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Due to generally improved environmental controls in workplaces 
1 

where asbestos is used, there ~re now fewer workér~ who develop , -
asbestosis while an increasing, number exhibit isolated pleural 

plaques. Whether these are associated with respiratory impairment 

indep~dently oi underly~hg parenchymal ~isease (usually mil? in ,degree 

and extent) .r~mains unresolved. The' question was re-investigated using 

quantitative gallhlll\-67, lung scanning ,to- take into account parenchymal 

change not,evident o~ the chest radiograph in e cross-se~tional study 

of 110 constructjon insulators,all currently at work. Overall, 58% had 

pleural 'abnormality, 52,. 5% pleural p'Iaques only and 5. 5% diffus~ 

pleural thi-ckening as ~~essed by reading ,the PA chest radiogràph into 

the ILO 1980 classification. Compared to those wi\nQut, those with 
o , 4 

pleural abnormality had significantly reduced forced \expiratdry 
... 

,volumes. This deficit was related independently to chest wall pilèural 

thicken:Lng and to costophrenic _ an'gle obliteration, ~fter taking into 

àccount age, height, smoking s~~tus and the presence of parenchymal 

abnormality as assessed by ~hest raâiogr~phy and gallium uptake. In , 
• 

addition, the complaint of dyspnea with strenuous activities was 
, '. 

'significantly related to the width and extent of chest wall pleural 

thickening after taking into account the cov~riables mentioned above, 

even though exercise capacity 'was not different in subjects with and 

wi'thout pleural abnormality. However, on exercise, thèse with pleural 

-
/' 

abnorrnali ty were of their 'fen~Jlatory reserve and" 

at selected levels ,~~bf submaximal· '\ 

The increase in the sensation of breathlessness on effort in J 
a higher 

, 

frequenc;y 

shown to use more 

treathe with 

exercise. 

'those with pleural abnormality may therefore,be related to differences 

in' breathing pattern induced J\Ôy the pleurâl chang~s. 
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.. RESUME 

industrielle .chez les 
./ -

contrôle de l'hygiène 

J.' amiante" moins de travailléurs développent 

maintenant l'amiantose et un plus grand nombre d'entre eux présentent .., 
- des plaques- pleurales iS'olées. La' que$ltion d'une association entre la 

présence de 'plaques '. pleural~s et une dysfonction respiratoire, 

~ indépenftaJTUiilent de .tous changementS' pàrenchymateux, demeure 

controversée. 

,transversale de 

Cette question 

110 travailleurs 

fut réévaluée 

calorifugeu~s tous 

dans une étude 

au travail, avec 

l'ajout de la scintigraphie pulmonaire quant,itative au gallium.Jl67, pour 

l'évaluation de tous c~angements parenchymateux non détectés sur Jft 

radiographie pulmonaire standard. Selon une lecture~es radiographies 

pulmonaires postéroanté;ieures utilisant la classification BIT 1980, 
,. ) 

;1 58% des travailleurs avaient des anomalies pleurales, 52,Si. des plaques 

,pleurales et 5,5% d~s ,épaississements pleuraIs diffus. Par comparaison 
, , 4 

aux' travailleurs sans anomalies l>leurales, ceux avec anomalies 

." 

'pleurales avaient une diminuti'on sigqift'cativ~ des volumes expiratoires 

maximaux. De plus, cette diminution était associée â l'ét'endue des' 
ù 

~nomalies pleurale's et la présence d'une oblitération de l'angle 
-. ' 

cèstophrénique après ajustements pout l'âge, la ~aille, l~ ~abagisme et 

la :présence de changements parenchymateux, tels qu' évalué~ par la 

lectu~e des radiographies' et scintigraphies pulmonaires au ~allium. 

Les symptômes' de dyspnée en 'relation avec des activités importantes' 

étaient aussi associés de façon significative â l'étendue des anomalies 

pleurales après aju~tement pour les mêmes covariables ci-haut 
~ 

mEi!ntionnées; et malgré le fait que la capaçité il l'exercice était 

, semblable chez 0 les travailleurs avec et "S~ms anomalies pleurales. 

Cependant, â certains niveaux d'exerclce~- les travailleurs avec 
, . 

anomalies pleurales utilisaient une plus, 'grande proportion de leur 
Il 

réserve respir~toire ' maximale et respiraient â une fréquence 

respir~toire pl~s élevée. L'augmentation de la perception de dyspnée à 
1 

l'effort chéz les travailleurs avec anomalies pleurales pourr~it donc 
, 

être associée à des différences de modes" dé respfration induits par des 

changements pleuraux. 
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The many steps, from the' conceptiod of the protocol, the 
, , 

- , 
realisation ~of the st~d~, the analysis and fint,,:llY the wr~ing of the 

Il 

thesis required a collaborative effort and an II thusiasti~ contribution 
.., 

of Many hands and minds, and the support -and l~couragement 

~\'. . ' from Many persons 'were greatly- appreciat~d. 1 ~ 
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, 
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Il ? 
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-
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,\ - \ 
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CHAPTER 1 .. 

" 

INTRODUCTION 
" -1." 

p 

, 
Asbestos is the name given ·to natural fibrous silicates,well known 

\ 

for their wide commercial use since , the lata nineteenth 'century. The 

harmful effects on health of exposure to asbestos were recognized by 

the early years of this century (1) • then, extensive 

investigations have established that asBestos exposure results in an 

incre?sed risk of'no~alignant as weIl as malig~ant pulmonary diseases 
1 

(2-4). Încluded in· the former are lung fibrosis 'or asbestosis,.rounded 

atelectasis, benign pleural effusion, diffuse pleural th~ckening, ... 

pleural plaques and airway disease. Included in the latter are lung 

cancer and mal~~nant mesothelioma. 

In the case of non malignant disease, major attention has focused 

on asbestosis whic~' may -he °ass~~iated with resp~ratory impairment, 

disability and death (2), while pleural abnormality has often reçeived 

only passing atfehtion. 0 Thus pleural plaques, though common, have 
. , 

traditionally been considered the sign post of-asbestos exposure with 

no more than a mild effect on lung function. However, diffuse plèural 

~hickening is generally regarded as more likely to cause lung function 

impairment, and if extensive, disability (4). Nowadays, w,ith improved 

environmental control measures, the prevalence and extent of 

parenchymal a~normality is de~reasing (5,6), and more workers rernain 

" 
employed for 20 or more years from onset of exposuF8, after whic~time 

l 

1 
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pleural plaques tend to develope. . ' 
In consequence there is an 

increasing number of individuals with pleu~al ,plaques as the sole .. , 

manifestation of exposure. In addition, pleural plaques may ~lso 

occur as the consequence of non-occupational exposure (2). The 

·Qeffect of isolated pleural plaques on respiratory health is therefo~e 

of increasing importance,in the practice of pulmonary medicine. 

, . 
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Cbapter 2. NON-HALIGNANT ASBESTOS-REtATED pLEtJIW. ABNORMALITY 

·2.1 TyPe of pleural abnormality 

Genèral 

3 

Pleura~thrcke~ing as the consequence of an occupational exposure . , 

,Ir 

was first described in 1943 by Siegal et al in a study of New York, 

State talc miners (7). It was not Until 12 years later. in 1955, that 

Jacob and Bohlig described pleural thickening and calcification i~ 
j l' / , 

asbestos exposure, and tWeir findings resulted in ~ association with 
'y 

renewed interest in asbestos-related ple~ral abnormality (8). 

Subsequently, two types of pleural abnormality were recognized: 

diffuse (usually in the form of diffuse pleural thickening) and 

localized-(usually in 'the form of pleural plaque •• which may or may not 
• 

be calcified). Pleural plaques are rar~ly seen under 15 years from the 

" date of first exposure to ~sbestos; most will appear after 30,years 

or more. In general, the longer and heavier the exp~sure, the mo~e 

extensive. the plaques; 
-'l 

powever intermi~te~t, possibly heavy exposure .. 
has been implicated as weIL as slight and short exposure (9). 

Thé \ association between asbestos exposure and 
, ' . the development of 

non-malignant exudative effusion was first reported in 1964 (10), and 

sihce then, many case series have been reported. Asbestos Pleuri~ is 

" 

J 
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the most common asbestos-related les ion during the first two decades 

after exposure commences (11) but çan also occu~ much later. Those 
, f'. 

affected are very often s~ptom free, ,the abnormality being discovered 

inciqentally' by chest radiography '-t12). Some of the asbestos 

o~ • pleurisies will disappear without trace,' but often sequelae will,be 

visible (13,14). There have been several ~eports of diffuse pleural 
. 

thickening following acute pleural' reactions (12~15). For these 
fJ. . 

;. reasons, it hiilS' recently béen the practice of sorne investigators to 
\" 

.1 

in~lude diffus~ pleural thickening and benign pleural effusion under '. 
one t~rm, n~ely visceroparietal reactions (17). When·followed over 

sorne y~ars, some. çases of the diffuse pl'eural thickening show a , . . 
tendency to incr~ase slowly; more often however, the disease remains 

• 
unaltered for years, even decades (13,16). Occas ionally the cli'nicai 

course is marked 

recutrence of an 

by a~u~den· deterioration, . probabiy 

acute pleurisy. 

reflecting the 

( 

, -
2.1.2 Pathology 

Pleural plaques 
1 

(18,19), 
r 

whe~her ca\cified. or non-calcified, are 
, 

typically found on the parietal pleura lining the postero-lateral 

aspect of the thorax, the vertebral column and the dome of the 
J 

, 
diaphragm; they are rarely seen over the apices of ~he lung or in'~he 

,. 
" 

èos~ophrenic angles, or on the ''''visceral pleura. They are .usually 
, ' 

greyi~h white and either have a smooth or coarsely nodular surface. 

Their size and shape vary: ~whereas .plaques on the surface of thé 

",,1 .. : • .... . "..'" .. , '" :;--;~o;1~'1l' ":i 
~\~1~':'f. 

.. 
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ùiaphragm are typically"; ,round and disk-like, those :Located over t~e 

intercostal, spaces tend to be eiongated. Mi~roscopicàlly, pleural 

plaques consist of dense strand~ of hyalinized collagen with oce~sional 

fibers of asbestos,;c they are lined -,by a surface of mesothel~al cells. 

There are few histologie descriptrons of diffuse pleural thickening 
'" r ~ , ' 

(2).The underlying pathophy~iologic process ,is believed.~o involve both.' 

pariet;l ang visceral pleural, surfaces, 
. 

with varying degr~es of . ", 
~literation of the plèural ~pace and frequent involv~ent of the 

costophrenic angle. Benign,asbestos pleural effusion can" be clear or , .. :-
hemorr~agic and thé cellular content of the fluid is variable (20). O~ 

~ . 
examination at thoracbtomy, _ ,the pleural surfaces\ of benign pleural 

effusion show an4actfive ex~dative procès~, characterized by increased 

vascularity and symphysis. Micro~copic examination usually shows .. 
.r 

variable pleural thickening, pleural carbon dust and iron-positive 
. 

granule~, regenerat~ng mesothelium and· exteqsive collateral vascular 

circulation .. ( 14) • " /' '1\ 

2.1. 3 Path~genesis 
" 

The pathogenetic mechanism underlying the development qf pleural 

plaques is still ~ot es~ablished; severai theories· exist .(21). Any 

credibl~ theory will'need to explain their location, the long interval 
o ,," ./ 

between first exposure to asbestos and the development of clinically 
.' ~ 

. . 
recognizable abnormality, the" ab~enee of adhesions between the~two 

pleural surfaces, and the~r slow prvgression. An ear lt theory 
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p~stulated mechanical damage cau~ed by the IDovement dùring respiration 

of long th in asbestos fibers projecting from the lung surface. 

Weaknesses·in 'this theory include the fact that the relative mcivement 

of the pleural surfaces is greatest at the IDo~t dependent part of the 

lungs, . i.e. !n the 'costodiaphragmatic junction where pleural plaques 
~ , 

are seldom if ever found, also the expèctation that long thin fibers 

should give. rise to an intense foreign body re~ction result~ng in 
t 

pleural adhesions which are seldom found with pleural plaques. Several 

non-mechani,cal theories have been published but very little proof has 

been presented and discrepancies in logic may b~ found in many of 
" 

.them. It· ls the theory advan~ed by Hillerdal (21') which best explaiRs 
~ 

the characteristic features of pleural pl~qUès and it is also suppor~ed 

by, some experimental data. This theory holds that: short asbest'os 
, 

fibers reach the pleural space by penetrating. the pulmonary parenchyma; 

'they then follow the normal lymphatic flow from the pleural space 

through the parietal pleura. In passing through the parieta~ pleura, 

some will be trapped in macrophages, causing a low grade stimul~tion of 

the submesothelial ,fibroblasts, and thls process eventually results in 

visible pleural plaques, twenty or more years later. 

The pathogenetic mechanisms underllfing the development of dif'fuse 

pleuràL thickening are also obscure, although several case reports .' . 
suggest that active pleural reaction or noncomplicated pleural effusion 

""\ 

may be a frequent . interest is the fact that precursor (12-15). Of 

,pleul·al effusion 
r 

is more common in younger individuals, often in tbeir 
.... ~. ~ .. lit t,. $. 

- g., , 

30's " And within 10 years.of first exposure (13), a time relationship 

·;l ,". ~~:-;;:~ 

" 

o 

• 
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consistent with effusion as 'à precur~or of diffuse pleural thickening. 

However, in the individual case, it is difficult to confirm in 

retrospect the pres~nce of benign pleural eff~sion, since typiçally 
~ ~ 

there are few or no symptoms. 

2.1.4 Radiographie features 

i) Standard-che~t radi~graph . . 

. 
The posteroanterior (PA) 'chestfradiograph~has been the traditional 

tool ùsed in health surveillance or asbestos-exposed wo~kers to detect 

aSQestos-related disease of the pleura. Several studi~s suggest that 

the~fA- chest radiog!aph detects qnly a small proportion of plaques 

identified at autopsy or thoracotomy (22,23). Plaques are best seen 

when they 'are calc~fied, in which case they stand out clearly wherever 

they are ~itu~ Common site$ are th~ posterolateral ~all 

between ribs 5 to 10 and the Middle portion of the diaphragm. Hyaline 

plaques are best seen tangentially. In ,'profile, they are denser~ith 

mo~e distinc~ borders. If sufficiently thick, even uncalcified plaques 

can be seen en face as faintly delineated shadows. Distinction between 
\ . 

'. plaques and pleural fat pads May be 'difficult, especially in overweight . . 
persons. Pleural fat pads are usually seerr in 

1 

the flanks, sometimes 

from costophrenic angle ta t~pex (24). Unless strict criteria are 

used, there May be .averdiagnosis in reading chest radiographs for 

pleural changes. 
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Chest radiographs ftre usually read according to the 1LO 

International Classification ~f Radiograph~ of Pqeumoconioses. This 

system was developed~by an Inter~ational Commission for the purposes of 

standardizing the interpretation·of films obtained for the evaluation 

of pneumo20nioses. It was 
t 

not until the ILO U/C classification 1972 ' 
1 ~ /' 

(25) tb~t,pleural abnormality was brough~ into the main classification; 

two types of abnormality were recognized, thiêkening anœ calcification, 

while plaques were still recorded only as a symbol: "pq" , 
• 0$) 

The ILO 1980 

classification (26) introduced a further modification to record the 

" . 
sites of pleural thickening (chest wall, diaphragm, costophrenic angle) 

• • d 

separate1y for right and 1eft sides. In addition, p~eura~ change was 

now classified as 
/ J ~ ... 

parietal pleural plaqués and/or diffuse.p1eural 
. 

thickening, though the radiographie distinction is'hampered by the 

lack of a uniform definition of diffuse pleural thickening. Nor are 
o 

specifie criteria provided in the mor~ recent 1980 1LO classification 

to distinguish diffuse pleural- ~hickening 1from confluent pleural 

l A d b d . h' d ~ -, b'l' . P aques. recent stu y ,on etween an W1t 1n rea er var1a 1 1ty ln 

the assessment of asbestos-related pléural abnormality using the ILO 

1980 classification ha's confirmed the oplnion that confident separation 

or the 2 types of pleural thickening may be difficult to achieve (27). 

McLoud et al (15) suggested that involvement of the costophrenic angle 

,was a distinguishing feature, since it was blunted in diffu~ 

1 ) 

.., lthicke.ling secondary to a previous effusion, and usually preserved in 
"; l .. 

: diffuse thickening due to confluent plaques. The NIOSH B reader 
, 

instructi,')U course also suggests that costophrenic .blunting be 
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recognized as a major component of the ILO definition of diffuse 

pleural thickening. a view supported by other investigators (20). 
A 

i,i) Oblique chest radiographs, 

" To improve sensitivity of chest radi~raPhY in. the diagnpsis of 

pleural abnormality. several authors hav, suggested obtaining oblique 

views of the chest in addition to the PA films (1.28,29). Oblique 
. 

,radiographs often permit the detection of pleural thickening along an 

aspect af the lung surface not viewed tangentially in the PA projection 
• 

'and therefore such films should result in a higher detection of pleural 

abnormality. Baker and ~reene reported a 33 percent increase in the 

prevalence of pleural thickening when two oblique views were added 

(29); on the ~ther hand, Sheers et al (30) concluded that oblique views 

did not contribute significantly to detection of pleural plaques, 
, 

noting an increase in the prevalence of ple~ral thickening of 2.7 % 

only. More recently, Greene et al (31) found that the increased 
\ 

sensitivity afforded by the oblique>views is largely dependent upon the 

threshold level of pleural reading, increasing most when a strict 

threshold criteria of more than 2 mm thickening is used as opposed to 
, 

one of less than 2 mm. Reger et al (32) have also challenged the use-

~ of oblique films; they 
\ 

found that although the use of oblique films 

with the PA films leads to ~ much higher detection rate, ~nd the 

detection usirig both reading procedures appears to '- have similar 

validity in terms of relationship to years of asbestos exposure. the~e 

\ 
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i3 less consistency between r~ade~s in interpreting oblique films. 

This in turn would be iikely to increase the rate of both fa Ise ' 

negative and~talse positive results. 

Iii) Computer tomography of J. the chest , 
o 

It is still ,unclear as to what is. and should be the role of 

computerized tomography (CT scan) of the chest in the ev~luation of 

asbe~tos rel~ted 
1 

'" \)1 0 6 

pleural abnormality; the question asked whether it is 
ji'-

worth the additional cost and radi~tian exposure. E~rly stûdies 

reporting upon relatively small clinical series. of patients suggested v 
o 

that' the CT scan leads to earlier diagnosis of Pl~,al thickening 1 
(33,34) • They also indicated that the method was of value in 

distinguishing subj>leural fat from asbestos-related pleural 
" , 

abnormality, ~ major problem especially in obese individuals. However 
r- , 

another study (35) which compared PA chest radiograph, 4 vie~s of the 

chest (PA, lateral,and oblique films) and CT scan for the evaluation 

of asbestos-related pleuro-pulmonary abnormality reached different 

conclusionS". Quantifiying the degree of pleural abnormality by a 

radiqlogical score, the authors found that the highest overall score 

for pleural thickening wi~hout associated calcification was obtained by 

~ 
the 4 views of the chest followed by PA films and CT scan. The CT scan . 
was also insensitive to. involvement of thé costophrenic angles, an'd~ 

diaphragm, though it wa~ much better than the two other methods for 

detection of pleural calcification. 
1 

The findings in a more recent 

,,~ 
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study (36) suggest .• tltat / ct and conventionjl chest radiographs should 

be considered complementary. Thus sorne pleural plaques visible 

on conventional films were missed on CT scan and vice versa. However 
ru 

the distinction between 
J 

subpleural fat 'pads and 'pathologie pleural 

thickening was better done by CT scanning. In aIl thesa studies, the 

assumption is made that the more abnormality detected, the more valid 

the measurement. This assumption has not been tested against pathology 

findings. 

2.2 Epidemiology of pleural abnormality 
o 

') 

Epidemiologie studies have shown that non-malignant pleural 

abnormality in the form of diffuse thickening or localized plaq~es may 

be assoeiated with'both occupational and non-oecupational exposure to 

asbestos (2). In occupationally exposed groups, the prevalence of 

pleural abnormality as~essed by the' chest radiograph has been shown 

to increase in relation to estimated lev~l~ of asbestos exposure, .. ' , , 0 

although it is usually difficult to separate age and exposure effects 

(30 , 37 , 38) • Some studies have also stressed the importance of the 

latency period prior to the appearance of pleural abnormality (39-42). 

Time passed, sinee first exposure appears to be an important determinant 

of the presence of pleural abnormalitYr in addition to intensity of 

1 \i~posure -including peaks. 
: - \ , 

ALI varieties of asbestos fibers have been associated with pleural 

abnormality but they appear to vary in their ability to evoke pleural , 

v 

a 
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changes (3). In the case of exposure in mining operations, the site 

and nature t.<>f thé deposit appear also to be of importance. For 
... 

instance, in Quebec the prevalence Of) radiologic pleural changes wa~ 

higher in the Thetford Mines area comp,red to the Asbestos mining area, 

des~i~e the fact that the mining operations are only a few kilometers 
o 

apart andoexploit essentially the same deposits (37). The difference 

wàs Most marked for pleural calcification which was common in Thetford 

Mines but virtually absent in Asbestos. Possible explanations include 

the presence of associated mineraIs e.g. tremolite in the Thetford 
o 

deposits. Pleural abnormalities also occur more in miners than among 

millers (38,43). In 'addition, attention has been drawn to the high 

prev~lehce of pleural abnormality in workers in certain other parts of 

the industry. For instance, in shipyard workers, the frequency of 
Cl 

pleural abnormalities is high and may exceed that pf parenchymal 

abnormalities (30,33,44,45), while the rates for pleural abnormality 

are also high in construction ang insulation workers (40,46,47) where 

preva~ence rates aS'hi&h as 80% have been reported iF those with long 
1. 

exposure. 

