 233. Af Ithe
time of the analysis, the_‘infozj‘fnation as regards -vital status was processed
for 22, 998 of these miners, a group rgpre'senting, 99% of the cohort. Of
this number ‘7628 (33%) died'_during‘t‘he perviod of 6bservati§n. A listing
of the underlying causes of‘death‘coded according to él’%e Sev_enth Revision ICD
is given in Appendix II. The unuéually high .number of deaths for an
occupational study of this type is due in part- to tl:xe-'a_ge distributiqn of thie
cohort (Table 4. 1). As indicated 1n the Table, thére ,a.'.‘r'e a large number
of men in the old.er age éroups; a result of the- fact that the cohort ;:onsists
of both active miners and pensioners. 'i‘he requi:;ement for pension in
1959 included the restriction #hat.'a m#n be at least 60 years old. Inthe
present seétion. we evaluate“thé ‘mortality. of the cqmbined group of
' pensioners.and‘ nonpensioners. Compérisons of the r'noftality pattérns.
between these two groups will be ev’al'ﬁate.d‘ in the next section. |

Guided by the causeg fof wHich cémpérability ratios were avéilable,
agé-adjlulsted SMR’IS were coi:nputed for the coal miner cohort for the general
causes of death listea in 'Té.ble‘ lA of Appendix III. A more detaile‘d‘breg_kdown
was doné for "neoplasms' 'and "cardiovascuiar disease”hand the séecific |
causes of death within these categori‘es for which an SMR wﬁé compufed_ :
can be found in Tables 1B and l.C of Appendix Ill.. .The co‘rrespc..ndi.ng‘ X

‘SMR's'for the 22, 998 men in the coal miner cohort are presented in -
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TABLE 4.1
Distribution of Coal Miners by Age

AGE GROUP - FREQUENCY PERCENT .

ALL AGES 22,998 - 100,0
L30 1,136 4.9
30-34 ' 1,720 7.5
35-39 2,300 | 10,0 -
40-44 2,414 10.5
45-49 2,681 11.7
50-54 - 2,298 10.0
55-59 2,111, 9.2
. 60-64 2,030 8.8
65-69 2,382 10.4
70-74 2,103 9.1 .
1.9

75+ 1,923
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Tables 4.24, 4.2B, and 4.2C.

The cohoi—t shows exce ss mortality f::otn ,"accidente"' and from
ma.ny of the 'ndrima"ii}gnant Jl:espiratoz.'yi diseases. Inf_Iue'nza, tefriphy‘sema,
asthrha, and tuberculesis all result in sighifi'cantly high SMR‘.Is‘.. Ill-
‘defined causes and the category 'all other causes'" are also sr.gnificantly
high, while diabetes, peptic ulcer,r cirrhosis, a-nd cai-diovascular disease
reveal significantljt ldtir SMR'S.’ |

1., Malignant Neoplasms - The observed and expected numbers
of deaths .Eor neoplasms were 1223 and 1252 2, respectively,l yielding an "
SMR of 97.7. The more detailed breakdown presented in Tahle 4 2B showe
that the only cancer which are significantly high are thdse of the respiratery‘
organs with an SMR of 112, 5. Of the 373 deaths from respirator}' cancers,- |
352 were c1a551f1ed as cancer- of the lung (ICD 162- 162) Although the
excess due to re’ispirat‘ory cancer wae >51gn1hcantly‘ high, it could be rela.ted
~-to honoc‘cdpatioqal‘ factors. ’T_he‘_S,Mv-l:.{“_‘of 11 Zr. 5 is well within .the .i-an"ge of _‘
-what might reshlt from‘d'iffe rences in residence. of'smoking habits of the ; .
control and study groups (42).

| Al.so of interest is the categcry of digevstive cancers. One of
'-the few results agreed upon by all prev10us investigators is the high
incidence of stomaeh eancer noted in coal miners, (21 29 35, 36) SMR's'-‘I
were computed for stomach (151) and colon (153) cancer separately, using
comparabihty ratios of 1,02 and 1.01 (46) The SMR for stomach cancer
’ -was 134.9 (P < 05), whlle for colon cancer, the SMRI of 7("! 9 was :
.ngmﬁcantly low. The reniainder of the digestive ca..n.cei's considered as ;

~a group revealed fimbrtaiit'y'close‘ to expectation (SMR = 99.1). A number
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TABLE 4.2A

Observed and Expected Decaths, and Standardized.
Mortalzty Ratios for Coal Miners for Selected
Causes of Death (N = 22, 998)

CAUSE OF. DCATH Obs. Txp. sin”
‘ALl Causcs | T ] 7628 7506.1 | 101.6
- All Malignant :ieoplasms | , | T 1223 i . 1252.2 . 97.7
‘_‘Ber'xign‘ and Unspecified Neoplasms _ | Y 1L.4 | ‘ '97'5.
Major Cardio‘vasc.u‘lar- Diseaseé | - 4285 ks01.2  ‘ -95,2;
_Bro‘nchitig : ‘ P o ' 27 . 315 - 8:4.3'
Acute Bronchitis and Bronch:.ol:.t:.s , | -“1_ 2.5 _
Chronic” and Unqual:.f:.ed Bror:ch:.t:.s 26 29.0 "8'9.7.-
Influenza 28 | 1.8 189.6*
Pneumonia 7 iéiT 23,3 934
fEmphys?ma‘ 1 1170 118.3 1L3.7%
| Asthma ) 32 18.3 17L.9%
g ,ifuberculosis ‘ 63 -_ 3.3 | ‘Ilhs,s*
Syphilis - 1 16 N EEER! 122.3
 Other Infectivﬂe’ ar}'d" Parasitic Diseases . 13 17.6 4.1 N
Diabe.t';e-s Mellitus o » - :‘ éh | 110.2 : 58..‘!.:’E
Péﬁti‘c Ulcer ' ) e :"‘ ) | 42 55.7 TL.6%
- Cirrhosis of Liver . D 6k " 10k.9 51_6*
-Cholel;thxas:.s, Cholecystltls, and : 22 | 16.7 l132.0
Cholangltls- . -
.Nephritis and Nephrosis. . : Cn2 k.2 | 91.0
‘Accidents | Cuos | 283.0 I FTAAe
-.Suic¢ides N 8L . | 8.3 59-5
Homicides _ ; ) 30‘ ‘ ‘26.1‘ _ 115;1
- Ill-Defined Causcs | . :1‘.62‘ 86.2 ‘l 187.9* 
"All Othcr Causes | N 625 459.5 .1‘35;0"-;-:

.* " Standardized Mortality Ratio {(SMR) is signific‘antly‘v different .
from 100 at the 5% level. ' 9 ‘
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TABLE 4,2B

6b's“é‘1jvéd and Expected Dé‘aths,) éérid"S’cﬁiiiizdardi’zed
M ortality Ratios for Coal Miners for-Selecved
Causes of Malignant Neoplasms (N = 22, 998)

CAUSE OF DEATH :pbg.' . Exp. sur"
All Malignant Neoplasms 1223 1252.2 | 97.7
. Buccal Cavitf and Pharynx “ I31" 37.8 : BJ‘..A9'
Digestive O'rg.ans and Peritoneu.‘ml - 1;03 | L19.8 | 9?_2
Respiratory Organs | 373 '331,5  112.5%
Breast 0 1.9 7;_
Genital Organs 124 151.0 | 82.i*
Urir;ary Organs .‘66 175.8 _‘.87.1 ’
Leukemia and Aleukemia ‘50 ) 50.0. 100.7
Other Lymphatic and Hematopoietic ' 58 ' 57.8 100.L
All Other Sites B | 13 125.3 7| g0z
‘Benign and Unspecified Neoplasms - 1L | . 1k.h .97_5.

¢ gtandardized Mortality Ratio (SMR)
from lOOV at the 5% level.

=61~
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TABLE 4.2C

Observed and Expected Deaths, and-Standardized
‘Mortality Ratios for Coal Miners for Selected .
Causes of Cardiovascular D1sease (N = 22,998) .

CAUSE OF DE}\TH, Obs. Exp. sMr”
Ma‘jhor Cardiovascular Dise‘aées CoL h285 _' h’501,2_ 95.2%

Active ﬁheu.matic' Fever and Chronic 35 | 46.8 " . Th4.9

Rheumatic Heart Disease ‘
Hypert_e-nsi_ve Heart Disease 213 199.4 . »106.8
Ischemic Heart Diéeasé. 2823 . 2922,2 93.6
Chronic Disease of Endocardium and 38 | 56.7 - 67.0%

Other Myocardial Insuff.iqiency ‘
All Other Forms of Heart Disease 133 136.2 97.6
"Hypertensio“n‘ 58 49.5. '.11'7.1 .
Cerebrovascular Diseasg ' 802 '832.3 | 96.4
Arteriosclerdgi's .133 159.0" '83‘.6;‘ |
Other Diseases of Arteries, 56 76.6 65.3%

Arterioles, and Capillaries

- * Standardized Mortality Ratio - (SMR) is significantly dlfferent

from 100 at the 3%. level._
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of nonﬁ;cup;tignal variables have been related to stomach cancer in the
lit_:erature inc‘:ludirigrsocio-ec.onc.mic staiu‘s, ethnic b;ackgrou'nd, gelogr.a.phic |
region, and diet. The onl;r 'sfudy rﬁentioned in tﬁis report which c;mtrdlled .
for the%é variables w;s the. opé Ire-lported by Matél'o (36), “ind he 'still
‘obtained a significantly"l;_.‘i..g!’t SMR f‘oil',-.»s.tofnach‘{:a‘nt‘:e'r. The low incidence
_ of colon “c:a.n‘cer is also consistent withrhris fgsﬁlts.

