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Statement of originality 

Asbestos exposoure may be foll owed by various non-ma-l ignant changes in the respi

ratory sys tem; rel ati onshi ps between exposure and these changes ha,ve been con

vincingly demonstrated in several independent studies. However in general; data 
1 

" have not delineated a single expôsure-response relatioriship but have been compa-

tible with a range of such relationships. This may in part be due ta the fact 

that studi es have used different approaches to the probl ems of operational,i zi ng 
6 

exposure aS well as responses. 

< 

.' , 

Commonly used indices of exposure i ncl ude duration (years of exposure, years si nce 

first exposure) as well as cumulative exposu~e (the su~ of the cross products of 
~ .... ' f 

exposure level and duration). However it is concéivable that measures other than 

the simple summation of annual dust exposures \'lOuld show a stronger relationship 

to response. In other "lOrds the profi l e of exposure may be important, yet thi s 

feature has received little attention in studies reported to date. 

The present study used data on exposure (job history; environmental leve'ls and 
J • 

work records)"and respirat6ry responses (radiologie, assessment, symptoms and lung 

fûnction) gathered in a pr~vious prevalence study in Quebec asbestos wbrkers. Its 

originality is 1) in the operationalization Of indices to take into account various 

exposure profiles 2) the operationalization of the response to correspond to cli

nical entities and 3) the exploration. of their interelationships. lt shbuld be 

noted that as observations were not originally made in SI units and no reliable , -

conversiJon factor exists, all observations and results) in this research are repor-

ted in the original units. 
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ABSTRACT 

The objective of' this study- was ta investigate the influence of 

the temporal patter..n of. asbestos. exposure' on subsequeQt 
le! 

respira tory tract changes. ~A' cohort of' 983 male Quebec 

àshestos miners and millers who were still working in 196b was 

identified. Data' were available on the men's latest chest 

x-ray, their responses on thfi) MRC respiratory symptom 

questionnaire, and their pulmonary function test results. 

Es.timates of annual dust exposure . for each subJect w.ere 

avallable, based on envirpnmental \measurements made .since 1948 
, , 

and on extrapolations before that date. , r Factor' analysis was 

. u~ed 1 to develop several indices of resp~ratory morb~dity that 

could be conceptualized in clinical tenns. The relat~onship of 
t ' 

\ ----
these ,indices to cu~ulativ~ dust exposure as well as to several 

dust variables which describ~d the profüe of' dust exposure was 
. 

~ then explored using regression analyses. The men' i; age,s and 

\j 

smoking statua wer~ taken into account. Several descriptors of 

the temporal pattern of' ~xposure were found ta be related' ta 

subsequent response. These 'varied across the response scales, 

with earlier dust. exposures tencring, ta have. more effect for 

long term processes, such as fibros~s and bronèhitis.; and more 
.. 

rec~nt exposures tending. to have more effect on the more acute 

airway responses ... In the case of airways reac>tivity both ear1y 

and- recent exposures are important. ,Exposure-response .. , 
relationships for pleural diseaae seem 1e6ft clear than for 

parenchymal disease. 
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Résumé 

Le but de cette étude était d'examiner l'influence des caractéristi-

ques temporelles de l'exposition à l'amiante sur des changements ultérieurs , 

du système respi ratoi re. Neuf cent quatre-vi ngt-trois travailleurs des mi nes 
'" 

et moul i ns d'ami ante chrysoti 1 e de la provi nce de Québec qui travai llaient 
, 

en 1966 ont été identifiés. Pour chaque sujet des informations étaient dis-

ponibles sur sa radiographie pulmonaire la plus récente, ses réponses à un 

ques,tionnaire sur les symptômes respiratoires, et les résultats de ses exa-

me'ns de fonction pulmonaire. De plus pour chacun d'entre eux, un indice de 

l'exposition annuelle à,la poussière' d'amiante ava]t déjà été calculé en se 

basant sur des mesures environn,ementales 'faites depuis 1948 et sur des ext"ra

polations pour les annéés précédenteS. Plusieurs indices de morbidité res-

piratoire ont été fl1aborés 7 Les relations entre ces indices et l'exposition 

" cumulative à la poussière d'amiante ainsi que certaines vatiables reflétant 

~les caracféristiques temporelles 'ont été examinées en utilisant des analyses 

de régresslon. L'âge de chaque sujet et le nombre de cigarettes fumées quo

tidiennement ont été pns en ligne de compte. Des relations entre plusieurs 

" 

paramètres décrlvant les caractéristiques temporelles d'exposition et les 

réponses respi ra toi res ont été trouvées. LI expos·iti on à 1 a pouss i ère dl ami ante 

ayant eu lieu peu de temps après qu'un sujet ait commencé son emploi 'ëtêfÎt 

importante pour des processus à long terme, par exemple la fibrose et la bron-

chite, tandis que l'exposition récente avait de l'importance pour les réponses 

a i gues des VOl ës aéri ennes. -' 

VII 
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INTRODUCTION 
fi 

1.1 Asbestos Types, Distribution, and Uses 

, . 
The word asbestos is derived .from the Gtêek,. meaning 

incombustible. It refera to a group of s111cate mineral 

fibers. The fi bers are di vided into serpentine and amphlboles, 

depending 
r 

on fiber con.figuration. Serpentine, as 

suggests, i8 curved and amph~bole ~a straight. 

several' commercial amphiboles but one main serpentine. 

Flgure l Maln types of asbestos (38) 

ASBESTOS 

Serpentlnes Amph~bolesj. 

O1rysotile 

",,/ 

its name 

There are 

Actinolite Amosite Anthophy Illte Crocidollte Tremolite 
\ 
\ 
\ 
\ 
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MacroscoplC dJ.f'ferences in the shape of serpentine and 

amphibole asbestos' are paralleled by d~fferences in chemical 

composition and in physical' properties. 

Chrysotile asbestos is composed of alternating sJ.IJ.èate ... 
o and brucite layers. The silJ.cate layer consists of planar 

linked siliea tetrahedra in a pseudo-hexagonal arrangement. 

The brucite layeI" consists 

eoordinated with hydroxyl 

formula of chrysotile 

of J.onic magnesium 
{c"'~ 

groups and oxygene 

lS 

octahedrally: 
1 

The chemlcal 

(58) • 

The X position lS most commo~ly ,fil~ed by Mg, but trace amounts 
, 

of Fe, Ni, and Mn clay a'lso be present. The' surface of 

-ehrysotile J.s usuallx hydrophillc, thus partlcles are water 

soluble. The n~t ~leetrostatie ~harge J.n aqueous solutJ.on J.S 

deternnned by the hydroxyl groups surronding the mae,nesJ.um 

ion. Single chrysotile fibers are usually hollow tubes wlth a 

central capJ.llary, although fibrJ.ls without. a central capillary 

have also been found. The internaI dJ.ameter of a flbril J.S in 
, ~, 

the range of 20-30 nm and the outer up to 600 nm. 'DimensJ.ons 

may vary from deposit to deposJ.t. Cahadian fibrJ.Is tend to be 

somewhat larger than others' • 

types of asbest,os are d6uble-ehalu 'The amphlbole 
\.. 

i~oÉÜl~fates, cross-linked by cations. In aIl cases fibrJ.ls 

are straight rather th an curved. General chemJ.cal formulae are' 

given in Table l~-__ 

\,. 

\~--~.-

-------'----------~---------- --------
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Table l Amphibole Asbestos Formulae(38) 

Anthophyllite -(FeMg6)Si ti°22 (OH)2 

Amosite ' - (Fe6Mg)Si tl°22(OH)2 

Actinolite - Ca2(MgFe6)Sia022(OH)2 

Tremolit~ - Ca2(Mg6Fe)Siaü22(OH)2 

( 3+ 2+ . -Na Fe2 Fe
3 

)S18022 (OH)2 Crocidolite 
i!> 

All types of asbestos are related to el ther serpentlne or 

amphibole minerals which may form flbres slmllar ,to asbestos. 

Amphibole mlnerals ln partlcular are quüe abundant, making up 

-
8% of the ear/h's crust. 

Asbestos has been mined commercially for over 100 years. 

Currently, the world's largest producers are the U.S.S.R., 

Canada, and South Afrlca. Small deposits have been mined on 

every ,continent. World productlon nas lncreased from 2,210 

million kilograms in 1960 ta 5,178 milhon kllagrams ln 1976,. 

In 1960 Canada accounted for 45~ or the worla productlon and 

the U.S.S.R. for 29%. In 1976 these pércentages were reversed 

(38) • 

Asbestos production has kept pace with the lncreaslng 

L ' 
number of uses that have been found t'or 1. t. These uses now 

number in the thousands. Appllcations ln the constructlon 

lndustry account for 1:Jfle largest share of asbestos proauctlon. 

These uses include asbestos cement sheets and plpes, floor and 

celling materlals, and lnsulatlon ot' all sorts. 

llnlngs, including brakes and clutches, are anO}her l.mportant 

! , 
J 

'\ ! 
~ 
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use of asbest9s. The potential hazard of asbestos in various 

'. 
settings depends on whether it ia "locked-in" to a matrix or 

whether it can ba, freely "dispersed into the environment (38, , 
62). Use of asbestos in cement pipes may not entail as much of 

a hazard as the use or asbestos as a spray-on compound for 

fire-proofing • 

, 

1.2 Hea1th Effects 0' A~bestos 

1. 2.1 History 

It was approximate1y tw'enty years after the start of 

commercial asbestos m1n1ng ln Quebec ln the 1880s" that the 

ftrst case of asbestos1s was reported in Great Britain by 

Murray (61). Another thlrty years passed before the causal 

link between asbestos exposure and the development of diffuse 

( 1nterst1t1al f1brosls was generally accepted. In 1930 the 

report of Merewether and Prlce led ta recommendat1ons for 

envlronmental contraIs (Si). }'j 

Flve years 1ater, ln 1935, the f1rst case of 1ung ca,ncer 

assoC1ated WÜh asbestos exposure was reportea by Lynch and 

Smith (53). It was 20 years later that Doll (19) concluded 

that asbestos workers had 10 tlmes the rlsk of dev~lop~ng lung 

cancer as dld the general population. 

The report of an assoclatlon between a second mallgmlncy, 

( mesothelloma, and asbestos came ln lQ.60 (83). Unllke 

previously reported cases of asbest~s re1ated dlsease, some of 
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5 

the people affected by this diseas6' had no occupational 

exposure to asbestos. Their exposure consisted of having lived 

in -communities close to asbestos m~nes, or in sharing homes 

with asbestos workers. " "--. 

In genera1, w~th the passage of time, more ~n~' mpre hea1th 

hazards of asbestos exposure have been recogniz~d. A review by 

Becklake ln 1976 (8) contained the follow1ng table of 

pathologic effects and the status of their assoc1at10n with 

asbestos. 
,,~,~, 

~' 
l.. 

Table 2 Health effects of asbestos (li'/ 
":: 

Site of Effect 

Respiratory Tract 

Larynx 

Lungs 

Pleura 

Effect ASSOCl.at1on 

car-cinoma poss1b1.e 

asbestos bodl.es estab11shed 

diffuse lnterstitia1 

fl.brosl.s estaoll.shed 

branchial carClnoma co-factor w1th 

clgarettes 

hya11ne plaques and 

calcification establ1shed 

mal1gnant mesothelloma establlshed 

pleural ~ffus10n 

aSbestos ~rns 

established 

" establ1shed 

... 
.. 

\ 

1 
1 

1 
J 
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Peritoneum 

• malignant mesothelioma established 

a .. 1. Tract 

neoplasia established 

Ovary 

carcinoma remot~ly P9ss~ble 

Breast 

carcinoma remotely poss~ble 

As the above table sho\ols, the effects of asbestos can 

~nvolve a variety of organ systems, foremost among them is the 

respiratory system. Asbestos related changes of' the 

respira tory system may be d~v~ded ~nto neoplast~c and 

non-neoplast~c processes. kecent lLterature has ~n general 

been more concerned w~th asbestos related neoplasms than wLth 

non-neoplastLc asbestos J.nàuced dLsease. Part of the reason 

for this may' be- that as'bestos \oIas shown to cause lung f~brosLs 

long berore 1.t was 1.mp1Lcated· as ~ carcLnogen. Another reason 

may be the tendency to roous on morta1Lty rather than morbLdLty 

as outcome. Several studLes Ln the last 1~ years have dealt 

extensively wLth the of developing resp1.ratory 

mal1.gnanc1.es 1.n var1.OUS groups ot' workers exposed to asbestos ... 
(49,58,65,83) • As th1.s study lS concerned only wLth 

non-neop1astlc d1.sease, further sect1.ons \011.11 deal only wLth, 

non-neoplast1.c effects of asbestos. 

\ 

., 
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~ 1. 2.2 Parenchymal Fibrosis 
t,f ;1 

1.2.2.1 Definition 

Asbestosis is a fibrotic response of the lung to the 

inhalation of dust containing asbestos particles. 

1 

1.2.2.2 Gross Pathology 

The appearance of lungs affected with asbestosis ~s 

dependent on the severity of' the d~sease (15a) • lni tially the 

lung size is normal, but with lncreasing extent the lung s~ze 

decreases. In early stages, lesions tend to be peribronchiolar 

and concentrated ~n loca~ion. The flbrosis may extend ~nto the 

intralobular septae. Eventually areas of {:lne, grayish 
, 

fibros~s coalesce into an extensive fibrotic network. This 

network of fibros~s may parallel the pulmonary lobules. 

Generally, the lower lobes are affected first and more 

severely. Lung sections with asbestos~s feel stlff ta 

palpa tion. The more severely affected lungs feel relatively 

heavy due to the fibros~s, despite their reduced size. Later 

changes include eronchiectasis and emphysema. It lS unsure 

ji ,-whether these changes are part of the asbestotlc process or 

,whether they are due to concurrent smoking exposure and chronlc 

bronchitis. Cyst~c les~ons 1-3 mm ln diameter have been 

reported and named "honey-comb" lung. These cysts are located 

between areas of fibrosis, but generally are not that extenslve 

(36) • 

1 , 

1 • 

1 

,1 

, 
1 

1 
! 

j 

l 
1 
! 

1 
t 
~ 



· 1.2.2.3 Microscopie Pathology 
• 

The- basic lesion in asbestosis is a dl..ffuse 

peribronchiolar fibrosis. Microscopically, ~n~t1..al" signs Of 

change may be concentrated at the level of the resp1..ratory 

bronchiole. These changes may tr~ggered by the deposJ..tion of 

dust and the accumulation of macrpphages and reticular f1..bers. 

The earl:i,est reaction may be a desquamat 1.. ve response 1..n the 

alveoli or alveolitis. From the ~n~tially affected areas the 

process extends to adjacent alveol~. The periDronch~olar 

fibrosis progresses to l..nvolve the l..nterstltl..Um glv~ng rise to 

a dl..ffuse f1..b,rosis, wh1..ch may result 1..n areas of f~broS1..s. 

Asbestos bodies may be expected to be present ln 

asbestotic lu'ngs. These are asbestos f~bers coated Wl..th 

mucoprotein. They may be se en under ll..ght ml..croscopy and -may 

range up to 250 um in length, the d~ameter l..S usua~1y 2-5 um 

(14) • They may be located ~n ihe alveolar or bronch1..o1ar 

spaces or ;;nth~n lung tl..ssue. -Asbestos Dodles are proôably 

formed by the engulfment of an asbestos f1..ber by a macrophage 

( 1!!L _Asbestos bod~e~have been the tornc of sorne co~troversy 
- - ---

- ... 
ind since other fibrous partlcles may lead to the formatl..oh of 

sl..ml..lar ,bodies, the term ferrUg~us body l..S prefered Dy sorne 

to describe the mucoprotein covered f1bers that may be seen on 

light m1croscopy. This would reserve the term asbestos body 

(. for those bod1es 1n whl..ch the core has been pos1t~vely 

identl.f~ed as an asbestos f~ber (31). The presence of asbestos 
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bodies in the lung or in the sputum does not imply that 

fibrosis ia present or will follow. They merely serve as a 

marker of asbestos exposure, occupational or otherwise. 

A classification scheme for grading the severity and 

extent of asbestosis has been developed (35) • 

, 

< Table 3 Gradins of Asbestosis 

\ 
Extent A - None 

B - Less than 25% of the l~ng substance is involved 

C - 25-50% of the lung affected 

D - More than 50p of' the lung affectea 

Severity 0 - None 

l - The lesions cons~st of slight focal f~bros~s around 

respiratory branchiole5 associated with the presence of 

asbestos bodies 

2 - Lesions are confined ta respira tory bronch~oles of 

scattered acini. Fibros~s extends to alveolar ducts 

and atria as weIl as to the walls of adjaCent a~r sacs. 

3 - There ~s a further ~ncrease and condensat~on of the 

4 -

'" 
peribronehiolar fibros~s with early widespreaa 

lnterst~tial flbrosis. 
---------

Few al veoli are re_cogn~zable in th)aespread 

f~brosis, branchioli are diatorted. 

L' 
A more recent class1fication may be found in Cra1ghead et 

d1ffuse 

al( 15a) • 
l 
l 

l 

1 
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1.2.2.4 C1inical and Laboratory Findings 

When the possibi1ity of asbestos re1ated d~sease ~s 

considered, a) hi,story of past exposure must be obtal.~ed. For 

many patients this i8 -readily elicited. However, others may 

not reca1l exposure unless deta~led' quest~on1ng 1S carr~ed 

out." Yet others may not realize that they have been exposed to 

asbestos, for these people a deta~led work h~story may be the 

\ only means ~f surmisi~ previous exposure. A complete hlstory 
\ 
~ay also allow a crude quant~tat~ve est1mate of exposure. 

Initial clinical presentat10n may cons1st of dyspnea 
\ 

assoc~ated with f~ne end-~nspirat.ory crackles at the lung 

bases. Dyspnea 1s generally progresslve, occurring at f~rst 

... 
only on exertion and then noLable when prgresslvely less 

effort lS expended. Along wlth the lncrease 1n s.ever~ty of 

symptoms, t~e crepl.tat~ons generally lnvolve a larger part of 

the 1ungf1elds and are heard during part. of the ~nsplratory 

phase. Wh1le cough, elther product~ve or non-proauct1ve, may 

<;llso be found 1n asbestos1s, the s~gnlflcance attr1buted to 

th~s compla1nt var~es (8,77). Becklake states that the symptom 

often cannot be attr1buted to d1fferences ln smokl.ng habl.ts, 

and feels that the symptom may relate to aSDestos exposure. 