Pleural plaques May also be caused by talc containing no ·true 

asbestos (48) and fibrous erionit~ such as found in central Turkey 

(49 f 50). Nevertheless, MOSt individuals faund to have pleural plaques 

have been exposed to asbestos. Although the occupationally e~posed / 

indiviuuals represented the MOst 

• 
frequent situâtion found, the /'-

prevalen::e of pleural abnormality among populations with 

nonoccupational'i.e. environmental exposure, May range from 2 to 28% 

. " 

. 
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, 
(50-55), whereas in a general population not so exposed, it is usually , 

less than 37. (56). In sorne areas. of the world, asbestos deposit's 
f. , ' 

contaminate the bedrock and if these fibers become mixed into the soil 
• 

or are used locally for other purposes (è. g. plaster ing) , "an- increased 

prevalence of pleural abnormality can occur. Such endemic areas have 

been reported from Austria, Bulgaria, Czechoslovakia, Finland, Soviet 

Union and recent1y a1so from Greece (51-55). 

2.3 Pleural abnormality and its relationship 

to respiratory impairment 

2.3.1 In t roduètion 

". 
Though a great deal of .research has been directed towards 

clarifying the relacionship of asbestos-related parenchyma1 abnormality 

to respiratory impfiirment and disability, the~ functional imp~ct of 

asbestos related pleural abnormality has received much less attention 

until relativeiy rec'ently. This section contains a review of the 

published evidenC'C!, some of which is sununarized in table 1. In the 

"present study, the WHO definition of the terms impairment and 

disability was used: impairment referring to 'lung function deficit, 

and disability to impaired capacity to exercise. 

/' 

" 

) 
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2.3.2 Objèctive assessment of tmeairment (see Table"l) 

2.3.2.1 Studies with evidence of impai~nt 
,-' 

Most early studies of the effects of pleural abnormality on lung 

function did not distinguish the different types of' pleural changes •. 

For instance, Becklake et al (1970) studied an age stratified random 

sample of men curr,ently employed in the asbestos industry of Easte}:'n 

~uebec, and showed small but consistent adverse' changes in lung 

function in those with any pleural abnormali ty -compared to those with 
" 

1 

none, for a given grade of severity of parenchymal fibrosis (57). The 

overall prevalence of plaques in the total population from which the 
\ 

sample was drawn -was 3.8 %, of .calcification 2.5 % and of costophrenic 

angle obliteratiop 5.8 %. Harries et al (1972) also .found that' the 

presence of any pleural 
~ 

abnormality was associated with lower lung 

function (38). S~bsequent studies distingu~shed the various forms of 

pleural, abnormalities and most evidence sug~ests that while pleural / 

plaques hav~ only modest effects on lung function, pleural thickening, 
Q 

particularly if diffuse, can affect lung function more seriously and 

may even be associated with disability (58-60). 
o 

Thus, Lumley in 1975 reported a cross-sectional study of 194 . 

dockyard employees, stratified on the basis of chest radiograph 

fil.~ings (61). A s.roup of men with diffuse pleural thickening were 

matc"ed for age and occupation with 4 other groups of men with, 

respe~tively, i) lung fibrosis (ILO profusion greater than or equal to 

1 
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1/1) irrespect ive of pleural abnormality; ii) non-calcified pleural 

'plaques, iii) pleural calcification and iv) normal chest radiographs . 

. Compared to' those with normal chest radiographs, subjects wlth lung 

fibrosis, diffuse pleural thickening or Pleural plaques had 

statistically significantly (p<O.05) lower values for several resting 

pulmonary functions (FEV!, FYC, TLC, DLco> and also higher values of 

ventilation durÏng exerci~e (VE at~xyg~ uptake of 1.0 L/min). There 

was on average more functional impairment related ~o lung fibrosis than 

to' diffuse pleural thickéning, or to pleural plaques, while pleural 

calcification was not accompanied by any significant tabnormality. 

In 1981, Fridriksson et al, using data from a population"health 

survey (62)" selected 46 subjects with pleural plaque$ but no 

parenchymal abnormality who also teported asbestos 
, 

exposure, and 

compared their lung function with that of a reference group of 263 

healthy men after adjusting for age, height, weight and smoking 

habits. Compared tQ the reference population, those with pleural -

plaques had lower values (by approximately 14 to 16%) for total lung 

capacity (TLC) and' forced expiratory volumes (FVe, FEV1); their lungs 

were also stiffer (reduced compliance) ànd the transfer factor for 
. 

carbon monoxide was r~duced, aIl changes consistent with the presence .. 
of lung fibrosis. Since no specifie assessment of associ~ted 

b 
i 

parenchymal disease was provided in the study, t~e findings attributed 
" --, 

", to pleural disease may ~n fact have been due to parenchymal fibrosis 

-underlying the pleural changes. fl -The results May also reflect what is 

already known about the chest radiograph, namely that it ls a poor 
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instrument in detecti~g early lung fibrosi~ (63). 

Jarvholm and Sanden based their 1986 study on an active workforee 

in shipyards (64). They restricted their observations to 202 non 

smoking men, 115 with a normal chest radiograph and 87 with pleural 

plaques. Those with pleural plaques but no radiographie asbestosis 

had on average an FVe of 6.9 7. lower than that of workers without 

pleural plaques. After stratification for asbestos exposure, workers 

with plaques were also found to have lower FVC's than those without .. 
plaques, and the difference was larger for those with heavy exposure 

than for those with light exposure. This finding could also be 

interpreted as reflecting the presence of lung fibrosis not detected by 

chest radiography. Nor did the authors provide information on wh~ther 

the extent of the pleural abnormality was comparable in the two strata .. 
'" of light and heavy exposure. 

Using data from a cross-sectional survey of men above the age of 40 

'from a general population in Denmark and N~ay, Hilt, et al (65) 

selected subjects with radiographic changes. compatible with 

y asbestos-related • disorders', - e.g., . pleural changes, pleural 

calcifications or basal pulmonary fibrosis. At a followup 'e~amination 

the medical and ôccupational history were recorded, and subjects with 

other current lung disease or other cause for ptéural a~n~rmality 

excluded. Also based on followup chest radiographs which were read 

acc~rding to the ILO classification, subjects were selected to 

repre:~~n1;' the following 4 categories: asbestos-relate~ lung 

o fibros1s only or in combination with pleural abnormalitYi 
.. 

., 
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2) asbestos-rela~ed pleural plaques only; 3) normal chest film with 

reported asbestos exposure; and 4) normal chest radiograph but no 

reported asbestos exposure. The men in category 1) or 2) (i.e. with 

asbestos-related lung fibrosis or pleural plaques only} were found to 
. 

have lower lung function than the other 2 categories when lung function 

-was expresse~ as a percentage predicted, using a reference population 
.. 

of the same sex, age, height and same smoking habits as the study 

population. 

Oliver et al in 1987 ,studied a popul~tion of 576 workers exposed 

to asbestos, _20 -7. of whom had pleural plaques (66). After exclusion of 

subjects with diffuse pleural thickening 
1 -

or evidence of pareI1;chymal , 
, \ 

1/0), the presence of ple~ral fibrosis (ILO profusion greater than 

plaques was associated with a decrement in FVC, when asbes~os exposu~e 
, 

and smoking was taken into account (p .02). An association between' 

extent of pleural abnormality and decrement' in FVC was also shown. 
( 

Whether the degree of function impa~rment associated with pleural 

plaques demonstrated in the ~bove studies should chihge the clinical 

view'of plaques as be~ng essentially benign is still unclear. For 
. 

instance, Jarvholm and Sanden (~4) showed that few individual~ with 

pleural plaques had spirometric values (FEVl , FVC) below the expected 

values even if as a group their average value was reduced significantly 

(p < .05) below that of men with high exposure only. H~lt et al (65) in 
. 

their population study found no individuals with pleurai plaques had 

an FVC two standard deviations(SD) 'or more below the predicted values 

or an FVC 1ess than 80 % of predicted value. 
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2.3.2.2 Studies without evidenee of impairment (see Table 1) 

Hedenstierria et ar (19~1) reported a study based on subjects 

identified in a program that includes chealth screening every. second 

year ~ong Stockholm construction workers. Subjects with and without 

pleur,l plaques were se1ected, using chest radiographs inc1uding PA, 

laterai and oblique films, and conforming to the following criteria; i) 

age 45-65 years,_ ii) no disablement and iii) no complicating diseases 

• (67). Al though qlean va~ues for FE'f 1 and FVC were s ignlj icantly "less in' 

exposed subj~cts with pleural abnormality compàred with ,those 

nonexposed,_ when' differences in age, height and smoking habits was 

taken into account by paired matchtng analysis, the differences.were 

reduced and no longer statistically significant. 
1 

Ohlson et al (198S)carried out a four year follow up study of 

workers at an asbestes cement plant. in Sweden. The association of 
.-

pleural plaques and 10ss of ventilatory function was examined by 

comparing subjects with pleural plaques ,and referents chosen from 
-

three plants without axposure to asbestos (68). The comparison was 

confined to males, actively employed, with at least 10 years of 
~y-

6mp,loymentr; they were classified 
>. ;-. 

as smokers and never smokers. Fort y 

three exposed smokers of the 77 originally examined and 32 exposed 

never smokers of the, 48 originally examined took part of the study. 

Th~ presenc~ of pleural plaques was assessed by a qualified reader, a 
.1 

meniter of the National Pneumoconiosis Panel, using PA films 
p 

suppl~ented by oblique films, read into the ILO classification. No 

.... 

() 
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difference for tHe four year decrements in lung function were 

demonstrable between those with and without pleural plaques, after 

adjustment for age, smoking and fibre years. 

2.3.3 Subjective assessment of impairment 

Despite the two negative studies cited above, most of the Rublished 

·-u data provides evidence that lung function is decreased in su!?jects with 

pleural plaques. Respiratory symptoms are also'an important aspect of 

health, but su~prisi~ly have attracted almost no att~ntion in studies 

of pleural plaques. Hedenstierna et al (67) observed an excess of 

symptoms of chronic' bronchitis among workers with pleural plaques 

'compared to exposed subjects without pleural plaques and nonexposed 

subjects for similar s~oking statusj there were however no_difference' 

in the. subject~ve feelings of suffering from pulmonary abnormality. 
c" 

Hilt et al (65) showed an increase in -the prevalence of grade 1 

breathlessness in individuals with pleural plaques compared to those 

without, but no increase of breathlessness of grade 2 or more. . . 

b!i Underlying parenchyma1 disèase as a cause of impairment 

attributed to pleural disease: methods of detection 

1-. 4 .1 Introduction 

- . 
~ 

An unresolved issue in the • studies that provide evidence of an 

\ 
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as~ociation between lung function impairment and the presence of 

pleural plaques is the extent to which any impairment demonstrated is 
. 

dependant on und~rlying (if mild) parenchymal abnormality. In Most of' 

the studies cited~ parenchY@al fibrosis was excluded on the basis of 

conventional chest radiographie 
• 

fi~dings (~7-68). However it is 

generally accept~d that the presence of pleural change makes 

, radiological assessme~t of the underlying lung parenchyma, particularly 
, 

mi Id abno~lity, even more difficult to deteet. Furthermore, as in 

other forms of fibrosis, pathologie examinati~n of the lung tissue may 

reveal the presence of fibrotic changes even· when the radiographie "-

changes in the pulmonary parenchyma are, at the Most equivoeal, and 

mechanies of,breath~ng are normal (63,69). 

'2.4.2 Lung function tests 

Other methods may be more sensitive than conventional èhest 

radiographs for' the detection of early parbenchymal change. ,For' 

, ., 

instanee,~the findings, in 2 early studies, by Williams & Hugh-Jones 

(70) and Leathar~ (71), Iead to. the suggestion that diffusing capacity 

m'!.ght be sensitive to early effects of asbestos dust exposure (70 ,J1). 

This was not however confipmed in subseq~ent studies, ineluding those~ 

of an epidem~ological nature, ",on larger samp~es of working populations 

(72) • For instance in the study by Beeklake et al (57) of Quebee 

miners ond millers, changes in diffusion capaeity at rest and on 

exereise only oecurred in assoeiati'on with radiographie changes of 
.r 

/ 

., >" :':l'~ 



, 

1 • 

1 

21 

f' 

profusion of small opacities 1/2 or more, i.e. diffuse interstitial 
.. 

disease of at least moderate-degree. On the other hand, a,radiologic 

profusion of only O/~ was associated with a decrease in vital capacity 

and of 1/0 with an increase 
'?>. 

in exercise minute ventilation. However, -

-in patients with pleural abnormality, lung restriction as assessed by 

Qecreased lung volume did not contribute to the 'distinction between 
-

parenchymal fibrosis and pleural thickenin~ Yet other studies (73, 

74,75) have led to the suggest,ion that abnormality in tests of small 
. 

airway function indicator of early parenchymal changej however' is an 
• 

the findings are not consistent. 

2.4.3 Gallium-67 scan of the lung 

, 
Gallium-67 scan, a relatively new imaging technique, has been 

o 

used in the detection of diffuse interst~l lung 

context of pneumoconiosis, this test was first use~ 

disease. In the 

in characterizing 

patients with well estabHshed asbèstosis (76). More recently however', 

computéd gallium-67 lung scanning has been proposed as a sensitive 

indi~ator of early asbestos related parenchymal injury (77,78). Begin 

et al (1982) showed in an experimental sheep model that gallium-67 
/ 

up~ake is rèlated to the int~nsity of the asbestos induced macrophagic 

alveolitis (77).~ In a subsequent study in humansO(78), .they documented 

that ,in the majority of patient~ with asbestosis, Gallium-67 

accumulates excessively in the lung, in keeping with the previous 
. , 

suggestions of ISiemson et al (76). Moreover gallium-67 uptake in the 

! 
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1uIl8 was a1so increased in approximat'ely 43 ï. of the long term asbestos 

workers before tQe conventionsl criteria for diagnosis of asbestosis 
\ 

were met. In addition,' 87 7. of the patients in the group witqout 

radiographie evidence of asbestosis but with a high cumulative 

galli~-67 uptake had decreased' lung compliance and/or abnormal 

alv~oloarterial oxygen difference (~aP02) during exercise, in contrast 
, \ 

to on~y 27 7. of the patients in the group witho~t radiographie evidence 
/' 

of asbestosis and low cumulative gallium-67' uptake. These 2 groups 

could not be differenti~ted by the conventional indicators of early 
- 1 
parenchymal fibrosis, .. such as ~ung volumes (Fve, TLe, diffusing 

capacity), presence • on clinical examination and r~iographic 
. ~ 

of raIes 

evidence of parenchymal abnormàlity. However, without longterm 

follow-up data, it is not possible to conclude that increased 
1 

gallium-67 uptake in the lungs necessarily predicts the later 

development, of asbestosis •. 

2.4.4 '~eomputed tomography of the ch~ 

'Another new lmaging technique proposed for the early detection of 
t:' 

, , 
parenchymal lu~g abnormality is computed tomography of 

__ , ~v 
the thorax 

(CT) • However, d~spïtè sorne earlier' studies (34,35) suggesting 

that thoracic eT scans could detect early parenchymàl fibrosis not seen 

by conventional xrays, Gerhard et al (37) were unable to confirm these . ... 

findings in a more recent study; nevertheless, their data did show that , 

fibrosis when pres~nt, was more strikingly shown on CT scans than on 
. '" 

1 
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conventional radiographs. In another recent study, Begin et al (36) 

~ompared the assessment of parenchymal abnormality using the PA 

4 oblique views with that obtained using chest CT; they 

showed thatJ in workers with a rigid pressure volume curve and increased 

gallium-67 lung uptake, CT scan scores for parenqhymal abnormality were 

not significantly ~igher than in subjects without these markers of, 

eat:ly intrerstitial 'lung disease . 

. , 

2.5 Conclusion , 

• 

At 'th~ present time, w"ith the generally improved environmental 

C9ntrol measures in workplaces where asbestos is used, there is an 

increasing number of indi viduals (Wi th isolated pleural plaque's. 
, " 

Despite two negative studies, most recently published studies offer~ 

evidence ~f an associati~n between the presence of pleur~l plaques and 

lung function impairment ~57-68). However, in most of these studies, 

the extent to which t'he impairment demonstrated 15 independent of any 
\ 

parenchymal. abnormality remains, uncertain. Until recently, early 

lung injury from asb~stos expoSure was assessed by conventional 

chest radi'ography. Given the new <imaging techniques, which enable 
l , 

detection of parenchY,IDal change prior to Ù: beconIJ.ng 'evident on the 

chest radiograph (77-78), it was felt that the question of whether 

pleural plaques are associated with respiratory impqirment indepently 

of paren~hymal abnormality merited re-investigation. The present study 

had this as its main objective. 

') \ 
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Cbapter 3. mPOTBESIS, OBJECTIVES AND DJWINITIONS , 

. 3.1 • Hypothesis 

Asbestos related pleural abnormality 1s a cause of ~espiratory 

impairment independent of parenchymal ahnormality • 

." 

3.2 Objectives 

3.2.1 General objective 

To det~r.mine ~hether asbestos related pleural abnormality is a 
o . 

cause of respiratorY,.imp4irment in the absence of parenchymal 

abnormality. Available evidence (57-66) suggests this to be the case 
. , 

but the ~uestion invités re-investigation usin8{new imaging modalittes 

to exclude tbe presence of even minimal parenchymal abnormaiity. 

3.2.2 Specifie obj~ctives 
" 

1) To determine whether there is a relationship between 

respiratory capacity (measured by questionnaire, lung function at rest , 
and on exertion) and the p-resence 

'1 

of asbestos-related pleural 
o 

l 'a bnorma li ty , independént of '~rench~l abnormality, taking into 

\.., 
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account other relevant factors such as age, height and smoking. 
~ 

,2) To determine which features of pleural abnormalit~ ~est 
(1 

into account ,other rele ant predict respiratory impa irment, taking 

factors such as ~ge, height, smoking and parenchymal abnormality. 
Q, " 

, 
3) To determine whether the extent of pleural abnormality relates 

to degree of respiratory impairment, taking into account the other 
~ 

1 

relevant factors mentioned above. 

3.3 Definitions 

Asbestos-related p~eural abnormality was defined according to the 

reading of a standard posteroanterior (PA) chest radiograph, by an 
r 

experienced chest physician, a certified B reader, using the ILO 1980 

International Clas'sificaticm of Radiographs of Pneumoconioses. The 

classification all'ows pleural abnormality to be desèribed in terms of 

location, width and exte~t of pleural 'thickening and calcification .. 
" 

('26)., Minimal width for a reading of pleural thickening of the chest 

wall was 2 mm (32), and diffuse pleural thickening was only;classified 
• cI 

when there . was involvement of the costophrenic angle as suggested by 

the Natlortal Institut~ of Occupational ~afety and Health (NIOSH) and 

~h; illrican Col1~ge of Radi01og;'."--f ) 
... 

'. 
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ParenchYffial abnormality was defined in scv~ral ways: 

.. 
• 

1) Small opacities with a profusion of 1/0 or more by 'a certified 

B reader according to the ILO 1980 Inlernati~nal Classification of 

~adiographs of Pneumoconioses (26). This radiographic' feature in 

association with a'hist~ry of asbestos exposure is 'conventionally used 
~ 

to define "asbestosis". 

2) Computer-based quantitative analysis of Gallium 67 u~take 
~ 

Co of the lung, and referred to in 'this thesis as the gallium index, was 

used to indicate early parenchymalOreaction. This measurement has been 

shown to correlate with histopathologic scorès of inflammation in lung 

tissue, both in the sheep model and ln human subjects exposed to 
<. 

asbestos (77,78). 

Respiratory impairment was defined in several ways using: 

1) Responses to French translation of the ATS-DLD-78 

standardized respiratory symptom questionnaire f~r use in epidemiologic 

studies (79). A copyof this questionnaire can be found in ~ppendix 1. 

2) 
"1 

A recently described clinical index for dyspnea which contains 

ratings for each of three separate features: ° magnitude of task, 

ma~it~de of effort and functional impairment (80,81). A copy'of this 

clinical index can be found in appendix 2. 

(" 
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3) ~esting lun~ function, described below in greater detail. 

,4) Maximal and sub-maximal exercise cardiorespiratory function 

measured during treadmill exercise in the laboratory. 

Workplace exposure in the population under study w~s' defined by 

the number of hours worked as a construction insulator. During this 
. 

time the subject was likely to be expo~ed to various amounts of , 

asbestos and man made mineraI fibers. , 

o 

• 

1 

D 

\ J 

l ' 



o 

;>- ,.,., •••• 

o 

28 

Chapter 4. DESIGN "ANI) RATlONALE ( 

hl Design 

lA ... ~ 1,. 

To achieve these objectives, a cross-sectional study was c~ried 
( 

out among members of a union representing constructfon insulators, aIl 
" Cl J. 

