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Statement of originality

Asbestés exposure may be followed by various non-malignant changes in the respi-
ratory system; relationships between exposure and these changes have been con-
vincingly demonstrated in several independent studies. However in genera]f data
have not delineated a single exposure-response ré]atioﬁship but have been compa-
tible with a range of such relationships. This may in part be due to the fact
that studies have used different approaches to the problems of operationalizing
exposure ds we]i as responses.

Commonly used indices of exposure include duration (years of exposure, years since
first exposure) as well as cumulative exposure (the sum of the cross products of
exposure level and duration). However if is conceivable that measures other than
the simple summation of annual dust exposures wou{d show a stronger relationship
to response. In other words the profile of exposure may be important, yet this
feature has received Tittle attention in studies reported to date.

The present study used data on exposure (job history, environmental levels and
work records)” and respiraté?y resbonses (radiologic, assessment, symptoms and Tung
function) gathered in a previous prevalence study in Quebec asbestos workers. 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 c1i-
nical entities and 3) the exploration of their interelationships. It shbuld be

- noted that as observations were not gr%gina]]y made in SI units and no reliable
conversion factor exists, all observations and results in this research are repor-

3

ted in the original units.
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ABSTRACT

\

The objec_tive of this study-was to investigate the influence of

the subse'que‘nt

temporal
3

respiratory tr'act_ changes. “‘?’Av, cohort of 983 male Quebec

pattern of asbestos, exposure ‘on

Asbestos miners and millers who were still working in 1966 was

identified, Data-were available on the men's latest chest
a * ’

X-ray, their responses on the MRC respiratory sympton

qdestionna.ireé, and their pulmonary function test results.
Estimates of annual dust exposure -for each subject were
available, based on environmental measurements made .since 1948
and on e)'ctr-apolat\;{ons pefore that date. Facéor‘analysis was
‘usedxto de'velop sevgral indices of respl‘rator'y morbaidity that
. could be coricepttglalized in clinicﬂtlerms. The relationship of
these }ndice; to cumulative dust exposure as well as to several
dust variables which dgscribgd the profile of dust exposure was
The men's ages and

then explored usirfg regression analyses.

smoking status were taken into account. Several descriptors of
< ¥

the temporal pattern of éxposure were found to be related to
subsequent résponse. These varied across the response scales,

with earlier dust exposures tending. to have more effect for .

long term processes, 3uch as fibrosis and br'onéhitis‘, and more

recent exposhr'es tending. to have more effect on the more acute

[N
v

airway responses. In the case of airways reactivity both early

and” recent exposures are important. Exposure-response

relationships for pleural disease seem less clear than for

parenchymal disease. . . °
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Résumé

Le but de cette &tude était d'examiner 1'influence des caractéristi-
ques temporelles de 1'exposition @ 1'amiante sur des changements u]térieursv ’
du systeme respiratoire. Neuf cent quatré—vingt—trois travailleurs des mines
et moulins d'amiante chrysotile de 1a province de Québec qui travaillaient
en 1966 ont été identifiés. Pour chaque sujet des informations &taient dis-
ponibles sur sa radiographie pulmonaire la plus récente, ses réponses 3 un
questionnaire sur les symptdomes respiratoi;‘es, et les résultats de ses exa-
mens de fonction pulmonaire. De plus pour chacun d'entre eux, un indice de
l'c_exposition annuelle a.la poussiére' d'amiante avait déja €té calculé en se
basant sur des mesures environnementales faites depuis 1948 et sur des extra-
polations pour les années précédentes. Plusieurs indices de morbidité res-
piratoire ont &té (x]aborésl. Les relations entre ces indiceé’ et 1'exposition

'

cumulative & la poussiére d'amiante ainsi que certaines vafiables reflétant

les caractéristiques temporelles '0nt été examinées en utilisant des analyses

de régression. L'dge de chaque sujet et le nombre de cigarettes fumées quo-
tidiennement ont été pris en 1igne de compte. Des relations entre plusieurs
paramétres décrivant les caractéristiques temporelles d'exposition et les
réponses respiratoires ont été trouvées. L'expos’i tion & 1a poussigre d'amiante
ayant eu lieu peu de temps aprés qu'un sujet ait commencé son emploi Tta7%

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

chite, tandis que 1'exposition récente avait de 1'importance pour 1les réponses

NP4 ss
‘%,‘\

@ )
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" INTRODUCTION

<

1.1 Asbestos Types, Distribution, and Uses

Al
lf) 4 ' e,

3

The word asbestos is derived from the Gréek, .meaning

incombustible. It refers to a group of silicate mnineral

o AY

fibers. The fibers are divided into serpentine and amphiboles,
depending on fiber conf‘igur'at:ion.r Serpentine, as its name
suggests, 1is curved and amphibole 1s straight. - There are
several commercial amphiboles but one main serpentine.

N

Figure 1 Main types of asbestos (38) -

ASBESTOS

Serpentines Amphiboles;

>

0

Chrysotile

Actinolite Amosite Anthophyllite CPOC!idOllte Tremolite

\
\

\
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Macroscopic diafferences in the shape of serpentine and
amphibole asbestos are paralleled by differences in chemical

composition and in physicalr properties.,

-~

Chrysotile asbestos is composed of alternating silicate

and brucite layers. The silicate layer consists of planar

linked silica tetrahedra in a pseudo-hexagonal arrangement.

The brucite layer consists of 1onic magnesium octahedrally
’ 7

coordinated with hydroxyl groups and oxygen“. The chemical

formula of chrysotile is Xé(Siuolo) (OH.O,F‘,Cl)8 (38).

The X position 1s most commonly filled by Mg, but trace amounts

-

of f‘e, Ni, and Mn may also be present. The surface of

chrysotile is usually hydropkfillc, thus particles are water
\ E
soluble. The net electrostatic bhar‘ge in aqueous solution is

o

determined by the hydroxyl groups surronding the magnesium

. ion. Single chrysotile fibers are usually hollow tubes with a

central capillary, although fibrils without a central capillary

have also been found. The internal diameter of a fibril 1s in
0
the range of 20-30 nm and the outer up to 600 nm. " Dimensions

o

may vary from deposit to deposit. Canadian fibrils tend to be

somewhat larger than others.

"The amphibole types of asbestos are d(guble—chaln
%
inosili}ates, cross-linked by cations. In all cases fibrils

are st?aight rather than curved. General chemical formulae are’

given in Table 1. v e .

e e DR s e vy
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Table 1 Amphibole Asbestos Formulae(38)

Anthophyllite --(Fek»ig())SJ’.6022(0H)2

Amosite - - (Fe6Mg)818022(0H)2 .

Actinolite - Ca,(MgFe,)Sig0,,(0H),

Tremolite - Caz(MgGFe)Siaozz(ou) ) ¢
Crocidolite  -Na( Feg+Fe§+) S1g0,,(0H),

All types of asbestos are related to either serpentine or

amphibole minerals which may form fibres similar to asbestos.

1

Amphibole minerals in particular are quite abundant, making up

8% of the ea}yh'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 Africa. Small deposits Have been \mined on

every continent. World production nas increased from 2,210

million kilograms in 1960 to 5,178 million kilograms in 1976.

In 1960 Canada accounted for 45% of the worla production and

>

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

2

(38).

Asbestos production has kept pace with the 1increasing
number of uses that have been found for 1it. ThesLe uées now
numbc;r in the thousands. Applications 1n the construction
industry account for the lalr'gest share of asbestos production.

These uses include asbestos cement sheets and pipes, floor and

celling materials, and 1insulation of all sorts. rriction

linings, including brakes and clutches, are another 1important

Seisn e
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use of asbestos. The potential hazard of asbestos in various

_ Settings depends on whether it is "locked-in" to a matrix or

whether it can be freely 'dispersed into the environment (38,
'

62). Use of asbestos in cement pipes may not entail as much of

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

fire-proofing. -

1.2 Health Effects of Asbestos

1.2.1 History

&

It was approximately twenty years after ’the start of
commercial asbestos mining 1n Quebec in the 1880s "that the
first case‘of’ asbestosis was rei)of-ted in Great Britain by
Murray (61). Another thirty years passed before the causal
link between a-sbestos Exposure and the development of diffuse
interstitial fibrosis was generally accepted. In 1930 the
report of Merewether and Price led to recommendations for
environmental controls (57). = ‘

Five years later, in 1935, the first case of lung cancer
assocliated with asbestos' exposure was reported by L;ynch and
Smith (53). It was 20 years later that Doll (l;) concluded
that asbestos workers had l-O times the risk of develol.;_lng lung
cancer as did ;:he general population.

The report of an association between a second malignancy,

mesothelioma, and asbestos came 1n 1960 (83). Unlike

previously reported cases of asbestos related disease, some of
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the people affected by this disease had no occupational

o

exposure to asbestos. Their exposure consisted of having lived

in "communities close to asbestos mines, or in sharing homes
with asbestos workers. Mies

o

In general, with the passage of time, more and- more health
hazards of asbestos exposure have been recognizéd. A review by
Becklake in 1976 (8) contained the following table of

pathologic effects and the status of their association with

asbestos.

A2

P
P

Table 2 Health effects of asbestos éf

Site of Effect Effect - Association

Respiratory Tract

Larynx carcinoma possible
Lungs  asbestos bodies established

diffuse 1nterstitial

fibrosis estapnlished

bronchiai carcinoma co-factor with
) cigarettes
Pleura hyaline plaques and

calcification established

malignant mesothelioma established

pleural ¢ffusion established
" asbesto;\ébrns establlsﬁed
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Peritoneum

¢

malignant mesothelioma established

Ge I. Tract .

neoplasia established
Ovary '

carcinoma' remotqu possible
Breast - C

carcinoma remotely possible

As the above table shows, the effects of asbestos can
lnvolve a variety of organ systems, foremost among them is the
respiratory system. Asbestos related changes of the
respiratory s;stem may be davided 1nto neoplastic and
nbn-neoplastlc processes. kecent literature has 1n general

been more éoncerned with asbestos related neoplasms than with

non-neoplastic asbestos 1nduced disease. Part of the reason

for this may be that asbestos was shown to cause lung fibrosis

long before 1t was implicated as a carcinogen. Another reason

. may be the tendency to focus on mortality rather ﬁhan morbidaty

as outcome. Several studies in the last 15 years have dealt

extensively with the risk of developing respiratory

malignancles 1n various groups ol workers exposed to asbestos
~

(49,58, 65,83). As this study 1s concerned only with

non~-neoplastic disease, further sections will deal only with

non-neoplastic effects of asbestos.

w— N .
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«1l.2.2 Parenchymal Fibrosis J

! v,
e 4

l.2.2.1 Definition

Asbestosis is a fibrotic response of the lung to the

inhalation of dust containing asbestos pa}ticles.

e
~ ¥

1.2.2.2 Gross Pathology

-

The appearance of lungs affected with asbestosis 1s
dependent on tge severity of the disease(l5a). Initialily the
lung size is normal, but with increasing extent the lung size
decreases. In early stages, lesions tend to be peribronchiolar
and concentrated in location. The fibrosis may extend into the
intralobular septae. Eventually areas of fine, grayish
fib}051s coalesce intoc an extensive fibrotic network, This
network of fibrosis may parallel the pulmoﬁary lobules.
Generally, the lower lobes are affected ’f;rst and more
severely. Lung sections with asbestosis feel stiff to
palpation. The more severely affected lungs feel relatively
heavy due to the fibrosis, despite their reduced size. Later
changes 1include bBronchiectasis and emphysema, It 1s wunsure
whether ﬁthese changes are part of the asbestotic ﬁkocess or
,whether they are due to concurrent smoking exposure and chronic
bronchitis. Cystic 1lesions I-3 mm in diameter have been
reported and named "honey-comb" lung. These cysts are located
between areas of fibrosis, but generally are not that exten81;e

(36) L]

]

4

e



1.2.2.3 Microscopic Pathology o

The- basic lesion in asbestosis is a diffuse

peribronchiolar fibrosis. Microscopically, 1initial® signs of

4

change may be concentrated at the level of the respiratory
[}

bronchiole. These changes may triggered by the deposition of

dust and the accumulation of macrophages and reticular fibers.

The earliest reaction may be a desquamataive response 1in the

alveoli or alveolitis. From the 1initially affected areas thé
process extends to adjacent alveoli. The perioronchiolar
fibrosis progresses to involve the interstitium giving rise to
a diffuse fibrosis, whlézh may result in areas of fibrosis.
Asbestos bodies may be expected to be present 1in
asbestotic lungs. These are asbestos fibers coated with
mucoprotein. 'i‘hey may be seen under light microscopy and -may
range up to 250 um in length, the diameter 1is usually 2-5 um

(14). They may be located 1in ,\g,he alveolar or bronchiolar

spaces or within lung tissue. Asbestos podies are probably

formed by the engulfment of an asbestos fiber‘ by a macrophage

(14). Asbestos bodies have been the topic of some controversy

. [
dnd since other fibrous particles may lead to the formation of

similar bodies, the term f‘err‘ugn\:ﬂous body 1s prefered py some
to describe the mucoprotein covered fibers that may be seen on
light microscopy. This would reserve the term asbestos body

for those bodies 1n which the core has been positively

identified as an asbestos fiber (31). The presence of asbestos
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bodies in the lung or in the sputum does not imply that
fibrosis 1s present o;- will follow. They merely serve as a
marker of asbestos exposure, occupational or otherwise.
A clasgification scheme for grading the severity and

extent of ' asbestosis has been developed (35).

- Table 3 Grading of Asbestosis 3

X

éxtent A - None )
' B - Less than 25% of the lung substance is involved
C - 25-50% of the lung affected
D - More than 50% of the lung affectea -
Severity O - None ~
| 1 - The lesions consist of slight focal fibrosis around
respiratory bronchioieS‘associated with the presencejof .

asbestos bodies

i 2 - Lesions are confined to respiratory bronchiocles of

scattered acini. Fibrosis extends to alveolar ducts

and atria as well as to the walls of adjacent air sacs.

3 - There 1s a further increase and condensation of the
<
peribronchiolar fibrosis with early widespread

interstaitial faibrosis.

ar B s e v

4*: Fe;_;l;eoli are recognizable in the despread diffuse

e

+ Ffibrosis, bronchioli are distorted.

N ‘

A more recent classification may be found in Craighead et

al(ng).

e
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1l.2.2.4 Clinical and Laboratory Findings

When the possibility of asbestos related disease 1is
considered, a  history of past exposure must be obt;l‘ned. For
many patients this is -readily e}icited. However, .others may
not recall exposure unless detalled' questioning 1is ca{'pled
out.’ Yet others may not realize that they have been exposed to

asbestos, for these pepple a detailed work history may be the

\ only means of surmising pres}ious exposure. A complete history

N\ v
\gay also allow a crude quantitative estimate of exposure.