2. Cardiovéscu}ar Di%éase - The observed and expected
numbers of deaths fbr'c'é-‘i'diovasculiar ciisea5e-s wére- 4285 and 4501,2,
respectively, No subcatego;'y ‘had én SMR ,thé.t was significz;nfly lhigh;
and only t\;vo,' hypertensive heart disease and ,hlypertens'ion, showed SMR's
greater than 100. Since,,hyperten;ion"wi'si kn‘c;wn to.be; high,e_r in blacks, some )
type of adjustment for r‘#ce could be moré important here than for other
 causes..- Thé\S’_MR‘s‘ for hype rtension and H}fpertensive heart disease were -
'recomputéd using the‘tota‘l U.s. mé.l'é""far‘tés l;dr whites. The results sho‘v;;réd
an SMR of 130. 3 for hypertensio‘n >ancli' 124.1 for bypertens.ive };eart Aiﬁeasé, :
the latter being ."slignific:;mt (E; < .‘05). ' it should be empha;ized tblat .T.»he"
'SMR's ba—l‘sed‘onvthe white_ rates Igiv‘ve “an) ulppe‘r' bound for tHe.true 'SMTR‘, with
the t‘rue values probably lying b.etx;rcla‘een'.tll;xe ;alues obtaiged using the tota.i
U. s, male rafes and the white male U. S.I r>at>es.

3. Noﬁrnla.}i_-g“hé;nt* Resp1ratory ‘Div:.:;eése ‘= The ‘c’:'oa.tl minérs '

-showed excessive mortalit&r from most of the nopnﬁglignant ";:espira.tory
udisea.s'es.: Un'fortuna.te-lly," comparability ra.ti.vos Were not a.va_iia.ble flo.r many -
-of the subca.lte_go.rie.s of interest. Of'thése \;vhi(:lh"coﬁla Bélcompﬁted; ipfluenza‘,.‘
'emphyserr..:a.,‘,lasthrna, "‘arlxd tﬁberculosié all‘resulted' in significantly high . ‘

SMR's (P <.05), Only pneumonia and Eronchitis 'showed SMR's lowe; than
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expectation (93. 4'rand 84. 8, respe ctivély}. The remaining nonmalignant.
respi.r:ai:o:r‘,r diseases we re"'grc.uped- with all other causes, providing an
explanation for the obser?éd high SMR (13_6. 0). Of the 625 deaths in"tﬁe
calegory "'all other causes', 299 w.ereldde to nonmal-i'gnant resp‘iratorlyk
diseés;s, and of fhgse, 187 wereldluert‘o pneumoconiosis (ICb 523-524)
- for 'which no rates were available. | |
4, Diseases with a low SMR - It is -interesting to note tha-t-
: diabetés, 'pe‘ptic :ulcer, and cirrhosis all yielded significantly low SM'E‘!.'S.
' The result for diabe‘tes is not surprising since this was one of the few
diseases reportea as havivng a low SMR in the study based upon the 1950 .
‘ censu_s.‘ (28-, 29). o |
- - | 5.. Accidents - The obs-erved. and exéectedA numbers pf deaths
_ due to accidents were 408 and 283..'0, ‘respectively, resuilting in a significantly |
high SMR of 144.2. Within thlsgroup 103 were killed in mine aiaste,i-.e,l"qr,
cave-ins, E‘lim.inating theée 103 deaths frp.m the computations _reducevs‘ the
,S.MR for accidents-to 107.8, which is not significantly greater than 100 at
the 5% level. |
: 6. Ill-defined Causes = The high SMR for ill-defined causes
maf be due to the characteristics of the area.ls in the qouhtr‘y'“ in rwhich fcoa.l
mini.ng ¢ommuniti_e5'iare usually located. In these gct;e‘ral'ly'more rural
areas, Ifhe p;-oportion of death certificétés that do‘not indicate a spéci-ﬁc '

-~

cause of death tends to be higher than the proportion in urban areas.

7. All Other Causes - As was mentioned previously, éhe hfgh

" SMR noted for thi; category is probably related, to a large degree, to the
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inclusion of 299 deaths fx;omvnonmal'ignar;t fas?i'i-aiory diseases.. Uﬁfortunately,
the comparability ratios which we ré necessary jfor a more aetailed evaluafion
were \no"cv available.
The lack of availability of comparability ratios for some of the
‘ causesu of death is one of the main reasons for redqiné the analysis using the
1965 total U. S. rnale raters. A summary of the observed and expected déaths
. and ._SI\{?'.R‘S for selg')c-‘ll:e.d c_:a.ru-s;és of death ﬁ‘s‘ing“ this 'é.dﬁiparisqn group is
—presehted in Table 4. 3A. . More detailed brg;kdowns_ for '""nmeoplasms"’,

""ecardiovascular diseases', and nonmalignant respiratory diseases' are .

provided in Tables 4.3B, 4.3C and 4.3D.

v

A comparison of the SMR's using thé "1965 rates to Tables 4.2A 4. ZBV,
- and 4.2C show the results to be quite‘ 5imi1ar; Tl;xe only significant change
~occurred for i.nﬂuenzla.. where the 'SMR iqg;g;sed to .348. 6. ;This change is '-

most probably a function of the la.rgel- 3Irear—to~y»ear variation in morf,a.li\tsr from

3

--this cauIse and the fact that; in 1965 the aeath rate was vre‘la.tively low; for the
years 1960, 1963, 1968; and 1969, thelU‘.ls; death rates for influénz#.for |
many age groups were four times ‘#s high‘ as tﬁe 1965 rates. - -

"'As suggested previoﬁsly, rremov'mgr the nomﬁaligna.nt respiratory
-diseases frorn the category '"all othertauses‘" reducés the SMR, the resulting
»~valug of 79. 0 being significantly 1;)w. I'I‘he.. SMR 'for-thé‘ c'a.tegorir"'nonmaligna.nt

respiratory diseases' is 157.1 and is stati'stic‘allly significant (P <.05). | A
7more detailed breakdown of'the cause s of death wi;-thin the nonmalignant
-respiratory disease category is shown in Table 4. 3D; ~As was rn'entiozl'f.e_dy
earlier in this report, the 'SUMR for influenza is misleading si-nce: the 1965

total U.S. male rate for this cause was low. Primary atypical pneumonia -
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(ICD ;192)‘ and ;chr‘onic inter'stitialIpnc‘:umonira. (ICD 525)‘arc_"hi;‘7,-l.1, but these
diseases are too nonspecific to, attr_ivbute to particular cau‘se‘s. Bronchitis,
‘ found\to be high in sofnle pré\.r“igllﬁs s'fudiéé,. hc;x".é;'-ian ;S{M‘R of "85.0. It "ig
-interesting to nc?te-, however, that all of the ;ieé.fhé attrib}ited ‘t"a chronic
‘ broncl';itig ‘als‘o mgntioned emphysema (ICD 502). Emphysema as an underlying
-cause of death .withoﬁt mention'ofibronchitis {(ICD 527.1) wa.‘s.a.lso significantly
high (126.3, P < 05.). The iargést.SMR‘ was .‘fo'r pneuﬁxbconicsis (IC';]j 523, '524).
‘Sin;e standara rates forrthe‘total U.S. population are not available for this
cause of death,’ it I‘is not pos’is“ible to ;:omll:;ut,e an a.c\fuJal S.MR-. ‘:'I‘herefore, the
SMR was computea by using as a corr;pa.;i‘son the combined"rai:.es .ofl cauges of

~death 511-517, 520, 522-524, the smallest disease category available which

‘contains pneumoconiosis as a .subcateg'ory. Thus, the SMR of 925.7 is

conservative.
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B. Mort;lity of Plensiope;.s vSs. rNonp.e_lnnsioners.

it was nétéd earlier in thris 'reéort that tl:he cohort of 22,998 coal
miners included men \_vho-‘ were already p_éns.ion-ed on January 1, 1959. Some"
. of the problems 'associafedj'iw'ifh.;irawing inferences about a working poéﬁléfio;u
from a group'of retireés have been discussed elsewhere (50, 51, 52, 53) _
-Obviously, the-.pensione_x;s a.re-'_a select group in that they consist. only of
'.thpse men ’w‘hc; ha;re. survived long eqo_ugia to x%ét'ire', In v.iew‘-of t};is,lan attempf
was made in this study to idéntify those mi;'le rs wh.o were pgnsioned or; '
_Janﬁary 1, 1959 and, using this informafion, to compare the mortality
experience_sr of the pehsipned men and the ngnpensioned'men. ‘

~“The 085 card (thé. fecord whicvl'; was microfilmed) for each fnine’r
indicated whether or not he was receiving a pension but, unfortunately, did
not p:qvide 'tl"ie pens.io.n date. As a rénu].t, it was ﬁecessary ‘.to ‘d.eci_de ona |
‘criterion for determining which of the mine rs‘ listed as pensioned did, in:,
fact, hold this status on ..Tanuaz.'ly 1; 1§59. To do this, it was a's"sumed thq.t
-all minérs‘ retired as soon as théy were eligible to do sa whic‘h, in 1959,
was at age 60. While tl;ere were, u.ndqubtedly, exception;‘to this, the
assumption appears to be a rea..sonabl‘e oné. ;Ihus,l all mine'rsl in the ;:ohbrt,
‘who were 60 years old as of JanL;ary 1, 1§59.and whose 085 card indicated
a Pension, were considered"fo Be in the i:)e.hsioner cohort. i’he resultiné
~aumber of men éatisfying these. conditions ‘in the cohort is 6524,"which
compares favorably with .a filgufre representing 10% of the pens:ioners wbit.;h
| the‘ Fundl.. ha‘dron rerl.'ord as of July 1, 1959, or apprbxirnateif 6549 men {54)."