2 .. 
of whom - were currently at work. The depandant variable used for 

hypothesis t~sting wai respiratory impairment, as assessed by both 

symptom information, and b~ respiratory function at rest and on 

exercise. The ingependent variable of interest was asbestos-related 

pleural abnormality as assessed by chest radiographie readirtg using the 

ILO 1980 International Classification of Radiographs of 

Pneumoconioses. The relationship between the dependent and independent 
r-, ~ 

,~ 

variables was assess,ed after accounting for the effect of age, height 

and smoking status, aIl weIl recognized determinants of respiratory 
o 

function. Since asbestos-r~lated parenOchymal abnormality is a 1 

" 
potential confounder, its presence, assessèd by chest radiographie 

reading of small pneumoconiotic parenchymal opacities and by a 

relatively new imaging modality, the ,gallium index, was also taken into 

account in the analysis. 
/ 
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Rationale 

The rationa'le of selecting, as a basis for the present study, an 
$ 

active workforce of construction insulators from a previous survey on 

'respiratory health'was based on three considèrations: 

'Fi~st, prevalence o~ pleural abnormality is well known to be high 

in the insulat!on trade (30,44,45). In a" previoûs study 'of chest 

radiographs of this particular workforce, in which the ILO 1980 

International Classification for Radiographs of Pneumoconioses was 

',used, pleur.1+ abno'Çl181ity w~s fo~d to be present in over fifty percent 

Qf the workers (27). 

Second, by selecting an active workfdrce, it was antièipated that 

there would be few if any subjects with evidence of frank âsbestosis, 
./'~ -0 

i. e. sll'bjects with a chest radiographie reading of small opacities with 

profusion of 1/0 or more. By minimizing the chances of encountering 

subjects with â$bestosis, it was hoped to focus on the early fun~tional 

effects of asbestos-related;pleural abnormality. 

Third, the availability of' the preyious survey information on 

this workforce permitted stratifying by age prior to sampling. The 

target age group was 35 to 55 years; exclusions were men under 35 

years of age in whom it is unusual to find pleural abnormality, and 

men over 55 in whom other -causes of disability such as heart disease 
, ï' 

lA. and other lung disease are more frequent. The age group 35 to 55 years 

al~o represents the most active in the workforce. 

A major concern in the present study was to overcome a weakness 

1 

,1 
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of previous investigations in which exclusion for pulmonary parenchymal 

abnormality was ba~ed on radiographie crite't:,ia only. A relatively new 

and more sensitive imaging modality for detecting early / 

asbestos-related parenchymal reaction was therefore used ta assess' 

.whether or not parenchymal abnormality was present: 

) 

.). 1 

o 
,/ 
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Cbapter 5. POPULATION 

, ,. 

hl . Previous epidemiological surveys in the insulation trade 

Thel study popûlation for the present research consisted of 110 
1 
t) 

subjec~s, identified through previous epidemiological surveys of 

construction insulators carried out by this laboratory since 1982. The 

base population consisted of aIl members of Local 58 of the 
1 

I{t~r ational Union o~ Frost and.Heat Insulation and Asbestos Workers; 

t's local represents almost aIl insulators employed in the 
! 

construction industry in Quebec. The derivation of the study 
!IIi-

population for the present study is shown in Tabte 2. In the first 
v 

survey, carried'\out in 1982, ,a respiratory symptom questionnaire was 

mailed t'o aIl the members of the Locpl 58, 644 men in a11; 5~8 of them 
~ 

(86.6%) workers returned the questionnaire of whom 21 subjects were not 

considered further because they were receiving compensation for 

asbestosis, leaving 537 subjects. Subsequently, in 1983-1984, , 

insulators fifty years old or less, who lived within a 30 kilometer 

radius of Montreal, and who had returned the previous study 

questionnaire, were invited to take part in laboratory tests 

respiratory health; 215 6f 246 eligible workers (87.4%) participat 

by attending the labdratory for lung function tests and measurement 0 
( 

airway reactivity. 

• 

... 

" , 'l' ,~ 
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~ Target population 
oJil 

1 The target population for the present study was seleeted from the 

215 workers who had partiçipated in the 1983-1984 1aborator~ study. 
~ 

On1y workers of 35 years or more were seleeted, sinee asbestos-re1ated 

R1eural abnormality is rare before the age of 35. Of the 129 workers 

the present study, 110 agreed to partieipate, gi~ing a 

response rate of 85.37.; 19 workers either refused or were unavailab1e. 

• - > \ '..:~t 

" 
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Cbapter 6. HETHOD 0' HEASllREKENT 
, , 

~ Measurement of respiratorv impairment 
t 

\ 

General 

\ 
" 

Respiratory impairment· may be assessed subjectively by the subject 1 

himself. when it i~ usually based on' his perception of d;SP~~ 
particularly on effort, or it may _be measured obJectively ~the 
laboratory with conventional physiologie measurements Of~lmOnary 

';;: n\' Different measures,pf pulm~.ary 
[ 1 

function or on exercise. at rest 

function have been shawn to be related to the sensation of dyspnea but 

do not alone or in combination explain this complex symptom. 

Nevertheless, the subjective assessment of dyspnea can be used as an 

effective su~plement to its objective measurement by phys\p!ogic tests 

in the laboratory. In this study, the respiratory symptom information 

* was gathered with particular emphasis the recording of dyspnea on 

effort. 

6.1.2 Respiratory symptom information 

A French version of the standardized ATS-DLD-78 questionnai;e' (79) 

was administered by an interviewer to each subject. Thi~ questionQaire 

/ 
/ 

... ~., .~ 

" 
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s ~uestion$ concerning the presence and severity of' the major 

cough, phiegm. dyspnea and wheeze; also a 

pf questions~ut current and past cigarette smoking; 

inquiry' into personal and family history of disease( s) of the 

are severai cIinical scaies for guantitating dyspnea. The - ' 

on dyspnea in the ATS-DLD-78 questionnaire ailow 
" , 

. brejthlessness to be rated according to the magnitude of the most 

taxl.ng task the subject can perform, but no attention-is given to the 

• effbrt expended in performing the task. or to associatpd f~ctional 
imP~irment. A recently proposed clinical index for dyspnea (80) 

cOitains ~atings for each >of three separate features: magnitude of 

ta1k, magnitude of effort and functional impairment at home and at 

W01k. Further sp~c~f~cations hav~ recen~ly resulted in what has been 

ca lIed the Modified Dyspnea Index (MDI) (B1). The latter has been 

shoWn to be reproducible and easy to administer and it appears to 

assess the disability associated with dyspnea more comprehensively than 

other scales. 'When compared with pulmonary function tests, the MDI 

has an tntermediate to incomplete correlation which suggests that it 

measures a· related but distinctive aspect of respiratory disa,bility. 

The advantages of the MDI were demonstrated in a randomized 

placebo-controlled clinical trial on patients witn chronic obstructive 

pulmonary disease, in whicp aminophylline was shown to produce a 

statistically significant improvement in the dyspnea index ratings but 

not in labora~ory tests of gas airflow, exchange, 
1 

or exercise 
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performance (82). In the IPtesent study, the clinical questionnaire 
\ 

upon which the MDI was based was administer~d by the same physician;~o 

each subjeèt. 

6.1.3 Cardiorespiratory function tests 

i) Lung function at rest 

AlI tests were administered by one of two trained technic!ans. 

SPiromet~ was performed using a Ohio 827 volume disp+acement 

spirometer according to the recommendations of the Snowbird Workshop on 

staQdardization of_ spi~ometry published by the Ame~ican Thoracic 

Society in 1979 (83). The best,forced expiratory volume in one second 

(FEV1) and forced vital capacity (FVC) from any of three forced 

expiratory trials were retained for the purpose of analysis. -To obtain 

lung volume, the best functional residual capacity (FRC) was seleçted 

from three trials carried out using body plethysmography and from thi~;' 

residual volume (RV) and total lung- capacity (TLC)~ere ca~culated. 

Calibration for pressure and volume was performedfailY. The gas 

transfer factor for carbon monoxide, also referred to as pulmonary 

diffusing capacity (DLco )' was measured using a Collins pulmonary 

testing system by the single breath method; the test was repeated until 

three results within 107. of each other were obtained and the average of 

the best two DLco results retained for analysis. DLco calibration was 

done prior to testing and again after testing 2 subjects. Quality 

J 

-" 
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control measures also included weekly pulmonary' function testing 

(spirometry,. luqg volume, ~Lco) of one of two technol~g~sts. 

ii) Lung function on exercise 

AlI exercise tests were done on a treadmill with on line recording 
,/ 

of data' using a Sensor-medics automated system (84,85). The subjects 

bréathed through a mouthpiece attached to a low resistance valve with a 

combined dead space of 200 cc. A noseclip was used for aIl 

experiments • Respiratory rate (f), tidal volume (Vt ), minute 

ventilation (VE), oxygen uptake (VOZ)' carbon dioxide output (VCOZ), 

respiratory exchange ratio (RER), and Oz 
Jo 

saturation by ear oximeter 

were recorded. Cardiac rhythm and heart rate (uR) were also monitored 

using a modified V5 ECG lead ihro~ghout exercise. Complete automatic 
, 

calibration was performed each day for the gas analysis (02' COZ), 
. 

volume and temperature. Gas analysis checks and volume verification 

were also done before each exercise. In the procedure fo~ complete gas 

analysis calibration, the calibration'constants were recalculated based ~ 

on r~corded response to known concentration of oxygen and carbon 

dioxide; in the procedure for the gas analysis checks, calibrated gas 
J 4' 
! 

mixtures were passed througb the,system and instrument ~~~pbnse onl~ 
r 

-- \{" .. 
measured. The volUme calibration, which is also automate~, was done 

with known volumes being added manually at a controlled rate. Quality 

control measures also included weekly exercise testing of· one of two ~ 

'j:.echnologists. 
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Incremental exercise testing was performed to maximum on a 

treadmill. Subjects were attached to the mouthpiece and no work was 

done for at least 2 minutes until cardiorespiratory variables had" 

'stabilized. The subject then walked on the treadmill at zero elevation 

a~d 1'.5 mph for the first minute, 2.5 mph for the second minute and 3.0 

mph for the th~rd minute. Thereafter the speed was kept constant at 3.0 

mph and every minute the elevation was increased by 2.57. ; at 15 7. 

élevat!on_ the speed was increased to 3.5 mph and at 20 7. elevation tha 

speed was again inGreased'to 4.0 mph. The exercise was continued unti1 
i 

• / the subject could no longer sustain exercise. The subjects were also 

asked to estimate the magnitude of their dyspnea after each minute. 

,They were requested to concentrate on their breathing and ignore other 

sensations su ch as 1eg fatigue or pain. The intensity of dyspnea was 

estimated using a category scale as recommended by Borg (86,87). This 
1 .' 

was done by asking the subject to select ·a number from 0 to 10 to 

describe their ~ënsations, zero being no appreciable dyspnea afd 10 

maximum dyspnea. p 

Measurement of pleural abnormalitv 
» 

o 

The cbest radiograph is an essentia1 tool in the evaluation ~f 

asbestos-related pleural a bnonna li ty. For each subject, chest 

radiographs were taken using the conventional views in posteroanterior 

(PA), 1ateral, and 45 degrees left and tight anterior oblique positions 

with a standard high kilovoltage . . . 
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First, pA chest radiographs were read blindly by 2 chest 

physicians, both certified B readers according to the lLO 1980 
1 

International Classification of R~diographs o! Pneumoconioses (26) • 
.. 

Next, during the same r~ading session, the PA film was s~plemented by 

left and right oblique films and pleural abnormality recorde~ ag~in 
-

according to the ILO 1980 classification. For the 'present study, the 

readings of one reade~ only w~re used, selected a priori because a 

preliminary analys;i.s '" 2 7), ~ndicated that- he> achieved a higher letel of 

reprèducibility for readings of pleural abnormality than the other . \ 

reader. A score was also computed according to the site (chest wali J ' 

costophrenic angle 
;.. f 

and diaphragm) and the, degree of pleurâl 

abnormality. Chest wall pleural thickeni~g was çomputed'by summing the 

assessment in profile for each site (using the width category a, b or c 

converted to a numerical score of 1, 2 and 3 multiplied by the extent 
/ -

cat~g~ry 1, 2 or 3) and the assessment en face (using the extent 1, 2 

or 3 category)', Finally, right and left side were Jdded together for a 
• 1 .. 

minimum score of a and a maximum of 24. Scores of 1 and 2 were given~ 

for obliteration of one or both costophrenic angles and of l.and 2 for 
1 

thickening of one or coth diaphragms. 

6.3' Measurement of parenchymal abnormality 

6.3.1 
ts 

The chest radiograph 

Pneumoconiotic parenchymal disease, in particular that related to 

.... 
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\ 
asbestos exposure, has traditionally been defined by profusion of small 

opacities of 1/0 or . mor~ according to the 1LO 1nternatio~al 
. 

Classification of Radiographs of Pneumoconioses (25,Z6). Studies of 

asbestos exposed human subjects and the sheep model of asbestosis 

(77,78) have provided evidence of an inflammatory process in the 

alveoli and interstitium surrounding the peripheral airways, which 

precedes the development of interstitial lung fibrosis. This 

alveolitis can be detected by Gallium-67 uptake of the lung. In the 

present study, parenchymal abnormality was 

conventional ches~ radiOgr1bh a~d also by gallium 

assessed both by 

o 
o 

index of the lung. 

The cpest radiographs were read in the manner described above; 

Le. they were repd by 2 chest physiciélns, both certified B readers 

into 
, 

1980 the 1LO International Clas&ification of Radiographs of 
~ 

>, 

Pneumoconioses (26) , but only one set of readings was retained, an a 
c 

priori selection of the reader who achieved the highest level of 

reproducibility for pleural abnormality. 

, 
6.3.2 Computer-based quantitative Gallium-67 uptake 

in the lung 

Gal,lium-67 
. 

was measured as follows. Forty-eight hours after 

injection of 4 millicuries of Galiiurn-67, anterior lung scan, posterior 
. .. 

neck to pelvis scan and anterior thigh scan were recorded on'a Siemens 

LFOV Camera system. \oftware for ,pcquisition and processing of the . . 
data was deveJoped 

c 
at the Montreal General Hospital and haè been 

! 

• 
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previously des~ribed by Bisson et al (88). 

To CjlCulate 

posterior scan of 

the index of the Gallium uptake by the lung, the 

the chest was used ta min1mize the variable~ptake , 

of soft tissues which 1s less in the oack as compared ta the front of 
. 

the chest. The Gallium index _was reported on a relative scale of 0 

(background uptake) ta 16 (maximum liver uptake). cBackground 

o 
radioactivity was assessed ~om an area of the abdomen below the kidney 

and free of ~ecal artifacts. 
Jj . 

Background radioactivity was given a 

score of a and substracted from aIl areas. The maximum area of Gallium 

uptake in the l1ver was scored as 16. Upt~ke by the lung was measured 

over 6 regions (r1ght and le~t upper, middle and lower lung) excluding 

the hilar regions. The overall gallium index was obta1ned by averaging 

the six regional indices of the lung. 

The validity of this method of deriving and index of Gallium uptake 

was examined by Begin et al in a· sheep model of asbestosis (88-91). 

The gallium index of the lung correlated with bronchoalveolar lavage 

(BAL) levels of gallium radioactivity 'and with histopa'thologic scores 

of inflammation in autopsy lung tissue. In addition, in non-exposed 

smoking or non-smoking subjects, the average gallium lung uptake index 

was significantly lower than in asbestos exposed subjects as assessed 

in his laborat9ry. 

6.4 Measurement of asbestos exposure 

~ The opt1màI measurement Of~xposure should take into account bath 
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dùration and levei of exposure, preferab1y as~essed by personai sampler 

" of ambient air for total dust and fiber eounts in the' workpl~ee over 

represertative 'periods of time sinee first exposure.' This is certain1y 

impracticai among construction insulators since workers are employed on 

a casual basis by a very large number of different employers and no 

"'" industrial hygiene assessments are availab1e., According~y, the 

estimate of exposure to dust and mineraI fiber'had to be based on the 

durat.,ion of exposure only (92)., Information was gathered from two , 
sources. For the years 1974 and 1984-, annual hours worked in the trade 

were available from a govemment pension plan. From union records, it 

was possible to calculate the numbe~ of hours worked from 1964 to 1974, 

on the basis of dues paid, and to obtain the date of first employment 

in the trade. For subjects who started working as insulators prior to 

1964, an estimate of prior exposure was obtaiI!ed by multiplying the 
l''!. (p 

" mean annuàl ,-hours of work from 1964 to 1984 by the number of years in -,' 
~ -~ ... - ~ .. ....!.-

the trade before 1964. A cumulàtive exposure was thus developed, 

expressed as total hours'worked in the trade (92). 

-

L 
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Chapter 7. KE'l'HODS Ol ANAL fSIS 
~-. 

, 
7.1 Dependent, independent and other variables 

The hypothesis to be examined i~resent study'was, addressed by 

investigating the· relationsh~p between respiratory function, as 

assessed by symptoms and measurements of respiratory function, and 

asbestos-related pleural abnormali ty. 

The dependent variables or outcome variables used in the analysis 

were selected from three sources: . 

1) information descnibing the symptom of' dyspnea; this was 

obtained from 3 sources: a) the subject's answers to the ATS 

questionnaire; b) a clinical index of dyspnea upon which the MDI sc'ore 
. 

i5 based and c) dyspnea on a treadmill exer~ise graded by the Subject 

using the Borg scale at V02 1 liter and 1. 5 liters; 

2) pulmonary fuqction at rest as assessed by the following , 

tests: forced expiratory volumes, forced expiratory flow ~ates', l~g 

and diffusing characteristics; \ v',>lumes .. 

o ,3) cardiopulmonary capac1ty on maximal exercise as assessed by 

/ 
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Vt/VC, and, at submaximal exercise, using the same parameters but st 

different exercise levels, including the snaerobic threshold (AT). The 

s~e parameters were derived by interpolation at V02 l liter/min,,ho2 

1.5 liter/min and V02 15 ml/kg/min. MVV was calculated sccordlng to 

Jones et al. MVV = 30.6 x'FEV l - 29'L/min (85). 

The independent variable of interest was asbestos-related pleural 

disease defined from chest r~diographic reading into the ILP 1980 

International Classification of Radiographs of Pneumoconioses and 

expressed as a discrete variable and also as a continuous variable. 

( The·other variables of 

ha~it and asbestos-related 

radiographie reading and 

intere~ere age, height, weight, smoking 

parenChym~ abnormality as assessed by chest 

gallium uptake of the lung. AH are 

'-
determinants of pulmonary functiôn and hence'potential confounding 

variab~es which were therefore taken into aecount in the present 

analysis. 

Specific Analysis 

The analysis was approached in a sequence of two major steps • 

The first step of the analysis sought to confirm the main hypothesis 

that asbestos-related pleural abnormaÙty is associated with 

respiratory im~trment. The independent variable of interest, 

asbestos-related pleural abnormality, was dichotomized as present or 

absent, first according to the p~ chest radiograph reading in the 

manner .described, then according ta the PA tadiog'raph r'eading 
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supplemented by oblique films. The crude' relationship bptween 

asbestos-related pleural abnormality sa defined and, lung function was 

first described without taking into' account' parenchymal abnormality and 

other potential confounding variables. There - were next taken into 

account using a' multiple regression analysis (ANCOVA). The relationship 

between asbestos-related pleural abnormality and dyspnea was examined 

by logistic regression. Confounders considered were ~gé, h~ight, 

we~ght, smoking status and parenchymal abnormality as assessed by chest 

radiograph reading and gallium uptake of the lun$. 

In th& second step of the anàlysis, an attempt was made to 

characterize 'in greater detail the effect of pleural abnormality in the 

different sites on lung function. A multiple regression analysis 

(ANCOVA) was aga in used for the lung function tests and a logistic 

regression for dyspnea after accounting for age, height, smoking status 

and parenchymal abnormality as assessed by chest radiograph reading and 

. gallium scan of the lung. The independent effect of pleural 

abnormality ~n different sites (diaphragm, costophrenic angle and chest _ 

wall) and of different degrees of chest wall pleur<al 'thickening (width 

and extent) was o examined. Though the presence of asbestos-related 

pleural abnormality' on the chest radiograph,has often been translated 

into a score, this has not. previously b~en assessed with any rigour i~ 

rel&tion to respiratory impairment; the present data provided an 

opportunity to validate a score of this nature in relation ta pulmonary 

function. 

\ 
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.. Chapter 8. RESULTS 

8.1 ~ General outline 

In this chapter the results are presented as follows: 

First, descriptive statistics are presented: these include subject 

characteristics, measurements of resting l~ng 'function, and . 
cardiorespiratory f~tion on exercise in relation to smoking status 

(Tables 3a to 3g). 

Second, 

presence or 

the same information is presented in relati~n 

not of Ple~~~} abnormali ty assessèd radiographically 

to the 

in two 

ways as follows~ i) from the PA chest radiograph read by the standard 
, 

method into 'the 1LO 1980 classification, (Tables 4a to 4g) and ii) _~y 

the PA chest radiograph read as above but supplemented by the right and 

left anterior oblique chest rad~ographs (Tables 5a te Sc). 

Third, analytical statistics are presented describing the 

relationship , -of dyspnea-' and lung function. ~o pleural àbnormality 
, 

(assessed by PA chest radiograph reading) after accounting ~or relevant 

anthropometric characteristics, smoking status and parenchymal 

abnormality (Tables 6a to 6c). 