Selikoff and Lee state that cough 1S only prom1nent 1n 

Cl.garette smokers and caut10n that cough 1n a non-smokl.ng 

asbestos worker must arouse SUsp1c10n of 1nfect10n or 

mall.gnancy. Pa1n may also be present, usud,lly 1n the lower 

; , 
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chest region. The et1010gy of ttus also seems to be disputed 
/ 

with either muscle (8) or pleura (77, p.151) given as the s~te 
1 

of or1gin. Clubb1ng and cyanosl.s may also be present, but may 

be due to other causes. When clubb1ng 1s due to a~bestosis it 

" 
1s not necessarily ~ndicative of extens~ve dl.sease. 

Lung function changes of varying severity are found in 

;lsbestos1s. Certa1.n changes may precede_ radl.ol6gic detectl.on 

of disease (37). Th'e fibrosis due to âsbestos i8 generally 

bel1eved t(o produoe a restrl.ct~ve functl.on pattern. However, 

an obstructive pattern of change 1.8 also seen in a number of 

sUbJects with a8bestosl.s. Presumably the restrict1.on 1.S 

produced by 1nterstitial f1.bros1.s and the obstructl.on may be 

the consequence of per1.bronchl.olar f1.bros1.s l.f th1.S 1.S 

extensive. So far, an assocl.atl.on between large al.rway 

abnormality and/or air flow liml.tat1on and - asbestos du st 

,exposure has not been conclusl. vely demonstrated. While 

restrl.ctl.ve changes are more cOIDmon than obstructl.ve ones, an 

appreciable nllmber of workers have been shown to have 

obstructive, or m1.xed obstruct1'48r-restrl.ct1ve changes 1.n the1r 

pulmonary funct10n tests (~6). In1tial pulmonary funct10n 

change' may conS1.st of a reduct1.on 1.n carbon monoxl.de d1.t'fllSl.On 

capacity. Later changes tYPl.cal of restrl.ctl.ve d1.sease 1.nclude 

a reduction 1.n forcea V1tal capac1.ty (l'VC) ana l-second t'orced 

expira tory volume (FEV
l
). These rneasures are decreased to 

r~ughly the sarne degree, so that the rat1.o' FcV1/FVC 1.S 

preserved. There may be a lesser reductlon 1.n resl.dual volume 

(RV) • 
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Radiographïc changes found in asbestosis may not be , 

noticed until the disease has advanced to. the po~nt where 

• pulmonary function test changes and even dyspneic symptoms are' 

already present (77, pp.152-1!:>8). As with physical f~naUl8s, 

the first changes are usually at the lower' lung.- RadiO~Og~J 
changes indicative .of parenchyma1 diseaj3e are non-specifie and, 

/ 

similar radiographie changes are found in any interstitiai 

fibrosis. The initial change, ~s usually a f~ne reticular 
o 

pattern devetoping in both lower 1ung helds. The presence of . . 

pleural changes typical of asbestos exposure may be the clue as 

to the etiology of the parenchymal changes •. , 

Later changes ~n parenchymal disease include irregular or 

rounded sma11 opac~ties. Rounded opac~ties a~e more typ~cal of 
".: 

s11icos1s than asbestosis but may al'so be found in WO!'Kers w~th " 

only ~s,' exposure. In addition to opacities, other 

changes. have been described and include a diffuse haze (ground 

glass appearanee), septal l~nes, r~ng shadows (honey-comb~ng), 

and hair line shadows. 

The ILO U/C classification scheme has been constructed to 

allow grading of both the parenchymal and the pleural changes 

found ~n pneumoconioses (39). The deve10pment of th~s 

'descript~ve schem~ has improved d~agnost~c as weIl as between 

study comparability fol' radi~graphic changes. 

Although rad~ographic changes have been correlated w~th 

pulmonary fune tion abnormality ~n epidemiolog~cal studies 

(7,85), the nature Qf the relat~onsh~p between radiographie 

changes and dis~bil~ty in the ~nd~vidual remains to be 

/ ______ - elucidated. 

• 1 
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1.2.3 Pleural Lesions 

Pleural changes are a common consequence of asbestos 

exposure and take several forms. ,;the four màJor ones are 

pleural thickening', pleural effusion, hyaline plaques, and 

calcified plaques (77, p.I~9) 

1.2.3.1 Benign Pleural Effusion 

The exact nature' and even existence of this entity is' a 

matter of debate. Preger, ~n part~cular, 8eems skept~ca1 as to 

,the existence of a benign pleural effüs~on que to asbestos 

exposure. The diagnosis ls ~n his v~ew IIfraught with hazard" 

(68, p.ll3) and he feels that at best lt may only be made after 

a long period ~ of follow-up. However, the ent~ty of 
" 1 

aSbestos-relited benign pleural effusion has been accepted by 

several other authors .(8,,2L,27,77) •• Pleural effusions may 

occur along wi~h other symptoms of asbestos related d~sease 

including mal~gnancy. In the latter case Obviously the -

diagnosis of benign pleural effus~on' ~s not tenable.' However, 

an effus~()n may be t~he pr~mary cllnical man~festat~on of 

asbestos exposure. . -
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The pleural surfaces involved show ev1dence of an 

exudative reaction. The fluid 15 serof~br~nous or 

serohemor rhagic and may inc1ude white blood cells; 
d( 

predominantly lymphocytes, and re~ blood ce11$. Tne presence 
.. 

of asbestos bodies in the fluid ls rare. 

1. 2. 3.1. 2 Clinical and Laboratory Fl.nd~ngs 

8y definition the effusl.on should resol ve without 

treatment. . However, there may be residual pleural thl.ckening 

.../' 
and recurrences. The clinical presentation may include acute 

onset of chest pa~n and fever with the elevation of the wh1te 

• 
blood count and erythrocyte sedlmentation rate at the one 

extreme, or ~t may present wlth a more lndolent onset and 

)', 
chronic accumulatlon of exudate w1th minlmal symptoms. 

~1.2.3.2 Pleural ThlCkenl.ng, Plaques, and Calcl.fl.catl.ons 

There seern to be two types of pleural' reactlon to asbestos 

exposure. One 1.S a wl.desp,read exudatl.ve reactl.on whl.ch affects 

both visceral and par1.etal pleura. It 1.S usually assocl.ated 

Wl.th parenchyrnal changes and may lead to adhesl.on formatl.on. 

The second reactl.on 1's a local one, although 1t may be 

multl-centrlC. It consl.sts of plaque format1.on, usually on the 

parletaJ., but occas~onally on the nsceral pleura. These 

plaques may hyal1.ne or CalClfl.ed. 

11 

( 



t'"'tf~ ____ ~_~ __ 

1 

\.' 

15 

1.2.3.2.1 Gross Pathology 

Pleural thicken1ng oonsists or fibrous tissue wh1çh may 

range from a thin layer to changes several mi11imeters in 

thickness. The adhesions which can be formed between the 

visceral and . parietal. pïeura may be t:eased 
1..tJi 

apart by 

manipulation. 

whitened areas 

The . plaques . themsel ves appear as raised, 

visible on the pleJra and may range up to ~O 

'cm2 in size (77); hyaline plaques are like cart~lage ~n 
t' 

consistency. Macroscopically, calcHied p.laques are 

essentially the same as }he hyaline ones with the addition of 
! 

calcium salts. Natural1.y, this changes their consistency so 
----.../<--

"that they may be broken and crumble when pulled off the 

pleura. It is unsure exactly why the qalcificat~on occurs, but 

'" it 18 likely that calcified plaques develope by the coalescence 

of many small centers of calcification in a hyaline plaque 

(45) • Mlcroscopic calcification probably occurs in most 

asbestos-related chronlC pleural changes. 

1.2.3.2.2.Ml0ro~copic Pathology 
Q 

Pleural thickening due to asbestos cannot. be 

dlfferentlated from tnat due to other causes. The pr~cess 18 

one of collagen production in the connective tissue underlYlng 

, the pleura. When the vlsceral. pleura 1.8 affected, the flbrotlc 

process may be contiguous with concurrent parenc~ymal fl.OrOS1S. 
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Pleural plaques are also composed of collagen, arranged in 

a laminated pattern. The deposition seell1S to be between the 

pleura and its overly1ng mesothelium. Few cells are seen ~n 

the region of the plaques, leading to some speculation as to 

the pathogenet1c mechan11:Jm. One pOSS1D-.1l.lty 1S, that plaques 

may form from the underlying connective t~ssue by the action of 
~ 

" l 
fibroblasts. Another potent1al mechan1s"m' 1S that fibr1n is 

,deposited on' top of the mesothelial layer and 1S turned into 

collagen wi thout fibroblasts. A' new mesothelial layer then 

" , grows over the top of the plaque. Calcified plaques are 

essentially the same as hya'l1ne plaques w1th, the' add1t1qn of 

caloium carbonate and phosppate. Calc1f1cation app'ears to'"'"'?" 

start in the center' of the plaque or in the cent ers of 

mammilations on the plaque and progressively extends to calc~fy 

the entr,ir:e plaqué. '! 

--' l , 

" 

-------~-

l.;;!. 3'. 2. 3 Clinical and Laboratory i"l.ndings , 

, ~ 

As pleural changes are usually,assoc1ated w1th some de~ree 

of parenchymal change, precl.se,assessment of the1r contribut1on 

to pat'lents' symptomatology 1S d1fflcul t. Pleural th1ck~n~ ng 

occas10nally may be 50 w1despread that 1t may produce severe 

dyspnea.' Phys1cal f1ndl.ngs 1n tnese cases ~ may include 

decreased breath sounds, dulln~ss to percusslon, and decreased ' 
, 

c~rÎt- expanslOn (77). W1th less marked pleural lnv01Vement, 

pleural changes may not .have 'any symRtomatlc effect and may be 
/» 

detected on pUlmonàry functl.on tests only as small reductl0ns 

• 0 
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in lung volume (5,52). Pleural changes may be f"ound on chest 

radlographs bef"ore they are detectable by other means. 

1.3 Reactions of the Lung to Asbestos Dy,gts 

1.3.1 Respirable Dust 

1.3.1.1 Dust Factors 

The development of lung disease in response to asbestos 

expos,ure must be viewed as the final" step. l.n an interaction of 

a suse eptible host to pathogenie particles of asbestose 

/ 
Whether or not dlsease wlll be producedjand the nature of thl.s 

1 
disease depends on a large number of' factors start~ng wlth dust 

itself. There has been speculatlon on 
.. 

WhlCh propertl.es of 

asbestos are responsible for its pathogenl.c effects and whether 

different propertles are reSpOiOsl.ble for carcl.nogenesl.s and 

fibrogeneslS. Several vanables have been suggested as belng 

of lmportance (17). Among these are the content of slll.ca and 

Ô other impurities ln the asbestos, the s~ze and shape of the 

particles, the type of asbestos, and the chemlcal and 

electrostatic properties of the partlCles. Sorne of these 

l.ssues are of more tnan theoretlcal l.mportance as other natural 

and man-made f'l.bers might aiso be impllcated ln human dl.sease 

based on proper:tl.es shared Wl. th asbestos. 

Initial speculation thaf-- the sl.lica content was lmportant 

) 
may have been 'based on the knowledge of the flbrogenlc effects 

" 

.. 
j' 
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of silica exposure. However, while exposure -to both asbestos 

~nd silica was often found in the same worKer, lt beeame 

evident that expoBure to asbestos alone was capable of 

\ 
producing pathologie changes. This led to an interest ln the 

size of the partlCles themsel ves and the hypothesls that only 

certain sizes of pàrticles were harmful. At f~rst ~t was 

( believed that only long fiber6 (longer than 20 um) were capable 

of inducing fibrogenic responses, al though later animal stUGleS 

have shown that qbers lessq than 5 um long can also produce 

fibrosis (77). Sinee then results wlth short flbers have been 

mixed. Comparability of dlfferent studles has been a 'Prool~m, 

and it is pIfbbably best to consider the matter of partlele size 
'V" 

unsettled at present (59,67,81). The matter ~s of sorne 

'< 

practical lmportanee ln deciding which f1.bers need to be 

counted for hygiene standards. 

Speculation has also focussed On the pathogenicity of the 

various ~lpes of asbestos (43). • ·Again comparisons across 

studies are diffieult and results are not entlrely conslstent. 

There is also the problem ~hat multiple factors may be .at 

work. For example, lt may be that chrysotile IS a partlcularly 
u 

actlve forro (71) but that the human body may also clear ~t more 

rapidly (46). 

1. 3.1. 2 Host Factors 

a Host faetors are also llkely to be of importance ln the 

development of asbestos lndueed d~sease. Thus, no popula t~on 

1/ 
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studies have have shown a 100% preval.ence o!' aSb~sto/ induced 
T 

changes, no matter how high the exposure. Many strggest~on8 

have been made regard~ng which host cha~acteristics are of 

'lit- importance. ·Obviously only those particles which are taken 

into the body and retained for a sufficient per~oà in an active 

form will be capable of inducing changes. Thus the total dust 

in the environment may not be representative of the inhalable 

dust, due to the characteristics of the human upper and lower 

respiratory trac t as a dust sampler (63). Not ~:ml.y may the 

total count be incorrect, but the mix of partlcle sizes may be 

different !"rom that reachlng the lung. 

Deposition of particles in the lung may also been related 

ta variabl.es tha t remain constant for a g~ ven worker, such as 

airway anatomy (~2) and to variables that would change ove~ 

time, even for the same person, sueh as t~dal volume, 

respira tory frequency and poss~bly res~dual volume (16). 

Recent ~nterest has also focussed on ~mmunol.ogwal d~fferences 

ln people as a basis for differ~ng responses (43, tl4). 

DeposJ..tlOn of part~cles in the lung oocurs pr~nc~pally by 

sedlmentation, inert~al precipltatlOn, and dlffus~on. The 

other side of the equatlon lS the lung 1 s clearance of the 

deposited particles. The two maln mecnanlsms by wh~ch 

partlcles are cleared are tbe mucocll~ary' transport system ana 

the lung macrophages. One mlght postulate that there w~ll be 

+nd1Vldual differences ~n the eff1cJ..ency w~th "wh~ch tnese 

systems work, but the net clearance of part~cles i3 more 

complexe As already mentloned, the type of asbe3tos dust may 
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affect the clearance rate. In .addit~on a number of other 

factors may come into play. These include concurrent' illness, 

such as bronchitis 01" upper respiratory lnfection, as well as 

exposure to other environmental pollutants • Some factors, fol' 

example smoklng, may have var~able eff'ects on clearance and in 

addition may affect the site of depos~tion. In smOKers 

particle deposltion tends to more central than ln non-smokers 

(51) • 

1.4 Exposure-Response Considerations 

1.4.1 Importance of Exposure-Response Relationsh~p 

The demonstration of an exposure-response relat~onship lS 

of central lmportance ~n the attempt to prove a causal l~nk 

between an enVlronmental agent and a patholog~c response, as 

well as belng of ~mportance ln settlng standards for 

occupatlonal exposures. The ex~stence of such a relatlonshlp 

has been conSldered as one of the crlter~a for assess~ng 

whether an associatlOn ~s causal (34,77). It ,lS ln recognltlon 

of thlS th,at several studles have attempted to deflne a 

dose-response ef'fect between asbestos exposure and both 

• 
mallgnant and non-mallgnant dlsease. 

Despite the dlff~cUltl'eS lnherent in any retrospect~ve 

estimatlon of exposure, severai studles nave demonstrated an. 

exposure-response effect ln both mal:t.gnant and non-mallgnant 

(4, 10,11, 33,41,~5, 56,51:l,73, 71),79,tiO,l)o, tl7) asoestos relatea 

disease. Demonstratlng an exposure-response relat~onsnlp lS 
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usefui for reasons other than trylng to prove causal~ty. lt 

may allow sOMe estimation of risk to workers currentIy 

undergolng a slmilar exposure. Within cert;.ain limitations, 

response to past hl.gh exposures may allQw extrapolatl.on to 

current workers who are exposed to only a fraction of past 

Medl.co-legally, exposure-reponse relationshl.ps may 

1 proVl.de some sCl.entifl.c basis for litigants l.n court. From a 
, 

scientifie poirlt of view, exposure-response relatl.onshl.ps may 

aliow one to draw eonelusl.ons about" the merl.ts of competl.ng 

theorl.es of pathogenesis. ,An example of thl.s would be the 
" 

multi-hü or multl.-stage theorl.es of caro~nogenesl.s. 

1. 4.2 Modeling of Exposure-Response Relationships 

For sorne of the reasons stated l.n the precedl.ng seetl.on 

there has been, an increased l.nterest in modell.ng 

exposure-response relatl.onships. Most of thl.5 work has been 

concerned with malignant rather than non-mall.gnant disease~ In 

pnncl.ple, modeling should aiso be possl.ble with non-mall.gnant 

dl.sease although the shape of 1fhe relationshl.p wl.ll change wl.th 
,) 

the underlYl.ng bl.ology. ln \ addl.tl.on, l.t l.8 more dl.ffl.cult to 

o 

defl.ne the onset of a chronl.C non-mall.gnant process( suoh as 

fl.brosl.s than ü 15 to Ciefl.ne the onset of a mall.gnancy. \ 

The concept of dose-response dl.d not orl.gl.nate wl.th 

epldemiologl.C studl.es but Wl. th pharmacology. In pharmacology, 

the dose adml.nistered can be measured with sorne degree ot' 

aceuracy. In environmental and occupatl.o'nal studl.es usually 
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, 
only crude estimates may be made. To emphasize the dl.fference, 

the t erm ' dose-response' may b.e reserved for pha~macologic and 

laboratory studies where an agent ~ is actually administered to 

subjects. The term 'exposure-response' relationship may be 

used in studie8 where environmental measurements are made of 

the amount of a substance to which people have Men exposed. , 

Even in pharmacology, where accurate doses can be specifl.ed, 

there i8 doubt whether a single dose-response relatl.onship may 

be rigidly defined~ Thus one major text' ~ncludes the caveat, 

"There is no s~ngle characterl.stic relatl.onship between 

intensl.ty of drug effect and drug dosage" (25). The authors 

add the explanation that while ideally the relationship between 

dose and response would be determ~ned by equil~brl.um 

, 
conditions, in reali ty the curve is derl. ved from peaK effects 

al' ter sl.ngle doses. 