‘Once the pensioner group was identified, Standardized Mortality

Ratios were computed for both the pensioner and honpénsioher cohorts -
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usi-n‘g total.m.U._S, mal‘er ratés;. "i'he‘resul‘ts for the ponpénéioner c.ohor_.t are‘
shown in Tablesr~4.4A‘, 4.4B, ana 4.4C, Whi_le thosé for the pensioner
cohort are prgseﬁted in Tables 4. SA., l4.ISB. and 4.5(:. 7 »

The 'nonpensi'oner group showed an SMR of7106.'l1 (P < ;05), and
this wavs higher than the SMR of 98.3 obtained in ‘th:e pe‘nsiorner‘ gfdup. The
pensic;ne rs tend to S.how élightly higher moftality from q.a.nlcer,s, i:ut their I
ovérén SMR from all maiign’ant neoplésrﬁs is only 104.6. In fact, the only |
neoplasm for which observed d.ealths exceed expeétgd deaths in both .grqups
zs res‘pi"fat‘b;rf'f:‘z;.:‘lc“er, .wyl'xei-lé‘;‘:vhe SMR f'or‘“the ‘p‘éhsionérs 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 breékdown for
selected sites showed the same pattern.as for the tot‘al‘cohort.; the‘ SMR's _
for stomach and colon cancer were 111 a‘nd 62, re.spec_tively. An even
larger difference was é.ppa.rent in the pens;ic’med groul.p, ‘where the SMR for
_“st‘omacv:h ‘cance‘rrwas 15.'1, c_oglparé;i' vt"o- anLSI;MR of 77 for c;olon ;:aflcerr.

' An examination of the SMR's for Icardio_vascular. disease alsé
showed a glight difference between the plevns>‘io,ner a‘nd ‘nonpensioner cohorts.,
With the exception of rheumatic fever, .‘;he pensioners' IVSMR's were lower
than those of the'hc.mpension/ers for all sﬁbcategorie‘s-of cardiovascular ‘
dise#se. However, this is priln;xarily due ‘-to theldeﬁcit of heart disease in -
the pension group (chronic disease of ;a-rlxdoca;u.rdiLx‘m 49. 4, arterioscleroysig I70. 5,
cerebrovascular disease 91, 4) r;therlthan tovar; excegs in the nonpensionéd
cohort. - |

For nonmalignant respiratory diseases the pattern observed when

“evaluating the total cdho:t appears to.be true for both the pénsioned and

L aT72.



nonpensioncd..,sqbgroup's._ Namely, high SMR's for influenza, emphysema,
asthma and tuberculosis. Bronchitis and pheumonia are not higher than

.expéctatibn for either cohort. The l'arge:é't differences between the two

- I

- cohorts appeared for influenza and tuberculosis, both of which‘ -sh-owe‘:d

higher SMR"s in the'-nbnpensioged cohort. 1
One of the.-rnt':re ﬁronognced dilffére'nées in '—ca.u‘se specifi-‘:r moftality

between pensioners and no.npensionerrs .wa.‘s‘ for ac‘cidénts. Of the fotal )

numbe:; of deaths from this cause, 164 c;’t‘:curred in the mine. Since the . k

pensioners are not at risk for ocbcﬁpa.bti.bn‘“é.l ;ccidént‘s, it would be more

a'ppropria{;e to usel the SMR of 181.0 for the nonpensioned group in depicting

the SMR of the U.S. coal miner for this cause of death.  If mil;xe disasters .

aqd_;ave-ins are eliminated, the _olb'serv‘ed nufnbez_' of d‘e_ii"chs for .the

nonpensioned group is reauced to 216 with a corre;pondidg SMR equal to .

122. 5. if, in addition,' all accic"lents ‘occur,ring‘ at‘the_ mi‘ne é.re eliminated;

the.observed nﬁmbé‘r of d;aths is. 164 andtheSMR is 93.0. |

_' bthér causé.% which were higt;xér in 'tk;e noﬁpensioned group included
ulcer;s a..nd‘nephritis. - The pensioners showed Bigilreyzl- mortalit‘y than thé |

nonpensﬂioners for cir;'hos'is and chc;le'lithi'asis. Dié.i)etes showed a

signifiéantly low mo rtaliﬁ'r in both the pelnsi-oned and no‘n-pens-;ioned group

(55.0and 62.2, re sbpe ctively).

| Subsequent to this analysis',' x;re "decided. to verify oﬁr assumpti;on_ ‘

- that most. of the men who had been listed as éehéiohea,by the; Fund records and
who had been 60 ‘or over by January 1, 1959, were, i;'x fact, .éensi\one‘rs. " Using
information in a separét; file, we obtalin;_d the‘dafe the f‘i'rst 'pens;'.on check w;sr

‘ 'issue,d for the :§;524‘men included in our pén§ioner cohort, | i'.e.r, ‘the men we
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believed to be _i)e.nsioners at the ‘iréit'ila.hdate of the study. The res‘ultirng numbe r
of me;u who were receivipg éension‘.checks prior to Jalnua.ry 1, -19‘5_9 \v;s 5836.

: Si;'u;e in some case svré:t'ifer-nent Sccirred-before the fi.‘i:é.st pehsidn check Wasv’
is‘sued, the actual nn;l.mber of men inlthe- cohort wﬁp lwere‘»retired aé of January 1,
1959 probably lies between 5836 and 6524. ':Il‘he, Sta.nda.rdized Mortality Ratios-
‘for_the 5836 meﬁ were recalé;;lated‘ aﬁd in no case did a cause of death show aﬁ

SMR that differed by more than 10% from that obtained using the pensisn group

based on birth year.
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Table 4. 4A

"Observed and.Expccted D'eathé, and Standardized °

\dortahty Ratios for Nonpensioned Coal Miners

“for Selected Causes of Death (N = 16 474)

203.7

CAUSE OF DLATH _ ,if'-Qbs- | mxe. ] swr”
All Causcs e 3392 3197.8 © 106.1¥
All Mal.ig-nant Neoplasms 529 588.9 89;8*
Benign 'and Unspecified Neoplasms 8 8.0 - 100.0
Major Cardiovascular Diseases | 1738 1740.7 99.8 -
Bron‘chitis | .13 E 13.2 | - 98.5
;P;cute- Bronchitis and B‘rvoncl"xiol_iti‘s' D 1 1.1 —
Chronic and Un'qualif;.ed-lﬁfonchi‘tis ) 12 Il 1.8 101.6
Influenza | | 12 5.2 232.6%
Pneumonia 70 80.6 86.9
Emphysema 70 50.4 - 138.8%
Aéthma 14 ,8'.6 - 163.2
Tuberculosis 36 22.h "1&L9*
Syphilis T 5.9 (117.9
‘Other ’Infvect_ive“and .Parasitic Diseases 4 9.1 k3.7
Diabetes Mellitus | | | | 29 L6.6  , 62.2% |
Peptic Ulcer 24 26.1 | 91‘.‘9
Cirrhosis of Liver | | 28 T6.4 "36.6*
Cholelithiasi's, Choiecystitié, and 4 \ 5.5 - 72,6l
Cholangitis : .' .
Nephritis and Ne;rahro‘sis - 21.7 110.7
Accidents | 319 176.3 : 181.0%
‘Suicades 53 | 57.1 92.9
< Homicides | 26 23.2 . p 111.9
I1l-Defined Causcs 98 k.2 é32.h*
All Other Causes 286 - 1h0.4*

- ® . Standardized :-1ottalit’5'( Ratio (SMR) is significantly different

from 100 at the 5% level.
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Table 4. 4B

Observed and Expected ’Deaths; and Standardized
Mortality Ratios for Nonpensioned Coal Minezs
for Selected Causes of Malignant Neoplasms

(N = 16,474)
CAUSE OF DEATH : ' obs. .| Exp. SMR™
All Malignant Neoplasms . » - 529 588'.9 ' 89.8%
Buccal Cavity and Pharynx | _. - 12 ‘20.1+ . 59.0
D:"Lg"cstive Organs ‘and .Periton’eum ' 148 182.0 81.3%
ﬁesiairatory Organs 205 186.5 | . 109.9
Breast’ ' , o ‘0.9 -
Genital Organs ' 29 LY. 2 | 55,7*
Urinary Organs | .29 31.9 '90.8
Leukemia and Aleukemia . o o 24 22.1 108.9
Othe: Lymphatic and Hematdpoietic‘ - 30 3L.6 | ok.9
All Other sii-_es ' , j  52 | 67.T 76.8
‘.Benign and rUn‘sp.ecifie‘cl ‘Neﬂoplasms . ,- - 8 | 80 1 1o0.0

* Standardized Mortality Ratio (SMR) is significantly different
from 100 at the 5% level.
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Table 4.4C

Observed and Expected Deaths, and Standardized
Mortality Ratios for Nonpensioned Coal Mincrs
for Selected Causes of Cardiovascular Disease

(N°= 16,474)

CAUSE OF DEATH obs. | Exp. © smr"
Major Cardiovascular Diseases :1'{3’8 ‘-171';0."’{‘7 99.8
" Active Rheumatic Fever and Chronic |

Rheumatic Heart Disease . 22 30.2 "f_‘2.8. .