Fourth, analytic statistics are presented, describing the 

relationship of dyspnea and lung function to sites, extent and width of 

pleural thickening after accounting for relevant anthropometric 

characteristics,~ smoking status and parenchymal abnormality (Table 7a 

to Je). 
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~ Descriptive statistics (univariate analysis) 
'0 , 

~8.2.1 Findings in relation to smoking status 
.., 

1 8.2.2.1 Personal and exposure characteristics 

The Mean, standard deviation and range of the' personal , 
characteristics (i.e. age, height and weight), and the exposure 

characteristics (i.e. smoking. pabits and asbestos exposure) are shown 

in Table 3a. The population was composed ~xclusively of men currently 

at work~ aged 35 to 52. y~s and mainly smokers or exsmokers. Smok~rs 

were on average slightly taller than thè non or ex-smokers, but ~eighed 

s lightly less. Asbestos exposure in years, calc~late~he ba~is of. 

2000 hours of work per year, varied from 9 to 36 years and tended to be 

on average slightly less in smokers. 

'8.2.1.2 Prevale~~ of pleural and parenchymal 

abnormality 

Prevalences of pleural and parenchymal abnormalities in the study 

population, assessed from reading the PA chest radiograph~ are shown in 

table 3b, with the subjects divided according to smoking status. 

Over~ll, 58 ~ of the study population wa~ identified as having any 
. 

pleural abqormality. The majot site for pleural thickening was the 

-
chast wall; in 44.5 ~ of subjects, the abnormality was read as pleural 

If! 

\~ 
\ , 
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plaques and in only 5.5 % as diffuse pleural thickening. ~e pleural 

thickening of the chest wall was between 2 to 5 mm thick in more ,than 

25 % of subjects, between 5 ta 10 mm in less than 7 % of subjects, and 

mere than 10 nnn in Iess than 2 7. of subjects. The diaphragm was 

involved in 17.3 % of subjects, costophrenic angle blunting reported ,in 
~"-

5.5 % of subjects and pleural calcificatio~ in 13.6 %. 

Parenchymal abnormality was relatively uncommon, with,only la % Qf 

" radiographs cl8$sified as profuSion category 1 or more, and 90 % as 

~ategory zero, i.e. a/a or 0/1. On average, smokèrs had a higher 

prevalence of pleural abnormali~y' of any type and also of parertchymal 

abnormality than the non and exsmokers. Other, associations with 

smoking were a higher prevalence of plaques in smokers and exsmokers 
\ . 

co~pared to nonsmofers; a tendency for pleural thickening to occur more 
1 

frequently 'on the 'Jeft side than on the right side, and more frequent 

involvement of - the costophrenic angle. Indeed, the absence of 

tostophrenic angle involvement in nonsmokers was striking; by contrast 

• 
a higher prevalence for pleural calcification were found in nonsmokers 

compared to smokers and exsmokers. 

The Table also shows t~e gallium index which varied from 0 to 8.3 

(po~ential range of 0 to 16) with a mean of 3.7. Exsmokers had 

a Mean gallium index slightly higher than the nonsmokers and smokers. 

Values up to 3.5 are found in the absence of disease (77,78). 

.. 
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8.2.1.3 Prevalence of respiratory symptoms 

The prevalences of respiratory symptoms for the study po~~at~on 

as a whole and by smoking status are pr~sented in Table 3c. Usual 

cough and phlegm were common (31. 8 and 43.6 " respecti vely) , in 
.,f 

this largely' smokr population. Ever wheeze (56~7.). persistent 

wheeze (24.57.) and dyspnea grade 1 or more (357.) were also prominent 

symptoms. Smokers were also characterized py higher, pre~alences 

of aIl respiratory symptoms, compared to exsmokers and non smokers. 

Respira~ory/diseases associated1with residual pleural thickening, such 
, 

as tuberculosis or pleurisy, did not. seem to be of. importance in the 

present study population; none of the subject~ reported having had 

tuberculosis and overall only 5.57. reported a history of pleurisy. 

Prevalence percent of dyspnea as reported by subjects in relation 
Q 

to smoking status is shown in Table 3d', using the 3 methods of 

assessment described above under methods (the ATS-DLD-78 quest~nnaire, 
" the clinical questionnaire, and dyspnea on treadmill exercise graded by 

the Borg scale from 0 for minimum to- 10 for maximum). Overall, the 
. , 

prevalence of repo~ted dyspnea, was high considering aIl subjects were 

&ctive workers in a physically demanding job. In general; dyspnea was 

related to smoking status, being more frequent in smokers or exsmokers 

~ompared to nonsmokers. Thus, based on the ATS-DLD-78 questionnaire 

there was a higher prevalence of dyspnea grade 1 or more in curr~nt 

smoker~: compared to ex or nonsmokers, and dyspnea grade 2 or more in . 
exsmoker.:; than in current smokers or non smokers. In response to the 

• 

/ 
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clinical questionnaire, dyspnea with functional impairment at work and 

a~ home wa~ more commonly reported by smokers than exsmokers and 

nonsmokers. Using the same questionnaire, the prevalence of reported 

dyspnea with major activities (such as walking up a steep hill or 
1 

climbing two flights of stairs and more), was again surprisingly high 

considering the active working status of the study population, and was 

also higher in smokers than exsmokers and non smokers. The prevalence 

of a modified dyspneic index (MDI) composite score· of 10 or less 

incorporating aIl the responses to the clinical que~tionnaire, was, also 

highest for current smokers, intermedi~te for exsmokers and lowest for 

non smoker~. Dyspnea during exercise, assessed by the Borg scale, 

increased as the level of exercise increased, but did not differ in 

relation to the smoking habit at a ~Oz of 1 L/min, at a VOZ of 1.5 

L/min it was slight~y less in nonsmokers than in the other 2 groups. 

8.2.1.4 

function on exercise 

Measurements of lung function at rest are presented in Table 3e in 

relation to smoking status. Absolute values are shown, uncorrected for 

age or height;, thOU!h the average bs Similai for subjects in a11 3 

smoking categories, smokers were on average taller than ex and , 
nonsmokers, and in consequence would be expected to have slightly 

larger lung functions. Despite this, theretwas a tendency for FEV1 and~ 

F~FVC to be lower in smokers and exsmokers compared to non smokers; 

. . .. 

, 
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pll forced expiratory flow rates at low lung volumes, FEF50' FEF75'" 
{' , 

FEF25-75 were also lt>wer in smokers compa'red to exsmokers and non 

smokers. However, for lung volumes and diffusing characteristics there 
J 

was no obvious relationship to tmoking. 

The mean and standard deviati<?~" of 
v 'l' 

measurements of 

ca~diorespiratory function at maximal and submaximal exercise are 

\ shown in Table 3f and 3g in relation to smoking status. It was not 

possible to be. certain every sUbject aChieved,his maximum level of 

exercise, and results at maximal exercise should be interpreted -) . 

/ 

with this reservation in mind. In general, cardiovascular capacity at 

• 
maximal exercise as reflected by HR, VOZ and Oz pulse did not appear to . , 
be reÏated to smoking status, whereas " respira tory capacity did, with 

higher values for VE being achieved in nonsmokers compared to exsmokers 

and smokers. The pattern of br~athing at maximal exercise also showed 

aO.higher' f~uency of breathing in nonsmokers than in exsmokers 

and smokers. Howeve~ respiratory efficiency.as 'reflected by VE/VOZ did 

• not appear to vary in relation to smoking status, nor did Vt and 

None lof the measurements o~card~oresPiratory funetion at 

submaximal exercise (whetber measur~d at anaerobic threshold (AT), at a 

VOz of IL, 1.5L,.~r'15 ml/kg/min) app~a~ed tô be related to smoking 

status (see.Table 3g), 

'\ 1 

\ 
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.8.2.2 Findings in relation to pleural abnormality 

(PA radiograph) 

8.2.2.1 Personal exposure characteristics and , 

'" indicators of parenchymal abnormality 

Personàl Jharacteristics (age, weight and height), exposure 

characteristics (smoking status and asbestos exposure), and indicators 

of parenchymal abnormality on chest radiograph ~nd by gallium scan, are . ... 
g:!,ven in Table o4a in relation to the presence or no1: of pleural 

abnormality. Despite t~e'limited age range ~(35 to 52 years old) 'from ~ 

which subjects were selected, the mean age of the subjects with pleural 

abnormali ty was 1.3 years older 

abnormarity. Subjects with pleural 

thanof SUbje\t~without ple~ral 

abnormality also weighed slightly Q 

more and smoked more' heavily than had subjects without pleural" 

abnormality. po aver~e, exposure years or years', 'since flirst exposure 

were similar between subjects with and without pleural abJo~ality, and 
1 

the range of values w~s wide, from under 5 to over 35 years, for 
\ 

""""r" "r"'" 

() 

both measures. The prevalence of parenchymal ab,normali ~y, as def ined / , 

by profusion 1/0 or more on chest radiograph reading rias higher in 

subjects with °pleural abnormality than in those wi ho ut pleural 

abnormality. Also, on average, the ga~lium index las higher in 
1 

subjects with pleural abnormality compared to subjects'without. 

, .. ..,., 

" , , 
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8.2."2.2 Prevalence oi respiratJty symptoms 
S J 

( 
, . 

• The prevalence ' of., respiratory symptoms in relati0!1 to, pleural -II 

abnormality in the study population is presented in Table 4b. Subjects, ., , 

with pleural abn~rmalit~ had a higher preva1ences of usuai cough, ever 

wheeze, persistan~ wheeze and a reported history of pleurisy than 
1 J 

subjects without pleural abnormality.,,,. However, 'ùsual phlegm w!ls more 

frequent in sUbje?ts withou~ than in those with yleural abnormality. . ' 
Prevalen~e percent of r~po'rted drspnea in relation to" pleural 

. abnormality i5 shown in Table 4c, using the 3~thads of a$ses~ment 

already déscribed. Thus based on gradé 1 or more, (i.e.' when hurrying ... 

on the level or walking up a hill), was prese~t in .34.4 % of subjects 

with and in 28.3 7. of subjects ~ithout pieural ab~ormality. Dyspnea 

grade 2 or more 1 (i.e. dyspnea when walking on the 1evel with others,of' 

1 the' subject 1 s' own age), was present in 17.2 7. of ~ubjects wit"h and in 
l_ .... /? ......... , 

6.5 7. of the subj.ects without pleural abnotmality. ",-The prevalence of 
~ \ 

" 1 

/_ 'dyspnea with functiona,L .. impairment, at work was similar in' both groups, , ~ 

\.. 

but dyspnea with functional ~mpa~rment· at home and with major 

activities (Le. when ~alking Upl a;ttel hill and climbing two flights 

of stairs and m?re), was more fre ent in :hoslr'with compa-red to those 

without pleural "abnormality. "By contrast dyspnea on treadmill exercise 

graded by the Borg scale was slightly hîgher on average in those 
. 

without compared to those with 
1 - '\, 

pleural. abnornlality at 
". 

a level of, 

exercise of a "0'02 at 1 liter/min, but similar at a V02 at 1.5 
. 

li ter 1 min. However, the 
) 

!lubjects with pleural abnormality were on 

'" Il 

,h 
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average older,_ ," heavier, smoked more, and presented more pareDchymal 

abnormality (i.e a higher.prevalence of chest radiograph pr9fusion of 

o more than 1/0 and average gallium index). These factors niay partly ... 
explain the d'ifference in prevalence of dyspnea and will he taken into 

account in a further analys±$ using a logistic regression. 

8.2.2.3 , ~ung function at rest and cardiorespiratory 

function on \xercis~ 

~ 

The mean and standard deviation of lung functions at rest are shown 

in Table 4d in those with and without pleural abnormality. On average, 
~ 

subjects with pleural abnormality had lower forced' expirhtory volumes 
• ~ , o. ~ 

(FEV1 , FVe) and forced expiratory flow ~ates (PEFR, FEFSO' FEF7S' 

. ./ ( FEF2S-7S? than subJects without; they also had lo~e~ lung volumes TLe, 

FRe, RV) and diffusing characteristics (DLCO' , 'VA' DLCO/V A)', These 
1) /':.; -

measurements are not adjusted for age anœ héignt d~fferences (those 
Q • ~ 

wlth pleural abnormality were older, shorter, smoked more and presented 
t 

more parenchymal abnormality than those without), 'factors which may 

have contr!buted to these lung function differences. These f&ictors ' 
, . 

will be takén into account in a further analysis using a muftiple 

regression. 

The mean and standard deviation - of the measurements of 

~ c~rdiorespiratory function at maximal and submaximalo exercjj;e Jn 

relation to pleural abnormality in the study population are given in 

, Table 4e and 4f. Measurements reflecting respirat~ and . 

,. 
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cardiovascular capac~ty at maximal exercise were similar two 

groups, as were Most measurements at 

(Le.- anàero,bic threshold, V02 at 1 L,loS L and"l5 ml/kg/min); however 

heart rates (HR) achieved were slightly lower in sUbjécts with compared 
. 

to those without pleural abnormality. The pattern of breathing at 

maximal· exercise was also different in the' two groups; those witp 

• pleural abnor,mality attained, on average a greater maximum frequency 

with a slightly lower VT and a higher VT/VC ratio than those without 

pleural abnormali~y. Similar findings were obtained in respect to 

respiratory symptoms and pulmonary function tests when pleural 

abnormality was assessed from radiographie readings by a second ,reader, 
t' 

reading independently. The· results of the second reader are not 

presented here . 

.... 
,{1 

8.2.3 Findings in relation to pleural abnormality 

(PA supplemented by oblique radiographs) 

The use of PA, chest radiographs supplemented by right and left 

anterior oblique views as opposed-to PA chest radiograph alone did' not 
!;, 

alter the .findings. For this reason, and for reasons of brevity, only 

selected data is pres~nted. For the convenience of the reader, and to , 

facilitate compa!isons, selected data from Tables 4a to 4g is included 0 

o in Table 5a and Sc. Although the number of subjects read as having 

pleural, âbnormality May be the sarne when assessed. by PA reading as 
• 

compared to ~A reading supplemented by oblique views, the.- subj ects ; 
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themselves are different. 

The main feature brought out in these Tables is that findings were 

remarkably similar whether or not oblique films were used to detect the 

presence of ~leural abnormality. The prevalence of dyspnea (assessed by 

the ATS-DLD-78 questionnaire, the clinical questionaire and on the 

Borg scale treadmill exercise) is shown in Table Sa. The Mean and 

standard deviation of selected lung functions at rest in relation to 

pleural abnormality assessed by the two methods is shown in Table Sb, 

and again of ,note is the slmilarity of the findings. The sarne is 

evident for the Mean and standard deviation of measurements of 

cardiorespi~atory functio~,at maximal and submaximal ~xercise presented 

in Table Sc. 

8.3 Influence of pleural abnormality (PA radiographs) on respiratory 
;JIIiiI 

status taking into account parenchymal abnormality and other 
() 

relevant factors 

8.3.1 Influence of pleural abnormality on dyspnea 
• 

" 

Table 6a presents the odds ratio wi'th-the confidence limits fat: the 

symptom of dyspnea being present, given the, presence of pleural 

abnormality, afte'r taking into àccount age, smoking habit and 
1> 

parenchymal abnormalities. Also presented are thËL odds ratio of 

dyspnea for the other determ~~ants in the model, i.e. for a difference 

) 
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of 15 years of age, of 10 pack years' of cumulative smoking, and of 3 

points (equivalent of 1 category) on the scale of pro~usion on chast 

radiograph and 3 poi~ts on the scale of gallium index (range from 0 to 

16). Logistic regression analysis was used to de termine these odds 

ratios. The analyses indicate that after adjusting for other relevant , 

determinants, the presence of dyspnea, assessed by any one 9f the 

methods used, was not consistently reiated to the presence of pleural 

abnormality. Thus though sorne of the odds ratios exceeded l, the range 

of 95% confidence limit 'is wide and always inclu4ed 1. This can be 

interpreted as showing that the odds of the symptom of dyspnea being 

present can b~ less, the sarne or more, in relation to the presence of 

pleural ~bn~rmality. 

8.3.2 Influence of pleural abnormality on lung function 
U;; 

at rest 

Table 6b presents the me an differences in lung function at rest, in 

ml, between subjects with and subjects without pleural abnormality, ' 

after accounting for age, height, smoking habit, and parenchymal 

.abnormality assessed by ch"est radiog~aph and gallium uptake. ,.AIso . 
included in the Table' are the standard errors . of the differences, the 

95% confidence 'limit and the p-value. The analysis indicates that the 

prese~ce of pleural abnormality (as defined by PA radiograph reading) 

is associated with an average decrease in the FEV1 of 222 ml (p < .05) 

and in the FVC of 402 ml (p < .OS} after accountin~ for other relevant 

G 

( 
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factors. The prèsence' of pleural abnormality did not affec~ TLC or 

DLCO. Also shown on the Table are the regression coefficients of other. 

relevant determinants included in the model. Those for age, height 

~ and smoking were significant in the model for FEV1; those for age ana 

height were significant in the model for FVC, and those for height.and 
/ 

smoking in the model for DLco' In the present analysis, there was no 

evidence that either of the indicators of parenchymal abnormality 

(i.e. the profusion on the chest radiograph or gallium scan) affected 

lung function. • 

8.3.3 Influence of pleural abnormality on cardJorespiratory 

function on maximal and submaximal exercise 

Table 6c presents the mean-differences in parameters related to 

cardiorespiratory capacity oq exertion between subjects with and 

without the presence of pleuràl abnormality, after ~ccounting for age, 

height, , weight, smoking habit and parenchymal abno~lity. Also 

included in the Table are the standard error of the difference, the 957.' 

confidence limitJ a~d the p-value. In the present anà~ysis, the 

presence of pleural abnormality as defined by PA radiograph did not 
q ( / 

contribute to the cardiorespiratory capacity on "maximal or submaximal 
• 

exercise, after acèounting for age, height, weight, smoking and 
1 • 0 

parenchymal abnormalities by chest radiograph and gallium uptake. • 
• 

However, the breathing frequency was higher on submaximal exercise and 

thel ratio VE/MVV higher on maximal and submaximal exercise in subjects 

• 
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.-
with pleural abnormality as compared to those without, after accounting 

for other important determinants. The Borg scale at maximal and 

• 
~ubmaximal effort (V02 IL and 1.5 L) was not related to pleural 

abnormality, after accounting for other important determinants (not 

shown in the table). \ 
8.4 Influence of the site and extent .of pleural abnormality (PA 

1 
radiographs) on respiratory status, taking into account 

parenchymal abnorpality and other relevant factors ~ 

8.4.1 Influence of the site and extent of pleural 

abnormality on dyspnea 

Table 7a presents the odds ratio for the symptom of dyspnea being 

present in relation to the site and extent of pleu~l abnormality} 

given a difference of 4 points for chest wall pleural thickening (on a 

maxim~ of 24 point scale), 1 point for each side with costophrenic 

angle obliteration (on a 2 point scale) and 1 point for each side with 

diaphragmatic thickening (2 point scale), after taking into account 

age, smoking status and parenchymal abnormalities. Also presented are .. 
th~. odds ratio of dyspnea foc the other determinants in the mo~el, 

calculated 'for the following ranges: 15 years of ... age, 10 . pack yea,rs 

of cumulative smoking, 3 points on the 12 point scales of profusion 

(~quivalent ~f 1 category on the 1LO scale for ,the chest radiograph) 1 
• 

and 3 points on the scale of galHwn' index (range of 0 to 16). 
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Logistic regression analysis was used with site and extent ôf pleural 
~ 

disease expressed as a continuous variable according ,to a score 

computed at each different site (diaphragm, costophrentc angle and 

chest wall). Both analyses indicate that after adjusting for other 

relevant determinants the presence of dyspnea with major activities was 

related to the extent of ch~st wall pleural thickening, and the , 

presence of dyspnea with functional4 impairment at home was related to 

the pre~ce of diaphragmatic thickening. The presence of dyspnea 

assessed by the ATS-DLD-78 questionnaire and dyspnea with functional 

impairment at work was not related to the different sites and extent of 
( 

pleural abnormality. 

Influence of the ~ite and extent of pleural abnormality 

on lung function at rest 

Table 7b shows the reg~ession coefficients describing the 

independent effect of pleural abnormality at the different sites 

(diaphragm, costophrenic angle and chest wall~ on FEVl and FVC (as the 

dependent variables) after accounting for age, height, cumulative 
lICôr 

smoking, and parenchymal abnormality assessed by chest radiograph 

reading and by the gallium index. Aiso included in the Table. are the 

standard error-, the 957. confidence ... limit and the p-value. In the 

analysis, chest wall pleur~l-thickening and 

'2 ' 
~bliteration and diaphragmatic thickening 

extent, costophrenic angle 
1 

were aIl inclùded in a 

multiple regression model using a stepwise procedure, after having 

! , 
l, 
l' 
l' 
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... 
accounted for other relevant determinants. As described in section 

8.4.1, pleural abnormality was 'also used as a continuous variable 

according to k score computed at different sites. The results indicate 
" 

that after accounting for anthropometric charac~eristics, smoking habiç 

and parenchymal abnormality, bath chest wall pleural thickening and 

costophrenic angle obliteration independently affecte! FVC but 

diaphragmatic' thickening did not. For F:EV l' 0 costophrenic angle 

obliteration showed a significant relationship, and also the effect of 

chest wall pleural thickening approached statistical significance. 