Enterll.ne (23) presents fl.ve basl.c relatl.onships between 

response and dose. AIl of these ha~e the sarne varl.ables on the 

X and Y axes, that is cumulative dose and relat~ve C'l.sk. These 

are l.llustrated below (Fig.I\l' In addltl.on, Cornfl.eld (15) has 

proposed a hockey stl.ck modeL wlth a low lwear slope at low 

doses and a higher slope at hl.gh doses. 

.. 
? 

l 
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Figure 2 Theoretical Dose-response Helationships(7tO 

C\.lPl",I~+ivo(. 
OO~f.. / 

\ 

One recent art1Cle on dose-response model1ng (2) makes the 

point that dose-response relations should be based on a sound 

theoretical understanding of the underly~ng b~ology. At 
~ 

present th~s ~s nit poss~ble and so models are Judged on the!r 

empincàl fü to data. Although the above art1Cl.e dealt wüh 

mal~gnant d~sease the sarne ~s true of non-malignant asbestos' 

induced d~sease. 

A central problem ~n descr~blng dose-response or 

exposure-response curves ~s how to f~t the curve at low aoses. 

Often the data at these levels of exposure are not avallable or 

are incons~stent (44,76). One ~s left wlth extrapolat~ng from 

h~gh doses or us~ng animal data. Schneiderman (76) po~nts out 

tha t ~ t ~s not poss~ble to get l~fet~me risks ~n less than a 

l~fetime. Sorne b~ological processes have a ma.turat~on t~file, 50 

person-years of observatwn may Oe obta~ned by t'ollow~ng :,U 
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persons for l year or l person for 50 years. By analogy one 

-may argue that 50 dose-years i5 quite dif'f'erent if lt is ~O 

dose units for l year than lt l5 lf l.t is l dose unit for ,0 
year's. 

l~. 3 Previous Exposure-Response Fl.ndings ln Non-malignant 

, ,Asbestos Related Dl.sease 

Sheer5 & Templeton (78) were among5t the first to try to 

relate fibrotlc changes to the 5everlty of asbestos exposure. 

In their study however, only very crude non-quantltatlve 

Judgments could be made about workers' total exposure. 1;helr 

subJects, Bntish naval dockyard workers, were claSSlfled as 

having been contlnuously, l.ntermlttently, or l.nslgnlflcantly· 

exposed, depencting on' thelr trade. Data were ava~lable on the 

number of years Sl.nce flrst exposure for each man. The 

prevalence of pleural plaques, extensne pleural thl.ùkenlng, 

. and radiographl.c sl.gns of pulmonary fl.brosl.s was related to 

both these exposure varlables. A later publl.catlOn (33) 

extended the study to three other dockyards wl.th simJ.lar 

results. 

Sl.ml.lar problems in specl.fy lng' exposure were encountered 

l.n the study of South Afrlcan ml.ners by Sluls-Cremer (7Y). 

Exposure varlables used were length of exposure and length of 

resldence tlme ln the lung. Boto these varl.ables were related 

to the onset of asbestoslS. Diagnosis of asbestosl.s :was made 

on the baSlS of radlographlc fl.ndlngs. A subsequent study ln 

<, 



South African miners (80) found a relationshlp between rears of 

exposure and the prevalence of thickening of pulmonary 

int el" lobar fissure s. 

The prevalence· of cough was found to be related to 

asbestos exposure ln Finnlsh IDlners (5~). In this st{\ldy, 
\ 

workers who had been employed for 10 or more years ~n mlnes or 

mills were used as a high exposure sub-group ~n an attempt to 

grade exposure. 

A study of Australian asbestos cement worKers (4) placea 

men in one of 5 exposure groups based on their Job hlstories. 
~\.!:::Â~ 

Although th: authors probably were able to categorize workers 

with a reasonable degree of accuracy, no quant~tati ve measures 

were available. The study found that the pel" cent predicted 

I-second forced explra tory voll,lme (FEV 1) and FVe decreased 

with severl ty of as bestos exposure. 

Three sets of' studles have attempted to quantlfy asbestos 
<! , 

exposure. One set of studles looked at AmerlCan asbestos 

cement workers (85-87). Exposure was based on dust counts, ln 

m1l1ions of partlcles pel' CUblC foot (mppcf), taken at varlOUS 

locations in the plant between 1952 and lYb~. ëstlmates on the 

leveis before t952 \oIere based recollectlons of' long tenu 
• 

" employees. Annuai dust estlmates for eaoh work area were 

prepared and then eachl worker"s Job hlstory was examined to 

derive an estimate of the total dust (ln mppof-years) to which 

.each worker had been exposed. , The earllest study showed a 

olear relationshlp between total dust exposure and the 

prevalence and prof'uslOn of lung opaCl tles on radlOgraph (tj~). 

1 
l, 
! 

! 
1 
1 

i 
l 

~ 

! 
j 

1 

1· 
1 

l 
1 

1 
! 
i 
l ' 

1 

l 
1 



26 

A later study (86) showed the same relatlonsh~p between dust· 

exposure and maximum mid-expiratory flow (MMF'), vital capaclty 

(V C), FV C, and FEV l • A third s tudy compared the 

equal (in mppcf-years) exposures of chrysotlle, and crocldollt 

Results indicated that crocidolite may have 

fibrogenic effect on the lungs than chrysotlle. 

Another group of studies, probably the most extenslve yet 

reported, has been that 0 on Quebec mlners and mlllers 

t7, 9,41,49,55,56,73,77). This group of workers was exposea to 
" • chrysotLle only, w~th the except~on of one, mine wllere there was 

a trace of amphibole. Exposures were calculated ln a manner 

'Slmllar to the American asbestos cement workers. Dust counts 

(in mppcf) had been kept Slnce 194d at varlOUS locat~ons. From 
" 

these measurements, knowledge of envlron!'lental condlt~ons, and 

the recollectlOns of long-term employees, dust values for aIl 

Jobs dunnlS each year of mlnlng operatlon were calculated. 

Agaln complete work hlstorles were avallable for each worker. ,... 

Three papers presented the relatlonshlp between resplratory 

symptoms, lung func tlOn changes, and radlographlc changes wlth 

dust exposures (7,55,73). The resplratory symptoms study used 

each worker's cumulatlve dust exposure, ln mppcf-years, as the 

exposure var1able and and examlneg the relationsh1p ot' workers 1 

responses on the Medical Research Councll (MIte, resp1ratory 

symptoms quest1onna1re to ttllS mea~ure ot' exposure. Tne 

symptom.· of breathlessness was the only one tnat was more 

cl05e1y re1ated to dust than smoklng. The lung functlon stuay 

used exactly the same exposure measure and found t~at several 

l , 
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lung f'unction tests distinguisheq workers in the lower exposure 

groups from those in the higher exposure groups. !.hese were 

inspira tory capacity (le) , FEV
l

, and FVe. 

more sensitive for smokers than for non-smokers. 

The tests were 

The radiographie changes study is of interest ià that 

several exposure variables were used. ln add~tlon to the 

previously mentioned total dust measure, a tlme _ weighted dus't 

exposure was calculated, whieh lncreased the welght~ng given to 

earlier dust exposures. This takes ~nto account t~ir longer 

residence time in the lung. An effort weighted ~naex was also 

ealculated. This weighted the dust exp~sure ln strenuous jObS 

d~fferently than the more sedentary exposures to account for , 
different patterns of partiele deposition in the lung durlng 

exertion. YealJ.;3 sinee_ flrst exposure and total years of 

exposure were two additional e'xposure val'lables used. The 

study at tempted to relate the preval~nce of radlographlc 
V" 

changes to the exposure variables. A score was calculated for 

each mari t s radl0graph to take lnto accol,!:r(f''''the oplnlon of b 

l 
readers, further details are glven in the or~glnal paper. 

Variables that were seored ~ncluded small rounded opac~tles 

(SRO), small lrregular opacitles (SIO), large opacltles (Wh 

pleural thlckening (PT), lll-deflOed oar<hac outl~ne, pleural 
, 1· 

" calciflcation, costo-phren~c angle oblitera tlon, and 

ill-defined diaphragm. Workers ln two areas, Thetford 1'11nes 

and Asbestos, were lncluded ~n the study and separate analyses 

were carried out for each area. At Thetford, the ,sRO score was 

related to total dust and to the erro"" we1ghted \,\t index. 

" 
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At ASbestos, ttus score was only related to years of exposltre • 

. ~or SIO, the radiolog~c change thought to be most , 

characteristic of asbestosis, the Score was most close1y 

related to total dust and, to a lesser extent, to years sinee 

first exposure at Thetford. At ASbestos, the relation was 

strongest to years of exposure and to tllUe weighted dust 
1 
\ 

index. Large opacities showed httle relation to any measure 
\ 

<;. 
of exposure in eüher area. H~wever, the prevalence of ill and 

well defined large opac~t~es was less than 1%" Pleural 

thickening was most closely related to years since flrst 

exposure and to time weighted dust ~ndex ln both areas. 
D 

Ill-defined cardlac outline was related to various measures of 

exposure, but the pattern varled w~th age group and no s~mple 

exp~anation could be prov~ded. Pleural calciflcat~on was 

~ 

related to time weighted dust exposure on~y ln young~r men and 

to years s~nce flrst exposure for older men~ The simplest 

expl.anat~on s~ems to be that g~ven a certaln mlnlmal dust 

exposure, pleural calc~flcat~on lS _ age related. Costo-pnrenic 

angle obll.teratlOn was related to age and to to'tal dust 

exposure at Thetford, but only ta d8e at Asbestos. Ill-deflned 

d~aphragm was related ta age and to total dust ~n both -areas, 

but to a greater extent at Thetford th~n Asbestos. 

British asbestos text~le worKers w'ère the subJect of a 

third set of papers (10-12). One goal ~f the aLithors was to 

examlne exposure-response relat~bnshlps wlth a Vlew to 

estlInating an acceptable hyg~enè standard. The methodo.l.ogy for .. 
calculat~ng dust exposure was much - the same as' ln the prevlous 

5 
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two sets of studies. One signifioant diff'erence is that fiber 
" 

counts, rather than particle counts, were used as a measure of 

dust exposul'e. Fiber counts wel'e availab~e from 1.961 on, but 

between ~950 and 1961 partic~e oounts were made which had to be 

converted to fiber counts. Pleural thickening and smaU 

opacities on the chest radiograph were related to cumu~ative 

dust exposure, as were a decrease in FEV land FVe. In one 

paper (~~) an attempt was made to re~ate the clin1cal diagnosis 

of 'possible asbe<stosis' to a series of exposure-response 

curves. These curves assumed various half-lives of dust 

e~imination from the IUng, with time-weighted dose (half-life 

infinity) and cumulative dose (haIf'-life zero) settlng the 

outer limits on the curves. Howevel', the data were not 

suf'ficient to pick one model ovel' the others, on the basis of 

statistical fit. Any mode~ in which the half-life" of 

elimination was greater than three and a half years pl'ovided a 

satisfactory fit to the data. 

1.4.4 Def':l.ning l:;xposure 

<-

As the above l'eview shows, there are many problems w~th 

defining e,xposur'e. One of the most formidable is that 

estimates of dust conoentrations have 0 to be made for per~ods 

bef'ore such measures were carried out: In most cases dU'-
levels were higher 40 or 50 years ago than they were when the 

first measurements were made in the ' 1ate ly40 t S and the 
• 

1950's. Two solutions have been used ,for this proolem. One is 

/ o .. 
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to estimate prev~,?us exposures on • the basis of employee 

reoollection, the other is to mult~ply more recent measurements 

by a correction factor. Even for periods for which there are 
1 

measured dust levels, there remains the problem of reIat~ng Job 
, 

dust to an ~ndi vi6ual. There may be wide var~at~ons J.n the 
.f 

amount of dust that individuals are exposed ta whJ.le performing 

the same' Job. This may be especially true J.n Jobs where dust 

levels are to some extent determJ.ned by indivJ.dual /Work 
f' 

habits. 0 A third problém concerns changJ.ng units of" ~Fasurement 

over time. 
J: / 

Earlier ~t counts are J.n partJ.cles per cubJ.c 

foot, more reeent ones are usually J.n fi bers per cubJ.c 

eentimeter. One measure may be ponverted ta the other as was 

don\~" by Berry et al (10), but others state that there ~s no 

consistent relatJ.onship between the two unJ.ts tnat perm~ts this 

(56) • Current hyglene standards are ~n .fJ.bers per cubie 

centimeter. Beyond the issue of mrr-!.!lrement unJ.ts J.S the , 
, .' 

~roblem of relahng environmental exeqs"ure ta the dose that a 

worker actually ingests or J.nhaies. There ~s no easy solution 

1 

ta thlS and some of the <1J.ffieultJ.es are detalled by Vincent., 6: 

Mark (!j2) • .. " ..... -
W~th,all these difficult~es J.n e$t~mating an J.ndJ.v~aua~'s 

exposure, almost inevltable that there wJ.ll be 

appn~d'1able èrrors ~n a'ssesslng worKer exposure. These errors 

may tend to work 1.n one d~rectJ.on and blas dust estJ.mates as 

Berry ,et al (lO~ admlt w~th theJ.r probaole underest~matlon of 
,J 

early dus't coneent.rat~ons. However, even random error may have 
) 

unfortunate results when exposure-response curves are fitteu ta 

; 
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data. Thus, even if the error ~n measurement is unbiased, it 

may lead to a biased estimate of the exposure-response 

~lationship by flattening the exposure-response relationship, 

overstating the health risks at low exposures, and understating 

the rate of increase wlth exposure (3,11) or chang~ng the shape 
1 

of the :elationship (66). 

Apart from measurement considerations, .there is the 

problem of which particles and/or f~bers are of ~mportance. In 

general it is b~lieved that account should be taken of 

particles of respirable s~ze for flbrot~c lesions, and perhaps 

of larger than respirable s~ze for bronchit1c les~ons (,~). 

Perhaps sorne should be we~ght~d more tnan others. These ~ssues 

are l~kely to remain unsettled for sorne t~me to come. 

There are many ways to calculate exposure, as demonstrated 

by the previously c~ted studies. The s~mplest form, cumulat~ve , 

exposure, provides a measure from which one 0 may der~ve an 

exposure-response relationship. From a b~ological po~nt of 

view it ~s not a satlsfactory measure as ~t does not account 

for the fact that changes may appear and progress years af'ter 

exposure has ended. The t~me' we~ghted ~ndex ~s more 

sat~sfactory, but it does not take ~nto account the postulated 

el~m~nat~on of dust from the lungs. However, not all part~cles 

of ~nhaled asbestos may be harmful to the same degree, and 

d~fferent classes of part~cles may be el~m~nated at;. dü'ferent 

rates. Furthermore, ~t ls not known whether the m~nl.lllurn 

,!" 

retention time for dust to evoke a response ~s days, months, or 
1 

years. This would have ta be knawn ~f a t~me-we~ghted ~ndex 
1 
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( was to be derived from anything other than emp~rical grounds. 

In addition there are a number of other exposure var~ables -
c 

which might be related to subsequent response. Clearly the 

theoretical understanding of the ungerly~nB b~ology ~s not 

sufficient to allow any firm conclusions on exactly what 

aspects of exposure are the most signif~cant. 

1.4.5 Defin~ng Response 

If it is assumed that radiographie and pulmonary function 

test changes are true reflections of the underlying pathology 

that one is attempting to measure, then perhaps response ~s 

more easily def~nea than exposure. Practical problems ~n 

defining response may still occur. The changes that are 

measured may weIl be due to factors other than asbestos, 

working elther separately or ln conJunction. Examples of thlS 

include smoklng, aging, and lnfection. Another practical 

problem may 'be that the prevalence or score of what lS measurea . 
ma,y not Yleld' enough _ responders, or a Wloe enough range of 

respoose, to define reli9-b"1e exposure-response rela tlonshlps. , , 

Previous studies haAle tended to group responses by the nature 

of the response measure used, that is pulmonary functlon test 

changes, or x-ray changes, or questlonnaire responses. ThlS 

may have lent a certain artlflclallty to the responses. Not 

aIl x-ray or pulmonary function test changes are ~ndlcatlve of 

'the same underlylng pathology. If one is attemptlng to measure 

a certain type of blologlcal' response, a combinatlon of these 

\ 
measures may be more approprlate than each in lsolation. 

/ 
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1. S, Summary 

There remains little doubt that asbestos exposure 18 

associated with a hoat of non-malig~ant effects on the 

respira tory system. Exposure-response relationships have been 

convinc~ngly demonstrated ~n se veral l.ndependent studies. In 

gener~l, data have not been suffl.eient to delineate a sJ.ngia 

eXPosure-response relationsh1p but rather, have been compatible 

" with a range of sueh relat1onsh1ps. Past s~udies oave been 

bedeviled by problems of operationalJ.zing exposure and response. 

As already mentJ.on~d, dust or fiber measurements J.n the 

aJ.r are only an a~proxl.mation of what ls delivered and retal.ned 

in the lung. Even lf aecurate measurements of the asbestos 

dose retaJ.ned by the lung were possible, ~t ~s conce~vable that 

,measures other than the simple sumrnatJ.on of annuai dust 

exposures wouid show a strong,er relat7 to l'esponse. 

words the proflle of exposure may be important. 

In other 

If thJ.s 1S correct, the selectJ.on and lncor~oratJ.on of 

dust varlables other than the SUffi of' anouai dust exposures may 

improve the exposure-response relatJ.onshlp. There are severai 

dJ.fferent non-mal1gnant responses ta J.nhaled asbestos, which 

may be related to d~fferent aspects of exposure profJ.le. The 

elucJ.dation of aspects of exposure proflle that are related ta 

subsequent response may be of J.ffiportance J.n 3ett~ng exposure 

limits to asbestos 1n tne present or f~ture. 
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2 STUDY OBJECTIVES 

-
The goal of this st~dy was to determlne if certain face~s 

of human exposure to asbestos, in addltion to that described by 

l cumulative dust exposure, are related to subsequent 

• 
non-mallgnant respiratory tract abnprmalltles. It was ~xpected 

that exposure-response relatl0nshlps could be more clearly 

defined through the ldentlficatl0n of such features, and thelr 

incorporatlon into the descFiptl0n of exposure. 