\

! Initial c¢linical presentation may consist of dyspnea

A\ .
associated with fine end-inspiratory crackles at the lung

bases. Dyspnea is ge;nerally progressive, occurring at farst
only on exertion and then noticable when p:'gre331ve.l.y less
effort 1s expended. A%ong with the 1increase 1in severity of
symptoms, tfle crepitations generally involve a larger part of
the lungfields and a{r;e heard during part of the 1inspiratory
phase. While cough, either productive or non—prbductlve, may
also be found 1in asbestosis, the significance attributed to
this complaint varies (8,77). , Becklake states that the symptom
often cqnnot be attributed to differences 1n smoking habits,
and feels that the symptom may relate to asbestos exposure.
Selikoff and Lee state that cough 1s only prominent 1in

cigarette smokers and caution that cough 1n a non-smoklng

asbestos worker must arouse suspicion of 1infection or

malignancy. Pain may also be present, usually 1n the lower

“N
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chest region. The etiology of this also seems to be disputed
/s .
with either muscle (8) or pleura (77, p.l51) given as the site

of or;ngin. Clubbing and cyanosis may also/ be present, but may
be due to other causes. When clubbing is due to asbestosis it
is not necessarily indicative of extensive disease,

Lung fur;ction changes of varying severity are found in
asbestosis. Certain changes may precede,ira;dlolégic detection
of disease (37). The fibrosis due to asbestos is generally
believed to proc_iuqe a restrictive function pattern. However,
an obstructive p-attérn of change 1s also seen in a number of
subjects with asb.estosz.s. Presumably the restriction 1is
produced by interstitial fibrosis and the obstruction may be
the consequence of peribronchiolar fibrosis 1f this 1is
extensive. So far, an association between large airway
abnormality and/or air flow limaltation and - asbestos dust
exposure has not been conclusively demonstrated. While
restrictive changes are more common than obstructive ones, an
appreciable number of workers have been shown to have
obstructive, or mixed obstructiwws-~restrictive changes 1in their
pulmonary function tests (c26). Initial pu.l.mon:ry function
change¢ may consist of a reduction in carbon monoxide dit'fusion
capa:;:ity. Later changes typlcal‘of‘ restrictive disease 1include
a reduction 1in forcea vital capacity (FVC) and l-second forced
expiratory volume (FEVl). These measures ‘ar-e decreased to

roughly the same degree, so that the ratio’ FEVL/FVC 18

preserved. There may be a lesser reduction 1n residuai volume

a

» 4
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Radiographic changes found in asbestosis may’ not be

noticed until the disease has advanced to. the point where

a

already present (77, pp.l52-158). As Qith physical finaings,

the first changes are usually at the lower lung.- Radiologli

changes indicative of parenchymal diseé;e are non-gpecific and.

©

4

similar radiographic changes are found in any interstitial

fibrosis. The initial change. 18 usually a fine reticular

pattern deve}oping in both 1lower ihng fields. The presence of

pleural changes typical of asbestos exposure may be the clue as
¢

to the etiology of the parenchymal changes.” .

N

Later changes 1in parenchymal disease include irregular or
Ry <

rounded small opacities. Rounded opacities are more typical of
N “
silicosis than asbestosis but may also be found in workers with

~.

only bestos exposure. In addition to opacities, other
changes have béen described and include a diffuse haze (ground
glass appearance), septal lines, ring shadows (honey-combing),
and hair line shadéws.

The ILO U/C classification scheme has been constructed to
allow grading of both phe parenchymal and the pleural changes
found 1n pneumoconioses (39). The devélopment of thas

descriptive scheme has improved diagnostic as well as between

A
s

study comparability for radiographic changes.

Although radiographic changes have been correlated with
pulmonary function abnormality 1n epidemiological studies
(7,85), the nature of the relationshxp between radiographié

changes and disability in the 1ndividual remains to be

elucidated.

pulmonary function test changes and even dyspneic symptoms gre'

iy bimre sobrs s P——- e e em—— e o
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l.2.3 Pleural Lesions

Pleural changes are a common consequence of asbestos
exposure énd take several forms. ;he four magjor ones are
pleural thickening, pleural et‘f‘usion,' hyaline plaques, and

calcified plaques (77, p.l89)

l.2.3.1 Benign Pleural Effusion

°

°

The exact nature and even existence of this entity is a

matter of debate. Preger, 1n particular, seems skeptical as to

~the existence of a benign pleural effusion due to asbestos

-

exposure. The diagnosis is 1n his view "fraught with hazard"
(68, p.113) and he feels that at best 1t may only be hade after

a long period.. of follow-up. However, the entity of

o

asbeEtos—rel?ted benign pleural effusion has been accepted by
several other authors .(8,21,27,77) . “Pleural eff‘us(io'ns may

o

occur along with other symptoms of asbestos related disease
including malignancy. In the latter case obviously the

diaghosis of benign pleural effusion’1s not tenable.  However,

an effusion may be ,t':he primary c¢linical manifestation of

-~
’

asbestos exposure.

.
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1.2.3.1.1 Pathology

° The pleural surfaces involved show epvidenoe of an
exudative redction. The  fluid is  serofibrinous or

serohemorrhagic and may include white  blood cells;
y i

predominantly lymphocytes, and ree;"“ blood cells. The presence

of asbestos bodies in the fluid is r;re. .

+ -

1.2.3.1.2 Clinical and Laboratory Findings

By definition the effusion should resolve without
treatment. . However, there may be r-esidua{l pleural thickening
an/d\r'ecurrences. The clinical presentation may include acute
onset of chest pain and fever with the eievation of the white
blood count and erythrocyte sedlmentat:ion rate at the one

extreme, or i1t may present with a more 1ndolent onset and

)qs
chronic accumulation of exudate with minimal symptoms.

~1l.2.3.2 Pleural Thickening, Plaques, and Calcifications

-

There seem to be two types of pleural' reaction to asbestos
exposure. One 1vs a w1desp‘r'ead exudative reaction which affects
both visceral and parietal pleura. It 13 usually associated
with parenchymal ct;anges and may lead to adhesion formation.
The second reaction 1is a local one, although it rﬁay be

multi-centric. It consists of plaque formation, usually on the

i

parietald, but occasionally on the visceral pleura. These

plagques may hyaline or calcified,.
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1.2.3.2.1 Gross Pathology - =

& ' o "

v

Pleural thickening consists of fibrous tissue which may
range from a thin layer to changes several millimeters in

thickness. The adhesions which c¢an be formed between the

'Y 3

visceral and . par'ietagé pleura may *be teased apart by
manipulation. The plaques themselves appear as 'raised,
whitened areas visible on the pledra and may range up to 50
- 6
‘cm2 ig size (77); hyaline plaques are 1like cartllagge in
consistency. Macroscopically, calecified plaques are
essentially t:,he same as ‘\fhe hyaline ones wi'th the addition of
calcium salts. Natjfx;aligr, this changes their consistency so
- that they may l4be broken and cruqzble when pulleéi off the

pleura. It is unsure exactly why the calcification occurs, but

it 1s likely that calcified plaques develope b“if the coalescence

3

- of many small centers of calcification in a hyaline plaque

(45). Microscopic caleification probably occurs in most

asbestos-related chronic pleural changes.

@

1.2.3.2.2. Miorodcopic Pathology
& 3

<
Pleural thickening due to asbestos cannot _ be

differentiated from tnat due to other: causes. The process 1s
‘one of collagen production in the connective tissue underlying

( . the pleura. When the visceral. pleura 1s affected, the fibrotic

process may be contiguous with concurrent parenchymal ft'ibrosis.
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Pleural ﬁlaques are also composed of collagen, arranged in
a laminated pattern. The deposition seems to be between the~
pleura and its overlying mesothelium. Few cells are seen 1in

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

the pathogenetic mechanism. One posslblllt,& 1s that plaques

~

AY
may form from tt%e underlying connective tissue by the action of

. Y
fibroblasts. Another potential mechanism 18 that fibran is

LN

. ! deposited on top of the mesothelial layer and 1s turned into

“

collagen without fibroblasts. A’ new mesothelial layer then o
- grows over the top of the plaque. Calcified plaques” are

oo essentially the same as hyaline plaques with. the: addition of

2 N 0y

calecium carbonate and phosphate. Calcification appears to—~ .

©

~start in the center’ of the plaque or in the centers of

- ——"

mammilations on the plaque and progressively extends to calcify

the entire plaque, .’

7

1.2.3.2.3 Clinical and Laboratory Findings

’ I x
. . ‘
As pleural changes are usually .associated with some degree

i
s,

oﬁ parenchymal change, prec:.se?assessment of their contribution
to patients' symptomatology 1is difficult. Pleural thickening
occaslonally may be so widespread that it may produce seve;‘e
- / o dyspnea.* Physical findings 1n tnese cases“ may include
~decreased breath sounds, dullngss to percussion, and decreased »
chg?{, e;%pansmn (77). With less ma;'ked pleural 1involvement,
( , pl:e;aral changes may not have ‘any symptomatic effect and may be

&
detected on pulmonary function tests only as small reductions

a
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in lung volume (5,52). Pleural changes may be found on chest

radiographs before they are detectable by othel means.

1.3 Reactions of the Lung to Asbestos Dusts

»

l.3.1 Respirable Dust

l.3.1.1 Dust Factors

The development of lung disease in responSe to asbestos
exposure must be viewed as the final “step~ in an interaction of
a susceptible host to pathogenic particles of asbestos.
Whether or not disease wlll be produced/énd the nature of this
disease depends on a large number of factors starting with Idust
itself. There has been speculation on *which properties of
asbestos aye x;esponsible for its pathogenic effects and whether
different properties ar'ed respoisible for carcinogenesis and
fibrogenesis. Several variables haveu been suggeéted as being
of importance (17). Among these are thé content of silica and
other impurities in the asbestos, the si1ize and shape of the
particles, the type of ast;ésto‘s, and the chemical and
electrostatic properties of the particles. Some of these
1ssues are of more tnan theoret;.cal lmportance és other natural
and man-made fibers might also be implicated in human disease
based on pr'oper:tles shared with asbestos.

Initial speculation thae&vthe silica contént was important

) s
may have been ‘based on the knowledge of the fibrogenic effects

3
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of silicoa'exposure. However, while exposure-to both asbestos
and silica was oftén found in the same worker, 1t became
evrident that exposure +to asbestos alone was capable of
producing pathologic changes. This led to’ an interest in the
size of‘< the particles themselves and the hypothesis that only
certain sizes of p.:ar'ticles were harmful. At fairst 2t was
be.'gieved thét only long fibers (longer than 20 um) were ca;able
of inducing fibrogenic responses, although later animal studies
haye shownr that fibers less than 5 um long can also produce
fibrosis (77). Since then results with short fibers have beén
mixéd. Comparability of different studies has been a vproolém,
and it is priobably best to consider the matter of particle size
unsettled at present (59,67,81). The ?n;tter' 18 of some

4
practical importance in deciding which fibers need to be

v

counted for hygiene standards.

Spe‘culation has also focusseci on the pathogenicity of the

various types of asbestos (43). G-Again comparisons across

'studies are difficult and results are not entirely consistent.

There:is also the problem that multiple factors may be .at
work. For example, 1t may be that chrysotile is a particularly

active form (71) but that the human body may also clear 1t more

rapidly (46).

1.3.1.2 Host Factors

4

-

Host fa@tors are also likely to be of importance in the

development of asbestos induced disease. Thus, no population

¢l
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studies have have showr'x a 100% prevalence of asbesto; induced
changes, no matter how high the exposure. Many s}iggéstlons
have been made regarding which host chaz:acteristics are c:t‘
importance. -Obviously only those particles which are taken
into the body and retained for a sufficient period in an active
form will Nbe 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 tract as a dust sampler (63). Not only wmay the
total count be incorrect, but the mix of particle sizes may be
different from that reaching the lung.

Deposition of particles in the lung may also been related

to variables that remain constant for a given worker, such as

airway anatomy (ﬁ2) and to variables that would change over/

time, even for the same person, such as tidal volume,
respiratoyy frequency and possibly residual volume (16).
Recent interest has also focussed on i1mmunological differences
1n people as a basis for differing responses (43,84).

Deposition of particles in the lung occurs principally by
sedimentation, inertial precipitation, and diffusion. The
other side of the equation 1s the 1lung's clearance of the
deposited particles. Th:a two main mechanisms by which
particles are cleared are the mucociliary ' 'transport system and

the lung macrophages. One might postulate that there will be

.
-

individual dqifferences 1n the efficiency with ‘which these

systems work, but the net clearance of particles is more

complex. As already mentioned, the type of asbestos dust may

Lk 3 it i
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affect the clearance rate. In addition a number of other
factors may come into play. These include concurrent illness,
such as bronchitis or upper respiratory infection, as well as /
exposure to other environmental pollutants. Some factors, for
example smoking, may have variable effec;ts on clearance and in
addition may affect the site of deposition. In smokers

Y

particle deposition tends to more central than in non-smokers

(51).

1.4 Exposure-Response Considerations ,

1.4.1 Importance of Exposure-Response Relationship

a

,The demonstration of an exposure-response relationship 1s
of central importance in the attempt to prove a causal link
between an environmental agent and a pathologic ;esponse, as
well as being of importance 1in setting standards for

Q
occupational exposures. The existence of such a relationship

‘
2

has been considered as one of the criteria for assessing 7
w‘hether an association 1s causal (34,77). It as 1in recognition ”

of this that several studies have attempted to define a
dose-response effect between asbestos exposure and both

B
malignant and non-malignant disease.

L d N 3
-

Despite the 'dlff‘lcultl‘es inherent in any retrospective
estimat;on of exposure, several studies nave demonstrated an,
exposure~response effect 1n poth malignant and non-malignant
(4,10,11,33,41,55,56,58,73,78,79,480,86, 87T) asoestos relatea
disease. Demonstrating an exposure-response relationsnip 1s

)
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useful for reasons other than trying to prove causality. It
méy allow some estimation of risk to workers currently

undergoing a similar exposure. Within certain limitations,

&

Q

& »

response to pas‘t. high exposures may allow extrapolation to
current workers who are exposed to ohly a fraction of past
lqvels. Medico-legally, exposure-reponse relationships may
(provide some scientific basis for litigants in court. From a
scientific point of view, exposure-response r-elat}onshlps may
allow one to draw conclusions about’ the merits of competing

theories of pathogenesis. An example of this would be .the

N

multi-hit or multi-stage theories of carcinogenesis.

L)

l.4.2 Modeling of Exposure-Response Relationships

/

For some of the reasons stated in the preceding section
there has been, an increased interest in modeling
exposuré-response relationships., Most of this work has been
concerned with malignant rather than non—ma}llgnant disease: In
principle, modeling should also be possible with non-malignant
disease although the shape of tghe relationship will change with
the underlying biology. .n 'addition, 1t 1s more difficult to
define the onset of a chronic non-malignant proces's‘ such as
fibrosis than it is €o define the onset of a mallgnancy.% ‘

The concept of dose-response did not originate with
epidemiologic studies but with pnar'macolog);. In pharmacology,

the dose administered can be measured with some degree of

accuracy. In environmental and occupational studies usually

N Céi
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only crude estimates may E)e made. To emphasize the dlf‘f‘ere'nce,
the term 'dose-response' may be reserved for pharmacologic and
laboratory studies where an agent ?is actually administered to
subjects. The term 'éxposure-response' relationship may be
used in studies where environmental measurements are made of
the amount of a substance to which people have} been exposed.
Even in pharmacology, where accurate doses can be specified,
there is doubt whether a single dose-response relationship may
be rigidly defined: Thus one major text’ includes the caveat,
"There 1is no single characteristic relationship between
intensity of drug effect and drug dosage" (25). The authors
add the explanation that while ideally the relationship between
dose and response would be determined by equilibrium
conditions, in reality the curve is derived from peak et‘fects‘
after single doses.