8.4.3 Influence of the site and extent of pleural abnormality 
, 

on cardioresplratory function on maximal and submaximal 

exercise 

Table 7c shows the regression coefficient describing the 

independent effect of pleural abnormality at diffe~ent sites 

(diaphragm, costophrenic angle and chest wall) on different param~ters 

related to cardiorespiratory function on exercise, after accounting for 

age, height, weight, cumulative smoking and parenchymal abnormality 

assessed by chest radiograph reading and by the gallium ~ptake of the 

lung. Aiso included in the Table is the standard error and the 

p~lue. As previously described, pleural abnormality was used ,as a 

continuous variable 

abnormality in different 

according 

sites. 
'''7' 

ta a composite score including 

The results indicate that pleural 

disease did not affect the, cardiorespiratory capacity on exercise. 
1 

\ 
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• 
However, on maximal exercise chest wall pleural thickening- and 

, 
costophrenic angle oblit~ration independently affected VE/MVV, which 

increased according 

submaximal exercise. 

to ~he degree ofl pleural abnormality. At 

costophrenic angle lobliteration independently 

affected VE/MVV. and chest· wall pleural thickening affected Vt/VC. 

Neither of the sites of pleural abnormality was found to ~ 

independently related at a significant leveI ta breathing fre~uent! at 

maximal or submaximal exercise. # 

" 

., 
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Chapter 9. DISCUSSION 

) 

9.1 General 
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The results of this study indicate that in an active workforce,of 

ipsulators, the presence of asbestos-related pleural abnormality was 

associated with a decrease in FEV1 of on average 222 ml (p< .05) and 

in FVC of 402 ml (p < .05) after taking into account other relevant 
<'J 

smokin~ It.tus 
'" 

determinants such as age, height, and parenchymal 

abnormality. This decrease i~ FEV1 and P FVC was due to independent 

effect of ple~al abnormalities at the costophrenic angle and the chest 

wall. The association could also be demonstrated after exclusion of 

subjects with diffuse pleural thickening (S.Sc.,of the. total population) 

defined by th~ presence on chest radiograph reading of a costophrenic 

angle obliteration, i.e. when the compdriso? was confined to subjects 

with pleural plaques only and those wi~ho~t __ ~~~ural ,ab!1orm,!!ity ~ 
.. 

However analysis (not. presented here), which were limited ,td workers 

with pleural abnormality, failed ta show a dose , response relationship 

t 
between the 

and FVC. However, the' power of the ~nalyses was reduced substantially 

presence of asbestos related pleural abnormality and FEV1 

o as the ~ rumber of worker~ with pleural abnormality .on1Y was' 64, i.e. is 

1ess than 607. of the initial nwnber. '\ 

The reduced FEV1 and FVC did not appear to be explained by the 
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presence of subclinical pulmonary' fibrosis sinee neitqer of the 

indicators of pâren~ymal 'ahnormality (i.e. the conventiona~ chest 

radiograph reading into the ILO· 1980 classification and the 

quantitative assessment of gallium uptake in the lung), was found to be 

related to t~ resting lung function level. 

Despite the evidence' that pleural abnormality resulted in lower 

leveis FEV1 or FVC, its .pre~ence did not appear to affect the maximum 

exercise capacity nor cardiorespiratory function during subm~ximal 

exercise. Howe~er, the' complaint of dyspnea assoeiated with major 

activities was ' related to the extent of chest wal~ pfeural thickening 

--even though the prevalenee of dyspnea complaints assessed by any~ne of 
f 

-
the methods used was nct different between subjects with as compared to 

.. 
hhose without pleural abnormality after taking into aceount age, 

, smoking status and parenchymal abnormality. Of interest was the faet 
, 

thatlon exercise those with pleural abnormality were shown to have a 

higher VE/MVV, and ~ higher breathing frequ~Rcy arn!/or Vt/VC at certain 

selected levels of submaximal exereise. Thus, the relationship between 

the sensation of dyspnea during major activities and the extent of 

chest wall pleural thiekening may be due to a difference in breathing 

pattern imposed by the ~ pleural abnormality, 

utili~ation of proportions of ~mum ventilatory 
\ 

resulting 

capacity. 

in the 

.. 
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p~ential sources of bias in the present study 

9.2.1 Selection bias 

, 
r 

Consideration must be given to potential sour,ces of bias in the 
• 

present study that ~ay have ex~gg~rated or attenuated the observed 

effect of pleural abnormality on respiratory function. , The survivor 
1 

effect results from' the weIl recognized selectiçn bias Inherent 

in the study of an active workfor6e, namely that those with better 

health are likely to have remained active, while 
. . 

those with_ less good 

health are likely to have changed jobs or quit work for health 

reasons. Obviously there is no way .of knowing -from a cross-sectiona! , 

study to what extent this factor was operative. If present (and one 

must assume it was), this Source of bias wou Id be likely to have .J 
,- \ 

. . 

\attenuated the demonstrated effects of pleural abnormality on 

respiratory functioh, no~ exaggerate them. Indeed, in this particular 
( 

workforce the su~vivor effect has ,more than likely attenuateM t~, 

demonstrable effects, given i) the high prevalence (52,57:) of'J'leural, 

plaques (which are usually associated with at most mild respiratory 

r 
t 

impairment and rarely with disability (59-66», 'and il) the low 

prevalence (.s.57.) of diffuse pleural thickening which is more lik~ly 
( 

to cause impairment and even disability (58-61), and iii) the fa~ 

that this Is a relatively young,population. 

/1 
~ \ 

, ' 

.. 
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9.2.2 Misclassification 

Misclassification due to measurement error in the explanatory 

(independentl variable is certainly an important consideration for 

which unfortunately there is no good solution. À valid instrument 

shou1d measure what it is intend~d to measure in addition to being 
, 

reproducible. Unfortunately, for the assessment of pleural 

abnormality, even using the ILO 1980 International Classification of 

Radiographs of Pneumoconioses and aOB reader, trained and certified by 
, 

the NIOSH, ~there is still important variability between and within 

readers (27). Furthermore, the posteroanterior chest radiograph has 

- been shown toi detect only>:i small proportion of pleural abn6rmalities \ 

.. identified at autopsy (23,93). Jn addition, the use of the oblique 

chest radiograph. though shown by severai investigators to increase the 

detection rate of pleural abnormality (28-~O), May a1so increase the 

• rate of faise positives (33). "The presence of subpleurar fat, 

especially in obese individuals, can also easil~be misinterpreted as 

pieural abnormality on standard chest raaiograph even when supplemented 
" 

\, 

byoblique films, and can on1y be distinguished with certainty~sing , 

"computer tomography of the 'chest (93). Despite these potential 

weaknesses inherënt to the inst~ent ~sed to measure-the independent 

~ariable of interest, the consistency of the relationship found between 

FEV1 'or FVC reduction and pleural abnormalities measured in severai 

ways (i.e. using the PA reading 
()! 

oblique chest radiogr4phs, and 

/ 

\ 

or the PA reading supplemented by 

uSin~ readings provided by a second 

.. 
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reader) makes it 'more the associatio~ demonstrated is a 

true reflect~ofi of the data. 

9.2.3 ,Measurement error 

Bias arising from a defect in method of measurement of the ~es~onse, 
P , 

variable can al,so ogive rise ta artifactual " . association. 'The 

measurements of respirato~y function were not carried out by observers 
". '~. ' 

blind to the independent variable of interest, namely'the presence or 
1· r 

. not of pleural abnormali ty: However, since these measurements are 

-' 

/ 

carried out using cali~iated instrumentation, it !s ~ost unlikely that 
. 

account entirely for the J respiratory function 

differences at rest between those with and without pl,eural diseasè. 

The assessment of respir~tory function, ~eported by the subjects as . ' ' 
o 

,the complaint of dyspnea, is obviously subject~ve, and could have b~en 
, 

influenced by knowledge of an abnormal radiography. 
. ' 

9.2.4 Confounding variables, including parenchymal 

lung abnormality , 
'" . 

& 

Biases may 'also result 
&.. 

from failure 

{ 
" ( . 
/ 

, 
to control for impor,tant 

c~nfounding variabxes. In the p"rese~t 
\ study, the I1lPst important 

, 1 

determinaqts of respiratory ~pairmènt (age, ~~oking anQ parenchymal 
. .. 

abnormality) and hence potentially important confounding variables 'were 

accounted for in the analysis. 

• n " 

Previous. investigators (64,68)' have 
( 
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l ' 

" ' suggested, for instance"that the relationship between pleural)plaques 

and respiratory impairment assessed objectivèly could . be obscured by 

the presence of subradiographic parenchymal chànges. 
'; 

If thi~were so, 

pleural plaques ~ould o~l~ _i~~~~~~~!y: affect l~&- function througb 

New t~eir be}ng associated with asbestos-related parenchymal ch$nges. 

imaglng techniques including gallium scan, judged to be sensitive .... 
in 'assessing 'early parenchymal reaction (77,78)' not seen on the 

PA chest radiograph, were used in the present study, and indeed,. there 

was a good correlation between the gallium index and pleural 

abnormality on the chest radiograph, suggesting that either parenchyma~ 

and pleural. abnormali ty common).y coexist; or that. the gall.ium in<Îex 
• • .. '. j . ... 

reflects t~e active pleural process • A ~elationship between_énhanced 

uptake of ,ga1lium and pleural abnormality is plausible bfit unlikely, 

in view of the findings by Lambert et al who were unable to sho~ a 

significant correlation, between the gallium uptake in the lung'and the 

radiographie scores of pleural abnormality (94). Nevertheless, after 

accounting fo~ parenchymal chang~ assessed by combining radiographie 

readings and gallium. scan, thére was stili a statistically sign~ficant 

relationship between pleural abnormality and a reduction .in FEV! or FVC 

the present study. This supports the hypôthesis that' 

asbestos-related pleural \ abnormality is a cause of respiratory 

impairment independant of parenchymal abnormality. Furthermore, the 

presence of pleural plaques wfthout other pleural abnormalities was 

also associated with. respiratory impairment which couid 'not be 
. 

,ô explain~d by the l?resence- of ~arenchyma~ change, even early parenchymal 

-------- --

• . 
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reaction detected by quantitative gallium upt~ke of the lung in the 
2 

absence of ~adiographic changes. 
" 

Comparison with previous studies 

9.>.1" Lung function impairment. 

In line with previous studies on tRe relationship of pleural 
1 

plaque~ and lung functian at rest, the present,stud~~às found that on 

average subjects with pleùral plaques have a lowe~ !EV1 (222 ml) 

and Fvè '(402 ml) compared to "those without pleural abnormali,ty. 

However, these average differences in F~Vl and FVC are small between 
\. 

subjects with and without pleural plaques, and do not appear to have 
'" 

affected most. cardiorespiratory measurements on submaximal and maximal 

exercise. This also is in keeping with the cnmmo~ clinical opinion that 

pleural plaques. are l.ittle more than a sign of asbestos exposure, and 
, , 

, rarely of clinical, iplportance.. 

Onlyone other study, t~~t by Luml~l) reviewed earlier in"this 

thesis, examined the relationship between ;espiratory parameters ~uring . 
exercise and pleural plaques. In dockyard employees between 28 and 64 

years of age; selected on the basis of chesT radiographs, ~~d matched 

for age and occupation, he found a significant (p < .05) increase in 
... 

minute ventilation at a ~02 of 1 liter in subjects with pleural plaques . 
compared to those wi thout. However subj ects were not 1Jlatched for 

smoking and body habitus, nor were these factors taken into accowlt in 
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. ~ 
analysis, and' the findings may therefore have been the consequencé of 

confounders. The present study appears to confirm what most studies 

have shown that pleural, plaques per se do not impai~g function at 
. 0 ~ rest or on exercise ta any important degree. 

As ~lready d,iscussed some rec,ent studies (64,68) have 

suggested that the differenc~ in.lung function between subjects.w~th 

pleural plaques compared ta thase without may have been ~n part 

explained by the c(mfound~ effect of heavier asbestos exposure 

associated with subradi'ographic parenchymal changes among subjects with 

pleural plaques. Thus gi ven an exposure-response relatlonship wi th 

parenchymal fibrosis, the hig,her the exposUre, the more lik~ly the 

presence of subradiographic parenchymal fibrosis (2). Consistent with 
\ , 

this view are the findings in studies by Ohlson et al (68) and Jarvholm 

et al (64) found thtt the difference in lung function between subjects 

with 'and without pleural plaqués was ,larger for thosé with heavy 

exposurè to asbestos. However Jarvholm et al faund that even after 

stratification for asbestos exposure, ,men,with plaques had a lower FVC 
, 

, ) 

than men without plaques. In these studies, the larger differences in 

lung function associated with plaques in subjects with heavy exposure 

compared to light exposure may be du~ to more extensive pleural 
~ 

plaques, ~fo~ation not provided to the reader. 
{ 

In the pres~t study, a sensitive indicator of the alveolitis of 
\ 

asbestosis (the pulmonary uptake of gal1iwn-67) was used (77,78), and ~ 

pleural plaques were shown to be associated with a lower FEV! and FVC 

independently of any parenchymal change. This finding of an independant 
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effect of pleural abnormalities dn lung function is in line with those 

of Becklake et al (57) who, in an age stratified random sample o of men 

currently ~ployed in the asbestos industry of Eastern Quebee in 1910, 

showed a small but consistent adverse chang~ in lung function in those 

~ith any pleural abnormali~y compared to those with none, for any given 

grade of severity of parenchymal fibrosis. 
G 

Dyspnea 

Few,studies have looked at ~he prevalence~of dyspnea in relation to 
~ 

the presence of plaques (61,65). HUt et al (65) reported an increase 

o in prevalence of grade 1 breathlessness in individuals with pleural 

plaques.. Lumley also found that subjeets ~ith pleural plaques reported 

a higher level of', dy,spnea during exereise than those without pleural 

plaques. l!n the' present 0 study ,~essment of dyspnea ~Y a11 three 

methods used (ATS-D~8 questionnaire, clinieal questionnaire and the 

Borg seale during ~xercise) showed in general a higher prevaleâee of 

dyspnea in subjects with compared to those without pleural plaques 

,though the differences were not statistically signifieant after 
. 

accounting for difference in age, smoking habit and parenchymal 

abnormality. Clearly ·eonfounding factors contributed to the complaint 

of dyspnea ,of subjects with pleural abnorrnality who were older and 

smoked more than those without pleural abnormality. However, the 

higher prevalence of ~yspnea assoeiated with pleural abnormality may 

also be a genuine reflee~ion of a biologieal effeet minimized beeause <) " 
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the population was young and at work and on average did not have 

extensive disease. Aiso of importance ls the power ~of tne present 

study; for predicting dyspnea, given the-sample size of SO-60,subjects 

in each group and prèvalences of dyspnea inl subjects with and without 

pleural abnormality of 157. and 57. respectively; power was estimated to 

be only 50% with an alpha error of 57.. This compared unfavorably with 
./ 

the power of the present study ta detect abnormalities of lung function 

at rest which was 807.. Neverthe1ess~ in the present study dyspnea with 

major activities such as walking up a steep hill was signlficantly 

r~ ta the extent of chest wail pleural thickening (p<.OS), after 

adjUsti~ for other relevant facto:s. 

9.4 Potenfial mechanisms of dyspnea • 

. In the present study, as already mentioned, the complaint of 

dyspnea'associated with· major activites was related ta the extent o~ 

chest wall pleural thickening. Although this study was not d~signed ta 

investigat~ the potential mechanisms of dyspnea in patients with 

pleural abnormality, the finding of a possible relationhip between 

dyspnea and extent of chest wall pleural thickening should not be 

underestimated an~ indeed invites further study of these 

relationships. Even though overall cardiorespiratory 1 capaci ty , on -

exercise was not diff",erent in subjects with and without pleurai 

abnormality, Table 8 (which summarizes information 
~ 

from severaI 

previous tables for the convenience of the readers) shows that those 

, . ~ 

~ ~ \ 

'. 
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~with pleural abnormality had a higher at maximal and 

submaximal exercise, and a higher breathing frequency or Vt/VC at 

certain selected levels of submaximal exercise. 

The underlying mechanisms responsable for the presenting symptoms 
\:1 

of effort dyspne.a are still a subject of controversy, and several 

mechanisms have been discussed. First, pleural abnormality might impair 

inspiratory depth and alter the breathing pattern as seen in subjects ~ 

with interstitial fibrosis (96). • This mechanism is likely to be of 

more importance in subjects with extensive pleural abnormality, but 
'~. 

might also play a roleo in subjects with Hmi ted pleural pÎaques ~ 

as seen in the present study population. 

an increased elastic load to the respiratory muscles 

wall changes 

rough 

has . been 

of the 

proposed as limiling the 

resfiratory muscl s (95). 
l, 

al explored this possibility in six subjects w~th varying 

'degrees of asbestos-related pleural abnormaHty who aIr reported 

dyspnea as the reason for effort 
1 

limitation (95). Fatigue of the 

diaphragm on exerclse assessed by electromyographic techniques in three , 

subj~was not found to be present. Without similar measurement of 
) 

chest wall/muscle fatigue, this cannot oe excluded.as ,a possibility. 

Third, pleural abnormality might lead to altered proprioceptive 

information, an abno mal ventilatory pattern, and excessive perception 

(97) •. Evidence suggest that elastic loads are 

c
r

/· 
effort and 

elasti,c rads 

poorly and provoke an increased sense of 
/, 

It has been shown that subjects with 

l,' 

v 

\ 
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characterized 
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-, 
by increased inspiratory 

f < 

flow rates (99,100). inspiratory pl~ural pres~ure accounted for 

the greatest 
1 

increase in sensory perception of the elastic load (97). 
.J , 

Picado et al (95) have shown that subjects with pleural abnormality who 

-~omplained of shortness of bre~th had maximum exercise capacity 

limitation, increased"minute ventilation and 
1 

an :abnormal pattern of 
1 

breathing with increased breathing frequency as weIl as inspiratory 

flow rates, and a decr,eased tidal volume .• 

In the present study, the sensation of breathlessness in ~ubjects 

witli pleural plaques was associated with a difference in breathing 

'.) pattern and use of a high:r ,proportion of maximum ventilatory capacity, 

cnanges which may have been imposed by the pleural abnormality through 

its effect in reducing FEV'l Ifnd/or FVC. However, this association is 

also biologically plausibl~, in keeping witb the hypo~sis that 

~al abnoFmality might Jead to alter proprioceptlve information, an 

abnormal ventilatory pattern and excessive perception of inspiratory 

effort (97). Alternatively the abnormal breathing pattern could be 

accounte4 for by increases in chest wall impedance due to reduced 

compliance of the parietal pleura (95). The physiologic" ~easurements 

made in the present study are not complete enoug~ to identify which of 
li; 

, , these mechanisms of dyspnea might have been operative . in the subjects . . 
with pleural abnormality studied here and therefore leave the 

researcher not only with speculation but, 

. directions to further research. 

more important, with 
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~ 
In.the present study of insulators, aged 35 to 53, aIl currently 

at work, a reduce~ FEYl and FVC was found in subjects with pleural 
fi 

abnormality compared to those without pleural abnormality. Pleural 
/ 

plaques were the most comm~n pleural abnormality (44.570 of subjects) 

an~ diffuse pleural thickening less frequent (5.57.) in the present 

study population. A sensiti~e indicator of subradiographic parenchymal 

reaction, the computed gallium uptake of the lung, was u~ed to take 

into account subradiographic parenchymal .abnormality related to 

asbestos exposure, and enab1ed the analysis to demonstrate an 

independent effect of pleural plaque~ on lung fun~tion at rest. 

6 
However, this functional impairment did not seem to alter the 

fi • 

cardiorespiratory parameters during exercise though it was associated 

with a higher prevalence of 'dyspnea in those with compared to those 

WithoutZ~~leura1 abnormality. Although this dif~e~ence was not 

statistically significant (p > .05) after accounting for other relevant 

determinants, the association was significant when related to the 

extent of chest wall pleural thicilning (p = ~ for dyspnea as defined 

by the ATS-nLD-78 questionnaire and' p = .01\for. dyspnea with major 

activities by the clinical dyspnea questionnaire). 
.. 
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Previous studies have pr~vid,ed evidence suggesting 'that the 
1 

1 

presence of pleur~l abnormality alters the pattern of breatbing and mây 

be responsible for the increased sensation 'of breathlessness d~ring 

physicàl activities. Further invêstigation should focus ,on the 
,~ 

prevalence of dyspnea in s~bjects with pleural plaques, r~nging from 

limited to extensive in their involvement of the pleural ~urfaces, and 
~ 

shoul~ be designed to elucidate the potential mechanisms underlying 
1 

! 

/ 
dysp~ea particularly that experienced during PhYSical/actvities. , 
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TABLt! 1 
Sunnnar ished literature on the mean difference of lun2 function when corn 

group of subjects with and without pleural abnormality 
1 

First 
author 
ear (rf) 

Source Age 
oDulation mean 

No. studied 
(io with plaQuè) 

, 
·Studies with evidence of impairment: 
i) Any pleural disease 
Becklake 1- miners 1069 
1970 (57) ..... 
ii) Pleural plaques 
Lumley !P dockyard 48.5 194 (24) 
1977 (61) employees 

~---
Fredriksson§ general 62.5 45 (00) 
1981 (62) population 

Jarvholm ~ shipyard 53.3 202 (43) 
1986 (64) employees 

> 

Hilt'i' general 66.1 634 (57) 
1987 (65) populatioI} 

Olivier tt not • 576 (20) 
1~87 (66) reported 

FEV1 diff. 
(io or ml) 

-5% * 

-330 * 

-14% * 

. -7.67. * 

-200 

Not 
reported 

Studies without evidence of impairment (pleural plaques): 
§ §

'Hedenstierna cCQonsuuetioo 45-65 72 (50) -80 

FVC diff. 
(% or ml) 

-3% 

-340 * 

• -15% * 

,1 
",6.97. * 

-200 

* 

,-230 

Vi; diff.
l/min) 

--... -

-47. * Not 
reported 

-280 * + 2.0 * 

-16% 

Not 
. reported 

Not 
reported 

""r Not 
reported 

Not 

Not 
.reported 

Not 
reported 

Not 
reported 

Not 
reportéd 

Not 
~ workers ~ reported reported 

Ohlson ~ ~ cement plant 75 (32} -7% -6% Not Not 
1985 (68) workers reported reported 

\0 

• 
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"t;. 
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t} TABLE·1 (continued) 

Summary of the published literature on the mean difference of lung function when comparing 
group of subjects wit~ and without pleural abnormality 

'" 

* Statistically significant (p < .05) on the basis of analysis carried out by th~ author. 

t't' 

.. 