Intermediate goals were the development of additional 

exposure variables, to descrlbe proflle of exposure, and the 
) 

development of suitable response' measures. 

Olt was proposed that these goals be attalned tnrough the 

use of eXlstlng data on a prevl0usly deflned subset of Quebee 

asbesto~'mlners ~nd mlllers. 
) 

It was antlcipated that the results of the study mlght 

serve two purposes. Flrst, the ldentlf1catlon of facets of 

exposure that lead to subsequent morbldlty illlght have 
r 

lmp1lcatl0ns for hyglene standards at present and ln the 

future. A second potentlal beneflt from the study results was 

to lncrease understandlng of the pathogenesls of the 

resplratory tract changes under lnvestlgatlon; 

2.1 Deflnltlons 

( Facets of asbestos exposure - ThlS refers to varlables 

WhlCh wou1d characterlze an lndlvldual' s proflle (temporal 

., 
- 1 \ 
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variables could have 
i 

combination of the two. 
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" to asbestos while working. These 

dimensions of tilDe, dust/volume or a 

A complete listing of these variables 

is found in Table 7 in the next section. 

Cumulative dust exposure - This 1.S also referred to as 

total clust. It is calculated by swnml.ng the annual estl.mates 

of an individual's dust exposure ove~ h~Orking years. 
1 

Existing data This study- would use data already 

collected 1.n conJunctl.on w1.th a previous study (7, !j5) , but 

analys1.s would be performed with a Vl.ew to answerl.ng dif'ferent 

ques~l.ons· than had been addressed prevl.ously. 

Non-malignant respiratory abnormall.ty Th~s will 

encompass abnormal1.t1.es reflected by the development of 

resp1.ratory symptoms, changes on chest x-ray, and pulmonary 

. 
function changes. 

~ 

o 

2.2 Desl.gn 

The study was canried out 1.n three steps. The fl.rst 

ental.led the selectl.on and comblnatl.On of response meflsures 

into response scales. Factor analysl.s was use<1 as a tool to 

a1.d 1.n the der1.vat1.on of cll.n1.cally comprehens1.ble scales. 

The second step consisted of the constructl.on of varl.ables 

that descrl.bed the varl0US facets of an 1.ndlVl.dual' s proflle of 

asbestos exposure. u As the study was exploratory ratnen, tpan 

hypothes1.s test1.ng 1.n l.ts obJectlves, thesef var1.ables were not 

construct~d wlth a partl.cular theory in ml.nd. Uf course , 

1 

1 
1 
1 

1 
1 

l 

i 
l 

1 

1 
i 

1 

1 

-1 
i 
! 



- - -------__ l 

36 

previous studies suggested, certain aspects of exposure· that 

should be included in these varLables~ 

The final step in the study made use of regression 

analysis to determine which facets of exposure are re.J.ated to 

the prevLously constructed response scales once cumulative 

exposure (total dust) has been taken Lnto account. ApproprLate 

safeguards were taken to control for the effects of other 

var~ables that may influence respiratory status, auch as age 

and smoking. 

\ 
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) 3 METHODS ' 

3.1 Description of the Existing Data Set 

3.1.1 Description of Study SubJects 

The data used for this study were collected in the late 

1960' s and a number 6f findings have already been published 

(6,7,9,47-49,55,56). The group of men whose heal th and 

exposure status formed the basis of the present study ws 

essential1y the same as that reported on in the 3 studies cited 

above. The men were an age strat~f~ed sample of the 6, HW men 

who wer-e wor-k~ng for- Quebec asbestos mining companles in the 

Thetford Mines and Asbestos areas on October 31 ~ 19t>6. The 

sample excluded all those younger than 21 and all those older 

than 65. The remalnder wer-e' placed in qu~nenn~al age gr:oups 

and a sample was dr-awn froUl these groups ~n the rat~o g~ven 

below. 

Table 4 

: 

We~ght of S9mple by Age Group 

Age Group 
21-25 
26-30 
31-35 
36-40 
41-45 
46-!:>0 
?1-55 
56-60 
60-65 

Weight ~n Samp1e 
4 
? 
6 
7 
tl 
Y 

10 
11 
12 
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The sampling ratio was somewhat arbitrary but was 

necessary 'to ensure that enough men w~th high exposures would 

be inc1uded ~n the sample. Samples for each age group were 
" 

drawn from all elght mining companies in proportlon to the 

total number of male employees each company had at that t~e. 

This procedure should have yie1ded a sample of 1,080 men out as 

there were not enough older employees in sorne of the compan~es, 

the actual sample comprised 1,027 men. Hy the tlme that 

teshng was carr1ed out in 1967, 85 men had d~ea or were not 

available, and 57 refused to partic1pate. This left titi5 men 

who were exam~ned. To increase the number of older workers ln 

the st"~ all remaining men ln the oldest age groups were 

included' ln a second fleld study ln 1968. Of the 241 men 

eligible, 184 \ere examlned. This y~elded a total sample of 

1,069. DeflcJ../ént data on 81 men necessJ..tated the1r exclu~lJ..on 

from analysJ..s, leav1ng 98ti men on whom there were suffJ..Clent 

data for the purposes of the present study • 

... 
3.1.1.1 Data Aval1able 

Data available on eaeh man conslsted of descrlptlve 
A ' 

lnformation as well as estJ..mates of dU\t exposure and response 

ta dust exposure as outllned J..n the followlng sectlons. Bach 

man 's bJ..rth date was avallable as was the date on wnJ..eh hlS , 

pu1monary fune tJ..on tests were carrled out ana the dd te he 

started workJ..ng. Helghts and weJ..ghts on tne test date were 

also obta1ned on each man. An est1mate of c1garette 1ntake per 

______ • ______ • __ ":1 
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day was available for smokers. Each man was coded as of the 

" 

test date as a non, eurrent, or very rare, or ex-smoke~. 
o 

3.1.1.2 Verification of Data 

Al though the da ta were on eompu ter tape and had already 

been checked before use for previous studies, an attempt was 

made to ensure that the data were as free from errers as 

possible. Ta thls end, frequency distributions were obtained 

for several variables' and men with out of range data were 

deleted fram further analysis. In one cas e, this ln vol ved a 

man' s age and in others questionaire ltems. Flve I1ien were 

dropped for th~s reason, all further analyses were performed on 

the pemaining 983 men. In addition ta eheck~ng t'or out of 

range data, total dust eJCposures were ealculated using the 

annual dust expasures, for each man and comparea with the total 

dust coded on the tape., ~ aIl cases, ,~ 

dust was identical with the coded total dust. 

3.1.2 Dust Data 

caleulated total 

Dust measurements had been earr1.ed out at aIl e~ght 

companies startlng in 194~. These measurements were carr~ea 

out almost annually until 1966 at various sites arouna the 

m1.ning and milling operat1.ons by the same observer uS1.ng a 

midget l.mpinger. Measurements were made in m1.l110nS or 

partieles pel' cubie foot. Over 4,000 separate eounts were.maae 
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during the 18 year per~od. Estimates of dust conditions before 

this time were based on reeolleetions of long time employees. 

A dust exposure for workers performing eaeh job at a mine or 

mill was caleu1ated, based on t,lle a~st readings at various 

sites and the knowledge of where workers performing eaeh Job 

were 10cated. As dust conditions had changed ov~r t~me, the 

dust exposure ~n each Job was calculated on an annua~ basis 

from 1904 to 1966. As the nUlÎlber of hours ~n the work week 

also had changed over the years,. approprl.ate corrections wer.e 

made to account fol" this. An annual exposure could be obtained 

for each worker by cheCkl.ng hl.S emp10yment h~story to find out 

wnich Jobs he performed ~n wh~ch years and then mateh1.ng thl.s , 

with the dust leveis preva~ling ~n that Job dur~ng a particular 

year. A worker' s cumulat~ve exposure was the sum of ù~~s annual 

dust exposures. Work h~stor~es were ma~ntal.ned to the nearest 

month. 

Further deta~ls on dust cond~t~ons and the calculatl.on of 

workers' exposures may be round 1.n a paper by G~bbs & Ladhance 

(28). 

,) 

3.1.3 Pulmonary Function Tests 

Pulmonary function tests were carne? out durl.ng 1967 and 

6~ on all men l.n th~s study. Procedures and, full ~nformatl.on 

on ,the measurernents taken are g~ven ~n detal.l elsewhere (b). 

For the purposes of th~s study, 3 bas~c measures of resp~rabory 

funct~on were used. They were FVC, FEV1 , and MMF. Ta allow 
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comparison between men of d~fferent ages and he1ghts, a 

predicted FVe, FEVl , and MMF were calculated for each man 

using previously develop~d regression equations (30) • 

Different equations were used depending on each- man' s smok~ng 

The final variables used as indicators of pulmonary 
, . 

funct10n were the pel' cent predioted FVe, Ft:V l' and MMF. For 

examp1e, pel" oent predicted Fve for each man was h~s measured 

Fve divided by the FVe predicted on the bas1s of ch1S ag~, 

he1ght, and smoking status, mult1pl~ed by 100. 

, 3.1. 4 Respiratory Symptoms 

At the same tlme that pulmonary funct10n test1ng was 

carried out, mén were questloned l"egarding any reSpll"atory 
o 

symptoms they" might have. A sl1gntly modif1ed form of tne 

Brlt~sh Medical Research Counc~l questionna~re on resp~ratory 

symptoms (1966) was used. Quest10nnaires were ava11able in 

Engl~sh or French, depend1ng on the lndlv~dual' s preference. 

An Engll.sh version of the questlons ~s founa ln Append1X 1. 

Quest10nnalres ,were adm~n~stel"ed by a fluently b~hngual 

interviewer. ThoUgh it was tnought un11kely that all symptoms 

recorded would be related to asbestos exposure, it was 

nevertheless decided to us~ themall in the pl"ellmlnary 

analyses tp set up response scales. '.1 
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3.1.5 Radiographie Data , 

Annua1 chest radiographs hadt been taken ot' aIl employees 

" since 1948. The most recent chest radiograph of each man ~n 

the study was read independently by 6 readers \ us~ng the 

UICC/Cincinnati classification. On1y some of the abnormalitles 

coded were used in this study. These were the small lrregu1ar 

opacities (SIO), smal1 rounded opacities (SRO) , pleural plaques 

(PP) , and pleural thickening (PT). p'T ana PP were graaed 

0,1,2. The SIO a'na- SRO were coded on a 12 po~nt scale; 0/:-, 

0/0; 0/1, 1/0, 1/1, 1/2, 2/1, 2/Ç., 2/3, 3/2, 3/3" 3/4. To 

arrive at a single sçore on these 2 variables it was decided to 

take the average of the scores given by the b readers. To 

" facilitate thls the scale was recoded as l to 12. 

Radiographie data on each man thus consisted of 4 scores. 

These were the scores for SIO, SRO, PT, and PP on h~s IDost 

recent chest radiograph, averaged across the 6 readers. 

3.1.6 AdvantagéS and Disadvantages of Study Data 

There are bath ~dvantages and iilsaavantaé;.es lnherent ln 
, 

the use ,of existlng data. These data were or~g~nally collected 

for a series of studies already pub1ished. Records on men 1 s 

employment had been kept by companles since the indus try' s 

lnception in the last cent ury • Records were kept for payra li 

and productlon purposes, not epidemi010g1cal anes. Hence, the 

job classification scheme adopted by elght different companies 

-------~-~~-
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l had to be" adopted, as 1s. The passage of time made it 

difficult to verify the accuracy of all records and the 

possibility of inconsist~ncies in record keeping over time 

cannot be ruled out. Certain aspects of,company records could 

be checked, for example, employee ages. Upon èhecking ~t wa-s 

found that in some cases errors had been made in company 

records. 

Problems with existing dust data are even greater. 

-Al though there were thousands of readings D tak~n aftel" 194ti, 

there were many work areas 'for which informat~on was lJll.ssing. 

Even had dust information been available for aIl sites, the use 

of site dust leyels to caleulatè a dust exposure for each Job 
~ 

involves many assumptions, not aIl of which may hold true. The 

units of measurement a~e another proolem. Measurements of dust 

were made using midget impinger and were giv~n in mppcf and not 

in fibers/cc as is the curl"ent practice. There 1s no l"el~àble 

conversion factor between the two units. Thé"- estim~tion of 

dust levels before 1948 introduces an unknown, but potent~a1ly 

J 

sUbstantial, amount of error into any measure of exposure. 

Early dust counts were based on techniques w~th lower 

sens1 ti vi ty than those artel" 1960; this introduces a possible 

source of bias in studying t1me relationships with these data. 
"'" " 

Measurements of response were collected by investigators 

in the 1960'8 under more l"igourou8 conditions than were the 

dust levels. The pulmonary function and questionnaire data are 

( as good as can be reasonab1y expectea. The chest radiographs 

'were aIl taken around the time of the study, and whlle of 

, , 
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varying quality, wer: probably adeqUate' for t~purposes ot' the 

IJ 
study. They were, as aiready stated,' all' l.nterpreted by the 

sarne readers under conditions designed to maXl.m1.ze cons1.stency. 

The cri terion for selection of the men in the study aiso 

poses some difficulty. 'They are survi vors of their particular 

birth cohort. The degree of selection b1.as is probably age 

dependent.: It seems reasonable to assume that the men in the 
{\ , 

older age groups will be more hl.ghly selected than those in the 

younger ones. A greater percentage of the men 1.n these age 

groups will have died or retired. The cause of death or reason 

for retirement may have been occupa tionally related. 

relationship between exposure and response '. may have 

dit't'erent t'or theseQmen than t'or those remain1.~g 1.n the work 

force. 

. 
While tllere are many difficulties wl.th the data they alsQ 

provide an unusual opportu'nity to study the effects of patterns 
o 

of asbestos exposure in humans that may not readily occur 

again. Thus the usual advantages of uSl.ng eXJ.st1.ng data, 

savi~ time and money, are overshadowed by the unique 

opportuni ty tha t these da ta present. Current hye,iene standards 

permit exposures to only a small fraction of the asbestos to 

. which men in this study were exposed. It ld unll.kely that 

group of men with such exposures could ever be assembled 

~gain. It is this, more than anything else that outweighs all 
l) 

the weaknesses wi th the data. These data !llay be imperfect but 
<J 

they appear to be the best> available to answer quest1.ons about 



( 
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the effeot of exposure profile on subsequent respiratory ~rac t 

chal')ges. 

3.2 Development of Variables 

3.2.1 Exposure Variables 

Expasure variables were generated without any particular 

hypotheses in mind, but were constructed on the basis of what 
.... )i" 

previ ous inves'tiga tors had found and on what 'seemed 

V biologically plausiJ;:>le. 

Total dust had been found ta be related to response 

measures in otner studies and so was ~ncluQed as the prim~ 
-' 

expos,ure measure ~n th~s study. Because the relationship 

between total dust and response may not be I~near, a higher 

order term, (total 2 dust) , was inciuded. There has been 

speculation that residence time of dust in the lung may nave a 

1 
l'ole in the development of subsequent d~sease. To check for 

this possibiliti a variable that weighted each annual dust by 

the number of years it had been in the lung at the end ot' the 

study was included. Other variables included one that weighted 
J 

each dust by the worker's age during that year and a related 

variable tha t weighted each dust by the number of years s~nce 

the man had started working. Another var~able we~shted each 

dust according to the caiendar year ~n wmch it haC! occurred. 

One var~able consisted of the suru 2 of. the (annuai dusts) , a 

dust)"~ • <Y' -----subtle l difference fro~t\)tal The reason for 

calculating both these variables was that men who haC! a few 

, , 
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'years with very high exposures will have have a' higher score 

when their (annual dusts) 2 are summed than men who' had the 

sarne total dust (and therefore total 2 dust ) made up of a 

/ 
steady series of annual dusts. S~mpler variables included tlme , 
since fit'st exposure, net yeara of exposure, peak dust, average 

exposure, numbet!r years w~th' dust greater than 5 mppcf, and 
/ ,p 

dust exposure in j:.he first 5 years on the Job. A complete Hat 

of these var~ables is g'iven ~n Table 1. 

It was not expected that the sarne" exposure variables would 

be of ~mportance ~n d~fferent types of response. The goal ~n 

definfng the exp03ure var~ables was to come up w~th a lllanagable 

number of easily calculable var~a91es that would allow a 

variety of exposure profües to be described. 

~ 3.2.2 Response Varlables 

"" 
,Response vanables a vai lable have already been desar1.bed. 

For the purposes of this study ~t was dec1.ded that sets of 

varlables th'at might ~nd1.cate the ~'ame underly1ng biolog1.cal 
fi 

response would be grouped together f lnto response scales. The 

saales would be Ilnear comb~natlons of tne response var~ables ~ 

These response scales would then. constüute the dependent 

varlables in a series of mult~ple regress~ons dgalnst the 

exposure var~ables ~n the final stage of the analys1.s. 

--- ------ -, 
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3.2.~.l Selection of Response Soaies 

\ 
Iwo considera tions were of prime ~mportance when 

construoting the response scales. ,First, it was feit that the 

d~fferent 'soales should be cl~nically coherent and secoQd that 

they, should be constructed 'so that var~ability in the data was 

taken into account. Factor analysis was used ~n atta~n~ng this 

goal. It sMuld be emphasized that the factor analyses were 

explora tory , not hypothesis testing, and were ali performed 

wi thout reference to the exposure variables. 