Hypertens;i.ve Heart Disease 86 72.2 119.1
Ischemic Heart Disease S1173 1195.6 ' 98. 1
Chronic Disease of Endocardium and ‘ :

Other Myocardial Insufficiency . 20 20.3 98.6

All Other Forms of Heart Disease- -.65 58.9 110.3
H}_(pertensio;x 22 - 17.9 . 1z22.9
Cexrebrovascular Diseaée A2.82 - 263.4 10f,1 :
Arteri'osclei:osis LT 3701 126.8
Other Dlseases of Arteries, o S

" Arterioles, and Capillaries’ 21 - 30.8 68.2

® Standardized Mortallty Ratio- (SMR) is szgnlflcantly dlfferent

from 100 at the 5% level.
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Table 4.5A

]

Observed and Expected Deaths, and Standardized Mbrtélity

Ratios for Pensioned Coal Miners for Selected Causes
of Death (N = 6524)

| All Other Causes

| CAUSE QF DLATI! _ Obs. Cxo. sur”
All Causes = ’ 4236 ]4308.0 - 98.3
,‘AII Malignant Neoplasms, 7694 - | 663.4 | 104. 6
Benign and Unspecified Neoplasmsv 6 - 6.4 94.4
Major Cardiovascular Diééaéés 2547 2760, 5 _92.3%
Bronchitis | 14 18.3 763
Acqté Bronchitis ana Bronchiolitis ‘f 0 1.4 -
Chfonic and Uhqhalifked Bronéhitis 14 17.2 81-4_
Influenza 16 | 9.6 | 166.5
Pneumonia 147 | 1517 96. 9
Emphysema4 100 ' 67.9 '147.4¥
Asthma 18 9.7 185.2
.Tﬁberculosis - 27, - 20.9 ~129,f'
Syphilis ' 9 T.1 125.9
' Other Infective and Parésiﬁic biséases‘ 9 8. 4 I107.1 '
‘Diabetes Mellitus - 7 35 63.6 "55.0*.
| Peptic Ulcer 18 32,6 55.3x%
~Cirrhosis of Liver 36 28.5 126.5
Cholelithiasis, Cholecysfitis; and 18 11.2 161.3
Cholangitis ‘ : o .
Nephritis and Nephrosis 18 24.5 73.5
‘Accidents 89 106. 7 . 83.4
Suicides . 28 -'24‘3 ‘115, 3
Homicides - 4 2.8 -
I11-Defined Causcs 64 44.0 145, 4*
N 339 | 2s55.8 132, 5%

~# standardized Mortality Ratio (SMR) is
from 100 at the 5% level.

 .78-
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Table 4.5B

QObserved and Expected Deaths, an&'S'téndardized

Mortality Ratios for Pensioned Coal Miners
for Selected Causes of Malignant’ Neoplasms

(N = 6524)

CAUSE OF DEATH Cobs. | _zxp.. sMR”
" All Malignant Neoplasms 694 663.4 7}04.6
Buccal Cavity and Pharynx  19 17.5 108-7‘
Digestive Organs and Peritoneﬁm 260 237.8 109. 3
Respiratory Organs . . 168 145, 0 115. 8
Breast 0 1.0 -
Genital Organs. 95 106.8 88.9 .
Urinary Organs 37 43.8 84.4
Leukemia and Aleukemia - 26 27.6 7‘94.2
Other Lymphatic and Hematopoietic ‘_28 :.26¢2 107.1
- All Other Sites | 61 . 57. 6 - 106.0
Benign and ﬁnspecified.Neoplasms 6 6.4 94.4

Standardized Mortality Ratio (SMR) is
from 100 at the 5% level.
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Table 4.5C .

Cbserved and Expected Deaths, and Standardized
Mortality Ratios for Pensioned Coal Miners for

Selected Causes of Cardiovascular Disease
(N = 6524)

CAUSE OF DEATH

Arterioles, and Capillaries .

' 45,8

Obs... Exp. SMR

' Major CardioQascﬁlér Diseases - 2547 2760, 5 92. 3%

‘Active Rheumatic Fever and Cﬁronlc 13 16,6 78.6
" ‘Rheumatic. Heart Disease g

Hypertensive Heart Disease - 127 127. 2 99.9

Ischemic Heart Disease 1650 1726.7 | 95.6

Chronic Diseasé of Enddéardium and 18 - .36.4 ‘ 49.4*

Other Myocardial Insufficiency -

All Other Forms of Heart Disedse.  63 ’ 77.3 . 88.0

Hypertension 36 31.6 ‘113.8

- Cerebrovascular Disease 520 568.8 91. 4%

- Arteriosclerosis 86 122.0 70, 5%

Other Diseases of Arﬁeries, 29 63,.4=

*

Standardized Mor.tality Ratio (SMR) is

from 100 at the 5% level.
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' C. Mortality Patterns For Mgul,tijp;e'c;auséa of Death
. In this, as in moSt other ‘1,'noz-'i;ality studies, the interpretation of
the data h,a,*_-" dep{gnt_:‘led so‘l.ely upon the;underlymg cagég-,qf_dlfea,.th. ‘ Howgvg:,
_.é.dditionlal rl;lortality informa.ti.on.’ma-vy. éLl"éo be recorded 6n the death - o
;:ertificate- in tiue form of "d.iéjease or condition directly.leading to death!',
‘fantecedent c.ause“, or "othér significant condition’. We will loosellir
gﬁfg; to.thlese‘_ as "qon;tri'h{utory.caug.es of death'!, 'I'I"he'ne‘ed for taking
data of thi‘s nature into acc;)unt ha‘s see;: reported b.y se%reral author.;..
(55, 56, .57)- Although there is no‘genei‘ally accepted way of handling
- multiple cause of death data, one.method‘which has been suggested is to
| compute the ratio of the total numbe‘r. of time:ls a.l particular cause is coded
{sum of underlying ‘and contribﬁtoryfto the number of cases for which the
-§ame cause appears as und‘é;_-lyir}g.
vTabulations of this; ‘n.a;ture‘ ha\,;e been rgpoffed by Guralnick (58)
for # one-third samplé of the deaths occurring‘ in the Uniﬁed,Stateé dufing
1955, -Iand by Olson et él (59),‘ "forr aflfty percent sample 6f the deaths
in the state. of .Ca.li.fornia.;duri‘né the slame yea‘r.v I.n a group bsuch as the
coal miqers,. these ratios ;'vould be c;f_ infe;'est siﬁce many qf the nonmalignant
respiré.tory diseases mz;y not appear as the underlying cause of death. A |
ratio subs‘t-a!:nti‘ally ]:all‘rg'ef'thaln one could indicate an‘ u.nderrepérting of.cause- ’
specific rnortal'}ty if only the und;arlyinlg cause we;.re used, Furthermbx;é, if
may be possible that, for a particular .o'ccupaticnal grouyp‘,‘ tk_le' éaus;a is
present pn‘fhe‘:llsamev ‘numbelzr pf death'cerfiﬁcates as fc;x; the ’.cox‘ntrol
population but it does not occur as an underlying cause the same proportion of
times. | |
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The ratios of total deaths to underlying geaths .for’ the causes listed
in Table 1 of Appendix IV were computed individﬁal‘ly for white;; aﬁd.
nonwhites. A tot‘aliratio for each cause was t;orpputed by fé;ming-the"

: qubtient of the sum oftofal deaths fbx.' whites and nonwhite.s with the sum of .
t.he underlying deaths for whites and 'nonﬁhites., In corriputing the frequency
- of the total deaths (unde rlying and contributory); disfinctidns wére nﬁa_lde
pqu for the‘ first tHrEe d_iéits of the ICD.
The number of causes coded per dt;.ath usually increases with age,
- since deaths at 61der ages are more likely to involve multiple cauéeg, The
ratios for the age groups 4‘-"35, 35-44, 45-54, 55-64, and 65+.are.-
. respectively, 1 12, 1.30, 1.48, 1.78, and 2.07. Tables of £hes§ ratios
by age and by race for selected caﬁses of death can Ee found ih Appendix IV.
A summary of these tables ove‘r.alll _égé”groltllps is preéented in Tablé 4 &
The ratios for theltwo“raées are sim‘ila..r. The largest difference occurs
for diabetes where the ratio is more than twice as high fpr whites aslfor
nonwhites (4. 84 compared to 2. 25). Other th;-an diabetes, the cauées which.‘
show the greatest differences betw;een the rac.els are hypertensive heart
disease, pneumonia, bronch.itisl,‘ pﬁeumoconiésis; tﬁberculosis; and'i
cirrhosis.
The ratios giveﬂ in Table 4, 6 are in élosg agreement with thé. results
,,-bf Guralnick (58) and Qlson (59); Table 4.7 -cqmpares these‘ two studies |
iwit.h the coal minef cohort for s.ele;:t:ed causes of deathl.' The lower ratios
for coal miners for respiratory disease could be due ,tc; the fact that vcoal

miners have respiratory disease as the underlying cause much more than the
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TABLE 4.7

Co?npa.rison of the Total/Primary Ratios among Three Studies *

Guralnick!s - Olson's . Coal Miner .-

Caﬁse of death , B Study ‘ Study Study

All causes . Lo 2,05 1.95
Digestive cancer 1; 05 - - L.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 #* 132 1.34 1.28
Hypertensive disease - 2.50 2,69 .77
General artefiosclerosj.s * 7.50 6.03 8.82

" Reé:i)i'ratory‘disease 3..‘79-_ 4,46 ' V3. 12
Pneumonia N .2, 76 3,57 2,25
Accidents . nz2 . 118 120

* Those cases where 4500 was coded in conjunction with 4221 were not
~ used in the numerator of the ratio. - '

** ADH stands for Arteriosclercotic and Degenerative Heart Disease,
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gene ral pqulation. It cg'gld also, ’howe ver, | indicate th;j).'t the physician
is more 1:1};e1y to certify respiratory disea-se'as the unde rlj'(i.ng" cause if he is 4
: dealing with a _coal._minér.