Enter‘llnEe (23) presents five basic relationships between
response and dose. All of these have the same variables on the
X and Y axes, that is cumulative dose and relative risk. These

o

are 1llustrated below (Fig.lﬁ( In addition, Cornfield (15) has
' g%

proposed a hockey stick model. with a low linear slopé at low

doses and a higher slope at high doses.

AV
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Figure 2 Theoretical Dose-response Relationships(78)
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One recent article on dose-response modeling (2) makes the
point that dose-response relations should be based on a sound
theoretical under;standing of (the underlying baiology. At

present this 1is n-gt possible and so models are judged on their

empirical fit to data. Although the above article dealt with

malignant disease the same 1s true of non-malignant asbestos *

S

induced disease.

-3

A central problem 1in describing dose-response or

exposure-response curves 18 how to fit the curve at low aoses.
Often the data at these levels of exposure are not available or
are inconsistent (44,76). One 1s left with extrapolating from
high dbses or using animal data. Schneiderman (76) points out
that 1t 1s not possible to get llf"etlme risks i1n less than a

li1fetime. Some biological processes have a ma’turatlon time, 50

person-years of observation may be obtained by (following 50

-
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persons for 1 year or 1 person for 50 years. By analogy one

“may argue that 50 dose-years 1is quite different 4if it is 50

“

dose units for 1 year than i1t 1s af 1t is 1 dose unit for 50

years. v

.

l.a4.3 Previous Exposure-Response Findings 1in Non-malignant

f,A'sbestos Related Disease

-

Sheers & Templeton (78) were amongst the first to try to
relate fibrotic changes to the severity of asbestos exposure.
In their study however, only very crude non—-quantitative
Judgments could be made e;bout work‘er‘s' total exposure. Their
subjects, British naval dockyard workers, were classified as
having been continuously, intermittently, or insignificantly-
exposed, depending on'their trade. Data were available on the
number of years since [first exposure for each man. The

prevalence of pleural plaques, extensive pleural thickening,

.and radiographic signs of pulmonary fibrosis was related to

o

both these exposure variables. A later publacation (33)

extended the study to three other dockyards with similar

.
w

results.

Similar probleds in specifying’ expc‘>sur'e were encountered
in tt;e study of"South African miners by Sluis-Cremer (79).
Exposure variables used were length of exposur:e.and length of
residence time 1n the lung. Both these variables were r*elateﬂq

to the onset of asbestosis. Diaghosis of asbestosis ‘was made

on the basis of radiographic findings. A subsequent study 1in
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South African miners (80) found a relationship between years of

-]

exposure and the prevalence of thickening of pulmonary

interlobar fissures.
{

The prevalence -of cough was found to be related to
asbestos exposure 1n Finnish miners (58). In this study,

workers who had been employed for 10 or more years i1n mines or
{

mills were used as a high exposure sub-group 1in an attempt to

o

grade exposure.

A study of Australian asbestos cement workers (4) placea
men in one of 57 exposure groups based 22 their job histories.
Although th? authors probably were able ;;o categorize workers
with a reasonable degree of accuracy, no quantitative measures
were available. The study found that the per cent predicted
l-second forced expiratory volume (FEVl) and FVC decreased
with severity of asbestos exposure.

Three sets of studies have attempted to quantify asbestos

£
expoéure. One set of studies looked at American asbestos

T

cement workers (85—;37). Exposure was based on dust counts, 1in
mirllions of particles per cubic foot (mppcf), taken at various
locations in the plant between 1952 and 1Y6Y. Estimates on the
levels before Q};?‘SZ were based recollections of long term
employees. Annual dust estimates for each wWork area were
prépar‘ed and then each’ worker"ls Job history was exam:‘&ned to

derive an estimate of the total dust (1n mppef-years) to which

.each worker had been exposed. The earliest study showed a

N

clear relationship between total dust exposure and the

prevalence and profusion of lung opacities on radiograph (85) -
2

ez
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A later study (86) showed the same relationship between dust-
exposure and maximum mid-expiratory flow (MMF), vital capacity
(vc), FvC, and FEVl. A third study compared the effect of
equal (in mppcf-years) ;axposures of chrysotile. and crocidolit
(87). Results indicated that crocidolite may have a greater
fibrogenic effect on the lungs than chrysotile.

Another group of studies, probably the ‘most extensive yet

reported, has been that °on Quebec miners and millers

¢7,9,U41,49,55,56,73,77). This group of workers was exposed toO '

DS

+

chrysotile only, with the exception of one mine where there was
a trace of amphibole. Exposures were calculated i1n a manner
simrlar to the American asbestos cemen)t workers. Dust counts
(in mppecf) had been kept since 1948 at various locaatlons. From
these measurements, knowledge of env1r'on§nental conditions, and
the recollections of long-term employees, dust values for all
Jobs durlng each year of mining operation were calculated.
Again compleﬂt}e work histories were available for ea:ch worker.
Three papers presented the ﬁelatlonshlp between respiratory
symptoms, lung function changes, and radiographic changes with
dust exposures (7,55,73). The respiratory symptoms study used
each worker's cumulative dust exposure, 1in mppcf-years, as the
exposure varlable and and examlneg the relationship of workers!
responses on the Medical/ Research Council (MHC) respiratory
symptoms questionnaire to ‘this measure of exposure. Tne
symptom.  of breathlessness was the only one tnhat was n.lore

closely related to dust than smoking. The lung function study

used exactly the same exposure measure and found that several

7 -
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lung function tests distinguished workers in the lower exposure
groups from those in the higher exposure groups. These were

inspiratory capacity (IC), FEVl, and FVC. The tests were

a
H

more sensitive for smokers than for non-smokers.

The radiographic changes study 1is of interest id that
Several exposure variables were used. In addition to the
previously mentioned total dust measure, a t,J.me:.\.veightz-}dn éus't

exposure was calculated, which 1increased the weighting given to

earlier dust exposures. This takes into account t%ir longer

i

residence time in the lung. An effort weighted 1ndex was also
calculated. This weighted the dust expgsure 1n strenuous Jjobs
dafferently than the more sedentary exposures to account fsr
different patterns of particle deposition in the 1lung during
exertion. ‘Yeat;ws since_ first exposure and total years of
exposure were two additional exposure variables used. The
study attempted to prelate the prevalence of radiographic
changes ’to the exposure variables. A score wWas calculated for
each marn's radiograph to take 1into accowff ™the opinion of b
reade{-s, f‘urtherL details are given in the original paper.
Variables that were scored 1included small rounded opacities
(SR0O), small lrregular opacities (SIO), large opaclties (LU),
pleural thiclfening (PT), lll-?ef‘lned gardlac outline, pleural
calcification, costo-phrenic angle obliteratfon, and
ill-defined diaphragm. WOrkef‘s 1n two areas, Thetf‘or:d ‘Mines
and Asbeétos, were 1ncluded i1n the study and separate analyses
were carried out for each area. At Thetford, the SRO score was

]

ru‘elated to total dust and to the effort weighted iﬂ t index.

<r
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At Asbestos, this score was only related to years of exposure.

"For SIO, the radiologic change' thought to be most

characteristic of asbestc;sis, the score was most closely
related to total dust and, to a lesser extent, to years since
first exposure at Tr;etford. At Asbestos, the relation was
strongest to years of exposure and to t;u?e weighted dust
index. Large opacities showed little relatioxfx to any measure
of exposux‘fé in either area. ngever, the pr'eva{lence of ill and
well defined large opaclltles was ‘less than  13. Pleural
thickening was most closely related to’ years since first
exposure and to time weighted dust lndfax in @both areas.
Ill-defined cardiac outline was related to various measures of
exposure, but the pattern vaméd w:LthL age group and no sSimple
exp],anati(:n could be provided. Pleural calecification was
related to tirqe weighted dust exposure on.jL} in younger m'ren and
to years ‘since first exposure for older men, The simplest
explanataion seems to be that given a certain mln;.mal dust
exposure, pieural calcification 1s.age related. Costo-prirenic
angle obliteration was related to age and to‘t.o’tal dl‘lst

exposure at Thetford, but only to age at Asbestos. Ili-defined

diaphragm was related to age and to total dust in both ~areas,

but to a greater extent at Thetford than Asbestos.
British asbestos textile workers were the 'subJect, of a
third set of papers (10-12). One goal of the authors was to

examine exposure-response relationships With a view to

estimating an acceptable hygieneé standard. The methodology for
. ;

calculating dust exposure was much “the same as 1n the previous

5 ‘ C
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two sets of studies, One significant difference is tgat fiber
counts, rather than particle counts, were used as a measure of
dust exposure, Fiber cgunbs were available from 1961 on, but
between 1950 and 1961 particle counts were made which haq to be
converted to fiber counis. Pleural thickening and small
opacities on the chest radiograph were related to cumulative
dust exposure, as were a decrease in FEVl and FVC.I In one
paper (11) an attempt was made to relate the clinical diagnosis
of 'possible asbestosis' to a series of exposure-response
curves. These curves assumed various half-lives of ;iust
elimination from the lung, with time-weighted dose (half-life
infinity) and cumulative dose (half~life zero) setting the
o(:ter' limits on the curves. However, the data were not
sufficient to pick one model over thg others, on the basis of
statistical fit. Any model in which the half-life . of

.

elimination was greatér than three and a half years provided a

satisfactory fit to the data. - . ,

1.4.4 Defining Exposure e

{

As the above review shows, there dare many px‘o'blems with
defining exposure. One of the most formidable is that
estim;ates of dust concentrations have to be made for p:ar-lods
before suct; measures were carried out. In most cases dgu t
levels were higher 40 or 50 years ago than tixey were when the

first measurements were made in the 'late 1Y40*'s and the

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

e,
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to estimate previous exposures on ,the basis of employee

recollection, the other is to multiply more recent measurements

.

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

measured dust levels, there remains the problem of relating Job

dust to an andiviflual. There may be wide variations in the

)I

amount of dust that individuals are exposed to while performing

o

the same' Job. This may be especially true in Jobs where dust
levels are to some extent determined by individual /wor‘k

habits. . & third problem concerns changing units of‘”i;‘rreasurement
< , - . r.]
over time. Earlier Wt counts are in particles per cubic

o

foot, more recent ones are usually in fibers per cubic
Q
centimeter. One measure may be gonverted to the other as was

don"é" by Berry et al (10), but others state thai‘; there i1s no

consistent relationship between the two units that permits this
(56). Current hygiene standards are 1n fibers per cubic

centimeter. Beyond the issue of mgasurement units 1s the

¢~

@mblem of relating environmental exgégure to the dose that a
worker actually ingeéts or inhales. There 1s no easy solution

to this and some of the difficulties are detailed by Vincent &

.

Mark (82). _ . . .o

With all these diffiiculties 1in estimating an individuai's

exposure, 1t 1s almost inevitable that there will  be

appr;ﬂec’lable érrors 1in Fssessing worker exposure. These errors

123

may tend to work 1n one direction and bias dust estimates as

Berry et al (10) admit with their probable underestimation of
J ’ ’

early dust concentrations. However, even random error may have

?

unfortunate results when exposure-response curves are fittea to

"
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data. Thus, even if the error 1n measurement is unbiased, it
may lead to a biased estimate of the exposure-response
relationship by flattening the exposure-response relationship,
overstating the health risks at low exbosures, and understating
the rate of increase with exposuﬁf (3,11) or changing the shape

of the relationship (66).

Apart from measurement considerations, ;tnere is the
problem of which particles and/or fibers are of importance. In
general it 1s believed that account should be taken of
particles of respirable size for fibrotic leglons, and perhaps
of larger than respirable size for bronchitic 1lesions (bY).
Perhaps some should be weighted more tnan others. These 1issues
are likely to remain unsettled for some time to come.

There are many ways to calculate exposure, as demonstrated
by the previously cited studies. The 51mplesP form, cumulative
exposure, provides a measure from which one 6 may derive an
exposure-response relationship. From a biological poaint of
view it 18 not a satisfactory measure as 1t does not account
for the fact tAat changes may appear and progress years after
exposure has ended. The time weighted 1ndex 1s more
satisfactory, but it does not ﬁake 1nto account the postulated
ellmlnatlog of dust from the lungs. However, not all particles
of 1nhaled asbestos may be harmful to the same degree, and
dléferent classes of particles may be eliminated at dléferent
rates. Furthermore, 1t 1is not known whetﬁer the mintmum

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

Years. This would have to b§ known 1f a time-weighted 1index

[N
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was 60 be derived from anythiné other than empirical grounds.
In addition there are a number of other exposure variables
whiéh might be related to subsequent response, Clearly the
theoretical understanding of the underlying biology i1s not
sufficient to allow any firm conclusions on exactly what
aspects of exposure are the most significant.

©

l.4.5 Defining Resbonse

If it is assumed that radiographic and pulmonary function
test changes are true reflections of the underlying pathology
that one i;, attempting to measure, then perhaps response 1is
more easily definea than exposure. Practical problems in

'

defining response may still occur. The changes thath are
measured may well be due to factors other than asbesi%é,
working either separately or in conjunction. Hkxamples of this
include smcking, aging, and 1nfection. Another practical

problem may be that the prevalence or score of what 1s measurea
may noto yield ' enough . responders, or a wide enoggh range of
response, to define reli§b1e exposure-reéponse relationships.
Previous stidies ha¥%e tended to éroup responses by the nature
of the response measure used, that is pulmonary function test
changes, or x-ray changes, or questionnaire responses. This
may have lent a certain artificiality to the responses, Not
all x~ray or pulmonary function test changes are indicative of

the same underlying pathology. If one is attempting to measure

a certain type of biological' response, a combination of these

’ \ . .
measures may be more appropriate than each in i1solation.

' /
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1.5 Summary

There remains 1little doubt that asbestos exposure is
associated with a host of non-malignant effects on the

respiratory system. Exposure-response relationships have been

convincingly demonstrated in several independent studies. In

general, data have not béen sufficient to delineate a single
exposure-response relationship but rather, have been compatible
with a range of chh relationships. Past studies nave been
bedeviled by problems of operationalizing exposure and response.

As already mentlongd, dust or fiber measurements in the
air are only an aéprox1mation of what 1s delivered and retained

in the lung. Even 1f accurate measurements of the asbestos

dose retained by the lung were possible, 1t 1s conceivable that

. measures other than the simple summation of annual dust

exposures would show a stronger relatij7/to response. In other
words the profile of exposure may be importgnt.

If this 1s correct, the selection and 1incorporation of
dust variables other than the sum of annual dust exposures may
iéprove the exposure-~response relationship. There are several
different non-malignant responses to 1inhaled asbestos, which
may be related to different aspectsqof exposure profile. The
elLCLdation of aspects of exposure profile thag are related to

~

subsequent response may be of lmportance in sSetfting exposure

limits to asbestos in the present or future.
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2 STUDY OBJECTIVES

The goai of this study was to determine if certain facets
of human exposure to asbestos, in addition to that described by
cumulative dust exposure, are r;lated to subsequent
non-mallénant respiratory tract abnormalities. It was expected
that exposure-response relationships could be more clearly
defined through the identification of such features, and their

incorporation into the description of exposure.

Intermediate goals were the development of additional

exposure variables, to describe profile of exposure, and the

)

development of suitable response measures.
!