In the first place, ~t was declded that at least two 

response soales should be der~ ved t'rom the da}a. Th~s was 

because at least two types of clin1cally rec:::!Ogn~zable res,ponses 

were expected, poss~bly center~ng on the parenchyma and the 

a~rways. For practical reasons a maximum number of factors was 

also specified. For the flrst analysis this was set at b. The 

first factor analysis was performed on the 4 radlOlog~cal 

var~ables (SIO, SHO, PT, PP), the 3 pulmonary functwn 

variables (FVC, F~Vl' MMF), and the resp~ratory symptoms 

questlons. The 6 factors that emerged from thlS analY'sls could 

best be descnbed as cough, sputum product~on, catarrh, 

lllness, pulmonar:t funct~on changes, and breathlessness. 

chest 

Thes~ 
6 factors could not readily be understood ln cllnlcal terms and 

there was no factor on wh~ch rad~ographic ehanges loaded 

heaVlly. 

A' second attempt was made uSlng j separate factor 

analyses. For these analyses it was deClded to group 

, 
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measurements that might be expected to reflect the same 

clinical changes. These were:· i) mucous hY'persecretion 

reflected in questions 52-67, 11) airflow lim~tat~on--,\flected 

in the pulmonary function tests ana the symptom of 

breathlessness, and i~i) pulmonary fibros1s reflected by 

radiographie changes and the symptom of breathlessness. ln 

this analysis, 2 factors were requested. Th~s resulted io- one 

factor where no one question had a very heavy we~ght, although 

questions 52-57 were weighted the heaVlest. Only question bb 

had appreciable we1ght on factor 2. In the second analys~~, 

only one factor was asked for and only FJ!.V l had a h~gh 

weighting on th~s factor. In the third analysis, SIO had the 
J 

highest coefficient, al! other variables had coefficients ~n 

the 0.11-0.17 range. 
) 

Ba sed on the resul ts of th~s analysis, i t was decided that 
, 

one of the response scales would consist of FEV 
l 

alone. 

Further defini tian of the 0 ther scales ~nciuding the x-ray 

changes and respiratory symptoms was requirea. 

To this end, th~J respiratory symptom questions were 

re-anaIyzed omiting questions 64-66. These were questions 

regarding nasal catarrh, a symptom which was feit to be 

irrelevant to --patholog~cai lung changes. An aD;~üysis ask~ng 

for 2 factors wi thou t the ~nclusion of ca tarrh seemea to 

ind~cate 3 subsets of respira tory symptoms: ~) cough , (quest~ons 

1u) o~ 52-54), i~) sputum productlOn (quest~ons 55-~7), and 

symptoms rela ted to a~rway responsl ~eness (questions 5§-6 3, b 7 ) • 

It was fel t tha t cough and spu tum were manifestations of 

.' 
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the same underlying changes. Breathlessness and questions 

61-63 and 67 were faIt to be "'separate. The resp~ratory 

symptoms questions were again re-analyzed; the cough and Isputum 

questions were analyzed separately from questions 60-b3 and 

67. The new cough-sputum factor gave almost ident~cal we~ghts 

to cough and to sputum. The relative weights of the three 

cough - questions were almost the sarne as the correspond~ng 

sputum questions. The question, liDo you cough (br~ng up 

phlegm) 1ike th~s for more than 3 montns out of 12", wàs g~ven 

the heanesct we'l.ght. The other questions, 60-63 & 07, were 

ana1yzed separately and all haà coeff~c~ents greater than 0.11. 

The rad~ographic varl.ables and tne breathlessnestlt 

question, 60, were re-analyzed us~ng 2 factors. This analysls 

" seemed to l.ndicate that there were 2 groupings of var~ables 

conslst~ng of SIO, SfiO, and queshon bO; and another grouplng 

cons~st~ng of pp and PT. These 2 groups were analyzed agaln 

separate1y to further ref~ne the relati ve weight~ngs. fVC was 

added ta SIO, SRO, and q uest1.on 60 because 1. t was a c hn1.ca1 

COnCOffil.tant of the other varl.ables. 

The 5 ~ response scales derl ved by the preced~ng analysl.s 

were: 

1) -100FEV 

2) 4310 + SRO + 3Q60 - 3FVC 

3) PP + PT 

4) -( 2Q52 + Q~3 + 3Q54 + Q55 + Q56 + 4Q57~ 
5) 4QbO + 3U61 + Q62 + 2Yb3 

, 
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Clinically 1 they ca~ be. conceptualized as: 

1) airflow l~mitation 

2) pulmonary fibrosis 

3) pleural fibrosis 
tt 
l' 

4) mucous hypersecretlOn 

5) airway reactivity 

Some of the variables were coded negative so that a h~gher 

value in any equation indicates greater abnormal.1.ty. 

3.2.2.2 Rese l - Airflow Limitation 

-..r 
This is a stra~ght-forward response scal~ and the on1y one 

that con~ùsts of Just one of the or~g.1.nal response var~ables. 
C 

Cl~nically i t lS best understood as a response of a~rrlow 

lim~tation, and it lS ----- not ent.1.rely unreasonable that FEV 
l 

stands alone as such. In arder to make the directlon of th.1.S 
'J 

scale the same as the others the s1.gn was changed jfrom poslt1.Ve 

to negative. 

3.2.2.3 Rese 2 - Pulmonary F1.bros1.s 

ThlS scale l.ncludes both the rounded and l.rregular 

opaclties, as well as one lung function measure, propart1.on 

predlcted FVC, and one resp1.ratory B,1mptoul, breathlessness. 

Th~,:;lgn for the pulmonary function test lS aga1.n ne6at1.Ve, for 

the sarne reason as stated ln the precedlng sect1.on. The 

respiratory symptom in th1.S scale ~s that of breathlessness. 

-----_______ 1 
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Considering all the components ~oriv the scale together, the best 
;/ 

ri 

c':lPinical description of the sdale is pulmonary fibrosis. 
{'l \.1 

, '_.1,1'> 

.. , 
3.2.2.4 Resp 3 - Pleural Disease 

" 

The 2 pleural changes on x-ray stand tc>gether as 

indicators of pleural d~Bease. The~r group~ng was suggested by 

factor analysis and again ~s reasonable on clinical grounds. 

3.2.2.5 Resp 4 - Bronchltls 
l 

This scale lS compos~d entJ.relJ of resp~ra tory symptomli 
~ 

relating to cough and sputum production. These are classlcally 

ass6ciated wlth bronchitl.s. AIL ü,em'3 on this scale have 

negative signs because of the way responses were coded. The 

direction of the scale lS conslstent with the others, a hlgher 

score lnd~cates more extenslve symptoms. 

3.2.2.6 Resp ,5 - Airways ReactH~~ 

Thls scale is also composed entirely of respiratory 

symptoms. In addltion to tne breathlessness question also usea 
( 

on the second scale, lt lncluded responses to questlons 

regarding wheezlng, shortness of breath with wheez~ng, and the 

effect of weath~r on chest symptoms. These symptoms are most 

in keep~ng wlth reversible airways d~sease. 

( 
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3.3 Correlation of Scales 

Althougb the i';; response scales were eacb supposed ta 

measure d~fferent types of, response to dust, i t seemed 

reasonable to expect that they would be correl.ated to some 

extent, or at least that they woula not be negat ive ly 

correlated. If negat~ve correlations were found one migbt 

,~ 

<suspect that the scale was no'::' measur~ng wbat lt was assumed to 

measure, or tbat computat~onal errors had been made. As a 

further ·check the correlat~ons of the 5 response scales W~ th 

t.6tal dust and with smoking were obta~ned. Prevwus stud~es 

had shown that response was related to total dust and sorne of 

the r'esponse scales, espec~ally bronch~tis, could be expectea 

to correlate with smok~ng. Any unexpected or unreasonable 

values in the table of .correlat~ons mlght hlgh llght potentlal 

problems in further analy::ns. Correlatlons were calcu1ated 

uSlng SPSS and are presented below. None of the correlatlOn:s 

are unreasonable or ~nexphcable on the baS1S of past work. 

Table 5 

Resp l 
Resp 2 
Resp 3 
Resp 4 
Resp 5 
T .Dust 
,smoke 

Response Scale, Total Dust, & Smok~ng Correlat~ons 

;.r 

Hespl Resp2 Resp3 Resp4 Resp5 T .Dust Smoke 

1. 000 0-344 0.144 0.148. 0.310 0.225 -0.117 
1.000 0.192 0.254 0.702 0.259 0.090 

1.060 0.049 0.076 0.101 -0.001 
1.000 0.379 0.119 0.220 

1.000 O • .:!04 0.170 
1. 000 0.U7.:$ 

1.0UO 

\ 
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3.4 Regression Analysis 

3.4.1 Computer Pro gram Used 

All regressions were performed using the Stat~stical 

Package for Social Sc~ences (SP~::;) 'New Regression' program. 

This allows one a large amount of flenbility in spec~fy~~. 

exactly how the regressions are l'un. It ~s possible to force 

some var~ables into the regression equatlon and then to add 

others in a stepw~se manner. ThlS was the method used ~n this 

study. The p value to enter stepwise variables may be 

spec~fied by the user, in this case J.t was 0.3. ThlS level was 

picked sa that any var~able that mlght be dt aU ~mportant ln 

" explalning response would, be allowed into the regresslon 

equation. 
t 

Separa te regressions were perforIlled for Bach one of the , 

response scales • 

. 
~------------------

3.4.2 Independent Varlables ln tne Regresslons 

The obJectives for this study were to determine lf other 

facets of exposure ~n ad,lüt1.0n I~o total dust were of 

signlflCance ln predl.ctl.ng response. To talœ thlS lnto 

account 1 sorne varlables were 'forced in 1 to the equdt~on 

• \li 
~n~tJ:ally. ThlS was ta control for the confoundlng effect of 

( these variables. Once these varl.ables were enterea, the 

rema~nlng exposure variables were entered stepwise by the 
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regression program if tney met the required p=O.3 for entry to 

the equation. The 2 groups of variables are describeu in the 

following 2 sections. 

3.4.2.1 Variables Entered Initially 

The variables in the following Table were entered 

initially as a group to the regression equat~on and were not 

deleted on subsequent steps. 

Table 6 In~tial Regression Variables 

1 

1) Total Dust 'iq] 

2) Total Dust2 " 
3) Smoke , 

.~' If' 

4) Smoke2 " 
5) Age ,·'i"'" 

, 't-
6) Age 2 \: 

7) Smoke X Age 
8) Smoke X Total Dust 

Total dust was included in this group so that other 

-----,ax:PQS~___'V.ariables that proved to ~_~-i~~ficant in later steps 

would be contributing on the bas~s of the~r descr~b~ng profile 

of exposure and not because they were contributlng a 1 total 

dust 1 effect. The total dust squared term was added 1.n case 

there was a non-linear component to the total dust effect. 

Smoke was included sa that differences ~n exposure prof1.le 

between smokers and non-smokers would not lead to spurious 

variables being added later in the stepwise section of the 

l analysis. The smoke dust interaction term was adaea to check 
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the possibility that total dust exposure would act differently 

for smoker:s and non-smokers. 
[. 2 

Age al)Ô age were included to 

prevent exposure variables from describing an age effect rather" 

than exposure profile, the smoke age term was included to check 

for this interaction. 
\ -

3.4.2.2 Variables Entered Stepwise 

, M:>st of variables eligible for entry in a stepwise fashion 

have already been descr~bed. A complete listing ia given Table 

7 below. ) 

Table 7 Variables Eligible for Stepwise Entry 

02 Oust weighted by age 

03 Oust weighted by residence time 

04 Sum of annual dusts2 

, , 05 Oust weighted by years sinee starting Job 

06 Dust weighted by calendar year in which it 
" 

occurred 

DB Number of years with dust over 5 mppcf 

09 Oust exposure in the f~rst 5 years on the Job 

Peak Highest annual dust levei while worhng 

Avdust Average annual dust while working 

Tserv Total years working 

Fexp Years sinee first exposed 

1 
i 

1· 
1 
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AlI the above were potential descr~ptors of exposure 

3 profile except age • rt was included in case age had been 

undercorrected for by age and 
2 

age. This was fè'lt to be 

unl1kely and the inolusion of age3 was not vüal to the, 

purposes of this study. 

A number of 'different dust effeots cOllld be expressed 
1> 

~hl'Ough varl.OUS combinations of the descr~ptors of the dust 

profile hsted in Tabfe 7. The var~ables were construc teu w{th. 
, 

several potent~al effeots in mind, the general rat~onale was to 

provide varl.ables that wou Id, cover as many aspects of exposure 

profile as possible while keeping calculat~on and the riumber 'of 

variables to manageable pro port U)t1"3, 

- \ 

/ 
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4 RESULTS 

4.1 Further Characteristies of' Study SUbjects , 

'----. 

Men were sélected for inclusion in the study by crJ.teria 
, 

already mentioned. Howevel', there are a f'ew charactel'istics' of 

interest that were not part of the inclusion oriteria. The most 

obvious of these is smoking status. The tables below provide 

f'urther information regarding the men t s years . sinee f'irst 

exposure, their total. years of exposure, and thelr smoking 

status on the test date. 

Table 8 Years Since Flrst l!:xposure 

Years N ! Years N ! 

0-5 127 (12.9) 31-35 44 (4.5) 

6-10 107 (10.9) 36-40 121 (l~. 3) 

~ 

11-15 /)3 (8.4) 41-45 65 (b.o) 
", 

16-20 165 (16. ~) 46-50 37 (3: /) 

21-25 134 03.6) 51+ 2 (0.2) 

26-30 98 (10.0) 1 

" 

-, 
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Table 9 Total Years Of Servlce 

Years N - ! 

0-6 146 (14.9) 

,6-10 95 (9.7) 
~. ~ . ~ 

11-15 99 (10.0) 

16-20 162 (16 • .5) 

21-25 162 (16.5) 

• 
Table 10 ,Smoki!:!fi Status 

N 

Non-smoker 115 

Ex-smoker 130 

Smoker 738 

./ 983 

Years 

~ 

31-35 

36-40 

40+ 

! 
{lI. 7) 

(13.2) , 

(75.1) 

(100.0) 

. 
N ! 

100 (10.2) Cl 

90 , (9.2) 

b~ (b.9) 

63 ( 0.4) 

0.\ 
J The 'abov~ tables show that the overwhelmlng maJorlty ot' 

men were 5rnakers. ~ The shapes of the frequeney d1::~trl~utl0ns 

for total years of serV1.ce and years Sl.nce fl.rst expasure are 

quite siml1ar. Th13 is to be expected S1nee most men WlP,'re 

employed fal.rly' steadily l.q the' area. As the varl.ables, years 

sinee fl.rst exposure and total Jears of servl.ce, are ,so closely 

~ "')f related . 1 t l.S Unl1l<ely that there wll1 be much dlfference ln 

their relatlonship ta the dust varlables. Tables èl and y 

demonstrate 'however that t~ lS a hlgh de~ree of vàr1ablllty 

1n the time spent work1ng. 

v 
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4.1.1. ,Cross-Tabulations Of SubJects by A§; ~oking Status l' 

-----~ With Selected Exposure A~ponse Variables i 

, ~~----- 1 

-----~~-~ 1 
T~ovide further 1nformation on the relationship of 
~ 

exposure and response to different age groups of workers, the 
f, 

following tables have been prepared (Tables 11-15). 
o tl 

4.2. Dust Variables 

4.2.1.Correlation Between Dust Variables 

-, 

The maJor comp~nent of most of the dust variables was a 

combination of a man's annual dust exposures, although some of 

the variables were based only on exposure t1me. There would be 

little pOint in attempting to improve on the response 

predict10n made by total dust 1f aIl the other exposure 

variables correlated nearly perfectly with total dust. To cheCK 

the degree of correlahon between dust var1ables Table 16 was 

created. 

The correlations in Table 16 ri;lnge from 0.264 to 0.9b4, 

with most tending towards the high end of ~hê range. As could 

be expected, aIl correlations are positive. 'l'here are some 
fi 

patterns that emerge from Table 16 which are readily explained 

by the origin of the variables. For example, the ~wo variables 

containing a squared dust term are more highly correlated with 

each other than with those containing a 11near dust terme .. 
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( Table 11 %~ Predicted FEV 1 by Age and Smoking Sta tus 

Age % Predicted .FEV1 

0-60 ' 61-70 71-80 81-90 91-100 '~ 1 100+ 

21-25 NS 1(12.5) 2(25.0) 3( 37.5) 2(25.0) 
X 4"( 80.0) 1(20.0)° 
S 5(27·8) 7 ( 38.9) 6(33.3), 

26-30 N~~ 1(11.1) 3( 33. 3) 2(22.2) j( 33· 3) 
, 'X 3(75.0) 1(25.0) 

!' S 2( 4.3) 11(23.4) 15(31.9) 19( 40.4) 

31-35 NS 1(12.5) 2(25.0) 2(25·0) 2(25.0) 1(12.5) 
X 2(40.0) 1(20.0) 2 (40.0) 
S 2( 3.8) 4( 7.7) 5( 9.6) 22(42.3) 19(36.5) 

36-40 NS 2(11.8) 5(29.4) 8 (47.1) 2( l1. 8) 
X 1( 7.7) 4(30.8) 5 ( 38.5) 3( 2".1) 
S 3( 4.2) 7( 9.7) 13(18.1) 20(27.8) 29 (40.3) 

41-45 NS 1(11.1) , 2(22.2) 5(55.6) 1(11.1) 
X l( 7.1) 3(21.4) 3(21.4) 5 ( 35.7) 2(14.3) 
S 2( 2.5) 1 ( 1.2) 4( 4.9) 15(18.5) 26(32.1) 33(40.7) 

46-50 NS 1( 8.3) l( 8.3) 1( 8.3) 2(16.7) 6(50.0) 1( 8.3) 
X 1 ( 8.3) 3(25.0) 3(25.0) 3(25.0) 2(16.7) 
S 4( 3.9) 2( 1.9) 17 (16" 5) 29(28.2) 25(24.3) 26(25.2) 

51-55 NSl 1( 8.3) 1( 8.3) 5(41.7) 3(25.0) 2(16.7) 
X 4(20.0) 2(10.0) 5(25.0) 4(20.0) 5(20.0) 
S 4( 4.5) 8( 9.0) 12(13.5) 19(21.3) 23(25.8) 23(25.8) 

t / 
-

56-60 NS 1( 7.1) 2(14·3) 4(28.6) 4(28.6) 3(21.4) 
X 2(13.3) 2(13·3) 5(33·3) 3(20.0) 2(13.3) 1( 6.7) 
S 4( 4.2) 7( 7.3) tO(10.4) 27(28.1) 23(24.0) 25(26.0) 

61-65 NS 2( 7.6) 3(11.5) ,,5(19.2) 9(34.6) )'( 11. 5) 4(15.4) 
p X 7(15.9) 4( 9.1) 9(20.5} 11(25.0) 10(22·7) 3( 6.8) 

Sll( 6.1) 12( 6.7) 37(20.6) 29(16.1) 38(-21.1) 53(29.4) 

) 
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Table 14 Cumulative Oust Exposure by Age and Smoking Status 

Age Cumulative Oust Exposure (in mppcf-y) 

0-.50 .50-99 100-199 200-399 400-799 800+ 

21-25 NS 8(100) ; 

X 5(100) 
S 18(100) 

26-30 NS 8(88.8) 1(11.1) 
X 4(100) 
S 45(95.7) 2( 4.) 