Perhaps tbe most‘interest'inJgrconiplariélén is that for diaBetes. One
possibiylrity for the large difference is that the groups may have ‘di'fférent
racial compositions; another possibility is that the coal miners nﬁay-have
just as.rn:uch diabetes as the control__group but it-is not ‘belz.vng coded é.s the
undrerlyiné cause. Diabetes is particmularly- int'ere sting in ico"a.l mi.ne?;rs because
it has aroused ‘speculationr aé to why‘:ﬁortality is low in thié group and a
selection factor has been suggestédv (29). One answer could be that its
incidence is not low but that it simply’aoés not appear as ‘o;ften as an underlying
ca'use. An exar'nina.tion of the death certifi;ates of coal mine rs who died from
'diabei‘:wt’zs ;ho}ved no unusual pattern but, urifprtunatglf, the necessarsr informa.i.:ion
for a proper cofnparison with an app;opriéte co_n‘trol group is not availablé.
The ratios for hypertens‘ive heart aisearse also differed for the coal miher cohort.
The reasop_for this is unclear, buﬁ one possibiiity may be a difference in racial

composition.
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D. Analysi’sby Di;tri:ct
The coal miners in the cohort were employed in different geographic
locations. At present, the best iridica;t;ion we hg've of the ‘g.,ve‘c}graphic '
‘location is th‘e district union n.umbe:. Frequ'encies of the number of miners ‘
by last dis£rict of employment aré shown in Table 4, 8. Sir;ce the nul;nber
within each district is .sometin'-;ves too small for agalytical.purpose s, the
_disj::_‘ic:;s‘,hayg been gr‘oupedt.orgglthelr_a,c;ording to their areé._mc‘e_d.i;:al office. *
The cities given in the Table are the lééét’ions‘ of the office s, but the ! a
geographic area covered b-y the districts‘ serv;d By each medical office’
may be quite larrgle. ’i‘a.ble 1 of Appendix V-summariél.esj the approximate.
geographic locations (60) of the dist‘ricts associéted with each. medical office.
Relative risks for each area were‘ corni:uted for the causes prés‘ented
‘in Tables -ZA—. | 2B, and 2C of ?&ppendix V. For each ‘comparison, the
remainder of the coal mine r‘ chhort wa§ Qsed as # control, and a Mantel-
Haenszel cbi-square test with one degree of freedom was used"to dete rmine
if the relati.ve risk - was significantly différent from one. Tabiles sho,wihgv
the re.lafive risks by mediéal area for the more importanf;o_f these caus;es
are given in Appendix V. | |
 1. All Causés !; Aithough.sofne of the relative risks for' :
all causes differ ;:;Lgnificéntll'jr frro‘:-n koné;: the_:refﬁg‘e-’o.f valiies; 1s not great,’
The largest value is 1,15 for Evansville al.ndAthé lowest is .80 fc.;r :
Denver.

% These medical offices are the assignments in 1973. Recently, the Fund
has consolidated the ten areas into seven.
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TABLE 4.8

Frequencies of Coal Miners in the Cohort by District Union Numi:er

Distr ict‘ Number

Beckley - - 29 ' . 3188
Birmingham 20 . 1105
Charleston 17 : 2643
Denver 10%.. | 72
15 336
22 : ‘ 376
, - 27% 111
Evansville 8% 13
: 11 626
23 602
Johnstown . 2 2217
Knoxville 19 ‘ 1232
28 836
- 30 1642
‘Morgantown . 4 1282
' . 16%% - 39
- | 31 1465
Pittsburgh -3 S 286 -
5 , 1866
6 ' 1186
St. Louis 12 : v 1461
13%% ' 44
14 o 142
21 217

Unknown - . . .11

% No longer in existence

‘%% District 16 was in Maryland and now is part of 31.
" District 13 was in Iowa and now is part of 14.

-88-



2. ‘Al:lf Cancers - The f‘e‘]_.‘ative__risk.s for all c.ance'rs show -
a larger difference, Boti'; Charleston (’Rela.tive Risk =1, 30) and
vPit?s_b}ur”gh (Relative Risk = 1. 30) a;-e-,_s@g\rii,ﬁéantlfhigh (P£.01). A |
more detailed é.naly;sis re\}eéled'thaf the high t;:axicer risk in Pittsburgﬁ
‘was due primarily to high risk of diée.stive‘cang:ers:‘(Relative Risk =-‘1.I 50)
and of can?:ers of unspecified siteé. For Charlesto'n,‘ thevexces; wa‘s _ |
-.nprimarily‘dﬁe to lung cancer (Relative Risk = 1. ";’2)., It should be
-efnphasized thét thésedifferences could be reflecting the differeénces in
mortality patterns for tvh.e total populations of the different areas rather
than difgerences in the coal ‘n.'1ining population.- Thus, the excess of
-digestive cancers in the Pittsburgh area is probabiy reflecting, to some
extent, the high rate ob;eryed for the total population of that area (61).

3. Cardiovascular Disease - The h;ig'hest rélative_ risk
for cardio;.'asc':ula.r disease occurred for Evansville (Rgllative Risk = 1, 25),J
where the excess appears to be due primarily to an increased risk of o
dy'ing‘:_frorn"ischemic-heé.rt disea._se.‘-‘ The only other subcategoriels wﬁich
showed unusually high risks for any district. v‘veré cerébrovascular
disease (1. 80 in Birmingham), rhe;umatilc hea.;-t ciisea.se (?.;. 40 in Pittsbur-gh)‘
and the categoriesll "all other heart disease"' and hypertensivé heart
disease (3. O4l and 1, 88, respectively, in Beckley}.

"4, Nonmalignant Reslpirats;ry Diseasés - Miners in the
_Beck.ley:(Relative Risk - 1.47) énd Johnstown (Relative Risk =: 1. 57) . -
districts showed significantly high;isks of dying f‘rom nonrr;a.li.gnant

| ‘respiratory diseases (P<.0l). The high risk in Johnstown was due

8-



;lmost solely to pneumobdniosis (Re‘lativeRisk = 4, ZZ), while in Beckley..
both emphysema and pneumocdniosis were high wij:h respective risks

of 2,03 and 1. 64: ~The,rg‘1ative‘jri§k of 2. 66 for bron‘g:hi;.tis“in Begk@gyz
‘was also significant, btlit ;this was basler’i only on 7 observed and 3,2 |
‘expected deaths. The otﬁgr high relative risks of note oc;::urred for
Ierhphysema in Denver, where tﬁe risk was 1,88, and for other
pomnaligné.nt ‘resp.i'r‘at.o’ry?,':'diseases‘:irtlz'Knc;xville, Whé‘.re‘ fhé risk was

1. 71.

5. Ill-defined Causes - Excess mortality from ill-

defined causes appeé.;ed in the Birmingﬁam and Charleston districts,

as indicated by the respéctive relati\;e Tisks ofl 5..744 and 4,15, These

two districts accounted for 80 of the death ﬁertificate;s that were coded

with this cause. In fact, only tw'o‘soil:her districts had relé.tive risks |
g‘rea.ter than . 5 (Becklely, w1th a risk of,‘ 1.23 a.ﬁd Denver with a risk
| of . 82).

| 6. Accidents - Although the SMR'for this cause for miners
was high, the deaths seem to be distributed-as expected .am'ong the differerﬁ:

districts.
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V. Summary of »Maj-or Flndmgs
The major aim of this study“r‘xas been to compare the long-term -

mortality experience of a cohort of. coal miners co;refed by th'e:_U-rx»ited,r .
‘Mine Workers Health and Retirement Funds to that expé&ed \léing thé
tc;tal United Staters'ma‘le.population as a control. Thé' principal results -
are-as follows:

1, Th‘; gverall. r'norta‘xll‘ity of cpal miners-, as,rcﬂe;ted bya |
Standardized Mortality Rétio ‘of -101. 6,- is notl excessively high when
.ecompared to the mortality of the total U.S. male population. Major causes
of death revealing elevated risks are noprﬁalignant respiratory diseases,
-accidents, and stomach cancer,

2. Nonmalignant respiratory diseases with high‘S‘tar;dardized
Mortality Ratios include 'ernphy'semzln. l‘(1‘43. 7}, asthmé. (.174.9), and tubei;cﬁlésis
(145.5). Furthermore, allvo‘f the ca;ses where bronchit‘ié was tﬁé ﬁnderlying
cause of death also mentioneduernpyhysema.v An exact SMR could nolt be
computed for pne'umoconiosi‘s, but even a conse:z;vative' estimate wouid Be :
very high. 'Px;eumoconiosis was the underlying cause of death for 187 éases
‘and a cbntributor‘y‘c‘ause in an additional 393 ﬁases.

3. Mortality from all malignan;‘. nleopllasx;n‘s' results in an -

SMR of 97.7. - Respiratory caficer has an SMR of 112.5, ‘which is intermediate
to what-has been ‘reported in previous‘ studies of U.S. coal miners. With this
arﬁount of excess, one must:be cautious ';vhen attfibutj.ng if to oécﬁpational
exposure since it is well within tHe ra.hge': of whatl could ?eét;lt fr‘o'rn di:fférenéés

in smoking or geographic regions between the study and control populations.
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The SMR for stomach cancer was 134.9 and the finding of ‘an excess for this
cause is consistent with previous studi'es.,

4. The SMR- for all ga;idiovas-qp;ér' d'isela::_‘se g 15195, 2 “No*
significantly high e#ceés is noted‘ for any subcategory.of‘cardiovascular
disease.

s. Although the;'e was not a large ﬂifferencé between the
‘pensioner group and the nc&npgn;ipner gr@u-p in theSMR for all causes
(ll.0‘6.1 and §8. 3, respectively) the §MR for some causes of cieath di_ffered‘
for the two subgroups. The SMR for stomacﬁ cancer was 151.2 for the
pensioner group and 111, 4 for nonpensioners. For accidents, thé SMR
was higher in the nonpensioned group (181,0 compared to 83. 4).