+ The ~ffect of pleural changes is reported for subjects without small,opacities (profusion 1/0 or 
less) after adjusting ~or age, height, and weight. 

~ The effect of pleural plaques is reported for subjects without small opacities (profusion 1/0 or 
less) and compared to exposed individuals without pleural abnormality. 

§The effect of pleural plaques is reported for subjects without parenchymal abnormality (not defined 
here) and compared to a reference group o~ 263 healthy 'men after adjusting for age, height, weight and 
smoking habits. 

" 
~Th~ effect of pleural plaques is reported for subjects without parenchymal abnormality (not defined 

~ here) and compared to exposed subjects without pleural abnormality. Analysis was restricted to lif~time 
nonsmoking men also taking into acount age and height. 

: The effect of pleural plaques is reported for subjects without parenchymal abnormality (not defined 
here) and compared ~o predicted values calculated from a reference . population with same age, height and 
smoking habit. There was __ also higher proportion of subjects with pleural plaques only who were below 90? 
of the predicted FVC than thè~zerence population: ' 

tt The effect of pleural plaques is reported for 
0/1 or less) and compared to exposed individuals 
FVC decrements is not given in the abstracto 

subjects without 
without definite 

parenchymal abnormality.(profusion 
pleural plaques. .Absolute value of 

§§ The,effect of pleural plaques is reported for subjects without parenchymal abnormality (not defined 
here) and compared to non exposed subjects matched on sex, age, height and smo~ing habit. 

~~ The effect of pleurgl plaques is reported 
here) and compared to referent workers of three 
declines in FVC and FEV1 were larger than in the 

/ 

for subjects without parenchymal abnormality (not defined ~ 
plants without exposure to asbestos. The four year ~ 
referents, significantly so for FEVI. 

'. 

.1' 

- ,,;~. 

.-.'i 
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TABLE 2 

Derivation of the study population for the present research 

Description Number' of subjects 

Questionnaire Survey 1982 

Target ~opulation 
,1 

- . AlI construction insulators . 
who were members_of the union 
local 58, 644 

Responders Those who returned their 
! 

questionnaire 558 

Exclusions: 
21 subjects-who had l)een 
diagnosed as having asbestosis 
by a pneumoconiosis board ,- . 

, 
'. / Study population Those remaining workers who 

answered the mai1ed quest~naire 537 

Lung function survey 1983 - 1984 

'Target population 

Responders 

Present study 1986 - 1987 

Target population 

Responders 

Those participants in the 1982 
questionnaire, who were 50 years 
old or less and living in 

-Montreal area 

1hose who agreed to participate . 

\ 

AlI participants in the 1983-84 
survey who wer~~~?~ears or more 

Those who agreed to participate 

\ 

\ 

246 

215 

129 

110 

• 1 
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TABLE 3a , 

! 

.1 Personal and exposure characteristics 'Ir of the study population 
in relation to smoking status 

AlI 

Subjects n 110 

Personal.: 
Age yr - 43.

1
8 (5.3)' 

35-52 

Weight kg 

Height cm 

Expôsure : 
Cumulative 
smoking, , 
pack years 

Exposure +, 
years 

76.1 (11.6) 
50-113 

169. 9 (5.8)' 
158-183 

1 

19.1 (12.6) 
, 0 - 56 

17.8~(8.7) 
.2 ..: 40 

Years since 23.3 (6.6) 
first exposure 9-36 

Non-smokers 

13 

44.0, (6:0) 
36-52 

,\ 
Q 

Ex-smokers 

o 

42' 

45.0 (5.0) 
37-52 

~ 

76:3 (16'?5) ~ 78.6 (9.9) 
'55-113, 62-102 

168.8 (7.0) 
158-180 

0.0 

20.2 (9.8) 
5 - 38 

24.6 (6.4) 
13-35

0 

169.8 (5.4) 
160-183 

19.2 (12.9) 
1 - 51 

19.2 (9.7) 
2 :. -40 

24.0 (6.5) 
9-36 

, 

SmokCU's 

55 

Q 

43.0 (5.0) 
35-52 

74.0 (11.4) 
50-101 

170.3· (5.8) 
160-182 

2375 _ (~63) , ;1 

16.0 (7:2) 
4 - 31 J 

22.3 (6.6) 
10-34 

* Values shown are mean, SD in parentheses, and range to the near st 
integral. 

+ calCU1~ed on tlie basis of 2000 hours of' work pe~ Jear . 

./ 
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Table 3b 

Chest radiographie abnormalities (7. prevalence) and Mean value 
galli~ index in relation to smoking status 

Subjects n 

Pleural abnarmality: 

Any pleural 
abnormali ty 

, C\lest wall: 
o 

pleural plaques 

diffuse thickening 

in profile:+j , 
width a,. ri~ht 

.' l,-rt 
1 

w~dth b, right· 
1 left 
1 

width c, right 
left 

en face, right 
left 

Diaphragm 

Costophrenic" angle 
obliteration 

AH 

110 

58.2 

44.5 . 

5.5 

25".5 . 
27.3 

4.5 
'6.4 

0.9 
/ 1.8 

11.8 
12.7 

17.3 

5.5 • 

Pleural calcifi~ation 13.6 

Parenchymal abnormality: 

Profusion a/a 84.5 
0/1 5.5 
1/0 or less 10.0 

\ 
Gallium index 'If 3.7 (2.0) 

0-8 

Non-smoke"rs 
.' 

13 

53.9 

30.8 

7.7 • , 

.7.7 
23.1 

0.0 
0.0 

7.7 
0.0 
. 

15.4 
0.0 

23.1 

0.0 

'23.1 

j.92.3 
0.6 
7.7 

3.7 (2.0) 
0-8 

Ex-smokers Smokers 

42 

, 54.8 

45.2 

2.4 

26.2 
23.8 

7.1 
9.5 

0.0 
4.8 

14.3 
. ~9.1 

7.1 

7.1 

4.8 

C~5.7 
\7.1 

7.1 

4.2' (La) 
a - 8 

55 

61.8 .. 

47.3 

7.3 

7..9.7 
,,' Ml. 9 

3.6 
'5.5 

0.0 
0.0 

9.1 
10.9 

23.6 

1 5.5' 

18.2 

... 
81.8 
5.5 

12.7 

3.4 (1.9) 
a - '7 

80 

• 

'/( Valties shown , .... 
are me an , SD in parentheses, and range to the 

, n~arest iptegral. 
, 

"'r' 

, + Thickness or \'Iidth read as a < smm, b = 5-10 mm and c > la mm. 
/ 10 
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TABLE Je 

Prevalence % of respiratory symptoms '/( in relation' 
to smoking status (n = 110) 

( r • , . 
1 ...,_. 

Al! ... N~n-smoke;rs Ex-smokers Smokers 

Usual cough + 31.8 15.4 9.5 52.7 . " 

U~uai phlegm ~ 1 43.6 15~4 
r;.'"'1 

31.,0 60.0 

Ever wheeze§' 
( 

56'.4 ~ .: " 23.0 47.6 70.9 
J 

Persis~aft 24.'5 15.4 1'4.·J, 34.6 
whéeze 

Dyspnea 'i''l'tt 
15.\ Grade 1 or more 31.8 28.6 ' 38.2 

Grade 2 or more' 12.7 7.7 16.7 10.9 
\:! 

Tuber~u10sis 
§ § 

0.0 0.0 0.0 0.0 

PleuFisy 
§§ 

5.5 0.0 ( 4.8 7.3 , 

.,. 

* Respiratory symptoms acco.rding 
ATSr DLD-7 8 9.uestionnaire (see appendix 
shown, are: 

to a' French translation of the 
l for detai ls) : The symptoms 

+ Usual çough: cough with first smoke or on first going out of 
dQors ,but not çlearing of the throat. 

~ ; il' 

Usual ph1egm: ph1egm with the first smoke or on' first 
, 

going out 
of doors but not phlegm from the nose. 

§ 
'Ever wheeze: wheeze with a cold. 

11 " 
Persistent wheeze: wheeze m'ost days or nights. 

" '1 

J r ....... 

'i"P Dyspnea grade 1 hurrying on the level or walking up a hill. 
~ 

ttr:yspne~ grad,e 2 
people of oWn age. 

" 

dyspnea walking on the level w~th normal 

§ ~ubarJulosis or pleurisy: .ever ha~ either of these. 

, 
" 

'.-.... 

"7'T 
, ,1..11' 

-, 

. ' 

/ , 
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TABLE 3d 
(, ~ 

Dys~nea< in relation to smoking status 

, 
" AH ... Non-s"mokers Ex'-smokers' Smokers 

Prevalenèe % dysEnea ~ based on the ATS 9uestionnaire~ * 
, 

Grade, 1 or môre 3.1.8 15.4 28.6 
Grade 2 or more 12.1 7.7 16.7 

Prevalence 0% dysEnea ~based on the clind.cal guestionnaire~ 

. 
dyspnea wi th functional impairmeIlt: 

at work 105.7 0.0 
a t homé 5 . 9 0 . 0 

dyspnea witn maj6r 
activities 

tomposite MDI score ~ 

29.4 

(of 10 or l,ss) , 22.5 

9.1 

0.0 

'10.5 
0.0 

23.7 

, 
18.4 

Dyspnea on tre'admill exercise (graded by the Borg. s~ale)§ : 

at. \r02 of 1.0 L/min 1,.6 (1. 3') 1.7 (1.6) 1.6 (1..2)' 
, o - 6 o - 5 ' 0 - 6 > ' 

'at vr02,' of f.5 L/min 3.3 (2.0) 2.6 (2.3) 3:.3 
,. 

(1.6) , 
0 - '10, o - 7 0 - ~ . 

" 

J = HO 
1 

~"38. 2 
10.9 

1 

1 

+: 1 n = 104 

22.6 
n.3 

37.7 

'30.2 
v 

il = 102, 98 , 

1.6 (1.3) 
io - 6 ' 

3':5 (2.2) 
.... ~O> - 10 

t' __ :} • 

. '* ' Dyspnea grage 1 dyspnea whert hurrying on the level or, walking 
up 11 hill. l'Dyspnea grade 2: dyspnea walking on thè levÊü with ,nQrmal 
people of own age. 

• 'r 

.... -+ ' Functional impairment: any level oii home or w9rk-related 
activi,!=ies impaired because of dyspnea. Dyspnea' with mad:..or activities 
such as walking up a. steep hill, climbing two flight of ~tair'S or more, 
carrying a,heavy bag on the level. ' 

'. tMDI score incorporates a11 the information in the quest~Qnnaire 
(see Appendix II). 

§Value~ shown are m~an, SD ,in parentheses,-and rang~ to, the nearest 
integral. 

J ., 

\ 
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TÀBLE/3e 

83 
: 1 

= • Lung funct:1.on at rest* in relation te smoking status 
. 

"J 
/ 

/ ra ) , 
/ 

~Î1 Non-smokers E~-smokers Smokers 
/ 

.. \ 

/ 
r 

Fo~ed eXEirator~ va1ùmes: n = 110 ~ 

/ 
/ 

/ , . 
/ 

FEV1 L / 3.5 (0.6) - ·3.8 (0.6) 3.5 (0.6) 3.5 (0.6)' 

-.>l> FVC L ! 4.5 (0.7) 4.5 (0.8}1, 4.4 (0'.7) -4.5 (0.6) 
, 

,FFN l/FVC % 79.0 (7·P) '83.0 (5.0) 80.0 (5.0) 77 .0 (7.0) 
r 

Forced éXEirator~ flow'rates: n = 110 
.. 

PEFR L/min ~ 9.0 (1.9) 9.2 ( 1.9) 9.2 (2.1) 8.8 0,8). 
" 

."'..".. F~F50 L/min 4,'5 (1.5 ) 5.1 (1. 3) 4.7 (1. 4) 4.1 ( 1.6) 

FEF75 L/min 1.'5 (0.6) 1.8 (0.7) 1:5 (0.5) 1.4 (0.7) 
G4 

FEF2S-75 L/min 3.6 ( 1.3) 4.2 (1.2) . 3.7 ( 1.1) 3.3 ( 1.3) 
~ 

~ " 
, ' 

Lung volumes: n = 84 

TLC L 6.8 ( 1.0) 6.6 (0.9) 7.1 H.o) 6.7 (1. 0) 
--

FRC L 3.8 (0.8) 3.3 (0.6) 4.0 (0.9) 3.7 (0.7) 

RV L 2.4 (1.1 ) 2.0 (0 .• 9) 2.8 0.1) 2.2 (0.8) 

Diffusing 'characteristics: n = 106 

DLco, ml/min/mm 28.8 '~5.3) 29.7 (2.4) 30.2 (5.0) 27.6 (5.8) 
CI. . 

-VA L 6.4 (0.9) 6.4 (0.8) 6.5 (1.0) 6.5 (0.8) 

DLco/VA 4.'5. (0.9) 4.7 (0.5) 4.7 (0.8) 4. 8~( ~ ~ 0) :1' : 
'1' \ 

0, 
- .* Values showp are ~ Mean, sn in parentheses. .. , 

'. 
1 ... 
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HR /min 

V02 L/min 

.. 84 

" . 
TABLE '3f 

. ' . ," . 
Caf~Horespiratory funct'1on on m~ximal eXê'(cise* 
, in relation to smoking status (n = 102) 1 

.. ç 0 .. \ .' . 

-
AlI Non-smokers E,x-smokers Smoke,t:s . 

\. 

, '\ 

165.6 (14.8f 
, 
167.6 (18.3)' ~66.8 (15.8) 164.2r (13.2) 

125-195 130-195 125-194 137-186 

2.4 (0.4 ) 2.5 (0.6 ) 2.5 (0.5 ) 2.4 (0.4) 
1 - 4 2 - 4 2 - 3 

, 1 '- 3 

V02 ml/kg/min 31.6 (s.n 31.9 (3.7) . 31.6 (5~6) . 3~.5 (6.2) 
~5 - 46 0 25 - 36 '0 20 - 44 15 - 46 

VE 
. ~ 

L/min 77.'1 (18.7) 8'3 • 2 (22. 0 ) 79.4 09.0) 77.9 (17.8) 
41 - 137 41 - 112 ' 47 - 127 47 - 137 

... 
l4~.3 (2.3' ).~ 02 pulse 14.6 (2.6 ) 14.9 (2.8 ) 14.9 (2.9 ) 

" 9 - 21 ' 10 - 21 10 - 20 9 -' 19 

VE/V02 32.6 (6.8 ) 33.2 (5.9 ) 32.5 (8.0 ) 32.6 (6.1' ) 
23 - 7~ 2-4 - 44 21 - 75 23 - 44 • 

VE/MVV + 7-
l , 

96.1 (29.4) 89.2 :(27.3) 96.6 (27.9) 97.2 (31.4) 
" 43 - 210 62 - 138 61 - 210 43 - 191 

( 

.J' 

Breathing 35.3 (6~6 ) 37.1 (7.1 ) 34.9 (6.2 ) '35.3 (6.8 ) 
frequency 22 - 55 24 - 45 24 - 55 22 - 53 

4 

Vt 2.1'(0.4 ) 2.0 (0.5 ) 2.1. (0.5 ) 2.0 (0.4 ) . 
- '3 1 "' 4' 2 - 3 1 - 4 1 

Vt/VC 0.5 (0.1 ) .0.5 (0'.1 ) 0.-5 (0: 1 ) 0.5 (0.1-:- ) 
0.3 - 0.8 0.3 - 0.6 0.4 - 01.8 ,0 .. 3 - 0.7 

. . 
,( \ 

* Values shown are mean, SD in 'parentheses, and range to the nearest ' 
integral'. Exercise tests were doné by 105 subjects and ma~imum 
Dy 102 subjects (3 subjects did not complete the exercise test because 
of physical limit~tion other than respirâtory). . 

+ Predicted estimated for MVV were derived from Jones'equâtion 
(Jones'et al. Am Rev Respir Dis 1985; 131: 700-708). 

-----:,. 
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, 1 

Cardiorespir~y function on sub-maximal exercise* 
in relation to ~moking status . l' 

't., v 

~Ul Non-smokers Ex;'smokers Smoke't's 
• 1 , . 

... 
f 

At anaerobic threshold: n == 96 
} . 

tT°2 L/min 1.4 (0.3 ) 1.5 (0.4 ) 1.4 (0.3 ) 1.3 (0.3 ) 
.. . 

HR min H8.5 (11.9) 120.3 (15.3) 120.0 (~4.6) 116.9 (13.2) 
" 

~ L/min. 34.·3 (7.0 ) 36.1.(10.0) , 33.8 (7.4 ~ 34.4 (6.2 ) . 
, :tTEt(jP2 25.6 (4.6' ) 25.5 (7.2 ) 24.6 (4.1 -) 26.4 (4.3 ) 

At ~02' 15 ml/kB/min: • n = 103 
, , 

• HR min . 110.4 (13.9) 109.7 (10.2) 112.8 (16.9) 108.6 (11.6) 

~ VE L/min , t 28.5 (6.5 ) , 29".6 (8.8 ) 28.6 (6.8 ) 28.2 t'5.8 ) 
. 

VE /V02 25.0 (5.0 ) 25.-3 (5.8 ) 24.2 (4.3 ). 25.7 (5.3 ) 

" 
At vroZ 1 Liter: n = 102 

- . 
HR min 106.8, (13. ~) 106.0 (7.7 ) 107.'6 (17.6) 106.4 (l1.~) 

V~ L/min 24.7 (4.1, ) 25.4 (6.'6 ) 24.1 (4.1 ) , 25.1 (03'.4 ) 

VE/VO'2 24.,7 (4.~ ) 25.4 .(6.6 ) 24.1- (4.1 ) 25.1 (3-.4 ) 

1 , , 
At ~02 1.5 Liters:, n = 98 

HR min 126.1 (16.3) 123:2' (9.'2 ) 125.,3 -(18.9) .. 1:27.5 (15.2) , 
, . 

VE' L/min 38.9 (6.3 ) 39.7 (8~9 ) ~ 37.8 (6.1 ) 39.6 (5.9 ) 
1 

.-' \ -vErvo2 ~ ) 'î ", 25.9 (4.2 26.4 (5.9 )- 25.2 (4.0 ) 26.4 (4.0 ) , \ 

. " .. .. lia 

~,O • * Val.ues shown a~e mean, SD in parentheses. 
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TABLE 4a 

Pérsonal and exposure characteristiès* of t~e' study'population 
in relation to pleural éibnormalïty (PA reading) 

, Personal: 

Age, 

Weight 

~ Height ' . -

- Expesure: 

Smoking . 
Current 
Ex 
Non 

l 

n 

yr 

kg 

cm 

%' 

Cumulative smoking 
pack years 

• Exposure 

Years 
exp 

Indic 

first 

Chést radiegraph 
profusion) 110' 

Gallium index + 

9 

,Without pleural 
abnormality 

46 

\'43.0(5.9)' 
35.- 52 

.75.2 (1.1 ) 
50 ~,; 96. 

, 

170.7'(5'.5) " 
162 - 183 

45.7 
41.3 
13.0 

! 

15.0 00.6). 
,0 - 38 

18.5 (1,0.2) 
4, - 40 

'13 ( 7.8 ) 
9 - 36 ," 

.J 

" 

J ... -.f). 

al abnormalit 

1.8 

3.5 (2.1 ) " 
o • 8 

.. 
.. 

With pleural ... 
abnormality 

64 

44.3 (4.8) 
35 ' • 52 

o , 

76.8 (12 ) 
55 - 113 

199.3 (6.0) 
15a.· 182 

53.1 
35.9" 
11.0 

l2.0 (13.2) 
o - 56, 

17.3 (7.4 ) 
2 - -36 

24 ( 5.6 ) 
10 ~ 34 

" 

8.2 

4.2,(1.5 ) 
• 1 - 8 

86 

1 

- * . Values shown are means, SD in parentheses, and range te the 
nearest integral except for smoking and chest radiograph cf small 
profusion which are represented by a prevalence percent: .. ; 

Q , ' "" 

+ .possible range 0 -i6. 

'. 
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TABLE 4b .., 
-/ 

Prevalence % of respiratory syrnptoms* 0' in relation 
to pleural abnormality (PA reading) 

..... 
~ Without pleural 

abnormality 

n = 46 

U~u~l cough~ 26.1 

Usual phlègm 50.0 

Ever wheeze 54.4 

Persistant wheeze .. ,\.-' 21. 7 . 

Dyspnea: 
, ( 

grade 1 or 'more 28.3 

gra~e 2 or more 6.5 

, /-Tuberculos is 0.0 
, . 