“It was proposed that these goals be attalneq through the
use of ex15tlhg data on a previously defined subset of Quebec
asbestos-miners and millers. ) )

& It was anticipated that tge results of the study might
serve" two purpéées. First, the 1dent1f;catlon of facets of
exposure that lead to subsequent morbidity might have
1mpl;catlons for hygiene standards at presgnt and 1n the
future. A second potential benefit from the study results wés

to 1ncrease understanding of the pathogenesis of the

respiratory tract changes under investigation:

2.1 Definitions

£

Facets of asbestos exposure - This refers to variables

which would characterize an 2individual's profile (temporal

e\

#
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pattern) of exposure to asbestos Owhile working. These
variables could havé dimensions of time, dust/volume or a
combination of the t;o. A complete listing of these variables
is found in Table 7 in the next section.

Cumulative dust exposure ~ This 1s also referred to as
total Ahst. It is calculated by summing the annual estimates
of an individual's dust expéfure over- hig working years.

Existing data - This study- would use data already
collected 1n congunction with a previous study (7,55), but
analy31s would be performed with a view to answering differené
questions’ than had been addressed previously.

Non-malignant respiratory abnormality - This will
encompass abnormalities reflected by the development of
respiratory symptoms, changes on chest x-ray, and pulmonary

4

function chang%s. R
]

[+]

2.2 De31gn

°

The study was canried out 1in three steps. The farst,

entailed the selection and comblnation of response measures
into response scales. Factor analysis was used as a tool to
aid 1n the deraivation of clinically comprehensible scales. -

The second step consisted of the construction of variables
that described the various facets of an individual's profile of

asbestos exposure., As the study was exploratory ratner. than

hypothesis testing i1n 1ts objectives, thesef variables were not

constructed with a particular theory in maind. Uf course

€

i e St
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previous studies suggested' certain aspects of exposure: that
shoulzi be included in these variables,

The final step in the study made use of regression
analysis to determine which facets of exposur-é are related to
the previously constructed response scales once cumulative
exposure (total du;t) pas been taken into account. Appropriate
safeguards were taken to control for the effects of other

variables that may influence respiratory status, such as age

and smoking.

e

]

e ]
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3 METHODS *

3.1 Description of the Existing Data Set

3.1.1 Description of Study Subjects

A

The data used for this study were collected in the late
1960's and a number &f findings have already been puBliShed’
(6,7,9,47-49,55,56). The group of men whose health and
exposure status formed the basis of the present study was
essentially the same as that reported on in the 3 studies cited
above. The men were an age stratified sample of the 6,180 men
who were working for Quebec asbestos mining companies in the
Thetford Mines and Asbestos areas on October \31; 1966. The
sample excluded all those younger than 21 and all those older
thgn 65. The remainder were placedlin quinennial age groups
and a sample was drawn from these groups in the ratio given

[
-

below.

Table 4 Weight of Sample by Age Group

Age Group Weight in Sample
21-25 4
26-30 5
31-35 6
36-40 7
41-45 8
9
10

46-50 ,
51-55

56-60 11
60-65 12

e
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The sampling ratio was somewhat arbitrary but was
necessary to ensure that enough men with high exposures would
be included in the s?mple. Samples for each age group were
drawn from all eight mining companies in proportion to the
total number of male employees each company had at that tame.
This procedure should have yielded a sample of 1,080 men but as
there were not enough older employees in some of the companies,
the actual sample comprised 1,027 mnen. By the time that
testing was carried out in 1967, 85 men had diea or were not
available, and 57 refused to participate. This left 485 men
who were examined. To increase the number of older workers 1in
the sppdxu all remaining men an the oldest age groups were
included 1n a second field study 1n 1968. Of the 241 men
eligible, 184 were examined. This yielded a total sample of
1,069. Deficient data on 81 men necessitated their exclusion
from analysis, leaving 988 men on whom there were sufficient
data for the purposes of the present study.

R

3.1.1.1 Data Available

A

Data available on each man consisted of descriptive

information as well as estimates of dupt exposure and response
1]

to dust exposure as outlined 1n the following sections. Each
man's birth date was avallable as was the date on walch his
pulmonary function tests were carried out and "the date he

started working. Heights and weights on the test date were

also obtained on each man. An estimate of cigarette intake per

B
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day was available for smokers. ‘Each man was coded as of the

o

test date as a non, current, or very rare, or ex-smoker.
o

3.1.1.2 Verification of Data

Although the data were on computer tape and had already
been cr;ecked before use for previous studies, an attempt was
made to ensure that the data were as freé from errors as

@
possible. To this end, frequency distributions were obtained
for several variables ‘and mennwith out of range data were
deleted from further analysis. In one case, this involved a
man's age and in others questionaire 1t:ems. Five men were
dropped for this r‘elason, all further analyses were performed on
the remaining 983 men. In addi;;ion to checking ror out of
range data, total dust exposures were calculated using the
annual dust exposures for each man and comparea with the total

dust coded on the tape. In all cases, %hi calculated total

dust was identical with the coded total dust.

3.1.2 Dust Data

Dust measurements had been carried out at all eight
companies starting in 1948. These measurements were carriea
out almost annually until 1966 at various sites arouna the
mining and milling operations by the same observer using a
hlidget rmpinger. Measurements were made in mlfllons ot

particles per cubic foot. Over 4,000 separate counts were. maae
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during the 18 year period. Estimates of dust conditions before
this time were based on recollections of long time employees.
A Qust exposure for workers performing each job at a mine or
mill was calculated, based on bthe dust readings at various
sites and the knoyledge of where workers performing each job
were located. As dust conditions had changed over time, the

dust exposure 1n each Job was calculated on an annua} basis

from 1904 to 1966. As the number of hours in the work week

o

also had changed over the years, appropriate corrections were

made to account for this. An annual exposure could be obtained
for each w;rker by checking his employment history to find out
which jobs he performed in which yearsqand then matching this
with the dust levels prevailing in that job during a particular
year. A worker's cumulative exposure was the sum Of\ﬁl; ;nnual
dust exposures. Work histories were maintained to the nearest
month.

Further details on dust conditions and thé calcdlatlon of

workers' exposures may be found in a paper by Gibbs & Lachance

(28).

- o

\

3.1.3 Pulmonary Function Tests

’

Pulmonary function tests were carried out during 1967 and
68 on all men 1n this study. Procedures and.full information
on .the measurements taken are given 1n detall elsewhere (b).

For the purposes of this study, 3 baslic measures of respiratory

-

function were used. They were ﬁVC, FEV,, and MMF. To allow
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comparison between men of different ages and heights, a
predicted FVC, FEVl, and MMF were calculated for each man
using previously developed rggression equations (30).
Different equations were used depending on each.man's smoking
status. The final variables used as indicator‘s of pulmonary

N

function were the per cen\:, predicted FVC, FEVL, and MMF., For
example, per cent predicted" FVC for each rﬁan was his measured
FVC divided by the EVC predicted on the basis of his age,
heléht, and smoking status, multaiplied })y 100.

o

. 3.1.4 Respiratory Symptoms

At the same time that pulmonary function testing was

3

carried out, méen were questioned regarding any respiratory

L4

symptoms they might have. A slaghtly modified form of the

/

British Medical Research Council questionnaire on respiratory
symptoms (1966) was used. Questionnaires were avallable in
English or French, depending on the individual's preference.
An English version of the questions 1s founa 1in Appendix 1.
Questionnaires .were administered by a fluently bilingual
interviewer., Thouygh it was thought unlikely that all symptoms
recorded would be related to asbestos exposure, it was

. nevertheless decided to use them all in the preliminary

- analyses tp set up response scales.
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3.1.5 Radiographic Data

Annual chest radiographs had/ been taken of all employees

¢ since 1948. The most recent chest radiograph of each man in

the study was read independently by 6 readers using the

L4

UICC/Cinecinnati classification. Only some of the abnormalities
[

coded were used in this study. These were 'the small irregular
opacit;ies (s10), small rounded opacities (SRO), pleural plaques
(PP), and pleural thickening (PT). PRBT ana PP were graaed
0,1,2. The SIO ant SRO were coded on a 12 point scale; 0/=,
o/0, 0/, 1/0, 1/1, 1/2, 2/1, 2/2, 2/3, 3/2, 3/3, 3/4. To
arrive at a single score on these 2 variables it was decided to
take the average of the scores given by the © r‘eac\iirs. 1o
facilitate this the scale was recoded as 1 to 12.

Radiographic data on each man thus consisted of 4 scores.

These were the scores for SIO, SRO, PT, and PP on hias most

recent chest radiograph, averaged across the 6 readers.

3.1.6 Advantages and Disadvantages of Study Data

There are both ‘advantages and disaavantages 1nherent in
the use .of existlné data. These data were originally collected
for a =series of studies already published. Records on men's
employment had been kept by companies since the industry's
inception in the last century. Records were kept f‘;)r payroll
and production purposes, not epidemiological ones. Hence, the

job classification scheme adopted by eight different companies
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had to be édopted, as 1is. The passage of time made it

difficult to verify the accuracy of all records and the

possibility of inconsistgncies ‘in record keeping over time
cannot be ruled out. Cei'tain a.specbs of .company records could
be checked, for example, employee ages. Upon éheéking 1t was
found that 1in son;e cases em:ors had been made 1in company

x:ecords .

Problems with existing dust data are even greater.

‘Although there were thousands of readings .takegn after 1948,

there were many work areas ‘for which information was missing.
Even had dust information been available for all sites, the use
of site dust levels to caleulate a dust exposure for each job

’

involves ma;ly assumptions, not all of which may hold true. The
units of measur'\ement are another proolem, Meaéurements of dust
were made using midget impinger and were given in mppecf and not
in fibers/cc as 1is the current practice. There is no reliable
conversion factor between the two units. The- estimation of
dust levels before 1948 introduces an unknown, but potentially
substantial, amountJ of error into any measure of exposure.
Eariy dust counts ‘were based on techniques with lower
sensitivity than thoée after :[960; this introduces a possible
source of‘wl;igs in studying time relationships with these data. ‘

Measurements of response ;wer'e collected by imvestigators
in the 1960's under more rigourous conditions than ‘were the

dust levels. The pulmonary function and questionnaire data are

as good as can be reasonably expectea. The chest radiographs

‘Were all taken around the time of the study, and while of

-t
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varying quality, werg) probably adequate for the/ purposes of the
study. Thf:y were, as already stated,  all’ interpreted by the
- same readers under condit,ions designed to maximize consmtency;

The criter-ic;r; for selection of the men in tfhe study alIso %
poses some difficulty, "~ They are survivors of their particujgar' \¢
b:i.rth cohort. The degree of selection bias is probably age
depehderit‘. ; It seems reasonable to assume thq.t the men in the

older age groups will be more highly selected than those in the

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

0

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

for retirement may have been occupationally related. The . !
+ o

relationship between exposure and response : may have beem,n * N :
\4,/V . different for these€men than for those remaining in the work
4 -
force.

While there are many difficulties with the data they alsq

pr'o—vide an unusual opportunity to study th‘e effects of ;uaatterns

4 . of asbestos exi)osur‘e in humans that may not readily occur
. again. Thus the usual advantages of using existing data,
saving time and nmoney, are overshadowed by the u/nique
opportunity that these data present. Current hygiene standards
permit exposures tc only a small fraction of the asbestos to

‘which men in this study were exposed. It 1S unlikely that ]

group of men with such exposures could ever be assembled
again. It is this, mor'elg than anything else that outweighs all ,

the weaknesses with the data. These data may be imperfect but
(, th“ey appear to be the best available to answer questions about i

e

&
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the effect of exposure profile on subsequent respiratory gract

changes.

3.2 Development of Variables

3.2.1 Exposure Variables

Exposure variables were generated without any particular

hypotheses in mind, but were constructed on the basis of what
AF

previous investigators had found and on what " seemed

blologically plausible,

Total dust had been found to be related to response

measures in other studies and so was included as the pr‘imiy
exposure measure in this study. Because the relationship

\

between total dust and response may not be linear, a higher

order term, (total dust)z, was included. There nas been

speculation that residence time of dust in the lung may have a
role in the development of subsequent disease. To check for
this possibility a variable that weighted each annual dust by
uthe number of years it had been in the lung at the end ot the
ls,t:udy was included. Other variables included one that weighted
each dust by the worker's age during that year and a related
vam:.able that weighted each dust by the number of years since
the man had started working. Another variable weighted each
dust according to the calendar year in which it had occurred.
One variable consisted of the sum ~of,t;he (annual dusts)e, a
subo{.lef difference fr'om/Qt'cSEaﬁ dgst)d. The reason for

calculating both these 'variables was that men who haa a few

*
-
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years with very high exposures will have have a' higher score
wh;an their (annual dustsr,)2 are summed than men who' had the
same total dust (and therefore total dustz) made up‘ of a
steady series of annual dusts. Simpler variables incél.uded t“n'ne
since first exposure, net years of exposure, peak dust, average

i

exposure, nuib of years with dust greater than 5 mppef, and
/

dust exposure in the first 5 years on the Jjob. A compﬁ.ete list
of the_se variables is given 1n Table 7.

It was not expected that the same exposure variables would
be of 1mportance in different types of response. The goal 1in
defining the exposure variables was to come up with a managable

number of easily calculable variables that would allow a

variet)} of exposure profiles to be described.

3.2.2 Response Variables .

&

. Response variables available have already been described.
For the purposes of this study 1t was decided that sets of
variables that might 1indicate the game underlying bio}oglcal
response would be grouped together‘g into response scales. The
scales would be linear comblnations of tne response variables.
These response scales would then. constitute the dependent
variables in a series of multiple regressions d4gainst the

exposure variables i1n the final stage of the analysis., -
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3.2.’2.1 Selection of Response Scales

: (R

Two considerations were of prime importance when

constructing the response scales. [First, it was felt that the
different ‘scales should be clinically coherent and second that
they should be constructed ‘so that variability 151 the data was
taken into account. Factor analysis was used in attaining this
goal. It should be emphasized that the factor analyses were
exploratory, not hypothesis teslting, and were aitl performed
without reference to the exposure variables.

In the first place, 1t was decided that at least two
response scales should be derived from the data. This was
because at least two types of clinically recognizable responses
were expected, possibly centering on the parenchyma and the
airways. For practical reasons a maximum number of factors was
also specified. For the first analysis this was set at 6. The
first factor analysis was performed on the 4 radioclogical
variables (SIO, SRO, PT, PP), the 3 pulmonary function
variables (FVC, FEVl, MMF), and the respiratory symptoms
questions. The 6 factors that emerged from this analysis could

best be described as cough, sputum production, catarrh, chest

1llness, pulmonary function changes, and breathlessness. Thes@j

6 factors could not readily be understood in clinical terms and

there was no factor on which radiographic echanges loaded

heavily. &

v

A" second attempt was made wusing 3 separate factor

analyses. For these analyses it was decided to group
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1
measurements that might be expected to refleect the same

3

clinical changes. These were:” i) mucous hypersecretion
reflected in questions 52-67, ii) airflow liml‘tatlon/r\eflected
in the pulmonary function tests ana the symptom of
breathlessness, and 1i1i) pulmonary fibrosis reflected Dy
radiographic changes and the symptom of breathlessness. in
this analysis, 2 factors were requested, This resulted in- one
factor where no one question had a very heavy weight, although
questions 52-57 were weighted the heaviest. Only question 60
had appreciable weight on factor é. In the second analysais,
only one factor was asked for and only Fh.Vl had a high
weighting on this factor. In the third analysis}, SI0 had the
highest coefficient, all other variables had coefficients in
the 0.11-0.17 range.