6. The SMR for accideﬁts for the nonpensioned group is 181; 0.
When deaths from accidents occurring within the mine were eliminated, the
SMR is reduced to 93.0.

7. The relative number of time.s a cause of death appeared c;n
-death certificates as an underlying cause as opposed to a c‘ontributor'y cause
is found to be éonsistent with other multiple cause of de’ath studies. The
ma.jqr exception to this is diabefes which appears a lafger proportion of>
times asa clqutf__ib‘pt‘ogy cause ',fo%' ¢oal rnine;s‘th‘an‘ for the other populations.
This is of particular interest sincé‘ih‘e SMR for diabetes is low for coal‘
minefs (SMR = 58.1).

| 8. Although internal comparisons were made among different
geographic regions, conclusions ére difficult to make since, in most cases, -
it is impc;Ssible to determine whether differencers‘ in 4mort‘ality patterns are
due to differences in the coal mining populations or just a. refleetio‘h of

diffe rent 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

Provisional

540, 541

-99-

Category numbers - Category numbers
according to the according to the compa.ra.bﬂlty
- Eighth Revision, 1967 Seventh Rewfision, 1955 ratio’
008, 009 571, 764 1. 185
010-019 ~001-019 0. 950
090-097 , 020-029 .. 0,322
Rernainder ofOOO 136 030-138 0. 983
140-209 140-205 " 0.988
140-149 140-148 1..055 .
150-159 150-156A, 157- 159 0.938
160-163 160-164 1. 024
174 ' 170 0.991
180-187 171-179 0. 999
188, 189 » 180, 181 1,013
170-173, 190-199 156B, 165, 190-199 1. 000
204-207 ' 204 0.998
200-203, 208, 209 200-203, 205 1. 056
210-239 © - 210-239 0. 968
250 260 0. 994
280-285 290-293 0. 944
320 340 | 0.959 -
390-448 : 330-334, 400-456 0.999 .
390-398, 402, 404, 410-429 400-443 . 1. 000
390-398 ‘ 400-402, 410-416 1.138
402, 404 . 440, 441, 442, 443 0.398 "
410-414 420, 422.1 1,063
424, 428 421, 422.0, 422.2 0.828
420-423, 425-427, 429 430-434 0.801
400, 401, 403 444-447 0. 820
430-438 330334 0.981
440 450 0.894
441-448 451-456 1. 549
466 500 - 1. 195
- 470-474, 480- 486 ~480-483, 490-493, 763 0. 993
470-474 480-483 0. 960
480-486 490-493, 763 0. 994
490-493 501, 502, 527.1, 241 0. 994
490+491 501, 502 1.068.
492 S 527.1 1. 049
493 241 0,696
531-533 - 0.979



Appendix T (cont'd. )

Comparability Ratics for Conversion from 7th to 8th Revision

-Category numbers
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

. 590-594
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, E965

Pravisional
comparability
ratio

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 I (cont'd,)
‘ Rules for Coding Mulfiple Cause for Coal Miners

Use 7th revision ICD - 4 digit codes (001 - E999) excluding
Symptoms, Sénility, and Ill-defined conditions (780-795),
Female Disorder Codes (620-626, 630:637), Deliveries and
Complications of Pregnancy, Childbirth, and Puerperium (640-
689), Diseases of Early Infancy (760-776).

Code the underlying cause on lire A,

Under the category 260X‘(Diabétes)"some resulting conditions

.may be coded back to 260X. Be sure to code the associated

cause as indexed as ifr 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
‘(Dla.betes) and 591X (Nephros1s)

Do not use Psychosm with cerebral arterm'sclerosis (360X)

as an underlying cause, but do use it if given as assocxated

cause, i.e.:

a. Ca, oflung (163X)

b. Psychosis due to (309X)

C. Cerebral arteriosclerosis {334X) ,
Code underlying cause 163X and the
associated cause 306X.

The same rule would apply to Psychosis of Other Demonstrable

, l"Etiolégy-(308X). In other words, where psychosis is stated as
‘dize to a condition that can be ceded to the combined code,

use it rather than 2 separate.codes.

In the case of a vague term modified or later clarified by
a more specific term, do not code the vague term. i.e.:

. a. R.etroperitonealltumor (230X)
b. Malignant Schwannoma (158X) -

€ mmmmmmmmmmo-
| Code only 158X
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Appendix I' (cont'd.)

a. Lymphosarcoma (2001)
b,
C.

_.".Major findings of operation.
Reticulum -"sarcoma caecum (2000)
Code 2000

6.  Assume the terms carcinomatosis, generalized carcinoma,
etc. with a primary cancer to be the same as metastasis,
and code it to 1999, as an associated cause, .

7. Do not code hemorrharre or obstruction-of a s11:e or system
~when 2 cancer or its metastasm 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 (underlying)
' 1999 (metastasis)

8. Do not code hemorrhages from leukerma no matter what sites

are hemorrhag1ng. .

Do not code malnutrition, septaecemia or secondary anemia with
a cancer. S "

9. 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 . ' 4 wks.
b. Adenocarcinoma bronchogenic ~lyr.

c. Dermatitis due to radiation - 6 mo,

Do not code the Radiation dermatitis.

10. - Do not code an accident cause if it is the direct result of -
a disease condition. 1i,e.:

a.. Strangulation - E : : 5 min.

b. Pulmonary congestion . o 1 wk.

¢. Disseminated miliary tuberculosis o
‘Code underlying 0192 and associated
cause 522X,
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i1,

12.
.13,

14'

15,

Appendix I (cont'd.)

Do not-code ‘a.telect.asis with a lung condition. i.e.::

a. Malignancy of left lung 6 mos.
b. Atelectasis massive
c.

Code only 163X

Pleural effusion (003) withla cancer will be coded td non-
tubercular pleural effusion (5192), unless tuberculosis is . -

.present on the certificate,

For the combined terms Artermsclerotm hypertensive heart
disease and Hypertensive arteriosclerotic heart dlsease,- .
code both 4200 and 443X, ' S

The spec1a1 code 234. 5 was used for cor pulmonale. The speciél
code 910A was used for a mine disaster, ‘ E o

Whenever a 4221 was coded, a 4500 was also coded since the . 1_

- in 4221 implies arteriosclerosis.,
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Appendix II (cont'd. )

UNDERLYING cauSE CF DZaTr FHEGUENCY
TOTAL COAL MINEZFS

coo - FREQUEMNCY
TOTAL WHITE NONWHITE
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’.531" 1 . l' '
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qulo ' 2 2 K
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1 191,3
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1199 2
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Appendix II {(cont'd.)

UNDERLYING CAUSE OF .DEATH FREQUERMNCY
TOTAL COAL MINERS

coo © FREGUENCY

TOTAL  oWlYE  NONWRITE
292,3 1 i o
22,4 1 ¢ 1
;qun'o 1 1 [}
296,0 1 1 .0
167,90 2 2 D
309,0 4 3
"3é2,0 4 4 o
322,1 1 1 0
322,2 1 1 0
330,0 23 22 1
33,0 4490 378 17
332,0 267 2o 32
3321 1 t 0
$5g8,0 71 &S .8
34,0 1 6 1
3u0,2 1 - ]
40,3 1 i 9
312240 i 0 i
343,0 2 2 0
345,0 3 3 9
350,0 7 & 9
352,0 ) 6 0
353,3 2 1 !
155,06 & ] 0
356,1 7 7 0
338,0 1 9 1
apl,0 1 - ]
'culnl ! . b -0
g10,d 9 8 0
41,0 9 7 S
814,0 2 2 . ]
a1s,0 13 - 19 1
220,0 779 - 837 b1
823,1 1948 1733 108
g2t , 1 - 7 | [+
621,13 2 1] |
42,4 & - 6 .0
222, 180 130 . 15
az2z,z2 23 29 2
a3o 0 2 1 R
431 ,0 P 2 ]
833,0 23 25 o2
433,1 15 14 1
43,1 39 11 7
ala 2 1 1 o
sl & g2 19 L}
a3s 5 4 3 |
‘Bu2,.f . 50 g3 7
442,54 1 0 G
4130 162 121 38
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Appendix II (cont'di)

UNDERLYING CAUSE OF PEATH FREQUENCY
. TOTAL COAL MINEZRS

cop ' FREQUINCY
STOTAL wHlTz NONAHITE

quaa 0 12 9 2
845,0 : 5 4, 1
- 848, 0 ‘ay LY .S
50,0 127 1{5 9
2%51,1 [ & Q
451,0 a0 33 7
a5%2,9 1 i 0
as3,1- 1 1 Q
abs .3 1 1 -0
254, h 3 5 0
55,0 B! 1 0.
ass,0 3 5 ]
-1 2 2 0
as1,9 1 1 0
ag3,0 S 3 2
- eea,l - 4 ' 0
* as5,0 a2y 313 3
aas, 0 12 1J 2
eb7,2 4 -1 3
880,0 18 13 3
381'9 19 10 B )
2gg,0 34 27 [
e9t,0 .. t22 110 12
492,90 23 2a 2
a73,0 38 L N S
S170,0 1 0 1
S02,0 t 22 143 3
€u2,1 o4 d4 0
518,49 1§ i 0 -
5190 1 % 0
520.0 2 2 0
521,0 a g ) 0
522,0. 3 3 0
522,4 - i 1 0
523,0 &2 53 8
8523 .4 ‘ 39 33 2
$23,3 83 76 4
<. S24.n 3 3 0
'+ 825,0 -1 50 b
. %24,0 ‘ 11 11 o
. 527,0 S | o
827, 170 A5 ) ]
527,37 30 2o a
539,1 3 3 ¢
5300 18 14 2 .
su0,1 b S 0
§a41,0 C12 12 0 -
S41,1 . ' 6 2] 0
Sa2,v 1 1 0
Saz2, 1t 2 | 0
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‘Appendix 1 {cont'd.)