P!e1:1risy 2.2 

, t 
"'~ 

, -. 
'87 

~ 

.-

* See footnote of Table 3e f~r ·~èfinition_.of ·'resPfratory·lymptoms. 
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, Dyspnea* in relation to pleural abnormê~~it't6~ _ reading) 

. , . ~I ' ., )~:' -', .' 
With6ut pleural With pleural 

abnormality abnot:mality "'\ 
'. • ~J '" , 4 ": •• J 

Prevalence % dyspnea ( 
" 

( 
. Grade 1 or more 

Grade 2 or more 

1. 

basad on e~e ATS questionnaire):' 
\\\ 

n = ~6 

28 ,,~ 
6.5 

n = 64 

~Jr.4 
17.2 

Prevalence % dyspnèa (based on the clinical guestiomiaire): 

dyspnea with functional impairment: . , 

37 
9 

n = 60 n = 
"1 

at work 17.5 14.5 
at home 0.0 

.) 9.7 

.. 
dyspnea with~major activities 22.5 . , . 33.9 

~ 

composite MDI sco~e 
" (10 or less) " ..-i7.5 25.8 

'Dyspnea on treadmill exercise graded, 'bi (Borg -scale) + \ r 
n = 42 n = 6,0' 

. 
At 'V02 ~ liter 1,.4 q.2) , 

o - 5 -

, 
n = 40 

At :~02 1. 5 l~ t~rs 3.3 (2.0) 
o - 10 

y-

. , 
3.3 (-2.0) 

o -' 10 

, 1 

88 

'JI 

. ' 

.. 
. * ' " Table shows ,prevalence 7. not standardised for age, smoking 

Jstatus and Péilrenchymal abn~rmality. 1 

, . + Values shown are1Ilean, SD in parentl,teses, and range to the 
nearest integral. ;... '. " 
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TABLE ,4d , 
\ 

1 , , " 

Lung lunction at rest* i~trelation to pleural abnormality 
( tPA reading) 

Without. pleurJ! .' 
ab~ormality 

F.orced expiratory volumes: 
n = 46 

FEV1 L 3.8' (0.5), 

FVC L 4.8 '(0:6) 
~~ 
/. 

1 ,'\ ~ 

FEV1/FVC % f>' l ,79 

Forced expiratory flow rates: 
F n = 46 

PEFR , , 

FEFSO 

• FEF75 

FEF~5~7S' 

L/mi~~ 

L/min 

L/min 

L/min 
" 

Lung volumes: 

L 

L 

, " 4' J_ .... 

9.2 (1. 7) 

4.7 (1.4) 

1.6 (0.6) 

~.7 (1.1) 

(n = 38 

. ' 6.9 (0.9) 

3.7 (0.7)'> 

RV L 2.2 (1.0) 
1 . 

Diffusing 'characteristics: ~ 
n = 44 

, ml/mln/fDIIJ 30.0 (5.6) 

" 
; L 6.7 (0.9) 

4.5 ('0.97) 

o • 

• 

r With pleural 
abn<?rmality 

n ~ 64 

3.3 (9.6) 

4.2 (0.6) 

79 

n := 64 

8.9 (2.1) 

4.3 (1.6) , 

1:.4 (0.7) 

3.5 (1.4) 

n .. 46 . 

6.7",(1.0) 

3.8 (0'.8) 

2.5 (1.8) 

n.= 62 

,28.0 !5.0) 

6.4 (0.9) 

4.5 (0.99) 

89' 

.,. 

* Values shown are 
'account differences in 
abnormality. 

means and SD in parentheses not ta~ing into 
age,. height s~oking status and parenchyma+ 

l , 

• 

" 
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,', / TABLE 4e 
~ 

l. 

.Cardiorespiratory function on, maximal exercise* in re1ation
ta pleural àbnormality (PA reading) 

L/min 

JIll/kg/min 

, 

HR /min, 

L/min' 

02 pulse 

Breathiq~ 
frequency /min 

W'itho~t pleural 
abnomality 

", 

n = 43 

2.4 (0.4) 
2 - 3 

~ 

32.2 (5.6) 
20.0 - 43.6 

. 
167.5 (14.6) 
135 - 195 

7~.9. (17.5) 
47 - 127 . 

14.5 (2;6 ). 
. 10 - 1~' 

33:2" (7.5 ) 
26 :. 75 

0.8 (0.2 ) 
0.4 - 1.4 

33.8 (5.4 ) 
23 :. 45 

L __ ;n 2.2 (0.5 ) 
1 - 4 

Vt/VC 

\ . 

0.45 (0.07) 
0.3 - 0.6 

• 

-\.. 

,W~th pleuràl 
abnormali ty 

" 

n = 59 

2.,4 (0.5) 
1 - 4 ' 

, 

31.1 (5.8) 
14.5' ~ 45.7 

1 

164.3 (15.0) 
125 ~_' 194 

;8.'5 \09.6) 
41 - 137'. 

1'.1 (O. , 

~ 0.6 - 2.~ 

36.4 (7: 2 ) 
22 - 55 

\ 

2.0 (0.4"\') 
1 - 3 

0.48 (O,,~ ) 
0.3 - 061-8 

• 

• 

-' 

90 

* Values shown are mean, sn in parentheses, and range, not taking 
into account differences in age, height, smoking status and parenchymal 
abnormal'ity. 
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TABLE 4f: • 

Cardiotespirato~y function on subma~imal exercise* in relation 
ta pleural abnormality (PA reading) 
, i 

At anaerobic threshold: 

L/min 

L/min 

At V02 15 ml/kg/min: 

BR Imin 

L/min . -
'1< 

Values shown 
account differences in 
abnormality: ~ 

Without pleural 
abnormality 

n = :39 

1. 4 (0,.3 ) 
1 - 'l:' 

116.2 (15. 0) 
93 - 153 

J3.8 '(7.5 ) 
22 - 48' -

n = 42 

107.2 (13.2) 
80 - 137 

27.6 (6.6 ) 
18 - 50 

With pleural 
abnorm~lity 

... ' " 
n = 57 

1.3 (0.3 ) 
1 - 2) 

'120.1 (13.1) 
8~ - -1,47 

.' 

34.6 (6.8 ) 
23 - 54 

, n = 61 

112.6 (14.1) 
~, . ,18 - 165 

29.1 (6.5 ) 
19 - 47 

, 

are 
age, 

mean, SD in ~arentheses, not taking ~nto 
height, smoking status and parenchymal 

,-. ' 
'.' 

'. 

J ,~\.,\~~ 

- ,~ 
1 

.' 
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TABLE 4f (continued) 

Cardiorespiratory function on"submaximal ex'ercise* in relation 
to pleural abnormality'(PA reading) 

At '0'02 l liter: <, 

HR Imin 

L/~in 

-
Breathing frequency . 

Withaut IÙeural 
abnormality 

n = 41 

103.8 (12.9) 
79 - 132 

, 
.24.6 (4.0 ) 

19 - 34 

28.0 (7.0 ) 
18 - 46 

19.5 (4.6-) 
12 - JO. 

1.3 (0.3 ) 
1 - 2 

0.26 
.18 - .47 

W i th pleural 
abnormality 

n = 61 

108.9 (14.1) 
'70 - 155 

24.8 (4.2 ) 
18 - 41 

38 • O· (14. 0 ) 
16 - 86 

22.1 (6.'9 ) 
12 - 55 . 

1.-2 (0.4 ). 
1 - 4 

0.28 
.15 .55 

At 'Q'0Z 1. 5 li ter: 

HR Imin 

L/min 

Breathing frequency 

n = 39 

123.9 (17.2) 
93 - 166 

38.6 (6.1 ) 
26 - 55 

44.0 (11.0) 
30 - 66 

,24.0 (5.0 ) 
13 - 35 

1.6 (cr.2 ) 
1 - 2 

0.34 
• 22 - .47 

n = 57 

127.7 (15.7) 
92 - 168 

Ja.O (6.5 ) 
23 - 56 

57.0 (23.0) 
25 - 78 

26.0 (7. 0 ) 
16 - 48 

1.6 (0.3 ) 
1 - 3 

0.37 ~ T': . 

.26 - .75 

• ~92 

* Values shawn are mean, sn in parentheses to the nearest integral • 
and are not st;ndardized for age, height, smoking status and 
p~renchymal abnormality. 
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T.ABLÈ 'Sa 

, .-
, 

Dyspnea* in relation to ple~ral abnormalitY assessed from the PA chest 
• t radiograph alone, and from the PA chest radiograph 

supplemented"by oblique films' 

PA reading 
, : 

PA-ob;Lique rea,di.ng + 
~.. ( 

Without' With ~ Without With 
pleural pleural pleural pleural 
abnorruality abnormality abnormali:ty abnormality 0 

Prevalence!~.dyspnea (based on the ATS questionnaire): 
~ 

n=46 n'=64 n=46 n=64 

" Grade 1 or more 28.3 34.4 28.3' 34.4 
Grade 2 or more 6.5 17.2 '8.7. ·.15.6 

9-

Prevalence % dYspnea (based on the clinical questionnaire MDI sc'ore ) 

n=37 n=60' 
o 

dyspnea with functional'impai~ent: 

at work 17.5 14.5 
at home 0.0 , ~ 9.7 

dyspnea wi th maj or 
activities 22.5 33;9 ,f, 

/... .... 

c.omposite MDI score 
't 10 or less) • 17.5 25.8 

J", 
15.4 
5.1 

25.6 

• 

n=62 

15.9 
6.4 

.~1.8 

25.4 

Dyspnea on t;eadmil~ exercise , gr aded by Borg 

17.9 

.IP scale' 

m=42 

At ~92 1 liter 1.9 0.3) 1.4 
0-6 0 

0 n=40 

At VOî, 1.5 liters 3.3 (2.0) 3.3 
o - 10 0 

0. 

n=60 

(1.2)' 
- 5 

n=56 

(2.0) 
- 10 

; 

n=40 

1.7 (1.1) 
0-4 

n=38 

3.0 (1.3) 
. 0 - 6 

n:;:62 

1.6 (1.4) 
----- o. - 6 

\ . n:;:58 
> \ 

\ 3.5 (2.3) 
o - 10 

, 

- * See footl;lote of TABLE 3d for definition of dyspnea. ~ 
+ Althouth the number of s~bject~ read as having pl~ural a 

abnonQality maf be the sarne when assessed by PA reading as compared to 
,,'.:PA-oblique reading, the subjects .themselves are differènt. 

~ Values shown are mean, sn in parenthese~ and range rounded to' 
the nearest integral. 
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TABLE Sb 
j 

'\ 
/ . 

Lung functions at rest* in relation to pleural abnormality 
assessed from the PA chest radiograph aione and from the 

PA chest radiograph supplemented by oblique films , 

\ 

G 

PA reading 

Without 
pleural 
abnormality 

Forced expiratory volume: 

FEV1 L 

FVC L 

Lung volumes: \ 
t 

TLC L 

n = 46 

3.8 (0.5) 

4.8 (0 :6) 

n = 38 

6.9 (0.9) 

Diffusing characteristics: 

n .. 44 

DLCO ml/min(mm 30 (S~6) 

-

Q 

With 
pleural 
abnormality 

n = 64 

3.3 (0.6) 

4.2 (0.6) 

n "" 46 

6.7 (1.0) 

-n = 62 

28 (5.0) 

PA-oblique reading + 

Without' 
pleural 
abnormality , , . 

n = 46 

3.7 (0.6) 

4.6 (0.7) 

1\ = 32 

6.9l0.9) 

n = 45 

'\. 29 (5.6) 

With 
" pleural 

abnormality 

n = 64 
a 

3.4 (0.6) 

4.4(0.7) 

n = 52 

6.7 (LI) 

'. 

n = 61 

29 (5.1) 

)\' Val~es shawn are mean, sn in parentheses. 

+ Aithough the number of subjects read as having pleural 
abnormality May be the same when assessed by PA Q!aàing as .compared to 
PA-oblique reading, the subjects themselves ~re differentJ , 

'l'o~ 
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TABLE Sc 
-, 

, Cardiorespirat~ry function on exercise* in relation to oleural 
abnormality assessed from the PA chest radiograph supplemented by 

oblique films 

, 
PA reading PA-obligue reading 

G 

Without With Without With 
pleural pleural pleural pleural, 

95, 

abnormality abnormality abnormality abnormality 
~/,,~"1~ll 

·~'V' , , , 

.. 
Maximal exercise: . . -~ 

n = 43 n = 59 n = 42 n = 60 

trE L/tnin 79.9 (17.5) 78.5 0\6) 80.2 (15.-2) 78.4 (20.8) 
; , 

, 
'Î/E/'Î/°2 33.2 ,( 7.6) 32.6 ( 4.9) 3J.1 ( 7.2) 32.7 ( 5.4) 

5;;bmaximal exercise: 
~ 

At "'02 1 liter: 
n =- 4i. f 

n = 61 n = 42 n = 60 ,. , . 
..... V \ I~ C , " 

VE . Llmin 24.6 ( 4.0) 24.8 
-, -i 

( 4.2) 24.6 ( 3.2) 24.8 ( 4.6) 
. .-, 

fJENo2 24.6 ( 4.0) 24.8 ( 4.2) , 24.6 ( 3.2) 24.8 ( '4.6) .. 
At ~02 15 ml/kg/min: 

n .. 42 n = 62 n = 42 , \ .. ,61 

~E L/min 27.6 ( 6.6) 29.1 ( 6.5) 27.1.( 4.4) 29.5 ( 7.5) 

~ ~E(O'02 24.4, ( 3.9) 25.5 ( 5.6) 24.5 <'.3.3) 25.4 ( 5.8) 
, , 

, 
'k Values shown are mean and SO in parentheses. integral. 
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TABLE 6a 

Odds ratio for dyspnea* in the presence. or not, of pleural abnormality 
taking into account othèr relevant determinants 

, 

Other relevant 
determinants 

Radiographie Age 
p.leural 
abnormality 

Smoking 

Dyspnea (based on the ATS questionnaire) 

Grade 1 
or more 

Grade' 2 
or more 

0.89 
.4 ta 2 

1.60 
.4 to 7 

2.4 1.6 cfl 

2.3 1.6 cfl 

Parenchymal 
abnormality 

Chest 
x-ray 

0.83 

1.10 

Dyspnea (based on the clinicial-gllestiortnaire MDI score) 

Dys~ea with functional impairment: 

at work 

at home 

0.4 
.1 to'2 

4.5 

9.5 

) Dyspnea 'with 'major activ~ties: 

1.6 2.4 
.5 to 5' ------- - -

Composite MDI score;- (10 or less): 

1.0 
.3 to 3 

"" 

6.0 

1.7 cfl 2.70 

1.0 3.0 

• r-' 

1.6~ 2.5 

1.8~ 2.3 

\ 
Gallitpn 

1.4 . 

1.6 

0.9 

" 0.8 

0.7 

;< 

o 

* Logistic regression analysis was used to determine the odds 
'ratios. Values. shown are odds ratio o~ dyspnea. The 95% confidence 
limit are shown for the effect of pleural 'abnormality. ~ 

+ Odds ratios are calculated for the presence or not of pleural 
abnormality, a difference of 15 years of ag~, la packyears of smoking, ., \ 
,3 point scales of profusion on chest radiograph and 3 point scales of 
gallium index. 

cfl p < .05 

" 
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TABLK 6b 

J • "'-

Mean differences in lung function at rest between subjects 
with and <without pleural abnormality, taking into 

'account other relevant determinants* ) 

Mean differences 
between subjects 
with and without 
pleural abnormality 
adjus~ed for other 
determinants 

Age 

Regr,ession coefficients of 
other determinants in the model , 

Height Chest 
(yr) (cm) 

Smo~ing 
(pack- X-'ray 
. yrs) (l0 

'point 
scale) \ 

Forced 
t 

eXEiratorI volumes: • 

FEV1 .-222+ (93) -33+ 49+ -11+ -70 
-404 to -39 (9) (8) (4) (39) 

FVc -402+ (102) -21+ 62+ -5 -44 
, -601 to -202 (iO) (9) (4) (43) 

Lung volumes: 

TLC -;35 (243) -31 27 . -18 -152 
-511 to 438 (24) (20) (10) (111) 

/ 
~ 

Diffusion characteristic: 

DL CO .... 8 (1.2) 
'1 

,-0.14 0.32+ -0.13+ -0.41 
-2 to 3 (0.12) (0.10>' (0.05) (0.55) 

1fJ 

Gallium 
(16 
poipt 
scale) 

-12 
(28) 

-50 
(31) 

103 
(75) .. 

-0.32 
(0.36) 

97' 

* V~lues shown are the regression 
accounting for other relevant determinants, 
parent~eses and the 95~ confidence limits. 

coefficient in ml after, 
the standard error in , 

+ .P < 0.0'5 

, 
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TABLE 6c \ 

Mean differences in cardiorespiratory function on exercise for 
subjects with and without pleural abnormality, taking into 

account other relevant determinants * 

il .. je 1 1 

Regression coefficients ,of 
<l other determinants in the model 

Mean differences Age Height Weight Smoking Chest Gallium 
in subjects with (yr) , (cm) (kg) (pack- X-ray (16 

- -.and wi thout yrs) (10 point. 
. ~pleural abnormality - • ,(point scale) 

",1f 
, adjusted for other I)~cale) 

determinants 

, 

Maximal exercise: 
'1°2 0.07 (O~ 1) -0.01 0.01 0.02 -0.006 -0.03 -:'0.05 

-0.1 to 0.2 - (0.01) (0.01) (0.006) , (0.004) (O. OS) (0.04) 
, , 

\T . -2.7 (4.2) -0.7 1.3 0.2 -0.16 0.73 ):. 2.3 E 
-11 to 6 (0.5) (0.5) (0.3) (0'.19) (2.2) (1. 9) 

~Ér"02 0.2 (1.0) 0.1 '0.3 -0.09 0.04 0.4 0.4 
-1. 8 to 2.2 (0~1) (0.1) (0.06) (0.04) (0.5 ) (0.4) 

,1 

fJE/MVV 11.6 (5.9) + 0.7 -1.14> 0.5 0.64> 6.S~ 0.6 
o to 23.2 (0.6) , (0.6) (0.3) (0.2) (2.8) (2.3) 

Bre~thing 
frequency 1.9 (1.5) 0.04 -0.07 -0.04 -0.01 1.1 0.3 
/min -0.8 to 5 (0.2) (0.1) (Ot!) (0.06) (0.7) (0.6) 

Vt/VC % 2.2 (1.7) -0.03 -0.02 0.03 0.09 0.4 0.2 
-1 to 6 (0 .. 2) (0.2) (0.1) (O. 07) (0.8) (0.7) 

. Submaximal exercisa: 
At- anaerobic threshold (AT) , 

-0.12 (1.6) -0.09 0.22 0.12 0.02 0.23 0.16 ~E 
-3.2 to 3.0 (0.17) (0.17) (0.1) (o.on (0.78) - (O. Q4) ~ 

VE/~02 1.17 (0.9) 0.1 0.08 '-0.1 0.004 -0.15 0."2 
-0.5 to 2.9 (0.1) (0 .1) (0.06) ( 0.04) (0.44) , (0.4) 

At "0'02 15 ml/kg/min 

'Î'E 0.38 (1.1) , 0.04 0.08 0.25 .(). 004 -0.40 0.92 
-l.8 ta 2.5 (0.11) (0.11) (o.on (0.05) (0.52) (0.43) 

VE/,voZ 0.55 (0.9) :'0.24 0.06 0.07 -0.09 -0.001 0.56 . 
-l.lto 2.3 (0.1) (0.1) (0.06) (0.04) (0'.36) (0.36) 

<l' 

Continued ••• / 
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11'"-- .... Regression coefficients of 

other determinants in the model 
Mean differences Age Height- Weight Smoking Chest Gallium 
in subjects with (yr) (cm) (kg) (pack- X-rày (16 
and without yrsl- (10 . point 
pleural abnormality point scale) 
adjusted for other .. scale) 
determinants 

At V02 l liter -VE 0.43 (0.93Y . 0.17 0.005 -0.05 0.04 -0:47 0.06 
-1.4 to 2.3 (0.1) (0.1) (0.06) (0.04) (0.44) (0.36) 

, 

, ~E/V02 0.35 (0.9) 0.16 -0;004 -0.05 0.04 -Q'.4 0.05 
-1. 4 ta 2.1 (0.09) (0.09) (O~06) ~(O. 04) (0.4) (0.35) 

VE/WVV 5.8 (2.3)~ 0.6!Ïl -0.84> 0.007 0.2 + ., 0'.9 -0.08 
1 to 10 (0.2) (0.2) (0.1) (0,.09) , (1.0) (0.9) 

Breathing 
-0.2~ frequency 3.1- (1.3) 0.2 -0.03 -0.05, -0.02 -0.2 ... 

/mi,n 0.6 ta 6 (0.1) (O·V (O.on· (0.05) (0 .,6) (0.5) 

Vt/VC. % 0.8 (1.3) -0.05 -0.34> 0.1 + / 0.07 
p 

-0.4 .. 0.4 
-2 ta 3 (0.1) (0.1) (0 .on ' (0.05) (0.6) (0.5) 

At toz 1.5 li~ers , . 

~E 0.2 (1.6) -0.1 0.2 - 0.1 0.02 0.2 0.1 
-3 to 3- (0.2) (0:2) (-0.1) (0.07) (0.8) (0.6) , 

VE/VOZ 
• j 

-6.2~ 1.17 (1.4) 0.1 0.07 0.04 -0.5 0.3 
, -2 ta 4 .(0.1) (0.1) (0.1) (0.06) (0.7) (0.5) 

~E/MVV 6.8 (3.8) + 0.9~ -1.4~ -0.08 0.3~ 2.0 0.5 
-1 ta 14 (Q.4) (0.4), (O.Z) (O.Z) (1. 7) (1.4) 

Breathing 
" ~ ,frequency 2.2 (i. 3) + 0.2 -0.2 -O.Z~ -0.07 -0.6./ .,;,Q~.3 

{min -0.3 té 5 (0.1) (0'.1 ) (0.1) (0.05) (0:6) (€l.S) 

Vtl"lC i. 1.4 (1.6) 0.1 -0.2 + 0.09 0.1 ~ 1.6 -0.4 
-2 ta 5 (0.1) (0.2) (0.08) (0.06) ~O. 7) (0.6) 

" 

0 * Values shown are the regression coefficient in L after accounting 
for the other relevant determinants and standard error in parentheses. 
95% confidence limit are given for the effect of pleural abno;mality. 