Based on the results of this analysis, it was decided that
one of the response scales would consist of FI:IVl alone:
Further definition of the other scales i1ncluding the x-ray
changes and respiratory symptoms was requirea. -

To this end, thg, respiratory symptom questions were
re-analyzed omiting questions 64-66. These were questions
regarding nasal catarrh, a symptom which was felt to be
irrelevant to \pathologlcal lung changes. An aq:alysis asking
for 2 factors without the 1inclusion of catarrh seemed to
indicate 3 sdubsets of respiratory symptoms: 1) cough (guestions
52-54), ii1) sputum production (questions 55-57), and iii) othar

symptoms related to airway responsﬁeness (questions 5}_3-63,67).

It was felt that cough and sputum were manifestations of
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the same wunderlying changes. Breathlessness and questions
61-63 and 67 were felt to be ~separate. The respiratory
symptoﬁs questions were again re-analyzed; the cough and (sputum
questions were analyzed separately from questions 60~b3 and
67. The new cough-sputum factor gave almost identical weights
to cough and to sputum. The relative weights of the three
cough - questions were almost the same as the corresponding
sputum questions. The question, "Do you «cough (bring up
phlegm) like this for more than 3 months out of 12", was given
the heaviest weight. The other questions, 60-63 & 07, were
analyzed separately and all had coefficients greater than 0.1l.

The radiographic variables and tne breathlessnes®
question, 60, were—re—analyzed using 2 factors. This analysis
éeéﬁed to 1ndicate that fthere were 2 groupings of vérlables
consisting of SIO, SRO, and question 60; and angther grouping
consisting of PP and PT. These 2 groups were analyzed again

separately to further refine the relative weightings. FVC was

' added to SI0, SRO, and question 60 because 1t was a clinical

concomitant of the other variables.

The 5 response é%ales derived by the preceding analysis
were:
1) -100FEV
4
2) 48I0 + SRO + 3Q60 - 3FVC
3) PP + PT
4) -( 2Q52 + Q53 + 3Q54 + Q55 + Q56 + “QS?IGLJ

5) 4Q60 + 3Q61 + Q62 + 2Q03

A e st e <A

s
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Clinically, they can be conceptualized \as:
1) airflow limitation
2) pulmonary fibrosis
3) pleural fibrosis
4) mucous hypersecretion
5) airway reactivity \

Some of the variables were coded negative so that a higher

value in any equation indicates greater abnormality.

3.2.2.2 Resp 1 - Airflow Limitation

This is a straight-forward resp;)nse scalegand the only one™
that consists of Just one )of the om.g:.\nal response variables.
Clinically it 1s best wunderstood as /a response of airrlow
limitation, and it 1s not entirely unreasonable that Fl::Vl
stands alone as such. In order to make the diregr,lon of this

»

scale the same as the others the sign was changed [from positive

to negative.

3.2.2.3 Resp 2 - Pulmonary Fibrosis I

S

This scale 1includes both the rounded and airregular
opacities, as well as one lung function measure, proportion
predicted FVC, and one respiratory symptom, breathlessness.

Thgxfglgn for the pulin’onér'y function test 1s again negative, for

the same reason as stated i1n the preceding section. The

respiratory symptom in this scale 1s that of breathlessness.
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A
Considering all the components :6{ the scale together, the best
. y
\ 1
ckinical description of the s{d,ale is pulmonary fibrosis.
e

5
2T

¢

3.2.2.4 Resp é - Pleural Disease

a

The 2 pleural changes on x-ray stand together as
indicators of pleural disease. Theiar grouping was suggested by

factor analysis and again 1s reasonable on clinical grounds.

3.2.2.5 Resp 4 - Bronchitis

\

This scale 1is compos‘ad entirely of respiratory symptoms
relating to cough and sputum production. These are classically
assbéciated with bronchitis, All 1tems on this scale have

Y

negative signs because of the way responses vwere coded. The

direction of the scale 1s consistent with the others, a higher

score indlcates more extensive symptoms.

3.2.2.6 Resp 5 - Airways Reactivity

This scale is also composed entirely of respiratory
symptoms. In addition to tne breathlessness question also used
on the s(;acond scale, 1t 1ncluded responses to questions
regarding wheezing, shortness of breath with wheezang, and the
effect of weather on chest symptoms. These symptoms are most

in keeping with reversible airways disease.




3.3 Correlation of Scales

a

’

Altr_xough the/b“; response scales were each supposed to
measure different types of response to dust, it seeméd
reasonable to expect that they would be correlated to some
extent, or at least that they would not be negatively
correlated. If negatuive cor'r'elatiions were found one might
‘suspect that the scale was nob measum\r;g what 1t was assumed to
measure, or that computational I;r'r'or's had been made. As a
further °‘check the correlations of the 5 response scales with
tétal dust ;nd with smoking were obtained. Previous studies
had shdwn that response was related to total dust and sohe of
the response scales, especially bronchitis, could be expectea
to correlate with‘ smoking. Any unexpected or unreasonable
values in thne table of .correlations might hign light potential
problems in further analysis. Cor;;latlons were calculated

using SPSS and are presented below. None of the correlations

are unreasonable or inexplicable on the basis of past work.

~

Table 5 Response Scale, Total Dust, & Smoking Correlations

® Respl Resp2 Resp3 Resp4 Resp5 T.Dust Smoke
Resp 1 1.000 0.344 0.144 0.148. 0.310 0.225 =-0.117
Resp 2 1.000 0.192 0.254 0.702 0.259 0.090
Resp 3 1.000 0.049 0.076 0.10L -0.001
Resp 4 1.000 0.379 0.lLl9 0.226
Resp 5 1.000 0.204 0.170
T.Dust 1.000 0.073

Smoke 1.000

\
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3.4 Regression Analysis

e

3.4.1 Computer Program Used

All regressions were performed using the Statistical

Package for Social Sciences (SPSS) ‘New Regression' program.

This allows one a large amount of flexibility in specifyinyg

-

exactly how the regressions are run. It 1s possible to force
some variables into the regression equation and then to add
others in a stepwise manner. Thls was the method used in this'
study. The p wvalue to enter stepwise variables may be
specified by the user, in this case it was 0.3. This level was
picked so that any variable that might be at all aimportant in
explaining r‘esﬁonse would 'be allowed into the regression

N

equation.
£

Separate regressions were performed for <ach one of the b

response scales,

- g

N

3.4.2 Independent Variables in tne Regressions

The objectives for this study were to determine if other
facets of exposure 1n addititon ko total dust were‘ of

significance 1n predicting response. To take this anto

account, some variables were ‘'forced in' to the equation

- &
initTally. This was to control for the confounding effect of

these variables. Once these variables were entered, the

remalnlng exposure variables were entered stepwise by the

bl
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regression program if tHey met the required p=0.3 for entry to
the equation. The 2 groups of variables are describea 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 equation and were not

deleted on subsequent steps.

Table 6 Initial Regression Variables

1)
2)
3)
y)
5)
6)
7)
- 8)

Total Dust Y
Total Dust?.. '

Smoke

Smoke? »

Age K

Age2 o

Smoke X Age

Smoke X Total Dust

Total dust was included in this group so that other

exposure variables that proved to be significant in later steps

would be contributing on the basis of their describing profile
of exposure and not because they were contributing a 'total
dust' effect. The total dust squared term was added 1in case
there was a non-linear cémponent to ~the total dust effect.
Smoke was included so that differences in exposure profile
between smokers and non-smokers would not :’Lead to spur'io;us
variables being added later in the stepwise section of the

analysis. The smoke dust interaction term was adaea to check

o
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the possibility that total dust exposure would act differently

/-
for smokers and non-smokers., Age apd age‘2 were included to

prevent exposure var‘iabjges 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

* Most of variables eligible for entry in a stepwise fashion
have already been described. A complete listing is given Table
7 below. )

Table 7 Variables Eligible for Stepwise Entry

% .

D2 Dust weJ’Lghted by age

D3 Dust weighted by residence time

Dl _ Sum of annual due’.ts2

D5 + Dust weighted by yearg since starting Job

D6 ) Dust weighted by calendar year in which it
occurred | .

D8 Number of years with dust over 5 mppef

D9 Dust exposure in the first 5 years on the job

Peak Hiéhest annual dust level while wor‘klng

Avdust  Average annual dust while working

Tserv Total year‘s_wor'king
Fexp Years since first exposed
0 Age3
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All the above were potential descriptors of exposure
profile except age3. Tt was included in case age had been
undercorrected for by age ':and agez. This was felt to be
unlikely and the inclusion _of age3 was not vital to the
purposes of this study.

A number'.of 'dif‘f‘ere;'xt dust effects could be eXxpressed
};hmugh various combinations of the descriptors of the dust
profile listed in Table 7. The variables wWere constructed with
several potential ef‘f‘ecJts in mind, the general rationale was to
provide variables that would cover'j as many aspects of exposure

profile as possible while keeping caleulation and the number -of

variables to manageable proport.ons.
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4 RESULTS

4.1 Further Characteristics of Study Subjects
.

Y

Men were seélected for inclusion in the study by crateria

.

l4
already mentioned. However, there are a few characteristics: of

interest that were not part of the inclusion criteria. The most

obvious of these is smoking status. The tables below provide

further information nregarding the men's years .since first

exposure, their total years of exposure, and their smoking
4 o

status on the test date. N

Table 8 Years Since First Exposure

Years N 3 ©  Years N %

0-5 127 (12.9)  31-35 - 4k (h.5)

6-10 107 (10.9) 36-40 121 (12.3)

11-15 83 (8.4) | uL-ks 4 65  (6ab)

16-20 165  (16.8) 46-50 37 (3.8)

21-25 134  (13.6) 51+ 2 (0.2) )
26-30 98 (10.0) . : ;
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Table 9 Total Years Of Service -
Years N- % Years N LI
0-6 146 (14.9)  ~5Em, 100 (10.2) "
6-10 95 (9.7 31-35 90, (9.2) /
11-15 99 (10.0) , 36-40 b8 (6.9) .
16-20 162 (16:5) 40+ 63  (o.4) “

21-25 162 (16.5) c ,
Table 10 Smoking Status \ . .

4 \
N o '
Non-smoker 115 - (11.7) . .
Ex-smoker 130 (13.2) ‘ |
Smoker . 738 (75.1)
Ay 983 (100.0) -

4

- . [

The above tables show that the overwhelming majority of
men were sSumokers. ¢ The shapes of the freguency dlqtrlputlons

o v

for total years of service and years since flr'ét expoéure are
quite similar. This is to be expected since most men wsre
employed fairly’ steadily in the’ area. As the variables, years
since first 'exposure and total years of service, are 8o closely
related "1t 1s unlikely that there will be much difference 1in
their relationship to the dust variables. Tables 8 and 9

demonstrate *however that tr(é 1s a high degree of vémablllt‘,y

in the time spent working.
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4.1.1. .Cross=Tabulations Of Subjects by Age & Smoking Status
e
T
_With Selected Exposure And-Résponse Variables
— N

/

_/}bv’ﬁ?g;ide further information on the relationship of

) exposure and response to different age groups of workers, the

following tables have been Ereﬁared (Tables 11-15).
. 6

]
4,2, Dust Variables

4,2.1.Correlation Between Dust Variables

The major component 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 time. There would be
little point in attempting to improve on the response
prediction made by total dust if all the other exposure
variables correlated nearly perfectly with total dust. To check
the degree of correlation between dust variables Table 16 was

created.

The correlations in Table 16 range from 0.264 to 0.984,
wiéh most tending towards the high end of %he range., As could
be expected, all correlations are positive. There are some
patterns that emerge from Table 16 which ;re readily explained
by the origin of the variables. For example, the two variables
containing a squared dust term are more highly correlated with

each other than with those containing a linear dust term.

1

[E RN
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Table 11 Breathlessness by Age and Smoking Status

Severity of Breathlessness

Age . 0 1 2 3
20-25 NS 6(75.0) 2(25.0)
- X 5(100) 4
(72.2) 2(11.1) 3(16.7)
26-30 NS 7(77.8) 2(22.2)
X 3(75.0) 1(25.0) -
S 28(59.6) 13(27.7) 5(10.6) 1( 2.1)
; 31-35 NS 6(75.0) 2(25.0) ,
X S(éOO)
S 33(63.5) 13(25.0) 6(11.5)
36-40 NS 12(70.6) 4(23.5) 1( 3.7)
X 7(53.8) 4(30.8) 2(15.4)
‘ s 43(59.7) 23(31.9) 5( 6.9) 1( 1.4)
-~ »  b1-L45S NS b(44.4) 4(L44.4)  1(11.1)
X 11(78.6) 3(21.4) .
, s 37(ks5.7) 33(k0.7) 9(11.1) 2( 2.5)
) 46-50 NS 7(58.3) 3(25.0) 2(16.7) "
X 5(k1.7) 6(50.0) 1( 8.3)
S u6(4h.7) 32(31.1) 18(17.5) 7( 6.8)
51-55 NS 7(58.3) 3(25.0) 2(16.7)
, X  8(4b.4) 4(22.2) 5(27.8) 1( 5.6)
S 35(39.3) 38(42.7).10(11.2) 6( 6.7)
56-60 NS 9(64.3) L(28.6) 1 7.1)
' X 5(33.3) 7(46.7) 2(13,3) . 1( 6.7)
S 26(27.1) 40o(41.7) 22(22.9) 8( 8.3)
61-65 NS 10(38.5) 7(26.9) 8(30.7) . 1( 3.8)
, X 16(36.4) 17(38.6) 8(18.2) 13( 6.8)
o S 49(27.2) 76(42.2) 36(20.0) 19(10.6)

N.B. In Tables 11-15: NS- non-smoker, X- ex-smoker,
S-smoker. Numbers are counts in each category with

row percentage in brackets. -
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Table 12 X-ray Abnormalities by Age and

&

Smoking Status

Age

21-25

26-30

31-35

36-40

41-45

L6-50

51-55

-56-60

61~-65

Number of Abnormalities

0 1+
5(62.5) 3(37.5)
4(80.0) 1(20.0)
17(94 . L) 1( 5.6)
7(?77.8) 2(22.2)
4(100) )

32(68.1) 15(31.9)
6(75.0) 2(25.0)
1(20.0) 4(80.0)

36(69.2) 16(30.8)

11(64.7) 6(35.3)
7(53.8) 6(46.2)

42(58.?) 30(41.7)
7(77.8) 2(22.2)
3(21.4) 11(78.6)

31(38.3) 50(61.7)
1( 8.3) 11(91.7)
6(50.0) 6(50.0)

34(33.0) 69(67.0)
8(66.7) 4(33.3)
7(38.9) 11(61.1)

29(32.6) 60(67.4)
2(14.3) - 12(85.7)
L(26-.7) 11(73.3)

28(29.2) 60(67.4)
1( 4.8)  20(95.2)
8(18.2) 36(81.8)

39(21.7) 141(78.3)

e
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Table 13 % Predicted FEV11 by Age and Smoking Status

Age % Predicted .FEV

1
0-60 . 61-70 71-80 81-90 91-100 . 100+

21-25 NS 1(12.5) 2(25.0) 3(37.5) 2(25.0)
X L(80.0) 1(20.0)°
‘ S 5(27.8) 7(38.9) 6(33.3),
26-30 NS- 1(11.1)  3(33.3) 2(22.2) 3(33.3)
. X 3(75.0) 1(25.0)
;8 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(11.8)
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 1( 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) 1( 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 NS 1( 8.3) T 1( 8.3) 5(41.7)  3(25.0) 2(16.7)
X 4(20.0) 2(10.0) 5(25.0) L4(20.0) 5(20.0)
S 4( 4.5) 8( 9.0) 12(13.5) 19(21.3) 23(25.8) 23(25.8)

3,

56-60 NS 1( 7.1) 2(14.3) L4(28.6) 4(28.6) 13(21.4)
X 2(13.3) 2(13.3) 5(33.3) 3(20.0) 2(13.3) 1( 6.7)
S 4( k.2) 7( 7.3) $0(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) 3(11.5) L(15.4)
©X 7(15.9) 4( 9.1) 9(20.5) 11(25.0) 10(22.7) 3( 6.8)
S11( 6.1) 12( 6.7) 37(20.6) 29(16.1) 38(21.1) 53(29.4)
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Table 14 Cumulative Dust Exposure by Age and Smoking Status

Age

21-?5
26-30
31-35
36-40
41-45
L6-50
51-55
56-60

61-65

NS
X
S

NS
X
S

NS
X
S

NS
X
S

NS
X
S

NS
X
S

NS
X
S

NS
X
S

NS

X
S

0-50

8(100)
5(100)
18(100)

8(88.8)
4(100)
45(95.7)

6(75.0)
3(66.0)
41(78.8)

11 (64,
4(300
36(50.