UNDERLYING CAUSE OF DZATH FREQUENCY
TOTAL COAL MINERS '

coo . " FREGUENCY
TOTAL WRITE NONWAITE
543,0
gugy,2
§45,0
550,1
580,48
500,5
561 .0
Set,.3
551,35
570,28
S70,3
S70,4
s72,5
57t}
€72,.1
572,27
S7a,0
$50,0
LER N
5411
$53,0°
5ha3 0
535,.0
5€s,0
47,0
590,00
91,9
5920
. S$93,0
. ban,0
600,1
6490,2°
602 ,0
603,90
&05,0
- &0k 0
"809,0
6100 t
511,0
612 ,0
693,2
04,1t
7i0,0
715,0
722,0
725,00 -
730,2
733,0
da 1
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-Appendix II'(cont'd.)

UNDERLYING CAUSE OF DEATH FREQUEMCY
TOTAL COAL MINEFS

cag " FREQUE*CY )
TOTAL WHITE NONWHITE
753.1
756.2
57,1
457,13
759.4
782.4
782,9
7831
735,48
792,90
7%a,9
735,90
95,2
753,848
852,0
510,0
8lo 4
Al2,.o
812,4
812,.9 .
81a, 2
81c, 7
#15,.¢
81s_0 .
816,!
E18,4
819,48
819. 9
g21.¢t
823,90
823,8
824,90
&2a, q-
825,0°
825,4
.825,5
82s5,%
-850 0
851,.2
8g80,9
4328
p3a,l
£88,.9
890 .9
£91,0
8929
894,2
895 0
op0 0
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Appendix II (cont'd.)

UNDLRLYING CAUSE OF DZATH FREWNENCY
TOTAL COAL MIMERS

cov FREJUENCY
TOraL WHMITE  NONWMITE

900,86 !
900 9

- Q01,3
"8902,0
q')z||
932,2
02,7
9¢2,8
903, v
CHRNG |
°ga3,?
qus,9
9¢0,0
90a,7r
Qa9

o 910,1
sl0,2
9190,5
910,9
910,84
911,¢
s12,1

o912,.2

. 9123
g12.,9
912,V
g3, 2
912,3
914, 7
ala,n
518,90 1
9ls,2
916.3
98,7
914,9
91,0
9191
9t9.2
$19,9
Q21 .9
9231.9
© 9252
925,.3
s27,.0
929,5
929,8
9299
9312,.9-
9458.9
936,0°
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.Appendix Il:(cont'd.)

UNDERLYING CAUSE OF DEATH FRERUENCY
TOTAL COal MINERD

coD FREQUENCY
WnITE NONWHITE

-3
o
-
=
-

' (v}
e WLt os Ll O ra e (M) Lpd e v g JT 0 0= U O

°&
-
r
)
o
>

[

o &
(n -4
- [F]
’» = -
9 -
N .
e P rers s e me X e e flre e 00O -

DN POCO~000000O00O0ONGD

- oill-



TABLE 1A

General Causes of Death for which Standardized
' Mortality Ratios were Computed

ICD CCDE

CAUSE OF DEATH | .
(Seventh Revision)

All Causes 1-999
All Malignant Neoplasms 140-205"
Benign and Unspecified Neoplasms 210-239

Major Cardiovascular Diseases

330-334,400-456

Bronchitis 500-502
Acute Bronchitis and Bronchiélitis 500
Chronic and Unqualified Bronchitis 501-502
- Influenza 480-483
Pneumonia 490-493
Emphysema 527.1
Asthma 241
Tuberculosis 1-19
~ Syphilis 20-29
Other Infective and‘PérasitiC'Diseases 30-138
Diabetes Mellitus | 260
Peptié Ulcer 540-541
Cirrhosis of Liver 581
Cholellth1a51s, Cholecystltls, and ‘
Chelangitis : : 584-585
Nephritis and Nephrosis 590-594
‘Accidents 800-962
Suicides 963,970-979
Homicides 964,980-985
Ill-Defined Causes 780-795
Remainder

All Other Causes
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‘Appendix III
TABLE 1B

Causes of Death Due to Neoplasms for which
Standardized Mortality Ratios were Computed

CAUSE OF DEATH o ICD CODE

(Neoplasms) | | - (Seventh Revision)

All Malignant Neoplasms , o 146-205

Buccalléavity and‘Phafyhx -. o 140-148

Digestive Organs and Peritoneum | - 150-159

Respiratory Organs R 160-164

Breast ‘ _‘ . ‘ ‘L170

Genital Organsl ‘ : : 177-179

Urinary Organs , | ,_,”. o 180-181

Leukemia and Aiéukemia o . | 204

Other Lymphatic and Hematopoietic | 200-203,205

All Other Sites . o 165,190-199
Benign and Unspecified Neoplasms o ‘—210—239
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. Appendix I
TABLE 1G

Causes of Death Due to Cardiovascular Disease for which
'Standardized Mortality Ratios were Computed

-CAUSE OF DEATH - - o : . ICD CODE
(Cardiovascular Diseases)‘j - _(Seventh Revision)
Major Cardiovascular Diseases . o 330-334,400-456 -

Actlve Rheumatiec Pever and Ch Lonlc oo

Rheumatic Heart Disease ' 400-402,410-41¢6
Hyper;énsive Hea:t-Diseasé' ' - - | 440-443 |
Ischemic Heart Disease | | 420,422.1
Chronic Disease of Endoéardiﬁm and :

Qther Myocardial’Insufficiency ‘ .‘ 421,422.0,422.2
All Other Forms of Heart Disease a . 430-434
Hypertension | E . - 444-447
Cerebrovascular Disease S . 330-334
Arterioééierosis . r,. ' - '450‘

- OQther Diseases of Arteries, Arterloles,
and Capillaries - , 451-456
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TABLE 1

Causes of Death for which Ratios of Total/Prxmary were.
Cornputed in Multlple Causes of Death Analys1s

CAUSE OF DEATH’

“ICD CODE

'(Seventh‘ReVLSlon)

_All Causes
All Malignant Neoplasms
Digestive Organs and Peritoneum .
" Lung, Bronchus, Trachea ’
- All Other Sites |
Cardiovascular-Renal Disease
Vascular Lesions Affecting CNS

Arteriosclerotic and Degenerative
Heart Disease

Hypertensive Heart Disease -

Other Hypertensive Disease

General Arteriosclerosis

Chronic Nephritis ‘ ,

All Other’Cardiovaséular—Renal Disease

Diabetes Mellitus
Nonmallgnant Respiratory Dlsease‘

Upper Respiratory Infections and
Influenza

Pneumonia
Bronchitis

.Pneumoconiosis and Pulmonary FlerSls
of Occupational Origin

All Other Nonmalignant Resplratory ,
Dlsease :

Tuberculosis
Syphilis

‘Ulcer of Stomach
Cirrhosis of Liver
- Accidents :
Suicides
Homicides - =
All Other Causes

-115-

1-999
© 140-205
159~159
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

“‘Remalnder (470~ 527)

1-19
20-29.
540

581
800-962
963,970-979

 964,980-985

Remainder‘(l-999)
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Beckley -

Birmingham
"CHarle ston

- Denver
Louisville

Johnstown

Knoxville

Morgantown

Pittsb‘ur gh

St. Liouis -

Appendix V

TABLE 1

;'Appi'oxifna‘te Geographic Locations for the .
-Districts Served by Each Area Medical Office.

'Southeast part of West Virginia

Alabama
Socuthwestern part of West Virginia 7

Washington, Mcntana, Wyoming, Utah,
Colorado, New Mexico, Alaska

Western Kentucky, Western Indiana and one’
part of Eastern Kentucky :

Central Pennsylvania
Tennessee, part of Southea.stern Kentucky

Northern pa.rt of West Virginia, Western Ma.ryland

Southwest corner of Pennsylvania -

Ohioc and Westezjn Pennsylvania

Iowa, Illmms, Missouri, Kansas Oklahoma,

Arkansas . :

*¥ Later came under the jurisdiction of Evansville
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AppendlxX V

' TABLE 2A>

General Causes  of Death for which: Relatlve Risks
were - Computed for Analysis by District

CAUSE OF DEATH ‘ o . ICD CODE
‘ o ' ' o (Seventh Revision)

All Causes : :‘ C 1-99¢%
All Malignant Neoplasms.. . | : '14072055
Benign and Uhspecified Neoplasms i‘ o 210-239
Major Cardiovascular Diseases o : 330'334'400'456.I
Nonmallgnant Re5p1ratory Dlseases : | - 470-527
Influenza I 480-483
Pneumonia - ‘ 490-493 -
Bronchitis e 500-502
Pneumoconiosis ' ' ' 523
Emphysema ' o 527.1
All Other Nonmallgnant Respiratory | _
Dlseases ‘ ‘ Remainder (470-527)
Asthma o | - 241
“Tubercu1051s of Resplratory System -~ 1-8
Tuberculosis, other forms " J“,:¢ - 10-19
Syphilis : ' f‘ o o - 20-29
Other Infectlve and Parasitic Dlseases - .30-138
Diabetes Mellitus o oL . 260
Peptic Ulcer | T 540-541
. Cirrhosis of Liver o o ' 581 ‘
Cholelithiasis, Cholecystltls, and ‘
' Cholangitis , . . . 584-585
Nephritis and Nephrosis -~ 590-594
_Accidents o 800-962
Suicides . 963,970-979
Homicides | | | 964,980-985
Ill-Defined Causes © 780-795
All other Causes ' | " Remainder
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Appendix V

TABLE 2B

Causes of Death Due to’ Neoplasms for which
Relatlve Risks were Computed for Analysis by District

| CAUSE OF - DEATH - | ICD CODE
kNeoplasms) ' © . (seventh Revision)
" All yalignentjyeoplesms | I£0+205 |
.Euceal Cavity ﬁnd'fharynx 140-148 -
Digestive Organs and Peritoneum 150-159%
| Stomach 7151
‘Large Intestine 153

Other Digestive and Peritoneal Organs

‘Respiratory Organs

Genital drgans

.Urinary‘ofgans

Leukemia and Aleukemla

Other Lymphatic and. Hematop01et1c

*Other Sites |
Brain

A1l Other Sites

Benign and Unspecified Neoplasms

9128“ .