31-35 NS 6(75.0) 1(12 . .5) 1 ( 12.' 5) 
X 3(66.0) 1(20.0) 1(20.0) 

1 
S 41(78.8) 10(19.2) 1( 1.9) 

36-40 NS 11 (64.7.> 4(23.5) 2(11.8) 
\ X 4( 30.8) 3(23.1) 5(38.5) 1( 7.7) 

S 36(50.0) 11(1.5.) 6( 8.3) 10(13.9) 7( 9.7) 2( 2.8) 

41-45 NS 5(55.6) 2(22.2) 2(22.2) 
X 6(42.9) 4C28. 6) 2(14.3) 1( 7.1) 1( 7.1) 
S 30 (37.0) 14(17.) 23Ci28. 4) 12(14.8) 1( 1.2) 1( 1.2) 

46-50 NS 4(33.3) 3(25.0) 2(16.7) 1(.8.3) 2(16.7~ 1 
X 3(25.0). 3(25.0) 3(25.0) )(25.0) ; 

1 

S 38 ( )6 . 9) 19 ( 18 . 6) 18(17.5) 10( 9.7) 10,( 9.7) 8( 7.8) 

51-55 NS 6(50.0) 1( 8.3) 3(25.0) 1( 8.3) 1( 8.3) 1 
X 2(11.1) 3(16.7) 2(11.1) 3(16.7) 5(27.8) 3(16.7) 1 
S 25(28.1) 12(1).5) 20(22.5) 13(14.6) 9(16.7) 10(10.1) 1 

56-60 NS 4(28.5) 3(21.4) 3(21.4) 1( 7.1) 2(14.3) 1( 7.1) 1 

1 
X 6(40.0) 1( 6.7) 2( 13;3) 2(13·3) 4(26.7) 
S 25(26.0) 8( 8.3) 18(18.8) 20(20.8) 16(16.7) 9( 9.4) 

61-"&5 NS ' 6( 2).1} 2( 7.7) 3(11.5) 8( 30.8) .--3{11. 5) 4(15.4) 1 
1 X 10(22.7) 5(11.4) 8(18.2) 11(25.0) 6(À3. 6) 4( 9.1) j 

S 18(10.0) 21(11.7) 27(15.0) 36(20.0) 40(22.2) 38 (21.1) 1 . 

\ 
\.. 
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(~ Table15 Years of Service by Age and Smoking Status 

Age Years of Service 

0-5 6-10 11- 20 1 21- )0 31+ 

21-25 NS 8( 100) 
X 5(100) 
S 16(88.9) 2(11.1) 

26-30 NS 6(66.7) 3(33.3) 
, , 

X 2(50.0) 2(50.0) 
S 23(48.9) 20(42.6) 4( 8.5) 

31- 35 NS 1(12.5) 2(25.0) 6(62.5) 
X 2(40.0) 3(60.0) 
s 18 ( 34.6) 19(36.5) 15(28.8) 

36-40 NS 2{ 11.8) 4(23.5) 10(58.8) 1( 5.9) 
X 2(15.4) 7(53.8) 4( JO. 8) 
S 10( 13.9) 12(16.7) 43(59.7) 7( 9.7) 

41-45 NS 2(22.2) 2(22.2) 2(22.2) 3( 33.) 
X 2(14.3) 3(21.4) 4(28.6) 5(35.7) 
S 6( 7.4) 14(17.) 36 (44.4) 25 ( JO. 9) 

46-50 NS 1( 8.) 6(50.0) 5(41.7) 
X l( 8.3) 5(41.7) 6(50.0) 
S 9( 8.7) 13(12.6) 34(33.0) 42(40.8) 5( 4.9) 

51- 55 NS 3(25.0) 1 ( 8.3) 4(33.3) 2(16.7) 2(16.7) 
X l( 5.6) 4(22.2) 8(44.4) _ 5(27.8) 
S 9(10.1) 8( 9.0) 24(27.0) 32 ( J6. 0) 16(18.0) 

56-60 NS 2(14.) 4(28;6) 4(28.6) 4('28.6) 
X 3(20.0) 3(20.0) 1 ( 6'.7) ~( 6.7) 7 (46.7) 
S 8( 8.J) 3( 3.1) 21(21.9') 3 (37.5) 28(29.2) 

61-65 NS '~ ,1 4(15.4) 6(23.1) 16(61.5) 
X 4( 9.1) 18(40.9) 22(50.0) 
S 7( 3.9) 1( 0.6) 19(10.6) 53(29.4) 100(55.6) 
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Table ,6 Correlations between Oust Variables 

1 
1 
1 

r 
Oust wgt by 
yrs working 

Tot. Oust 1.000 

(Tot. Oust)2 0.86) 1.000 

Age wgt Oust 0.971 0.812 1.000 

rime wgt 
0·957 0.882 0.861 1.000 Oust 

HAnn.Oust)2 0.898 0.945 0.8)0 0.9)1 1.000 

Oust wgt by 
0.909 0.765 0.921 0.858 0.758 1.000 yrs working 

Oust wst by 
calendar yr 0.977 0.803 0.984 0.873 0.824 0.896 1.000 

/; yrs more 0.709 0.41) 0.7)0 0.608 0.429 0.7)2 0.745 1.000 than 5mppcf 
i\,. 

Dust in lst 0.823 0.694 0.7/16 0.824 0.801 0.585 0.777 0.515 1.000 5 years 

Yrs sinee 0.494 0.2é4 0.484 0.494 O. )0) 0.565 0.468 0.60) o. )65 1.000 lst exposure 

Yrs of exp. 0.499 0.266 0.489 0.486 0.288 0.534 0.481 0.611 0.)62 0.918 1.000 
Peak Dust 0.841 0.60) 0.799 0.802 0·7J9 0.728 0.82J 0.613 0.809 0.472 0.455 1.000 
Ave. Oust 0.950 0.779 0.941 0.656 0.8J9 0.822 0.968 0.685 0.825 O. J9)"'> 0.372 'i" 0.8J9 

~ 
1 

" 

:> 

.... '0 r' "e Ili<..tz::t'e', ---~~~-~.:o.:...~'---""'---",,-________ _ 
..... " ,-, « " OI'_.-..--. ______ ~. ______ _ 

~ 



----------- - ~ -~-~---- ,..------ --- --\ - - ----------

--, 
~ 

.. 

60 

c The variables made up of various linear' weightings of 

annual dusts tend to be correlated fairly highly wi~h each 
f 

other. The variables that are created from other l.nformation, 

such as years of exposure, years sinee first exposure, and peak 
, 

dust are not eorrelated as hignly as are the dust variables as 

a rule. However, high correlations are found between closely 

related variables sueh as years sinee first exposure ana total 

years of exposure. 

4.3. Response Scales \ 

4.3.1.Deseriptive Statistics 

4.3.1.1.Response Scales 

Descriptive statistics for the rive response scales are 

presented below. A range of score is necessary ta show any 

relationship between exposure and response. 

Table 17 Descriptive Statisties for Response Scales 

~~ Standard 

Range Deviation Meol.an Mean 

Response l -170.67 - -20.84 16.55 -9'i.. '77 -91.70 

Response 2 4.66 - 40.69 4.45 10.17 .11.02 

Response 3 0.0 - 3.167 0.34~ 0.00 0.104 , 

Response 4 -12.0 - 0.0 4.66 , -6.55 -6.36 

Response 5 0.0 - 21.0 5.13 4.07 ~.34 

\ 
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4.3.1.2.Components of Response 2 
----------------------

Descriptive statistics for each variable in Response 2 are 

presented below. This was done to determine whether the 

variation was contributed by aIl components of ~ scale or 

whether most of it came from one source. As Table lB shows 

there was good variability on aIl components of the scale. 

,Table 18 Range of Scores on Components of Resp 2 

Standard 

Range Deviation Median Mean 

Q60 0.0 - 2.0 0.879 0.640 0.805 

FVC 0.350 1.567 0.147 0.9376 0.~315 

SRO 1.5 - 8.5 0.410 2.011 2.074' 

sm 1.5 - 9.5 0.680 ) 2.108 2.331 / 

4.4 Results of Regressions 

Results of the regression equations are presented in the 

following 5 sections. In Tables 19-23, beta refers to the 

standardized regression coefficient for the final regression 

equation with aIl the variables in the tab~e. The correlation 

column gives the simple correlation between thé response scale 

and that particular variable. The partial correlation gives 

the corre~ation for that variable as the last variable entering 

the final equation (ie. with aIl other variables in the 

1 

J 

1 
1 

;' . 
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model) • The p value gives the significance of
o 

the part~al 

correlation. 

4.4.1. Response l - Airflow Limitation 

, , 
Three of the variables eligible for stepwise inclusion 

were significantly related to Response l at the p=O.l level. 

These variables are dust weighted for years of residence in the 

lung 1 the sum of the annual dusts squareà, and the average 

annual dust level. The coefficient for the sum of annual dusts 

squared is negative; the' coefficients for the other two 

variables are positive. A summary of the regression results ~s 

given in Table 19. 

Only two of the initial eight variables were still 

signif~cant a t the p=O.l l evel after the stepwise variables 

were entereà. Not surpr~ Singly these were the smok~ng 

variables. For the purposes of the regression s, smoking was 

coded as: 0- non-smoker, 0.5- ex-smoker, and 1- smoker. The 

smok~ng2 
1 

values of" the smoking and variables wül be the same 

----------- ---ror--sIDoker's--and-non-smoker-s-.---smok-]:~ould--take - a - -lowe~----_-,-' __ _ 

1 

value than smoking for ex-smokers. For Response l the overall 

smoking effect 1:S nega tive wh~ch could be pred~cted on the 

basis of the negative correlations between smoking 'ana Response 

l in Table 5. 

The overall association witn the three sie,nifl:cant dust 

variables is posit~ve. The dust exposure profiles that the 

\ 
regressioq equation suggests, are most strongly, related to 

~ 
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Table ~ Correlation Of 8ir~low Limi~ation (Res2 1) with Dust Variables 
'\.. 

Variable Beta Correlation Partial Corr. P value 

Age 0.3749 0.1988 0.0422 0.1600 

(Age) 2 -0.2919 0.1964 -0.0336 0.2636 

Total Dust -0.0241 - 0.2252 -0.0025 0.9336 r( 

(Total Dust)2 
, 
~o. 0)55 0.1119 -0.0096 0.7482 

1 
Smoking 0.4404 -0.1171 0.0733 0.0148 

(Smoking) 2 -0.5111 -0.1407 -0.1048 0.0005 

Smoking . Dust -0.0517 0.1744 -0.0125 0.6766 .1 
M; Smoking . Age -0.0902 -0.0080 -0.0180 0;5584 

Variables entered st~wise 

Dust weighted 0.4079 0.2055 0.0666 0.0267 
for years of 
residence 

Sum of (Ann. 
Dust) 

-0.3883 0.1316 -0.0798 0.0080 

Ave. Dust 0.264.3 0.2169 0.0528 0.0791 

y 

~-~~---------------
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roesponse are ones that were receive.d early on in a worker' s 

ca~eer'. High average (or short) dust exposures also seern to be 

a predictive factor. The sunl of annual dusts 2 
i5 we~ghted 

negatively. Worker'S who accumulated high dusts through high 

intermittent exposures would have nigher scores on th~s 

variable than those who aeeumulated the saroe total dust th~.ough 

steady ~ut lower annual exposures. 

Although the 
2 

partial correlat~ons fol' age and age are 

not signifieant a t 'p=O.l, the beta coefficients ~ndicate tha t 

the y are an important part of the final regress~on equat~on. 

The contribution of age ~s less than linear as the beta 

coefficient for age2 is negatlve • 

4.4.2. Response 2 Pulmonary Fibrosis 

The relationship between dust variables 0 and responses on 
, \ 

this seale is of special signif~eance because it lncludes the 

radiographie variables, SIO and SRO. 

On the eight initially offerea variables, only total dust 

has a significant partial correla tion ~n the final equation. 

Two of the stepwise dust variables are related to Response 2, 

both negatively. The negative we~ghtlngs of both the avera/se' 

~ dust and the sum of annual dusts gives less we~ght to tnose 

total dusts accumulated by high exposures over a short per~oa 

of time. Examples of this would be workers exposed to brief 

intense exposures and workers who have had "peaks" ~n their 

exposure profiles. 

. , 

,4 
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There is also evidence for an age effect. The relationship 

with age appears to be second order, as evidenced by the size 

of the absolute va:l;ues of the beta coefficients for age a'nd 

2 age. ,A summary of results is provided in Table 20. 

4.4.3. Fiesponse 3 Pleural Fibrosis' 

. 
The results for Resp 3 are summarized in Table 21. 

o 

Pleural fibrosis shows some indioation of an age effect that ~s 

between first and second order. There is seant ev~aence to 

suggest that pleural fibrosis is related, to smolüng. The 

correla tions of either smoking or k - 2 smo ~ng with pleural 

fibrosis are, low, -0.0008 and -0.0055 ,respectively. The beta 
1 

coefficients in the final regression equation are small, almost 

equal and of opposite signe 

The dust effect seems to indicate that tWQ aspects of 
't 

profile are of importance. ,The positively signed dust 

variables include two that' would we~Bh early and long-term 

exposures more heavily. These are years since first exposure 

and duat weighted for years of residency in tne lung. Two 

other variables seem to indicate a "peak" effect. Theae are 

the number of years wi~h greater than 5 mppcf expoaure and the 

sum of the - (annual 2 dusts) • The" latter variable and the 

total, dust squared both check for seoond order relationships 

between dust and response. However the two variables are 

slightly different. Two workers with the same 2 total dust 

may have quite d~fferel'lt values for the sums of their annual 
, . 
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Table 20 Correlation of P~lmonary Fibrosis (Resp 2) to Dust Variables 

Ya·riable Beta Correlation Partial Corr. P value 
0 

Age -0.?66~ 

(Age) 2 o. z6.5) 

0.3651 -0.0075 0.7950 

~ 0.)677 0.0)07 0.2901 

Total Dus,t 0.6998 0.2592 0.1221 . 0.0000 
2 (Total Dust) . 0.01?? 0.1494 0.8569 

.., 
0.0052 f 

1 

Smoking -0.1661 0.0905 -0.0277 0·3399 1 -
1 
1 

(Smoking) 2 0,1324 0.0880 0.0272 0.)488 l 
1 

Smoking .~ Dust -0.0054 
iCi 

0.2534 .- -0:0013 0.9639 

Smoking . ft:ge 0.1335 0.2614 0.0267 0.3568 

Variables entered ste~wise '-./ 

Sum of (Ann. -0.3526 
Dust) 

0.1436 -0.0973 0.0008 

Ave. Dust -0.2525 0.2115 ~0.0708 0.0148 

/ 

~: 
<:. 
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Table 21 Correlation of Pleural Fibrosis (Resp_3) with Dust Variables 

Variable 

Age 

(Age) 2 

Total Dust 

~ . 

: (Tota!.- Dust)2 

Smoking 

(Smoking) 2 0 

Smoking • Dust 

Smoking • Age 

Beta 

-0.2907 , 

0.4287 

-0.6643 
o • 

'..9.2097 

0"0466 

-0.0406 

0.1881 

-0.0479 

. Variables entered stepwise 

Years sinee 
first 'exposure 

, 

0.1239 

Dust weighted for 0.l514 
years of residenee 

# of years with 0.1965 
more than 5mppcf 

Sum of (Ann. O. Ji 7-7 
Oust) 

n-mnarr: ....... ~ 

Correlation Partial Corr. P value 

0.2259 -0.0328 0.2856 

0.2326 

0. 1014 

0.0494 0.1076 " 1 

-0.1063 0.0006 1 

0.0359 -0.0653 0.03.35 .. 

... 0.0008 0.0078 .., 0.8002 

-0.0055 -0.008.3 0.7859 

0.0927 0.0455 0.1379 

0.1095 -0.0096 0.7551 

'. 
~ 

0.2470 0.0698 t· 
0.023~ 

.' 
• 4' 

Q.1204 0.0545 0.0758 

0.17.3.3 0.0991 0.0013 

0.0682 
/' 

0.0708 0.0211 j 

--
:.... 
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2 dusts. The worker' who has aecumulated his exposure from 

alternating higtl and low levels will have a higher value for 

the sum of annual dusts2 than a worker who has accumulated 

the same total exposure from steady annual exposures. 

4,4.4. Response 4 Bronchi tis 

For this ,seale the highest beta coefficient lS for 

'smoking2, as shown in Table 22. ThlS lS hardly surprls1ng, 

as smoking has long had an association with bronchltis. 

Smoking itself is negatively. ngned and while it r~duees the 

'effeet of smoking2, the overall. smoking effeet remains. nie 

higher weighting given .to smoking2 may indieate that 

ex-smokers are more like non-smokers than smokera wi th. reapee t 

to their responae on this variable. 