5(55.
6(L2,

30(37.

4(33.
3(25.
38(36.

6(50.
2(11.
25(28.

L(28.
6(40.
25(26.
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6(23.
10(22.
18(10.

o~

Cumulative Dust Exposure (in mppcf-y)

50-99 100-199 200-399 400-799 800+

1(11.1)
2( 4.3)
1(12.5) 1(12.5)
1(20.0) 1(20.0)
10(19.2) 1( 1.9)
4(23.5) 2(11.8)
3(23.1) 5(38.5) 1( 7.7)
11(15.3) 6( 8.3) 10(13.9) 7( 9.7) 2( 2.
2(22.2) 2(22.2)
4(28.6) 2(14.3) 1( 7.1) 1( 7.
14(17.3) 23(28.4) 12(14.8) 1( 1.2) 1( 1.
3(25.0) 2(16.7) 1(.8.3) 2(16.7)
3(25.0) 3(25.0) 3(25.0) ‘
19(18.6) 18(17.5) 10( 9.7) 10( 9.7) 8( 7.
1( 8.3) 3(25.0) 1( 8.3) 1( 8.3)
3(16.7) 2(11.1) 3(16.7) 5(27.8) 3(16.
12(13.5) 20(22.5) 13(14.6) 9(16.7) 10(10.
3(21.4) 3(21.4) 1( 7.1) 2(14.3) 1( 7.
1( 6.7) 2(13.3) 2(13.3) L(26.
8( 8.3) 18(18.8) 20(20.8) 16(16.7) 9( 9.
2( 7.7) 3(11.5) 8(30.8) _3¢A1.5) 4(15.
5(11.4) 8(18.2) 11(25.0) 6(13.6) 4( 9.
21(11.7) 27(15.0) 36(20.0) 40(2;.2) 38(21.
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(.“, Tablel5 Years of Service by Age and Smoking Status
Age . Years of Service
0-5 6-10 11-20 | 21-30 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) UL 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(30.8)
S 10(13.9) 12(16.7) 43(59.7) 7( 9.7) ,
Li-45 NS 2(22.2) 2(22.2) 2(22.2) 3(33.3)
X 2(14.3) 3(21.4) 4(28.6) 5(35.7)
S 6( 7.4) 14(17.3) 36(44.4) 25(30.9)
L6-50 NS 1( 8.3) 6(50.0) 5(&1.7)
¢ 1( 8.3) s{41.7) 6(50.0)
S 9( 8.7) 13(12.6) 34(33.0) 42(40.8) s( 4.
51-55 NS 3(25.0) 1( 8.3) 4(33.3) 2(16.7) 2(16.
X 1( 5.6) L(22.2) 8(Lu.L) 5(27.
S 9(10.1) 8( 9.0) 24(27.0) 32(36.0) 16(18.
56-60 NS 2(14.3) LL(28‘.'6) 4(28.6) L(28.
X 3(20.0) 3(20.0) 1( 6.7) %( 6.7) 7(L46.
S 8( 8.3) 3( 3.1) 21(21.9) 36(37.5) 28(29.
61-65 NS . L(15.4) 6(23.1) 16(61.
X 4( 9,1) 18(40.9) 22(50.
S 2( 3.9) 1( 0.6) 19(10.6) 53(29.4) 100(55.
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-¢;\ Table 14  Correlations between Dust Variables -
2 Age wgt|Time wgt 2 Dust wgt byjDust wgt by|# yrs more |Dust in 1st|Yrs since

Tot. Dust | (Tot. Dust) Dust Dust {(Ann.Dust) yrs workingfcalendar yr|than Smppc!|$S years 18t expos{irs of exp.}Peak Dusg
Tot. Dust 1.000 -
(Tot. Dust)? 0.863 1,000
Age wgt Dust 0.971 0.812 1.000
g&:: vet 0.957 0.882 0.881  1.000
HAnn.Dust)? 0.898 0.945 0.830  0.931 1.000 .
)‘f‘;:‘wgfilx 0.909 0.765 0.921  ©0.858 0.758 1.000
Dust wgt by .
calendar yr 0.977 0.803 0.984 0.873 0.B24 0.896 1.000
fhgf‘ssg“;;:f 0.709 ©0.413 0.730 0.608 0.429 0.732 0.745 1.000

™
Qe
Dust in 1st L
5 years 0.823 0.694 0.7u46 0.824 0.801 0.585 0.777 0.515% 1.000
Yrs since z 3
1St exposure 0.kgk 0.264 0.u484 0.494 0.303 0.565 0.468 0.603 0.305 1.000
Yrs of exp. 0.49% 0.266 0.489 0.486 0.288 0.534 0.481 0.611 0,362 0.918 1.000
Peak Dust 0.841 0.603 0.799 0.802 0.73% 0.728 0.823 0.613 0.809 0.472 0.455 1,000
Ave. Dust 0.950 0.779 0.9L1  0.656 0.839 0.822 0.968 0.685 0.825 0.393>  o.32  Yo0.83%
{
\(
g
.
2 4
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The variables made up of various linear weightings of
annual dusts tend to be correlated fairly highly with each a
other. The variables that are created from other information,
suéh as yea?s of exposure, years since first exposure, and peak
dust are not correlated as highly as are the dust variabl;s as
a rule. However, high correlations are found between clogely
related variables such as years since first exposure anda total
years of exposure.
4.3, Response Scales ) \

4,3,1.Descriptive Statisties

4 -

4.3.1.1.Response Scales

Descriptive statistics for the five response scales are
presented below. A range of score is necessary to show any

relationship between exposure and response. I

Table 17 Descriptive Statistics for Response Scales

3

o«

Zf Standard
Range Deviation Median Mean
Response 1 -170.67 - -20.84 16.55 -92.77 =-91.70 1 {
Response 2 4,66 -~ 40,69 4,45 10.x7 11.02
Response 3 0.0 - 3.167 0.345 0.00 0.104
Response 4 -12.0 - 0.0 4,66 =6.55 -6.36
Resporise 5 " 0.0 - 21.0 5.13 . 4,07 534




bt e ot et

61

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 all components of \ﬁu; scale or
whether most of it came from one source. As Table i8 shows

there was good variability on all 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  0.9315
SRO 1.5 - 8.5 0.410 2.011  2.074
SI0 1.5 = 9.5 0.680 /// 2.108  2.331

4.4 Results of Regressions L

Resuits of the regression equations are preéented in the
following 5 sections: In Tables 19-23, beta refers to the
standardized reg;ession coefficient for the final regression
equation with all the variables in the table. The correlation
column gives the simple correlation between theé response scale
and that particular variable. The partial correlation gives

the correlation for that variable as the last variable entering

the final equation (ie. with all other variables in the
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model). The p value gives the significance of. i'.he partial

correlation.

4.4.,1. Response 1 - Airflow Limitation

1

Three of the variables eligible for stepwise inclusion
wére significantly related to Response 1 at the‘p=0.1 level.
These variables are dust weighted for years of residence in the
lung, the sum of the annual dusts squared, and the average
annual dust level. The coefficient for the sum of annual dusts
squared 1is negative; the ' coefficients for the other t{wo
variables are positive. A summary of the regression results ais
given in Table 19.

Only two of the initial eight variables were still
significant at the p=0.1 level after the stepwise variables
Wwere entered. Not surprisingly these were the smoking
variables. For the purposes of the regressions, smoking was
coded as: 0~ non-smoker, 0.5- ex-smoker, and l- smoker. The
values of" the smoking and smok:.ng2 variablesiwa.ll be the same
—for—smoker f*andfnon-smokersf:fﬁgmok—xngz—weuld——take - a--lower
value than smoking for ex-smokers. For Response 1 the overall

smoking effect 1s negative wnich could be predicted on the

basis of the negative correlations between smoking 'ana Response

1 in Table 5. \

The overall association with the three significant dust
variables is positive. The dust exposure profiles that the

§
regression equation suggests .are most strongly related to
-5




(Resp 1) with Dust Variables

Table 19 Correlation of Airflow Limitation

e

Variable Beta

Age . 0.3749
(Age)? -0.2919
Total Dust ’-0.02U1
(Total Dust)?  '-0.0355
Smoking 0.5404
(Smoking)2 -0.5111

Smoking . Dust -0.0517
Smoking . Age -0.0902

Variables entered stepwise

Dust weighted 0.4079
for years of

residence

Sum of (Ann. -0.3883 °
Dust)

Ave, Dust 0.2643

Correlation Partial Corr. P wvalue
0.1988 0.0422 0.1600
0.1964 -0.0336 0.2636
. 0.2252 -0.0025 0.9336
0.1119 -0.0096 0.7482
-0.,1171 0.0733 0.0148
-0.1407 -0.1048 0.0005
0.1744 -0.0125 0.6766
~0.0080 ~-0.0180 0.5584
0.2055 0.0666 0.0267
0.1316 -0.0798 0.0080
0.2169 0.0791

0.0528
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response are ones that were received early on in a worker's
career. High average (or short) dust exposures also seem to be

a predictive factor. The sum of annual dust32 is weighted

negatively. Workers who accumulated high dusts through high

intermittent exposures would have nigher scores on this
variable than those who accumulated the same total dust through
steady but lower annual exposures. —

Although thfa partial correlations for age and age2 are
not significant at "p=0.1, the beta coefficients indicate that
they are an important part of the final regression equation.
The contribution of age 18 less than linear as the beta
coefficient for age2 is negatg.ve.

5

4.4.2. Response 2 Pulmdnar‘y Fibrosis

i

The relationship between dust var'iablesc.anc\i responses on
s L

this scale is of special significance because it 1includes the

I

radiographic variables, SI0O and SRO.
On the eight initially offerea variables, only total dust

has a significant partial correlation in the final equation.

+
o

Two of the stepwise dust variables are related to Response 2,

Q

both negatively. The negative weightings of both the average:

dust and the sum of annual dustsd gives less weight to tnose
total dusts accumulated by high exposures over a short period

of time. Examples of this would be workers exposed to brief

intense exposures and wor'ker"s who have had "peaks" ain their

exposure profiles.
-

54"
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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

AWV

of the absolute values of the beta coefficients for age and

(=

ageé. . A summary oi‘ re:sults ius provided in Table 20.

§ f

4.4,3., Response 3 Pleural Fibrosis

“

The results for Resp 3 are Summarized in Table 2l.

-

%
L ESAR e AS 5s

Pleural fibrosis shows some indication of an age effect that 1is
between fir‘stgand second order. There is scant eviaence to

suggest that pleural fibrosis is related to smoking. The

either smoking or smoking2 with pleural

Ll ‘

The beta

correlations of

fibrosis are . low, -0.0008 and -0.0055 respectively.
} .
coefficients in the final regression equation are small, almost

equai and of opposite sign.

The dust effect seems to indicate that tweg aspects\“of
%

importance. |, The dust

o

variables include two that ' would weigh early and long-term

profile are of positively signed

exposures more heavily. These are years since first exposure

and dust weighted for years of residency in the lung. Two

other variables seem to indicate a "Ypeak" effect. These are

the number of years with greater than 5 mppef exposure and the

sum of the -(annual dusts)z. The - latter variable and the .

total, dust squared both check for second order relationships
between dust and response. However the two variables are

slightly different. Two workers with the same total dustd

may have quite different values for the sums of their annual

,\_\.‘;;“h_ -
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Table 20 pCorrelation of Pulmonary Fibrosis (Resp 2) to Dust Variables

Variable Beta ¢ Correlation Partial Corr. P value'
\ Age -0.0665 0.3651 -0.0075 0.7950 ,
(Age)2 0.2653 0.3677 0.0307 0.2901 - E\"\
Total Dust 0.6998 . 0.2592 0.1221 - 0.0000 '
(Total Dust) 2 0.0177 0.1494 ﬁ 0.0052 0.8569 -
Smoking -0.1661 0.0905 -0.0277 0.3399
(Smoking)® 0.1324 0.0880 0.0272 0. 3488
{ Smoking 7 Dust  -0.0054 0.2534 < -0%.0013 ' 0.9639
A Smoking . Age 0.1335 0.261h 0.0267 0.3568 -
Variables entered step;vise - . T
) Sum of (Ann. -0.3556 0.1436 -0.0973 + 0.0008 |
Dust)_ - B -
] Ave. Dust -0.2525 0.2115 -0.0708 0.0148
7




Table 21 Correlation of Pleural Fibrosis (Resp 3) with Dust Variables
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Variable ° Beta Correlation
Age -0,2907 0.2259
(Age)? 0.4287 0.2326
Total Dust -0.6643 ©0.1014

- (Total Dust)®  -0.2097 0.0359
§moking} \ 0. 0466 , =0,0008
(Smoking)? -0.0406  -0.0055
Smoking . Dust 0.1881 6.0927
Smoking . Age -0.0479 0.1095
"Yariables entered stepwise

&ears_since 0.1239 0.24%0
first exposure U
Dust weighted for 0.2514 0.1204
years‘of residence .

# of years with 0.1965 " 0.1733
more than Smppef ’ '

Sum ogr(Ann. 0.3177 0.0682

Partial Corr, P wvalue
-0.0328 0.2856
0.0494 0.1076
-0.1063 0.0006
-0.,0653 0.0335
0.0078 0.8002
—0.6083 0.7859
0.0L455 0.,1379
-0.0096 0.7551
0.0698 0.023%
0.0545 0.0758
0.0991 0.0013
0.0708 0.0211
- ——
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dustsz. The worker - who has Iacc‘umulated his exposure from
alterna%;ing high and low levels will have a higher value for
thg sum of annual dust32 than a worker who has accumulated
the same total eprsure fr-om‘ steady annual exposures,

i

4,4.4. Response 4 Bronchitis

«
A

For this scale the highest beta coefficient 1is for
bsmokingz, as shown in Table' 22. ‘i‘hls 18 hardly surprising,
as smoking has long had );,an association with bronehltis;
Smoking itself is negatively signed and while it reduces the
‘effect of smoking®, the overall .smoking effect remains. The
higher weighting given .to smoking2 may indicate that
ex-smokers are more like non-smokers than smokers with respect
to their response on this variable.