150,152,154-159
160-164

177-179

180-~181

204

200-203,205

165,170,190-199
193 |

165,170,150-192,
194-199

 210-239



Appendix V

TABLE 2C
Causes of Death Due to Cardlovascular Disease

. for which Relative Risks were. Computed
- for Analy51s by District

CAUSE OF DEATH _ S ICD CODE

(qé;?igvascular Diseases) - (Seventh Revision)
Major Cardiovascular Diseases | - 330-334,400-45¢6
" Active Rheumatic Fever and Chronic . '

Bheumatic Heart Disease . -400-402,410-416
Hypertensive Heart Disease " | _I 440-443
Ischemic Heart Diseése ) | | | 420,422.1
Chronic Disease of Endocardium and : I,

Other Myocardial Insufficiency . ﬁ‘ 421,422.0,422.2
All Other Fofmg of Heart Disease 0 | ~ 430-434
Hypertension N S 444-447 -
Cerebrovascular Diséase S ‘ 330-334
Arteriosclerosis \ ' — & 450

Other Diseases of Arteries, Arterloles,
' and Caplllarles ) 451-456
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Appendix V

_ Relative Risks for Selected Causes of Death

for each"Medical Area

| Table 3

CAUSE o‘Fl DL All Causes

Observed - Expected —Rclétivc
DISTRICT Dcaths Deaths CRisk 1
Beckley 955 890,0 1,10%x
Birmingham 350 340.0 1.04
Charleston 691', 655.6 i.OB
Denver 290 351.1 LBo%*
Evansville L56 421,6 . 1.,15%
Johnstown | 878 _-811,7 "1.13%%
Knoxville 938 1050.6 JB5*x
Morgantown 939 9956.3 :.91*"
Pittsburgh 1351 '1330.3 1.03:
St. Louis T6L L T76 .6 .98

1. . Slgnlflcance of Relative Risk based on Summary Chi- Square
with onc degree of freedom. ‘ . o

* Significant at 5% level.

** Significant at 1% level.
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Appendix V

"Table 4
CAUSE OF DEATH: 'All Cancers
‘ Observéd Expected Relative

DISTR;CT  Deaths Deaths . Risk *
Beckley 147 145.1 1.02
Birmingham L2 55.5 Th
Charleston 132. 105.8 i-30**"
Denver | Lo 55.5 TO*
Evansville 59 68.0 .86
Johnstown 127 129.4 -95
Knoxville t152 170.5 .87
Morgantown 143 159.8 .88
Pittsburgh é57 209.7 1.30%%
.St. Louis ‘ 12}; 123.2 1.01

-1, - Significance of Relative Risk based on

with onc degree of freedom.

* significant at 5% level.:

** significant at 1% level.

S e131-
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CAUSE -OF DEATH:

Appendix V.

Tdble 5

Digestive Cancers

. Observed Expected Relative .
DISTRICT. Decaths Deaths aRisk .
Beckley 43 L7.2 .90
Birmingham 13 ;8.2 -T0
Chariesﬁon 3k 34.2 1.00

. Denver 14 18.9 -73
Evansville 2 22.8 1.06
Johnstown 55 b3.7 1.30
Knoxville .38 55.6 65
M&rgantown 51 53.6 .9k
Pittsburgh 98 71.6 1.50%%
St. Louis 38 b2.1 .89

1. Significance of Relative Risk based on Summary Chi-square
with onec dcgree of freedom.

B Significant at 5% level.

*% Significant at 1% level.
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CAUSE OF DLATH

Appendix V

Table 6

Respiratory Cancer

Observed Exbectcd Relative
PISTRICT Deaths Deaths Risk t
Beckley 50 6.5 . 1.09°
‘Birmingham 1k 17.6 .79
Charleston sS4 33.7 1, Towx
benver | 10 16.4 .60
Evansville 13 20.7 61
Johnstown 22 38,5 oSl
Knoxville 52 543 .95
Moréantown L6 ~h8.5 .94
Pittsburgh 69 60.8 1.20
St. Louis 43 36.1 l.22 .

1. significance of Relative Risk based on Summary Chi- Square
- with onc degree of freedom.

* 'Significant at 5% level.

*¢ gignificant at 1% level.



CAUSE OF DCATH:

Appendix V

Table 7

Cardiovascular Disease

o Observed Expected : ﬁelative
DISTRICT Deaths .Deaths Risk 1
‘Beckley 515 483.7 1.09
Bifmingham‘ 185'Jl 187.2 _.99
Charleston 320 350.1 .89
Denver 150 201.8 . TOX%
Evansville I'28h | 238.1 l.o5%*
Johnstown 496 - L65,5 1.09
Knoxville Los <570-9 .B3%*
Morgantown SS}-‘- 56L.T 1.00
‘fittsburgh | f95 -  770.9 1.05
St. Louis k7T 450.6 1.08

1. Significance of Relative Risk based on Summary Chi-Square
with one degree of freedom. )

* Significant at 5% level.

*#  gignificant -at 1% level.
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CAUSE OF .DEATH:

Appendix V

Table §

Nonmalignant Respiratory Diseases

T Observed Expeéted, Relative
DISTRICT Deaths  Deaths - | Risk 1
Beckley 118 85.9 1. h7ex
Birmingham 29-» 33.2 .87
Charleston 12 ,62.0' 1.20
Denver e 4.5 1.1l
Evansville §1. 41,1 1.00
Johnstézwn L16 79.2 C1,5T7**
Knoxville 105 101.6 1.04
MOréantan ‘.65. . 97.5 B3
Pittsburgh 0L i29.5 JTE%
St. Louis 53 76.L LGE%*

1. Slgnlflcance of Relative Risk based on Summary Chi-Sguare
with -one degree of freecom.

b Slgnlflcant at 5% level.

'#¢ gignificant at 1% level.

=}35-



CAUSE OF DEATH:

Appendix V

Table 9

Pneumoconiosis

Obscrved Expécted Relative
DISTRICT ‘DQatﬁs Deaths fRisk 1
Béékiéy 3 1 22.5 1.6L%
. B.irm_ingham 9 - | 8.6 1,05
_Charieséon 12 - li6.j -T1
Denver 6 8.2 .72
Ev;nsville 1 10.2‘ oLy
Johnstown 60: 19.1 L, 2%
Knoxville 19 - 26.5 .68
Horganfown' 10‘ 24,0 . 38%%
Pittsburgh - 28 30,4 .91
St.'Louis | 5 18.1 I.26**

1. Significance of Relative Risk based on Summary Chi-Square
with one degree of freedom.

. Significant at 5% level.

bl sfénificant at 1% level.
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CAUSE OF DEATH: Emphysema Without Mention

AppendixV

Table 10

of Bronchitis

Observed Expcéted Relative:
DISTRICT Deaths Deaths Eisk 1
B"eci;-ley 36 20.2 2.03%*
Birmingham T 7.8 f.8§
Charleston‘ 18 . 1ib.o 1.30
Denver 14 7.8 1.90%
Evansville © 14 9.5 - 1.53
Johnséqwn, -lh 17.8 (S
Knoxville 23 2k.0 .95
Morgantown 13 . 22.5 5b*
Pittsburgh 23. - 28.8 .76
St. Louis 8' 17.3 Jh3*

1, Significance of Relative Risk based on Summary Chi-Square
with one degrece of freedom. '

*  significant at 5% level.

ad ‘significan; at 1% level,
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Appendix V

Table 11
' CAUSE OF DEATH: Accidents
B Observed Expected Relative
DISTRICT Degths 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
Johnséown 31 38.1 ‘.80-'
Knoxville 72 69.0 1.10
Morgantown 57 49.0 1.20
St. Louis 20 31.5 .95

l. . Significance of Relative Risknbased on Summary Chi-Sgquare
"~with one.:degree of freedom.

* ‘,Significant at 5% level.

el significaht;at 1% level.
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‘ Appendix V

Table 12

CAUSFE _OF DEATH: 1I]ll1-Defined Causes

' ‘ Observed 'Expected : ~.'Re1ative
DISTRICT Deaths . Deaths Risk 1
Beckley . 26 : | 19.7 | 1.39

,Birmingham 33 f _h 7.4 ‘ - 5.44**
Charleston 47 1409 4.15%%
Denver : | 6 l ' 7.5 « 32~
Evansville T2 - 8.8  ' .22%
Johnstown’ s T 1.0 27
Kaoxville 19 : : 23,2 .7 L 4g8%*
Morgantown ' | 8 o . 20.8 _ . 35%%
Pittsburgh | 15 - 27.2 o Lsos
St. Louis . e 5.7  ag

1. Significance of Relative Risk based on Summary Chi-Square
with one degree of freedom.

* “‘Significant at 5% level.

*% Significant at 1% level.
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