Age and age2 seem to play little effeet. The,! sam~ is 

true 
2 of total dust and total dust • The age weightea' dust 

variable is heavily weighted, indicating that duat exposures 

."fr 
occurring at later ages may be more harmful. The relationship 

of the other dust variables ta response is a little more 

complièated. The variable, aust weigh ted t'or calendar year, 

weights reeent' dusts more heavily than those in the pasto It 

differs from dust weighted for years of residenee not only by a 

constant, but is Opposlte in sign as weIl. Dust weighted for 

calendar year, with i ta negative coeff:i:cient would act to 

reduee the dust weighted for age effeet, as aIl workers get 

older with an increase in ealendar year. The SUIn of the annuai 

- __ .______ :J 
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Table 22 Correlation of Bronchiti~ CResp 4) with Dust Variables 
r or 

Va:-iable Beta Correlation Partial Corr. P value 

Age 0.2811 0.1'353 0.0296 0.3'303 

(Age) 2 -0.2501 0.1327 -0.0263 o 0.3864 

-~tal Dust 0.0735 0.1189 0.0086 0.7770 

(Total Dust) 2 0.0699 0.0698 0.0256 0.3982 ,; 
! 

Smoking -0.5369 0.2259 -0.0892 0.0034 

(Smoking) 2 0.702) 0.2494 0.14)8 0.0000 

Smoking . Dust 0.0373 0.1540 0.0090 0.7670 

Smoking . Age 0.0699 0.2640 0.0140 0.6455 

Variablès entered ste~wlse 

Dust weighted 0.5586 0.1380 0.0769 0.0115 
for age 

Sum Oz (Ann. -0·3119 0.0609 -0.0709 0.0197 ~ 

Dust) , 
\ 

Dust weighted -0.4571 0.1267' -0.0520 0.0867 
for calendar 
year 

) 

, 
~ 
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dusts2 enters the equation with a negative coeff~c~ent, 

reducing the effect of years of very high exposure. 

4.4.5. Response 5 Airway Reactivity 

The largest absolute value of a beta coeffwient for the 

in1tially entered e~ght variables is 0.1836 for age. Other 

pos1tive betas of note include -0.lb72 for total dust, 0.J.30tl 

for smok~ng squared, and 0.1017 for the smoking age ~nteract~on. 
'1 

S~x stepwise var~ables were include~ ~n the equat~on. The 

sum of the annual dusts2 , and thd number of years w~th more 

than 5 mppcf both have negative beta coeff~cents wh~ch maj 

indicate that peak exposures are of less s~gn~ficance than 

stead~er levels of <- expasur~. The four poslti vely signed 

var~ables are the tlust ~n the fU'st 5 years, dust weighted by 

the number of years work~ng, the dust welghted by age, and the 

average dust. Completev results are proVlded in Table 2j. 

4.5 Correlatlons of Dust Var~ables W~ th Response Scales 

One interest~ng f~nding 1:.0 ('(lIIl"! out of this study was that 

sorne af othe indivl.dual dust var~ables were correlated wl.th tl].e 

response to a greater, or at least equal extent, than was total , 

dust. Table 24 shows that far each Of the r~sponse scales, 

dust wel.ghted for years of WOrKl.ng has a hlgher carrelatlon 

than does total dust, althaugh far sorne of· the scales the 

/ 
correlat~on~ are almost the sarne. ,Two ather var~ab'les 

j 
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Tabl§ 23 Correlation of Airway ~ctiyity (Resp 5) with Dust Variables 

Variable Beta Correlation Partial Corr. R. value , 

Age 0.18)6 0.2904 0.0201 :'3.4963 

(Age) 2 -0.0081 0.2876 -0.0009 "- 0.9758 

rr:otal Dust -0.1672 0.2040 -0.0177 0.5508 

(Total Dust)2 0.0878 0.097) 0.02)8 0.4212 
> .. 

Smoking -0.0586 0.1~96 -0.0098 0.7419 

(Smoking) 2 0.1)08 0.1660 0.0268 
/ 

0.)660 
.-' ./ c --' // 

i 
Smoking . Dust -0.0344 0.2148 -0.0083 0.7789 : 

Smoking • Age 0.~017 0.2888 0.0203 0.4922 

Variables- entered stepwise 

Sum O2 (Ann. 
Oust) , 

j -0.454) 0.1016 -0.0995 0.0008 

Dust in first 0.246) 0.1817 0.09)4 0.0017 
'" 5 years 

.0 
, # of years wi th -0.1142 0.2189 -0.0578 0.0510 

more than 5 mppcf 
> 

Dust weight~d by 
# of years working 

0.1918 0.2116 0.0518 0.0802 

Dust weighted for age 0.2150 ,0.2J01 0.OJ80 0.1989 
-Average Dust 0.1428 0.2057 

~ 
0.0)40 0.2508 

"""f :3fit n li FtMrœt:t7vr" NoY en .. ''$ri ....... .o: .;a~ \ _'m ....... ; ~~ __ -......,~._.1 ___ _ 
-.-----~~~~~ ....... ....,.,.~'_~1:f'"' ... ~" "'_.1'" _. 1_ 
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incorporating annuai dust counts, dust weighted for age, ana 

dust weighted for calendar year, do as well as or bette,r than 

total dust in predicting response, as measured by the 

correlations in Table 24. Perhaps this is not surprising as 

they contain more information than does total dust aione. In 

addition to annuai dust information they contain information on 

a worker's age or number of years working. More surprising is 

the finding that years of service and years Sl.nce first 

exposure are the best single predictors of response. , ,;;. 
These 

variables do not contain any direct information on a worker' s 

total dust exposure, but only on the time of exposure. 

However, aIl these variables are interrelated to, some degree: 

total dust can only increase wi th time and Vl.ce versa. In 

general, those workers with the highest dust exposures wûl be 

the oldest and will have been working the longest. 

\~ 
Although it is tempt1nS to take the correlations in Table 

0. 

24 at face value, one must bear 1n mind that it 13 dlffl.cult to 

compare them without formaI tests of SiE!,lll.ficance. 

( 
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Table 24 Correlation of Res~onse Scales 1 - 2 with AlI Dust Variables 
, 

Airflow Lim. Pulm. Rci t,. Pleural Fib. Bronchitis Air React. 

Total Dust 0.225 0.259 0.101 0.119 0.204 

(Total Dust)2 0.112 0.149 0.036 0.070 0.097 

Dust weighted 0.226 0.277 0.098 0.138 0.230 
f'o~ age 

Dust weighted 0.206 0.244 
, 

0.166 0.120 0.099 
:for yrs. of res 

Sum of (Ann. 0.132 0.144 0.068 0.061 0.102 
Dust) 

Dust weighted 0.229 0.298 0.116 0.135 0.212 
by # of yrs. 
working 

Dust weighted '-,J .227 0.256 0.082 0.127 0.221 
for calendar yr. 

# of years withO.260 o. )00 0.17) - 0.137 0.219 
more than 5mppcf 

Dust in tïrst 0.180 0.178 0.085 0.093 0.182 
5 years 

Peak Dust 0.222 0.22) 0.105 0.084 0.197 

Ave. Dust 0.217 0.212 0.069 0.110 0.206 

Yrs. o:f serviceO.2)4 0.)40 0.218 0.101 0.2)0 
ts 

Yrs. since 0.239 0.346 0.247 0.121 0.256 
:first exposure 

'H,. , \ ~iir*1..tfi' .. n"'~$jhde ?%tC""" ,:;:;,t )5i'G(' .... -~~ oAit:rt)\ 00 L Z-w-''EC'"'''' 
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, 2 
4.6 Overall r for Regression Equations 

Var 

Resp l 

Resp 2 

Resp 3 

Resp 4 

Resp 5 

q::C~ 

Table 25 1'2 for Final Regression Equations 

2 
r (lst 8 var) 

0.1091 

0.1594 

0.0518 

0.0887 

0.1240 

2 
r (final) Stepwise Variables Added 

t'< 

0.1148 Dust wgted for yrs l'es. 

0.1750 

9. 0768 

o. (tg 61 

0.1400 

Sum of (Ann. dust).2. 

Ave. dust 

~ 
Sum of (Ann. dust) 

Ave. du st 

Yrs sinee lst exp. 

Dust wgted for yrs res. 

1) yrs more than 5 mppcf 

2 
Sum of (Ann. dust) 

Dust wgted for age 

2 
Sum of (Ann. dust) 

Dust wgted for cal yr. 

Sum of (Ann. dust)2 

IJust in lst 5 yrs. 

il yrs mere than 5 mppcf 

Dust wgted by il yrs work 

Dust wgted by age 

Ave. dust 

Clear1y the explanatory variables examined account for 

only a modest amount of the var1ability ~n the data. 
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Nevertheless, cons1deri'ng the wide range in indi vidual t s 

susceptibility and the necessarily crude estlmations of dust 

exposu.res in the early part of this cent urY t the correlations 

are as high as could reasonably be expected. In the present 

context, there appears to be no reason why these values, low as 

they are, cannot be used to explore the influence of 

differences in exposure profile. 

ft) t.{ ~ 
c, 
" 
'" l' , 

~ ~,. 
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5 DISCUSSION 

5.1 Correlations o~ Resp 1-5 with Dust Variables 

There are a number of ways of grouping the fi ve response 

sc ales with respect to the il" relationsh1ps to the dust 

variables. Table 24 shows that the correlat10n8 for 1 Resp 1-3 
\ 

and 5 with the dust variables indicate a similar pattern. The 

two variables, years of service and years since first exposure', 

are always among the three highest correlations for these 

respons~s. If the dust variable, number of years witn more than 

5 mppcf, is also included, one f1nds that these three dust 

variables are always ranked in tije highest five correlat1ons. 

The magnitude of these correlations is also roughly the same. 

with the exception of Resp 2 (Pulmonary Fibrosis). The 

correlations for Resp 2 are h1gher (approximately O.j4) than 

for the other ,three scales (which are approx1mately 

0.23-0.25) • Although i t would be preferable to have h1gher 

correlations, those obtained are credible given the 11mitat1ons 

of the data and the complexity of the responses. It is not 

surprising that the Resp 4 scale should stana alone with lower ,.. 

corre'rations and with a d1fferent pattern of correlat10ns to " 

the dust variables than d1d the other four scales. The lower 

correlations might be expected because bronchi t1S i3 related to 
.. ~ 

more 7xposures than are pulmonary and pleural fibro8is. 

One result that might not have been expected 18 the hi6her 

~orrelatio1}8 for pulmonary fibrosis than for pleural fibros1s. 
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Both might be expected to show a fairly strong relationship to 

some measure of dust exposure. Pulmonary fibrosis showed the 

highest correlations but pleural fibrosis had correlations of 

the same' magnitude as airflow limitation,', and a~rway 

reactivity. The reason for the lower correlation with the dust 

variables for pleural fibrosis is consistent with past studies 

which have also found that pleural disease shows less of a 

dose-response relat;tônship than parenchymal disease. Th1s may 

be because other host factors enter into the production of 

pleural disease. For example, parenchymal disease may show a 

0108er relation8hip to dust dose because it is initiated by a 

reaction of the. body at the site of deposition. Pl~ural 

disease, on the other hand, may require the clearance of the 

dust from the initial site of deposition and its transport to a' 

more periphèral location where the reaction would be in1tiated. 

This would provide one more way in which individual differences 

could manifest themsel ves and thus blunt the dose-responae 
, '\ 

relationships. 

The dust variables ,h'âving the highest correlations with 
" ( 

Resp 1-3 and 5 were all ~efined in terms of years ra ther than 

dust counts. At first glanee one might be tempted to attribute 

this to factors other than the total duat expoaure that would 
o 

be oontained in theae terms; theae_factors might include age, a 

residence effect, or slmply the fact that dust exposures were 

mu ch hi'gher in the pas t. Theae explanations are made less 

likely by the fact that variables "that combine total dust and 

these effects generally had lower correlations than did years 
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of service, years since f'irst exposure, or number of years of 

more th'an 5 mppef' • The diff'erence in the size of the 

correlations is not great. 

This finding may be '?rL some use to future researchers as 

it is mueh more dif'f'icult to obtain and calculate total oust 

exposures 'for each worker than to simply' look a t the number of 

years he has been working, or the number of years sinee he has 

started working. Some studies have already used the number of' 
/' 

years ,exposed as a measure of dose (1,,59). This study 'adds 

support for this approach. 

5.2 Discussion of Regression Results 

The main objective of' this study was to determJ.ne if any 

variables that describe' profile . of dust exposure would be 
) ... 

sigulficantlY related to the development of a response after 

other explanatory variables such as age, cumula ti ve dust, and 

smoking were taken into consideration. These results are 

discussed in the following sectlons, the results were presented 

in Tables 19-23. 

5.2.1 ResE l Airflow Limitation 
/ 

.~ 

Of the e±ght variables initial"ly enterea into the, 

regression, only smoking and smoking squared remalned 

signif'icant in the final equation. The beta coeffic~ents are 

opposite in sigr and the overall effect lS that smoking is 
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negati vely related to thé exposure. At t'irst glanoe this may 

seem a little incongruou~. The result may be understood by 

recalling how Resp l was calculated. It ls composea solely of 

the % predicted FEV; separa te regresslon equatio~ were used to 

derive the predicted FEV for smokers, non-smokers, and 

ex-smokers. The correlation of smoking w1th Resp l was negative 

which indicates that the use of separate regression equations 

in the calculation ot' % predicted Fè;V probably over corrected 

t'or the effect of smoking. This is probably because the people 

on whom the regression equation was based were not direotly 

" comparable to the men in this study. 

Among the dust variables, only th.r:-ee: dust weighteà for 

years of residence, the sum of the annual dusts2, and the 

average dust, are significant predictors in the t'inal equation. 

The sum of annual dusts2 1.s nega~ively signed, the other two 

are positive. The overall effect seems to be that early 

exposures are ~eighted the most heavily and that the same 

overall amount of dust is more harmful when recelved as a 

steady exposure th an it would be if received as a series of 

high exposures interspersed wi th lower exposures. 

These features all fit with the conception of airflow 

limitation as a slow, progressive process. The earlier dust , 

exposures are presumably more harmf'Ul because the retained dose 

(i.e. that fraction not removec,1 by clearanc~ mechanisms) has 

mor~ time in the lung in which to exert harmful effects. The 

reason t'or the signit'icance ot' average dusts is not as olear. 

This variable is very similar to to~~ü dust, but )fould giva 
"f 
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more weight to an equal exposure obtained over a shorter perlod 

of time. r·t would be compatible 'W1th a quasi-threshold effect; 
~ 

low steady dust levels could be handled by the body's clearance 

mechanisms but above this level the body's clearance capaoility 

would be overwhelmed. 

5.2.2 Hese 2 Pulmonary Fibl'osls 

The l'egression resul ts for Resp 2 show tha t total. dust 1S 

the largest single contributor to the equation. There is also 

evidence for an age effect, the relationsh1p be1ng better 

descl'ibed by age squal'ed than by age. Tne smok1ng age pl'oauct 

has a beta of greater than 0.1, indicating that there 1S sorne 

interact10n between smoking and age, w1th smoking exertlng more 

of an effect in the eldel'ly than in ,the youn~. 

The two dust variables entereo stepw1se are both 

negatively signed. They may both be indlcating the same 

effect, namely that for the same total. dust', the dose that was 

accumulated in the shorter period wi th~'pëaks and dlpS in the 

exposure pattern is less harmful than a long-term steady dose. 

This may be deduced by consider1ng the values of the sums of 

the annual dusts squared for two workers w1th the same total 

dose by d1fferent prpfiles of exposure. Fot:' example, a w,orker 

whose total exposure 1S 100 mppcfy wlll have a sum of annuai 

dust squared of 1000 if he accumulatèd that total by having an 

exposure of 10 mppcf for ten years. If the same total dose was 

accumulated by five years of exposure at HI mppcf and five 

" 
,1 , 

~' 

1 

f 

\ 
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years at 2 mppcf , the' sum of the annual dusts squared would be 

1646. Similai'ly it may be seen that the average dust score w+ll 

be higher for workers who accumulate a g~ven total dust through 

a short high exposure' th an for those who accumulate ~ t through 

li lower but longer exposure. 

The f~nding that total olUSt is the most J.mportant 

descriptor of dust exposure for those who develop pulmonaçy 

fibros~s should come as no surprise. This measure of exposure, 

has been used in several ~tudie3 ln the past WhlCh use x-ray < 

°changes and mortality as response Uleasures t49, 54, :'6). Thl.s 

response scale included pulmonary x-ray changes siml.lar to 

those used in previous studies. One mlght also expect that the 

x-ray changes lnc1uded in Hesp 2 wou1d be more closely related 

to death from asbestosis than the resiJonses incluàea ln the 

other scales. 

5.2.3 Resp 3 Pleural FibroS1S' 

The regressl.on for this saale ylelded ''the 'lowest r~ of 

the 5 scales. Simi1arly a look at Table 21 sbows. that the 
, 

correlations between Hesp 3 and all the predlctor varlables 
1 

tend to be lower than for the other scales. Agaln thls ~s 

consistent with past studles WhlCh have Shawn less of an 

" 
assoclation between dust exposure and pleural changes than for 

o ther pare nchy mal changes. 

As 'fable 21 demonstrates, SmOklDg has no relatlon to the 

deve10pment of pleural fibrosis. There ~s eVlc1ence for an age 
.' 

.. 

( 
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effect that is more than linear but less than second order. 
( 

Dust eXP9sure is related to pleural fibrosis, seve1 of 

the descriptol'S' of exposu!,e profile were significantly reratea 

\) 

to Resp .3. With the inclus~on of Lhese" var~ables ~n the 

stepwise section, the beta coefficients fo~ total dust and 
d 

2 (total dust) are both negative. AH four of the aust 

variables entered stepwise have posit~ve beta coefficients and 

might be thought of as descrJ.bing . two profile effects. Yedrs 

since first .exposure and dust weJ.ghted for years of resJ.dence 

indicate that early exposures are more' harmful. Whether this is 

due ruerely to the passage of time sinee the exposure or other 
r 

factors is not clear. The other two variables, number ot' years 

/ ë 
with more than 5 mppcf and the suru of the (annual ousts) , 

describe a peak. effect. The presen~ of both these val'~aOles 
indieates that very iQtense e'xposures ovel' a briei' perloo may 

be more harruful" than the sarne total exposure _spreaa over a 

longer periode 

One might _speculate that th~s is due to an overwhelruing of 

the clearance mechanJ.sms' dur~ng periods of hl.gh exposure. Vust 

particles might not be cleared as compJ:etely-, sorne of the 

partiales transported 

might become trapped 

ta the lung per~pher:Y, but not removed 

1 
permanently and would, over tJ.me, oe 

, 
increasingly IJ.kely to trigger sorne pleùral reactlon. 

f 
f 

>! 