Age and age2 seem to play 1little effect. Th;e), same is
true of total dust and total dust®. The age weighted dust
variable is heavily weighted, indicating that dust exposures
ocecurring pat later ages may be more har‘mfulw:’D The relationship
"of the other du;t variables to respgnse is a little more
complicated. The variable, aust weighted tor calendar year,

weights recent dusts more heavily than those in the past. It

differs from dust weighted for years of residence not oniy by a

3
et

constant, but is opposite in sign as well., Dust weighted for
calendar year, with its negative coefficient would act to
reduce the dust weighted for age effect, as all workers get

older with an increase in calendar year. The sum of the annual

A 3

- e
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Table 22 Correlation of Bronchitis (Resp 4) with Dust Variables

Variable Beta -
Age 0.2811
(Age)2 -0.2501
- %®5%al Dust 0.0735
(Total Dust)? - 0.0899
Smoking -0.5369
(Smoking)2 0.7023

Smoking . Dust 0.0373
Smoking . Age 0.0699

Variables entered stepwise

Correlation

Dust weighted 0.5586
for age i

Sum o£ (Ann. -0.3119
Dust) .

Dust weighted . -0.4571
for calendar
year

0.1353
0.1327
0.1189
0.0698
0.2259
0.2494

0.1540
0.2640

0.1380
0.0609

0.1267

Partial Corr.

P value

0.0296
-0.0263
0.0086
0.0256
-0.0892
0.1438
0.,0090
0.0140

0.0769
-0,0709

-0.0520

0.3303

T 0.3864

0.7770
0.3982

0.0034

0.0000
0.7670
0.6455
0.0115

0.0197

0.0867

L3
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dust‘.s2 enters the equation with a negative coefficient,

reducing the effect of years of very high exposure.

4.4.5. Response 5 Airway Reactivity

L4

-

The largest absolute value of a beta coefficient for the

-

initially entered eight variables is 0.1836 for age. Other
positive betas of note include -0.1672 for total dust, 0..308

for smoking squared, and 0.1017 for the smoking age interaction.

§
S1x stepwise variables were included in the equation. The

§

sum of the annual dustsz, and the number of years with more
than 5 mppef both have negative beta coefficents which may

indicate that peak exposures are of less significance than
steadier levels of .exposureg. The four positively signed
variables are the duét in the first 5 years, dust weighted by

the number of years working, the dust weighted by age, and the

average dust, Complete, results are provided in Table Z23.

4.5 Correlations of Dust Variables with Response Scales

One interesting finding Lo come out of this study was that
some of .the individual dust variables were correlated with t';l;e

response to a greater, or at least equ(al extent, than was total
dust. Table 24 shows that for each of the response scales,
dust weighted for years of working has a higher correlation

than does total dust, although for some of-the scales the

correlatlo}ne are almost the same. . Two other variables
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Table 23 Correlation of Airway  Reactivity (Resp 5) with Dust Variables
Variable Beta Correlation Partial Corr, R-Yalue
Age | 0.1836 0.2904 0.0201 £9.4963
(Age)2 -0.0081 . 0.2876 -0.0009 ~ 0.9758
Total Dust -0.1672 0.2040 -0.0177 ~ 0.5508
(Total Dust)? 0.0878 0.0973 0.0238 0.4212
Smoking -0.0586 0.1696 -0.0098 0.7419
(Smoking) 2 0.1308 0.1660 0.0268 . 0.3660

_ Smoking * Dust -0.034L 0.2148 -0.0083 y“//)/ ©0.7789
Smoking * Age 0.1017 0.2888 0.0203 0.4922
Variabies-entered stepwise |
Sum of (Amn. £ _0.4543 0.1016 -0.0995 0.0008
Dust)“

ﬂDust in first - 0.2463 0.1817 0.0934 0.0017
5 years :

“ # of years with C 01142 0.2189 ~0.0578 0.0510
more than 5 mppctf
2u§§ ;:éggtﬁgrigng 0.1918 oﬁ2116 0.0518 0.0802
Dust weighted for age 0.2150 0.2301 0.0380 0.1989
Average Dust 0.1428 0.2057 0.0340 - 0.2508

T8 5 S T W PSP
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incorpo;r'ating annual dust counts, dust weighted for age, ana
dust weighted for calendar year, do as well as or better than
total dusth in predicting response, ‘ as measured by the
correlations in Table 24. Perhaps this is not surprising as
they contain more information than d:>es total dust alone. 1In
addition to annual dust information they contain information on
a worker's age or number of years working. More surprising is
the finding that years of se‘r'vice and &ear's since first
exposure are the best single predictor;s of response. These
variables do not contain any direct information on a worker's
total dust éxpoﬂsure, but only on the time of exposure.
However, all these variables are interrelated to some degree:
total dust ecan only inecrease with time and vice versa. 1In
general, those workers with the highest dust exposures will be
the oldest and will have been working the longest.

Although it is temptig\k to take the correlations in Table

g .
24 at face value, one must bear in mind that it is difficult to

a

compare them without formal tests of significance.

i
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Table 24 Correlation of Response Scales 1 - 5 with A1l Dust Variables

Aﬁrflow Lim.

Pulm. Rib,

Total Dust 0.225
(Total Dust)?® 0.112

Dust weighted 0.226
for age

Dust weighted 0.206

for yrs. of res

Sum o§ (Ann., 0.132
Dust)

Dust weighted 0.229
by # of yrs.
working

Dust weighted 7%0.227
for calendar yr.

# of years with0.260
more than Smppcf

Dust in first 0.180
5 years

Peak Dust 0.222
Ave, Dust 0.217

Yrs. of service0.234

Yrs. since 0.239
first exposure

0.259
0.149

0.277
0.244
0. 144

0.298

0.256
0.300
0.178

0.223
0.212
0.340

0.346

Pleural Fib. Bronchitis
0.101 0.119
0.036 0.070
0.098 -0.138
0.120 0.099
0.068 0.061
0.116 0.135
0.082 0,127
0.173 - 0.137
0.085 0.093
0.105 - 0.084
0.069 0.110
0.218 0.101
0.247 0.121

rext o,
Lo TP

Air Rezct,
0.204
0.097

0.230
0.166
0.102

0.212

0.221
0.219

0.182

0.197
0.206
0.230

0.256

Iy
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4.6 Overall r2 for Regression Equations

° R Ty
Table 25 r2 for Final Regression Equations

-

2 2
' (1st 8 var) T (final) Stepwise Variables Added

7

Var

Resp 1 0.1091 0.1148 Dust wgted for yrs res.
Sum of (Ann, dust) <.
Ave. dust
Resp 2 0.1594 0.1750 Sum of (Ann. dust)2
Ave. dust
Resp 3 0.0518 o 0.0768 Irs since 1lst exp.
Dust ,wgted for yrs res.
# yrs more than 5 mppcf‘
Sum of (Ann. dusn;)2
Resp 4 0.08'87 ., 0.0961 Dust wgted for age
Sum of (Ann. dust)®
Dust wgted for cal yr.
Resp 5 0.1240 0.1400 Sum of (Ann. dust)2
| bust in lst 5 yrs.
# yrs mere than 5 mppcf
° Dust wgted by # yrs work
Dbust wgted by age
Ave. dust

~

Clearly the explanatory variables examinea account for

only a modest amount of the variability in the data.

N
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Nevertheless, considering the wide range in individual's
susceptibility and the necessarily crude estimations of dust
exposures in the early part of this century, the correlations
are as nigh 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.

P
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5 DISCUSSION . '

5.1 Correlations of Resp l1-5 with Dust Variables

There are a number of ways of grouping the five response
scales with respect to their relationships to the dust
variables, Table 24 shows that the correlations for iResp 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
responses. If the dust variable, number of years witn more than
5 mppef, is also included, one finds that these three dust

0
variables are always ranked in the highest five correlations.

The magnitude of these correlations is also roughly the same.

with the exception of Resp 2 (Pulmonary Fibrosis). The
correlations for Resp 2 are higher (approximately 0.34) than
for the other ,three scaies {(which are approximately
0.23-0.25). Although it would be preferable to have higher
correlations, those obtained are credible given the limitations
of the data and the complexity of the responses. It is not
surpgising that the Resp U4 scale should stana alone with lov:ler'
cor'r‘e‘\l'ations and with a different pattern of correlations to
the Eilﬁst variables than diad the other four scales. The lower
corr;elations m’ight be expected because bronchitis is related to
more exposures than are pulmonary and pleural f‘ibrosfs.

One result that might not have been expected 1s the higher

é"or'relatiozls for pulmonary fibrosis than for pleural fibrosis.

~
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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 airway
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 reiat;ﬁnship than parenchymal diseage. This may
be because other host factors enter into the production of
pleural disease., For example, parenchymal disease may show a
closer relationship to dust dose because it is initiated by a
reaction of the, body at the site of deposition. Pleural
disease, on the other hand, may require the clearance of the
dust from the initial site of deposition and its transport to a’
more peripheral location where the reaction would be initiated.
This would provide or‘1e wmore way in which individual differences
could manifest themselves and thus blunt the dose-response
relationships. \

The dust variables})’i‘aving the highest correlations with
Resp 1-3 and 5 were allgﬁef‘ined in terms of years rather than
dust counts. At first glance one might be tex’npted to att'ribute
this to factors other than the total dust exposure that would
be con;.ained in these terms; these .factors might include age, a
residence effect, or simply the fact that dust exXposures were
much higher in the past. Thesé 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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Co of service, years since first exposure, or number of years of
more than 5 mppef. The difference in the size of the
correlations is not great, ’

This finding may be QfC some use to future researchers as
it is much more difficult to obtain and calculate total aust
exposures for each worker than to simply "loock at the number of
years he has been working, or the number of years since he has
started wor‘ki(pg. Some studies have alrejady 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

Thé main objective of this study was to determine if any

variaples that describe’ profile _of dust exposure would be
NS

siéni%‘icantly related to the development of a response after

other explanatory variables such as age, cumulative dust, and

smoking were taken 1into consideration. These dr‘esu.Lts are

discussed in the following sections, the results were presented

in Tables 19-23.

' 5.2.1 Resp 1 Airflow Limitation

!
.

Of "the eight variables initially enterea into the.
regression, only smoking and sSmoking squared remained
( significant in the final equation. The beta coefficients are

opposite 1in sign and the overall effect 1is that smoking is

\
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negatively related to the exposure. At first glance this may

seem a little incongruous. The result may be understood by
recalling how Resp 1 was calcuiated. It is composea solely of
the ¥ predicted FEV; separate regression equations were used to
derive the predicted FEV 'for smokers, non-smokers, and

ex-smokers. The correlation of smoking with Resp 1 was negative
i

which indicates that the use of separate regression equations

in the calculation of § predicted FEV probably over corrected

”

for the effect of smoking. This is probably because the people

Al

on whom the regression equation was based were not directly

. comparable to the men in this study.

Among the dust variables, only threta: dust weighted for
years of residence, the sum of the annual dusts2, and the
average dust, are significant predictors in the final equation.
The sum of annual dust32 is nega:t‘ively signed, the other two
are positive. The overall effect seems to be that early
exposures are Wweighted the most héavily and that 'the same
overall amount of dust is more harmful when received as a
s?;eady exposure‘ than it woul?:l be if received as a series of
high exposures interspersed with lower exposures.

-These features all fit with the conception of airflow
limitation as a slow, progress{ive process. The earlier dust

: :
exposures are presumably more har;nf'ul because the retained dose
(i.e. that fraction not removed by clearance mechanisms) has
more time in the lung in which to exert harmful effects. The

reason for the significance of average dusts is not as clear.

This variable is very similar to top‘alfdust, but would give

i
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more weight to an equal exposure obtained over a shorter period f
of time, It would be compati?le with a gquasi-threshold effect; ﬁ

low steady dust levels could be handled by the body's clearance’
meéhanisms but above this level the body's clearance capaoility

would be overwhelmed. - {

5.2.2 Resp 2 Pulmonary Fibrosis

The regression results for Resp 2 show that total dust 1is

the largest single contripbutor to the equation. There is also

evidence for an age effect, the relationship being better

described by age squared than by age. Tne smoking age proauct - !
has a beta of greater than 0.1, indicating that there 1s some

interaction between smoking and age, with smoking exerting more

of an effect in the elderly than in the young.

The two dust variables' enterea stepwise are both !
negatively signed. They may both be indicating the same :
effect, namely that for the same totdl dust, the dose that was
accumulated in the shorter period with-—peaks and dips in the a
exposure pattern is less harmful than a long-term steady dose. ;
This may be deduced by considering the values of the sums of ;
the annual dusts squared for two workers with the same }otal :
dose by different profiles of exposure. For example, a worker .
whose total exposure 13 100 mppefy will have a sum of annual
dust squared of 1000 if he accumulatéd that total by having an ) ;
exposure of 10 mppc} for ten ye;rs. If the same total dose was o %

accumulated by five years of exposure at 18 mppef and five '
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years at 2 mppef, the sum of the annual dusts squar:ed would bt;-
1646, Sim'ilarly it may be seen tha£ the average dust score w;"Lll
be higher for workers who accumulate a given total dust through
a short high exposure than for those who accumulate 1t through
a lower but longer exposure. =

The fainding that total aust is the most 1important

deseriptor of dust exposure for those who develop pulmonary

fibrosis should come as no surprise. This measure of exposure

has been used in several studies in the past which use x-ray,

‘changes and mortality as response ueasures (49,54,56). This
response scale included pulmonary x-ray changes similar to
those used in brevious studies. One might also expect thab the
x-ray changes included in Resp 2 would be more closely related
to death from asbestosis than the responses included 1in the

other scales.

5.2.3 Resp 3 Pleural Fibrosis'

The regression for this scale yielded the "lowest r2 of
the 5 scales. Similarly a look at Table 21 shows. that the
correlations between Resp 3 and all the L;redlotor' varlableé
tend to be lower than for the other scales. Again this 1is
consistent with past studies which have shown less of an

& a e

association betweenr dust exposure and pleural changes than for

other parenchymal changes.

As Table 21 demonstrates, smoking has no relation to the

S

development of pleural fibrosis. There 18 evidence for an age

»

~—~




stepwise section, the beta coefficients for total dust and

- 8ince first exposure and dust weighted for years of residence
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®
effect that is more than linear but less than second order. .

&

Dust exposure is related to pleural fibrosis, seve of ' ;

. '

the descriptors: of exposure profile were significantly relatea

to Resp 3. With the inclusion of these. variables in t"fhe

~
’

rd

a

(total dust)'2 are both negative. All four of the aust

' é

variables entered stepwise have positive beta coefficients and

might be thought of as describing -two profile effects; Years

&

v

indicate that early exposurés are more harmful, Whether this is

due merely to therpassage of time since the exposure or other

oL s

factors is not clear. The other two variables, number of years
\ .

) > .
with more than 5 mppef and the sum of the (annual austs)a, B

describe a peak.effect. The presencAof‘ both these variables
indicates that very intense e€xposures over a brief period may
be more harmful than the same total exposure sSpread over a
longer period.