1 
1 

~: , 
1 

1 

r 
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5.2.4 Resp 4 B~nchitis 

The greatest contrlbution ,,-:0 (the regresslOn equation fol" 

Resp 4 comes from smoking. Thls might have been expected t'rom 
'>../ 

'\ 

p~st studies and had the results shown otherwise 'doubts mlght 

v J 
have been cast on the valldlty of .thls study's methoCiology. 

Smoking squared provides a better flt than smohng. As alreaay 

di~cussed, the two" variables differ only ln the value asslgned 

to ex-smokers. Apart from the smoking effect there lS llttle of 

importance in the first eight varlables. 
• - .1 'f ' , 

The three dust varlables enterea ln the stepwlse sectlon 

were dllst weighted for age, 
2 '\ 

the sum of the annual dusts , and 

dust weighted for calendar year. The age welghted aust 

variable weights dusts received at older ages more heavlly • 

. Dust °weighted for 'calendar year welghts 
( -
'J 

recent dusts more 

heavily thap the early ones. Thus, to a certaln extent, both 

bath varlables will welght tne same dusts (l.e. for all workers 

'" 
more recent dusts ·occurred Vlhe~ they were older th an they were 

when they received their earller dustsY. The Opposlte SlgnS 

for the beta ~oefflcients lndlcate that they cancel to some 
1 

degree. T~e age welghted dust lS more heavlly weighted ln the 

regression. The sum of the annual dusts squareo has a ne/::)dtlve 

coefflclent, ~ agaln indica ti ng less of an effec t for peak 

exposures than for the same·· cUlj1ulat~ve dust obtalnea by a 

steadler profile. 

," 

" 

l 
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( 5.2.5 itirway Reactivity 

1 

Of the eight 
o (~ 

ini tially 'enteP'ed var~ables 

k . 2 smo :U;1g , 

coefI:icients 

contribution 

Among 

dusts 
2 

and 

and the smoking ~aBe ù interaction 
0. 

greater than O.l. Total dust had 

ta the final equabon. 

the stepwise variables the sum of 

the number of years with 
, 

more than 5 

only age, 

had beta 

a ne~ative 

the annual 

mppcf both 

ma<l.e negative contrilJutions., the former. more than the latter. 
~ , 

The effect of both of these would be ta weight peak ex~osures 

less than steady ànes. The posltively slgned varlables were 

dust in the first flve years, dust wei!$hte<1 by number of years 

working, dust weighted by age, and' the average dust. The beta 

coefflcients for these variables range from 0.14-0.24. 'l'he 

dust welghted by age and ~y number of years work~nls descrlbe 

the same type of effect, namely that of welghtl.rlg the recent 

expos ures more hea vily. Th~s' would seem to be an effect 

opposite to that expressed by the dust ln the llrst flve 

years. Welghting of recent dusts mak~s sense ln that alrway 
/ 

reactivi ty might be considered an acute, short":'term effect of 

dust exposure. Perhaps 

five years could be as' a 

of'lat~r dusts exposùres. 

the lmportance /o~ dust ln the first 

"sensitlzer",/exa6erbatlng the effects . , 

While ~ t<l.s temptlng to' speculate ln 
\ 

this manner, the datp. are not i sufflcient to allow any flrm 

conclusions on thls questlon. 
J • 

pompared wlth the results for 

Resp 1-4, the results for Resp 5 are less clearcut, wlth more 

variables and lower beta coefficients. 

" 

_ ..... 
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'5.3 Plausibility Of pose Effects 

The ana.1ysis in the preceding sect~ons ina~cates that the 

" efEect of profile of dust exposure may vary w~ th, the response. 

D~fferent' responses have been shown to be associatad with 

certain aspects of exposure. To the extent that Resp 1-5 

reflec~ markedly different patho10gical processes, the 

éi~fference in the profile e;t'fects . may be reasonab1e. 

, 
Furthermore, the effects of IProfi.le for 'the various responses 

\ t 
are cO)1sistent wi th what is known about the path@genes~s of' 

those responses. The contribuhon of other explanatory 

var~ables sueh as smoking and age are also generall;i consistent 

with what ~s known a])out the c11nlcal e~tüies the var~ous Resl-' 

scales attempt to describe. Examples of the plaus~bllÜy of 

these dose effects may be drawn from the responses on any of 
( 

the Re sp scale s.' 
1\ 

5.4 Reiatlonship of Flndlngs to Past StudJ,es 

The results of the present study do not contrad~ct the 

results of previous work. They conf~rm exposure response 
/ 

re1at~onships that haye been found ~n ather stud~es whlcn have 

looked at the relationshlp beEween dust exposure and 

non-mall.gnant asbestos assoclated' dl.sease. 

il Dose-response in' previous studl.€S has been def~neQ ~n 

terms of cumulative exposure (total dust) (41),54,56) or ~n' 
'" 

.'" 

.. 
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terms of years spent working ,with asbestos (l,57). As already 

discussed both have limitations.' Table 24 shows that aIl Resp 

saales were correlated with cumu'lative (total) dust as well as 

with variables more akin to those usea by SeliJwff et al (years 

since starting work and total years of service). Altho).1gh a 

comparison is not mad~ between the two methoas of estimati'ns . 
dose, Table 24 shows that both these ways ofestimat~rlis dose 

b ' 

can pro duce .similar correlations with the f~ve respons~ scales. 

The present study soes beyond Just demonstrating an 

exposure-response relationship and tries to oimprove upon those 

J 
established in past studies. To a limüed exteI).t the attempt 

has been successful. It has been demonstra ted tha t for all the 

l'esponse saales there al"e additional var~ables wmcn describe , 
prof~le of dust exposul"e that are slgnlficantly related to 

response e~en after such var~ables ,as smolung," age, and 

cumulative dust have been taken into account. . , 

-----5.5 Smoking Effect 

~ The effect of smoking ~s of major lmportance in the study 

fls ~t is associatea wlth most of the response, var~ables. 

Smok~ng effects were controllea in two ways in th1.S study. 

Where .pùssible, men' S responses were adJusted to take into 

account their smoking status. Th~s was only possible for 

pulmonary funct1.on responses. As alreaoy descrlbed, separate 

regression equations were used for smokers, non-smokers, and 

ex-smokers to der1.ve a predicted value for a' man's pulmonary 

i 
" 

: . 
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o 
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1 function test results. Th~s adJustment is only "o.f J.mportance . "-
l, 

in Resp land 2 b ecause 
'" 

these were the only rlesp scales 

containing a pulmonary function test. -.1 

In the case of Resp l, the scale was maoe up solély of the 

J ~ 
pulmonary function vari~ble. In Resp 2 the pulmonary funct~on 

'1\ 
1 

variable WhlCh was, adJusted, was combineo wlth x-ray and 
,1 

questionnaire varlables WhlCh were" not adi~usted for smok1n/:) 
, 

status. 
.. 

The second method of taking lnto account a man' s sillokin/:) 

status was to enter smokJ..ng, smoking squareo, and the 

interaction terms smoke times dust ana ~moKe tlllles age lnto the 

flnai regression equa tions. These varlables couid not be 

deleted during the stepwlse part of the prog,ram, ensurlng that 

smokl.ng varlables would be ln the flnal equatlon whether or not . , 
their partlal correlations were slgnlflcant. 

The effect of smoklng was probably aa'equately taken lnto 

account b1 these methods. ' In the- case of Resp l, where ooth 

methods were" used, it appears that the standaras LlSeQ ,to 

correct for smok~ng which were based on another populatlon, may 

have over corrected for the smoklng effect. ThlS may be 

demonstrated by the negatJ..ve correlatlons 'of smoku}g dna 

\ smoking squared wlth Resp l, as wel.i as the ne/:',atlve overall 

w 

contr~bution that smoKlng made to the final regresslOn. Tne 

" 
situatlon wi th Resp 2 is not as clear cu t-. Here smok1ng does 

not appear to eX,ert a great effect, .although ~t may express 
1 

i tself through the smoking aé;e interactlon terme Une cannot 

tell if th~s is due to the adJustment maue t'or smoklng ln 

\ 

( 
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calculation of predicted FV C or· if there is a sJ-ight 

association partially, 'eliminated by the treatment of Fve. It 
~ : 1 

,1 

, '" 
may b~ the latter as the correlation for' Resp 2 ~ith smoking 

and smoking squared is slightly posl.tive (0.0905 and O.OtH30) 

while tha t for Resp l is slightly, negatlve (-0.1171 and 

-0.1407). 

It might have been simpler nat to cambl.ne variables that 

had been adJusted for smoking wi th thase tha t had nat. 

Originally, it was envisaged that pulmonary functl.on variables 

WOU1C1 not be grouped. wi th x-ray and questiannait:'e varlables and 

t.he adJustments were based on this plan. However, after the 

l.nitlal factor analyses it became apparent that the present 

construction o'f Resp 2 was warranted. 

The issue of how to make adJustm!"nts for smokl.ng is not a 
. 

serio,us one for this study as the obJectlves were only ta 

'describe the effects of proflle pf _ dl-iji,>', exp.osure on respanse 
,r 

and not ta draw conel usions regardl.flg the effect of smoking. 

For this study' s purpo.ses i t l.S only requlred tha t sufficlent 

adjustment be made for smoklng sa tnat it wll1 not obscure dust 
, 

effects or cause spurious ones ta appear. The me thod used, 

while a little convo1uted, attains these goal~. 

5.6 Dlfficulties with.Study Deslgn 

\ 

Mention has been made in previaus sections of sorne of the 

strengths and weaknesses ll)herent ln the study design. These 

factors limit the strength and appllCablllty of the study , 

.. 

1 
r 

,1 



( 

. / 

, 

r~sults to sorne extent. The main'defênce for any.inadequacy ln 

the study design is that existing data were used and that this 
... 

placed severe constr~ints on the study structure. Had the aata 

" \ 
been col-lected solely for' this study many changes., would have 

been possible. However, ~he extent of the data is such that lt 

would have beEln impract'ical to collect them for anythlng less 

- than a series of maJor papers. • 

Analysis of data ,generally proceedeà wlthout" mueh 

difficulty. Ex'tensive checking of data 'was carried out prior 

to an-y analysis to make ..,sure that aIl variables were wlthln 

range and that there wêre no missing data. As prevlously" 

discussed a few men were deleted from the study for these· 

reasons. 

One further problem beeame apparent after the !'lnal 

0-
regression analyses were l'un. It appeared that one man had 

been incorrectly 'coded for elbher hlS birth date or hls year of 

o 
starting work. The latter belng 'codea as one year prior to the 

. 
former, a clè~ l;mpossibil1.ty. 'It was declded to pnlnt out hlS .. 
response scores as weIl as aIl hlS dust indices to examlne 

whether or not he mlght have aeted as an outl1.er and J-thus have 

exerted disproportlonate lnfluence on the regresslon results. 

Comparison of his'scores wl.th other men's scores revealed thls 

was not the case. It was then decided to leav.e thls man ln the 

analysl.s on the grounds that one man ç>ut of 9bj', wno was not an , 

outlier, would not appreciably affect the results. 

A further cn tlclsm may be made of thlS study Wlth rebard 

to. the response scales. It was planned that the ? sca.Les 

." 
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should reflect 5 different (and largely- independent) responses 
\ 

to inhaled 'dust. As may be seen in Table 5 there is a 

correlation of ,0.702 between Re,sp 2 and Resp, 5 j this is higher 
" 

than was desired. The rea~pl}" for the magn'l tude of the 

oorrelation is that Q60 (breathle~snesos) was included in both 

.. Resp. 2 and in Hesp' 5. The inclusion of this question on both 

scàles may be Ju'st,lfied ~ on clinical grounds; lt is entirely 
, 

'1 reasonable' that \oreathlessness be a -symp1;,om of pu~monary 

f~brosis and of airway reactivity. 

Most of the descrlptors 'of temporal patterns qf .exposure 
\ !\ 

were obta'ined front weightl.ngs of annual duâ'ts., ThlS II19-de 

.computation. relatively easy and allowed a variety of patterns 

to be examined. It is uns ure how close these variables come to 

\ 
t approximating the phenomena they cire supposee! to refJresent • .. 

For example,. the dust welghted for years of resldence, by 

itself may not capture the residency effect WhlCh may or may 

not eXlst in the data. 

,.7 Implications for Hygiene Standards 
1 • 

Thls study h'as demonstrated that there are' ways of 

céi'lcul.ating 'Qust exposure other . than,' or ln addition to, 
, 

\ 

cumulative dust exposure, that may help predlct subsequent , 

respoz:se. Whether or not the results .have apy relevance for 

current standards of exposure to asbest~s is debatable. 

There are many diffl.culties lI} trying 'to relate th~ 

experience of the men in the study to the situation of men in 
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the workplace today. First of aIl, tne dust exposure in this 

study was almost entirely to chrysotile asbestos. The 

generalizability of the findings - to. other types of asbest'?s or 

non-asbestiform dust is unknown. Even if the results are only 

applied to current chrysotile workers there are~.diffJ.culties in 

rela ting ! the dosages in thJ.s study ta current expoBure 

standards. First of all, the uni ta of measurement used in this 

study are different from those used today anO there is no way 

of obtaining a consistent conversion factqr. A second problem 

is that the exposures of workers today are much lower tban the 

vast maJority of -workera' exposures in thJ.s atudy. whether or 

not the sarne effects of profile of exposure would be found at 

these lower overall leveis of exp~sure is unknown. If they 

were, they rnJ.ght be so srnall as to maKe their. OetectJ.on very . , 
-~ 

difficult. Another problem wlth applYJ.ng the study fJ.nding,s to 

hygiene standarcts is that the outcomes used J.n thiq study, 00 

not reflect the most serious oL1-tcomes of asbestos exposure, at 

best the fJ.ndings might be related to l"J.sk of death from 

asbestosis. The results do not necessarily have any relevance 

to asbestos-induced malignancy. It should, be noted however, 

that J.n the past hygiene standards have been based on the rlsk 

of death from asbestosis only. 

Bearing in mind all the above, lt should be ObV10US that 

tha t this study' s fJ.ndings alone could not be usea to Justlfy 

the settuJg of an dverall asbes tos exposure standard. However, 

in conJunctlon \üth other eVJ.dence, this study's results mJ.ght 

have been used to support further, standards J.n the workplace 

.. 
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which would describe the short term exposure pr'ofile of the 
1 ~ 

worker. If results had shown that brief intense exposures were 

more harmful than the sarne exposure received over a longer 

period, there might have be~f}, support f'or setting short term 

exposure limita and/or ceiling levels for asbestos exposure ~n 

addition t'o /the present time-weighted average. In general, the 

results of bhis study do not indicate such an effect. Thus 
1 

" 

future changes l.n standards for ~sbestos exposure shoula 

revol ve around lowering the present standard rather than adding 

other standards' to modify the profiles of' exposure permitted by 

the present standard. 
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6.,0 CONCLUSIONS 

• ' In summary '. this study has conf~I'med the known 

exposure-responsj:l relationsh~p, between cumulat~ve asbestos 
., 

exposure and several measures of respira tory morbid~ ty. In 

'additiop, it has shown that some facets of the lJrof~le of 

asbestos 
. . 

ç " 

respo'Ose. 

exposure 

Wïth the 

~mprove the preaict~on of subsequent 

inclusion of these terms 1 the or~g~nal 

&' , ' 

éumulat~ve dust term may no longer be s~Bn~f~cant. Uverall 
, 

-r' s, even wi th these additional descr1ptors of' profile of 

exposure are st~ll rathOer low lO.30-0.4j) and th us it seems 

tha~ ipdHidual differences, unI!leasured var~ables, anCl error 

still aCGlouliIt for the major portwn o"f the variance in the data. 
~ .' . ' 

, ~, 

The 'a.spects of pro flle that i'nfluence response vary across 

responses. In general, forp long term processes ear;ller ousts 

appear t<::> have a [$reater effect and for short term, revers~bIe 

processes the most reeent dusts are more heav~ly weighteo. ln 

the case of airways react~vlty both early and recent exposures 

ar~ important • Exposure-response relatlonsh~ps for pleural 

disease seern Iess clear than for parenchymal disease. 
r 

J 1< .,. 
\. 
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APPENDIX l 

Q52 Do you usually cough first thing in the. morning (on 
getting up*) ~n the winter'i' 

(Count a co~gh -tJith first smoke or on flrst going ~ut of 
doors. Exclude clearing throp,t or a single.. cough. ) 

*For subJ~cts who work by niBht. " , 
) 

Q53 Do you cough. during the day - or at n~ght - in the 
winter? Ignore an occasional cough. 

Q54 Do' you cough l~ke this- on most days '0(01" nlghts*) for as 
much as three months each year'i' 

Q55 Do you usually bring up any phle{!,m from your chést f~rst 

thing in, the morning (on gett:f-llf!. up*) in the winter? " 
(Count phlegm with the first smoke or on f~r:;Jt g,Olng out 

of doors. Exclude' phlegm from the nose. Count swallbwed 
phlegm. ) 

, ' 

Q56 Do you usually bring up any phlegm from your chest dur-i,ng 
the day or àt n~ght - in the winter? 

,~, Accept twice or more. .-/ 

Q57· Do you bring up phlegm like, this on most days or (nights*1 
for as much as three months ea6h yeari 

Q58 In the. past three years have you hao a peri-od. of 
(increased*) cough and phlegm lasting for three weeks or more? 

Q59 Have you coughed up blood? 

Q60 Are you troubled by shortness of breath when hurry~ng up a 
slight hi 11 'i' 

Do y04 get short of breath walklng ~Vlth other peopie of 
your own age on level ground? 

Do you have to stop for breath when walklng at your own 
pace on level ground? 

«(..160 is a composlte 
questions, the more pOSl tl ve 
Q60. ) 

"-

of the above j oreathlessness 
responses the higher- the soore on 

, 
Q61 Does your ohest ever sound wheez~n'g or wh~stling'i' 
, 

Q62 Have you ever had attacks of shortness of breath wlth 
wheeZlng? 

Q63 \ Does weather affect your chest? ,Ir 

.. 

\ 