One might .speculate that this is due to an overwhelming of
the clear‘énee mecha'nlsms' during periods of hﬂlgh exposure. bLust
particles might not be cleared as compl‘étely», some of the
particles transported to 1':he lung periphery, but not removed

might becone i;rapped permanently and would, over time, ove

increasingly likely to trigger some pleural reaction.

| A

.
s WS
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5.2.4 Resp 4 Bronchitis

The greatest eontrlbution&to‘the regression equation for

A
5

Resp 4 comes from smoking. This might havé been expeitsd from
pa‘s:t studies and had the results shown otherwise 'doubts might
have been cast on the validity of ,tﬁls study's methodology.
Smoking squared provides a better fit than smoklné: As alreaay
discussed, the two variables differ only in the value assigned
to ex-smokers. Aéart from the smoking effect there-ls little of
Rmpqrgénce in the firsthight varlableé.

The three qust variables enterea 1ﬁ the stepw1se€sect10n
were dlist weighted for age, the sum of the annual dustsz, and
dust weighted for calendar year. The ége welghted aust
i variable weights dusts received atn older ages more heavily,
.Dust ‘weighted for ‘calendar year welg?ﬁs recent dusts more
heavily thép the early ones. Thus, to g/certaln extent, both
bgth variables will weight thne same dusts (1.e. for all workers
more recent dusts "occurred wheh th;y were older than Eﬁey were
when they received their earlier dusts)? The opposite signs
for lthe beta g¢oefficients 1indicate that they cancel to soume
degree. The age weighted dust 1s more heavily weighted in the

regression. The sum of the annual dusts squared has a negative
coefficient, ~again indicating less of an effect for peak
exposures than for the same:’ cupulative dust obtainea by a

steadier profile.
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5.2.5 Aiz;way Reactivity

Of the eight initially °ente§fed variables only age,

smokir;gz, and the smoking _age° dinteraction , had beta
Gy

coefficients greater than_ O0.1. Total dust had a newative

contribution £o the final equation.

- °

Among the stepwise variables the sum of the annuai
dust32 and the number of years with more than 5 mppef both
made negat‘ive contributions, the form?r.mor‘e\ than the latter.
The effect gf both of these would be to weigflt peak exposures
less than steady oOnes. The positively signed variables were
dust in the first flw;e years, dust weighted by number of years

working, dust weighted by age, and the average dust. The beta
%

)

coefficients for these variables range from 0.14-0.24. The

dust weighted by age and by number of years working describe
the same type of effect, namely that of weighting the recent
exposures more heavily. This  would seem to be an effect

opposite to that expressed by the dust in the 1irst five

years. Weighting of recent dusts makes sense 1n that alrway‘

&
reactivity might be considered an acute, short-term effect of

dust exposure. Perhaps the 1mpor'tiance/of;) dust in the first
five years could be as' a "sensiplzér",/'exa&:ar'batlng the effects
of later dusts exposures. While e.t"ls tempting to' speculate in
this manner, the data are /nobisuf‘f‘lcient to allow any fairm
conclusions on this question. Jfompared with the results for

Resp 1-U4, the results for Resp 5 are less clearcut, with more

variables and lower beta coefficients.
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'5.3 Plausibility Of Dose Effects

\]

The analysis in the preceding sections inalcatesl that the

~
effect of profile of dust exposure may vary with.the response.
Different responses have been shown to be associatad with

certain aspects of exposur‘e.' To the extent that Resp 1-5

‘" reflects markedly different pathological processes, the

difference in the profile effects ' may be reasonable.

i

Fur‘ther‘mor-é, the effects of ,profinle for ‘the various responses

8 ?
are consistent with what is known about the pathegenesis of
. L] ‘

those responses. The contribution of other explanatory
variables such as smoking and age are also génerally consistent

with what 1s known about the clinical entities the various Resp

>

scales attempt to describe. Examples of the plausibility of

these dose effects may be drawn from the responses on any of
- {
the Resp scales.. A

-~

~

5.4 Reiatlonship of Findings to Past Studies

The results of the presént study do not contradict the

results of previous work. They confirm exposure response
/

relationships that haye been found in ether studies which have
looked at the relationship between dust exposure and
non-malignant asbestos associated disease.

7 . .
Dése-response in’ previous studies has Dbeen definea 1in

¥
-

terms of cumulative exposure (total dust) (49,54,56) or ain
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terms of years spent working with asbestos (1,57). As alr:eady

[N 1
discussed both have limitations.” Table 24 shows that all Resp
scales were oo;'related with cumulative (total) dust as well as
with variables mor‘:e ékin to those used by Selikoff et al (years
since starting work and total years of service). Although a
com;;arison is not made between the two methoas of estimating
dose, Table ~24 shows that bogh these ways of .estimating dos\e
can produce similar correlations with the five response scales.
The present study goes beyond Just demonstrating an
exposure-response relationship and tries to D'improve upon those
established in past studies. ’ To a linllted extent the attemp't
has been successful. It hds been demonstrated t}']at for all the
pespoﬁse scales there are additional variables whicn n}escr'ibe
profile of dust exposure that are significantly relatedv to
response even after such variables ASs smoking,” age, and

14

cpmulgtive dust have been taken into account.

— .
5.5 Swmoking Effect

,« The effect of smoking 1s of major importance in the study
as 1t 1is associatea with most of the response. variables.
Smoking effects were controllea in two ways in this study.
Where .possible, men's r'esponses: were ad‘)us‘ted to take into
account their smoking ;tatus. This was only possible for
pulmonary function responses. As already described, separate

regressfon equations were used for smokers, non-smokers, and

. X
ex-smokers to derive a predicted value for a man's pulmonary
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/function test results. This adjustment is only ‘of l\mpértance

Lo

“in Resp 1 and 2 because these were the only Resp scales

containing a pulmdnary function test., -/ 3

In the case of Resp 1, the scale was made up solely of the
) )

[ -
pulmonary function variable. In Resp 2 the pulmonary function
N

1
variable which was adjusted, was combined with x-ray and
questionnaire variables which were *not adjusted for smoking

!
The second method of taking into account a man's smoking

¢ »

status. , 9 ,
\

status was to enter smoking, smoking Ssquarea, and the

interaction terms smoke times dust ana smoke times age 1nto the

fainal regression equations. These variables could not be

deleted during the stepwise part of the program, ensuring that

<

smoking variables would be i1n the final equation whether or not

4 : *
their partial correlations were significant. °

v

The effect of smoking was probably adequately taken 1into

account by these methods. In the case of Resp l,.wher'e ooth

methods were, used, it appears that the standaras used -to
&

correct for smoking which were bpased on another population, may

have over corrected for the smoking effect. This may be

demonstrated by the negative correlations of smoking and

smoking Squared with Resp 1, as welli as the nepative overall

- contribution ghat smoking made to the final regression. The

o K
situation with Resp 2 is not as clear cut. Here smoking does

s

not appear to exert a éreat effect, although 1t may express
o f N
itself through the smoking age interaction term. One cannot

w—

tell if this is due to the adjustment maae for smoking 1in

¢
<

T
'
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calculation of predicted FVC or. if there is a slight

association partially ‘eliminated by the treatmept of FVC. It

ot
¢ - - B

may be the latter as the correlation for Resp 2 with smoking

and smoking squared is slightly positive (0.0905 and 0.0880)

@,

while that for Resp 1 is slightly  negative (-0.1171 and

-0.1407).

v

It might have been simpler no:c to combine variables that .

[

had been adjusted for smoking with those that had not.
Originally, it was envisaged that pulmonary function va;*ﬁ.ables
would no; be gr"oupedl.with X-ray and questionnaire variables and
the adjustments were based on this pla'n. 'However‘, after the
initial factor analyses it became apparent that theupr'esent
construction of Resp 2 was warranted.

‘ The issue of how to make adjustments for smoking is not a
ser:iops one for this study as the objectives were only to

o

describe the effects of profile ;‘f\dtﬁ;ﬁ*:fx;{osure on r'e§ponse
and not to draw comclusiods regarding the effect of smoking.
For this study's purposes it 1s only required that sufficient
adjustment be made for smoking so tnat it will ;101: obscure dust

]
effects or cause spuricus ones to appear. The method used,

while a little convoluted, attains these goals.

5.6 Difficulties with .Study Design

i v : o

Mention has been made in previous sections of some of the

strengths and weaknesses ipherent in the study design. These

factors limit t{he strength and applicability of the study

°

- W e



results to some extent. The main:defénce for any.inadequacy in

. L *

the study design is that existing data were used and that this

-

placed severe constraints on the study structure. Had the aata
Y ' ® \

been coldlected solely for 'this study many changes would have

been possible. However, the extent of the data is such that it
would have been impractical to bollect them for anything less

1]
than a series of major papers. a .
P s ]
Analysis of data generally proceeded without " much
& L3

difficulty. Extensive checking of data -was carried out prior
to an,y'analysis to make _sure that all variables were within

’ range and that there wére no missing data. As previously

a

discussed a few men were deleted from the study for these-

reasons.

-

One further problem became apparent after the rinal
regression analyses were run. It appeared that one man had
been incorrectly coded For elther his birth date or his year of

0

starting work. The latter being lcodea as one year priocr to the
X p

former, a cleéar impossibility. ‘It was decided to pn:‘{.nt out his

»

response scores as well as all his dust indices to examine
whether or not he might have acted a;; an outlier and thus have
exerted disproportionate influence on the regression results.
Comparison of his“scores with other men's scores revealed this
was not the case. It was then decided to leave this man in the
analysis on the grounds that 6ne man out of 943, wno was not an
outlier, would not appreciably affect the results.

A further criticism may be made of this stuay with regard

to. the response scales. It was planned that? the 5 scales

’
I
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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 Resp 2 and Resp 5; this is higher
. . 3 s

v

than was desired. The reagen - for the magnitude of the

IS

correlation is that Q60 (breathlessness) was included in both
Resp, 2 and in Resg 5. The inclusion of this question on both
scales may be Justified_on clinicgl grounds; 1t is entirely

{'easonable' that breathlessness be a -symptom of pulmonary

' fibrosis and of airway reactivity.

Most of the descriptors of temporal p?.tterns of exposure
. - N Y

were obtained from weightings of annual dustss Thas made
L

.computation. relatively easy and allowed a variety of patterns

. v L 1]
to be examined. It is unsure how close these variables come to
\ .

N
approximating the phenomena they are supposedq to represent.
o

For example, the dust weighted for years of residence, by

¢

itself may not capture the residency effect which may or may

! 0

. not exist in the data. N

[

©

5.7 Implications for Hygiene Standards

“
-

a
a
»

Thid study has demonstrated that there are’ ways of
cdlculating -aust exposure other 't':han,‘ or 1in addition to,
cumulative dust ‘expésur'e' that may 1:1elp predict subsequent
response. Whether or not the results .have any relevance for
current standards of eXposure to asbestos Nis debatable.

There are many diffaiculties 1n trying 'to relate the

experience of the men in the study to the situation of men in
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~ the workplace today. First of all, tne dust exposure in this

study was almost entirely to chrysotile asbestos. The
generalizability of the findings-to,other types of asbestos or
non-asbegtiform dust is u.nknowh. Even if the results are only
applied to current chrysotile workers there are.difficulties in
relating / the dosages in this study to cu;'rent exposure
standards. First of all, the units of measurement used in this

q

study are different from those used today and there is no way
of obtaining a consistent conversion factor. A second problém
is that the exposures c;f wot‘kezz's today are much lower than the
vast majority of-workers' exposures in this study. whether or
not the same effects of brof‘ile of exposure would be found at
these lower overall levels of exposure is wunknown. If they

were, they might be so small as to maxe their dJetection very

difficult. Another problem with applying the study f‘lndi’ﬁgs to

- hygiene standards is that the outcomes used in thi% study ao

not reflect the most serious outcomes of asbestos exposure, at
best the findings miéht be r“elated to risk of death from
asbestosis. The results d-o not necessarily havé anylr-elevance
to asbestos-induced malignancy. It should. be noted however,
that in the past hyg]i.ene standards have been based on the risk
of death from asbestosis only.

N

Bearing in mind all the above, 1t should be obvious that

that this study's findings alone could not be used to Justaty
the setting of an dverall asbestos exposure standard. However,
in congunction with other evidence, this study's results might

have been used to support further standards in the workplace
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\wh}eh would describe the short term exposure profile of the

“ -

worker. If results had shown that brief intense expgsures were
more harmful than the same exposure received over a longer
period, there might have beepn support for setting short tef‘m
exposure limits and/or ceiling levels f‘or asbestos exposure in
In general, the

addition to the present time-weighted averagé.

results of bhis stuc(iy do not indicate such an effect. Thus

future changes 1in standards for asbestos exposure should

revolve around lowering the present standard rather than adding

other standards’ to modify the profiles of exposure permitted by

the present standard.

Paaliee &
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6.0 CONCLUSIONS

[y

*In this study has confirmed the known

v

summary,

relationship, between cumulatijve asbestos

L Al

exposure and In

several measures of respiratory morbidity.

‘addition, it has shown that some facets of the profile of

‘" asbestos exposure 1mprove the prediction of  subsequent

résﬁonse. With the inclusion of these terms, the original
. . <r - w 0

¢umulative dust term may no longer be saignificant. Overall

r's,

e\;en with these addit:ional 'descmptor's of* profile of

‘'

exbosur'e are still rather low (0.30-0.435) and thus it seems

that indavidual differences, unmeasured variables, ana error

still aceoumnt for the major portion of the variance in the data.
3 > )

' The 'a.spect's of profile that influence response vary across

responses. In general, for- long term processes earlier austs

v
! .

appear to have a greater effect and for short term, reversible

processes the most recent dusts are more heavily weightea. In

the case of airways reactivity both early and recent exposures

are 1important. Exposure-response relationships for pleural

disSease seem less clear than for parenchymal gisease.P

t
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APPENDIX 1

i
-

0 ~

. Q52 Do you usually cough first thing in the  morning (on -
gettlng up*) 1n the winter? '

(Count a co§gh with first smoke Qr on first going out of
doors. Exclude clearing throat or a smg;a cough. ) 4

¥For subJects who work by night. , e

a
3

Q53 Do you cough. dur‘ing the day - or at night - in the
winter? Ignore an occasional cough. :

- &

Q54 Do you cough like this. on most days -(or nlghts*) for as
much as three months each year? -

Q‘35 Do you usually bring up any phlegm from your chést first
thing in the morning (on gettlng up*) in the winter?
(Count phlegm with the first smoke or on first going out v
of doors. Exclude ™ phlegm from the nose. Count swalliobwed
phlegm. ) o :
Q56 Do you usually bring up any phlegm from your chest during
the day or at night - in the winter? —_— H
Accept twice or more. e : . <

Q57 * Do 'you bring up phlegm like this on most days or (nights*ﬁ
for as much as three months eaéh year? .

Q58 In the .past three years have you bhaa a period oOf .
(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 hurrying up a

slight hill?
Do yoy get short of breath walking with other peopfe of

your own age on level ground?

Do you have to stop for breath when walking at your own ) 5
pace on level ground? ‘ .

(Q60 is a composite of the above 3 oreathlessness .
questions, the more positive responses the higher the score on
Q60.) 8 N
Q61 Does your chest ever sound wheez1rfg or whistling?
Q62 Have you ever had attacks of shortness of breath with .
wheezing? . .

Q63 , Does weather affect your chest? .
\ /\ .