+ p < 0.1 
4> P < 0.05 

t, ~ , 
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TABLE 7a \-
Odds ratio for dyspnea* gfven the presence, or not, of pl~ural àbnormality 

at different sites~ taking into account otOer relevant determinants 

f!' 

c 

Radiographie sites of pleural'determinants 
• s 

Other relevant determinants 
" ' 

Parenchyœal abn~rmality 

Chest wall 
pJ-eural 
t~iekening 
(24 point 
scale) , 

Costophrenic 
angle' 
obliteration 
(2 point 
scale) 

Diaphragtitatic 
thickening 
(2 point ./ 
scale) 

Dyspnea (based on the ATS guestionnaire) 

Grade 1 
or more 

" 
Grade 2 
or more 

2.4' 

1.6 

1.3 0.7 

~ 

0.8 1.2 

Dyspnea (based'on the clinical questionnaire) 

Dyspnea with funetional impairment: 

at work 0.7 .0.5 ' 1.0 

at home .1.4 2.9 8.9 4> 

Dyspnea with major activities: 

4.54> - 2.1 0·1 

\ 

Age , 

" 

2.8 

2.7 

4.9 

4.5 

3-,9 

Smoking ; 
~ 

1.4 

1.6 

1:.6 -41 

1.3 . 

1.5~ 

Chest x-ray 

~ 

0.9 

1.-3 

/ 

IIJ; 

2.4 

3.5 . 
" . t, 

" 3.2 ' 

Gallium 

''Y 

,'1.0 

1.4 

1.4, 

0.7 

0.4 

'* Logistic regression analysis was used to deeermine the odds 'ratio' of dyspnea given a difference of 
4 points for ehest wall pleural thickening· (24 point seale), l point for one costophrenic angle 
obliteration (2 point scale) and one diaphragmatic thi~kening (2 point scale). Values shown are odds 
ratio. 

+ 
4> 

1 

See methods of evaluation section for detail~ of pleural score. 
p < 0.05 
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TABLE 7b 

!;. 

1 
(\ 

Regression coefficient. in ml of FEV1 and FVC*' on pleural abnormality 
in digferent sites, after accounting for other relevant . 

determinants -

o~ 

~I ~ 

*' FEVl and FVC were, the dependent. vari~bles, chest wall pleu.ra~ thickenin'g and·,·extent,. costophrenic 
angle obliteration and diaphragmatic thickening>the independent variables in a mult1ple regression, after 
accounting for age, height, smoking and parenchymal abnormality. Values showq are the regression 
coeffiçient in ml, standard error in parentheses and the 95% confidence limits. See methods of evaluation 
section for details of pleural.sc~re. 

+ P < .1 

~ p < .0,5 ., '7 
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TABLE 7e"" 

Regression coefficient of respiratory parameters du~ing exercise 
on pleural abnormality in different sites after aceounting 

for "other determinants A 

'" 
Radiographie sites of pleural 
abnormality 

Other relevant!',' 
determinants 

Parenchymal 
J' abnormality . " 

<Chest· , ___ GhesLwall Costophrenic Diaphr,agmatic Age . Height 
" '- pleural angle thiekéning . 

Weight " Smoking 
0: x-ray 

~ 

thickening obliteration (2 point 
(24 point (2 point scale ) 
~cale) êcalel ~ 

:Maxynal exerCISe: v, ~-. '-- -,-- -~ 

~È 0.1 -2.7 " 0.5 -0 .. 3 • 1.0 cp "0.2 -0.009 
(1. 0) (8.0) (3.0) (0.4) {0.4) _ (0.2) (0.2) 

{IEi~o2 
~ 

0.2 \ 
{0.3} 

, -0.1 
(0.1) 

°2 
puls~ 

~ 4CP 

-
-0.1 
(2·P) 

,-
':0.07 -, (1.0) 

3.SCP . 
(1.1) VE/MW (~:6). 

-------.--------- -----------.-. 

0.02 
• '(0.9) 

-0.04 
(0.5) 

. 1.0 
(4.8) 

0.1 'O.'3·CP ;-0.1 + -0.003 
(0.1) ,.. (0.1) (0.06) 1 (O.Q4) 

-0.01 0.07 0.1 + 0."01 , 
(0.06) (0.05)' (0.03), (0.02) 

.&, 

0.4 -0.1 0.3 0.6 cp 
(0.6) (0.6) (O.:n (0.2) 

i~--··- - -;;;-- f _._- - • 

'* Values shown are regre'ssi:-~tandard -e1'-ro~. in -I>arentheses. 
Il.::ôlo --_ 

'- ~ ... _--------
+ P < 0.1 

cp p < 0.05 '. 

'. 
\ § See methods of evaluati~n section for oetails of pleural scor~. 

,/ ' 

2.3 
(:2.0) 

0:3 
(;0.5) 

0.3 
.(0.3)11 

'6.0c:t 
'; (3.0) ~ 
~'i' 

• 

1 

t!\ . " 

• 

;. 

Gallium 

.' , \. 

-

·0.7 
,(O'.7) 

0.6 
(.0.4), 

-0.2 
(0-.2) 

0.7 
(2',0) 

Il 
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o 
N 

f> 
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T.ABLK 7e (continued) 
Regression coefficient of"respiratory parameters during exercise 

on pleural abnormality in different sites after accounting 
~or other determinants * 

Radiogr~phic sites of pleural Parenchymal 
abnormality ~hnormality 

o 

ft Chest, wall 
pleural 
thickening 
(24 point 

Costophrenic 
angle 
obliteration 

Diaphragmatic 
,thickening 

Other relevant 
determinants 
Age H~ight 

, 
Weight Smoking Chest ,Gallium 

scale) 
Submaximal exercise: 

" -

At V02 1 Liter 
"9'E -(1...3 'Ir 

.( 0.3) 

Breathing -0.2 
frequency (0.4) 

Vt/VC % 0.7<1> 
JO.3) 

1-
fiE/MW 7. - 1. 0 

, (0.6) 
At V02 1.5 Liters 
~E -0.3 

(0.4) 

Br'eathing -0.1 
frequency (0.4) 

Vt/VC % 1.0 <1> 
, (0.04) 

" 

(2 point 
scale) 

.... 

.. 
1.6 

(1.7) 

4.0 
(~.O) 

-0.5 
(2.4) 

# 16.0 
, (4.4) 

2.0 
(2.7) 

4.0, 
, (2.5) 

-1.0 
(3.0) 

(2 point 
'scale) " 

1.1 
(0.8) 

2.8 <1> 
.(1.0) 

-0.09 
(1.0) 

-1.4 
(1 .• 8) 

0.5 
V~·O,) 

1.5 
(1.0) 0 

-0.9 
(1.\4) 

'" 0.04 0.03 
( 0 . 1) ( 0 . 09 ) 

0.2 -0.05 
(0.1), (0.1) 

-0.03 
(0.1) 

-0.2 +' 
(0.1'" 

0 .. 4 + -0.7 + 
(G.2) (0.2) 

'i;~ 

-0.03 
(0.05) 

-0.-1 
(-0.01) 

0.08 
(0.07) 

-0.1 
(0.1) 

0.01 
(0.1) 

-0.02' . -0.15 + 
( 0 • 1) ( 0 . 08 ) 

0.1 
(0.1) 

-0.2' -
(0.1) 

,0.1 -0.2 
(0.2) (0.2), 

-0.2<1> 
(0.07) 

0.05 
(0.09) 

0.1 > 

(0.03) 

-0.01 
\(0 .• 06) 

:- 0 .. 06 
(0.05) 

0.2<1> 
< (0.09) 

-0.0001 
(0.06) 

-0.05 
(0.Ô5) 

0.1 +, 
(0.07) 

", 

, , 

,JS:-ray 
L-

-0.4 
"~ (0.5) 

-0.5 
(0.7) 

0.6 
, (0.6) 

0.2 
" (0.1) 

-é.015 
,<0:7), 

-0;8 
(0.06) 

0.2 
(0.8) 

-0.06 
(0.3) 

-0.07 
(0.-5) 

-0.3 
(0.5) 

-0.001 
(0 .. 8) 

0.4 . 
(0.5) 

-0.4 
lO.5) 

0.2 
(0.6)" 

VE/MW % 1. 8 + 24.0 <1> 0.3 CI 0.7 + -1. 3 <1> -0.2 • 0.3 <1> r -1. 2 0.5 
,(1.QL (7.0) (3.0) '= (0.4) '(0.4) (0.2) (0".1) (1.8) (1.4) .,.--.. -- ---

Values shown are the regression coefficient. standard error in·parentheses. 
+ p < 0.1 

<1> P < 0.05 , 
§ See methods of evaluat~ection for details' of pleural score • 
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Respiratory parameters * on maximal and s~bmaximal exercise 
in r~lation to pleural abnormality. 

Respiratory 
parameters 

J 

" '(j E L/min 

Breathing frequency 
/min 

Vt L 

Vt/VC 

~E/MVV_ 
< 
" 

Maximal exercise 

with 
pleural 
plaques 

78.5 
(19.6) 

. 36.4 
(7.2) 

2.0 
(0.4) 

0.48 
(0.07) 

J 
, 1.1+ 
(0.1) 

,-

without 
pleural 
plaques 

"79.9 
(17.5) 

33.8 
(5.4) 

2.2 
(0.5) 

0'.45 
(0.07) 

0.8 
(0.2) 

v 

/ 
Sûbmaximal exercise 

V02 1.5 L/min 
with without 
pleural pleural 
plaques plaques 

!? 

39.0 38.6 
(6.5)" (6.1) 

- 26..0 + 24.0 
. (7 :0) . (5.0) 

1.6 1.6 . -
(0.3) , (0.2) 

~ 0.37 0.34 
(0.œJ- . (0.06) 

0.57 + 0.44 
(0.23) (0.1) 

. * Values shown are mean' and SD 
account differences in "age, beight, 
abnormality. , 

in parentheses 
smoking status 

not téCking into 
and parenchyma'i 

'.. 1 + p< 0.1 after tak±ng into account the relevant determinants. 
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I.e cpR1cN .w.wnu. ccncement principalement V'O!I 
pcuIICN. ~ ... pr!J de ~ autant que p)Ss1-

, ble pu "oui- 011 -non". Si voua hûit:ez entn "ou1,- et 
-nan" , zfpcnc5e& "rx:n-. 

1. :!!! 
A. ~ habituellement? (tenez ~ de 

la tcux ., f\as1t la prllllilre c:1qaœtte de la 
joœ'nIe ou lon de la pretlifre eort1e a l'ex
tki...-. Exclœz le net:~ de la gorget • 

1. cui 2. lDl 

51 YCU8 &va rIp:Indu -ncn", puaez: a la QUHt.krl c. 
8. 'ltluqez""'VCWI habituallaœnt au lIDiNI .. 1 6 fou pu 

jour 5*Jdant .. jQun ou plus par ....une?-

1. cul 2. ncn 

c. '1'ouaez-vau8 habituel.l.ennt en vou. levant. ou .ri YCU8 
IMil.l.aat le _tin? 

D. ~ habituellement pendant le reste de 1& jour
• cu ~ 1& nuit? 

2. ncn 

). vœs avez ~ -cid: 1 au uo!ns une deS quest.1œs nrece---t 
cIeirlw. (at lA, 8, C ou D', ~dp:::wœz aux questials suivantes. 
si nœ, pa8MI 1 la quest1cn, 21.. 

B. ~ habitue1lerœnt c:anne cela la plupart 
des joua Pendant au Jll:)Jna trois -111:)18 de suite chaque 
'-'1 
1. œ1 2. ~_ 

F. Depu1I c:adnIn d'anndes avez-vcus cette tçluX? 
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2. fcnc:bata' 

A. ~ habltuellement dU c:rachata qui viement des 
pc:ua1117 ~ ~ des c::rachats 81 t1JllU1t: la pra1Ire 
c191Rtt:e de la joum6e ou lors de la pretdIre 8Ort.1e 1 
l' atkieW:. NEgUqez ln cnc::hat:. vw.nt du na. o'fwW: 
~ ete. c:ra::hatl aval&) • 

1. oui. 2. lXIl 

lSi \'OUI avez rEp:n1u MncnM, puHZ 1 la quest1al C. ) 

8. ~.......aus habituellement: des crachats qu1 viement des 
pcuaw au l'IIl1n8 2 fou par jour perx\Int 4 jours ou p1œ 
IlE __ 7' "-

1. oui. 2. nœ 

'c. BmœnI!rJ'"\OJI ~tuellEl11l!rtt des crachats qui viennent dis 
pcuaa1II .ra VQU8 levant ou 1ft vous tM1l.l.ant. le 1111t:.1D1 

1. cul 2. lXIl 

D. RIIuei.....".. habituellement des c:ncbat:a qui v18Jnent des 
poo"'CM ~t le rute de la ~ ou pendant la auit1 

1. cul 2. nœ 

'\, 

,---otil \œil ava rfp:n!u -oui- 1 au lIOins me des questions ~HI~~dp---1 
dent. (at 2A, 8. C, œ D), 'rfIoade: 4UIC q4esticnt 'sulvant:e:s • 
Si ncm, puea 1 la questial lA. J 
!. ___ -WUS habituèllement: des crachats c:cmne cela la 

pl\Çlllt des jours perdant au miNI troiS mu de suite 
c:haqua __ 7 

1. oui 2. nœ 

l. DepJ.1s cx:abien d'annhs ~uise:'"'YOUI ces cinc:hats1 
'II 

'3. ~ lE mJX El' DE cw:::HM'S 

A. ~ ~a eu des P&1odes ou des ~isodes de tqux et 
de crachat. (~tés·) d'une durie de t::ro1s serna1des œ 
plus chIquI __ 7 

• (pour les P!UOIIl'il!S qui habituell81leJlt. toussent et/ou ,_et des crachats de leurs (DIID'lS). 

2. nœ-,--

_-otjl:cm- 1 la qœst:ia\ 1I1.\o':l------------,-----1 
B. Perdant o:JI1I::W!n d' anœes aveZ-Y\:lWl eu au ncins ml tel lpisode 

par.m.7 -

. 
1 

1 ... 

4 
, ~ 

" ., 



-' 1 ..... - ,-. ' ;; ~ l t Ullge 5 
.' 

4., !!pfU!I!Z,ft OMIJ US fC!.!9! (RMpJ.rat.icn .1ftlantat du bcnau 
li> 

'\IbUI'unwt-t-U rufoia en nç1rant dllll~ •• 1ff~ 

~'() cu dei -.u...t:lM __ w. p:IUIIOnI1, • , ,-
~ ~~ -, , 

y , A. ~ YOU8 ava .... mana? 
(;7' 

1. oui. 2. ncn - - ~ 
li 8. Padou, ... lar8que V'OUII n'avez pu de dtuIe?' r--- , 

; 
1, oui. 2. ncn . . - - SI 

/'" , 
C. ta plupart da jours ou dM nutt:.?) -

..-' 

V ~ 

1. oui. 2. ncn 
" - - • \ .,1\ -g . " , 

~ 
1 

.' 

.. ~ MoW," l 'tA, s, ou C ~_ . , , 

D. ~ ~ d'annGes cêla vcua ur1w-t-il? , . , 
tam.d· ..... - - -'''1I , , 

t' 
. 

1 . 

a 

" , 
~ 

'" 5. A. Ava-voua dfjl eu \me c:r1aa de .iffl.aœnt8 (a1Îaœnts. qui 
VQ.JI ut •• cllffl-? . 

- 1. Ov.i 2. non . . - - t 

62' . 
~ . ~ . , l 

-"1 -0111- 1 5Ik 

B. Quel. av1ez'""JCUS lori cJe la prtIId.lre c:r1.M? 

j ._j -

~ 
. 6J6t 

~ ,...-
, ~ dljl eu plua dl".. crisel 

, .. . 
1. oui 2. ncm - a -, 

. ~ l 63' 

. D • ~ dljI eI.\ besoin de m6d1camentS OU de tra1t:aœnts 
pour cKt.it, (ca' c:rt.(I)? . 
)<' . 
1. oui 2. 

, 

DCn - -- . 66 

) D 

.A' 
. , 

• 
'. ~ .. - ;....:~ ~ " , • . 

~ .. ; 

1 "" C: - -- ~ -
.; 

~ 

J 
) 

,) .. 
ù, 

-' j 
\ • :\~ 
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6. l!SSClJm.IHHI' 

Sl VCU8.1tes hIn!1cap' par \me condJ.Ucn autre que cardiaque ou 
pulJIr:na1n qui YOWI ~' de lNlrCher noanalaœnt, dkr1vez-la. 
Rature de la o:n:U.t1an __________________ _ 

A. DIver1a-YOus eaouffl4! quand VQ.IS vous ~ sur ta terraJ.n 
plat CIIl qœo:! VOO8 IUltez \hl pelta Uglre? 

1. cul 2. DCD 

,---6".i -CIU1- • la quest1al filg~. -------------------------

B. ~ IiiitdJer plus lentement que la qens de \'Ot:ze Ige lUr 
1Il tm:rain plat pm:a qua VQU8 devenez ..,uff~? 

1. cul 2. DCD 

c. vo.. llaift-t-ll de ~ arrItar pour reprendre votre 1IOUffl.e 
quIDIi \WI lmdleZ 1 \Otre rythœ sur \1'1 terrain plat? 

1. cul 2. DCD 

D. \1b\a aaive-t-ll de VQJS arrl!ter pour reprendre votre eouffle 
aprtI avoir a.rch5 env1ra1 100 ~ (300 p.1ec!a) (ou apritI 
quelq\a Idnuta) sm: \al terraJ.n plat? 

1. cul 2. DCD 

E.- EteIMœI aq, eu::ufflf pour quitter la lII!lJ.scn ou davenez"'YtlUl 
esnffl' en lI:IUS habillant ou en voua d&hab1llant? 

1: . cu1 _ 2. DCD_ 

r. DepU a:IIid.eD d'aimes It.es-wus esacuff16 c:orme cela? 
• , 0 , ~ 

lbItlnd· .... _· 

, , 
A. I«8qUI <fOœ att:npz \al thuœ, s'agit-il la plupart du ttql8 

d'œ lb.- de poitrlne? (La plupart du tarps veut dire id. plus 
deYla~œ taIp). 

1. cm 2. DaI 8.. je n'ai jamais de ml.ltl8 - - -
8. _ ~ CCl.D des t:toiII cIIm1hes anMes, 4vez'"\ICUS eu tIle malad1e 

dei pDIIDI8 cp1 wu. ait etp@c:h6 de travailler ou obUga l rester 
lla __ CIl au lh1 

1. cul 2. 1ICII-=--
__ --~~~:·t -~~I~-----------------------------------------------

c. Avez~ ~ des cr;;achats de Vos poura1S lors de l'~ OU 
If'autre dit ces II'IIl .... es pulJrcnaires? 

1. oa1 2. n:::II 
D. Au COtD des trois tlernii!res années, earbien de ces lI\'1lJxl1es, 

avec .... cpmt1ti des crachats augnent4!s, oot duri une semaine 
011 plUll -. / 

NcIIta de _Jaiit!" _ AI.x:une 1IBlacU.. 

\ 

1 

, 1 

''"lJ 

, 

. l 

( ~ 



,1 

,1 

o 

1 
\ 

... 

.. 

... 1 • AWI~ 80IIfftrt de .''''1.(1) du ~ avant l'Ige de M1ze 
..-7. . 
1. out._ 2. ncn_ 

1. ou.1_ 2. ncra_ 

~~~-1-CIU1-.·~~.-------------------------------------1 \ 

1. ou.1_ 2. ŒIl __ 

1. Age_ 

1----------------------------------------------------1 

• 1. ou.1 _ 2. ncn __ 

. 
B. th ~ wu. a-t-il dit que YCU8 aviez cette maladie? 

C. A quel. Ige avez""Yl:lÛl eu' votre prem1ke ~? .-
1 

11. A. ~ dljl ~ de nlvre des foins? 
, 

1. ou.1 _ 2. nan _ 

_ --fi-l!,' -out.- 1 llA---------------------------
B. Ol a4dec1Q vœa a-t-U dit que vcus aviez' cette JllllLad1e? 

1. D_ 2. l1li_ 

C. 'A ~ Ige avaz-wuI wilœnt~ 1 en ~frir? 

, •• ',? 

2 
7 

, 



12. A. ~ dl'. touffeR' cS. b.:cnm.t.t. c:hrcIliq\II? - 8 . 
1. out 2. ncn -- -

o -1 -ClUi" allA 

8. En 1ClUt~ toujoun? 

c. 

1. cul • 2..... :'L · 
Ch ~ ""'" ....;..:. ____ cette ;-u.. . 
1. oui 2. ncn - - , 

D. A quel Ige ~ camad 1 ~ 8CUffr1r? 
\ .- -

, 

t u. A. ~ dljllOUffert d'~? 

1. oui 2. - ncn - fJ 

S1 -ClUi" 1 ~ 

• c, 8. En ~ tcujoun? , 

1. oui 2. ncIl --
c. th """da vous a-t-il dit que VQUS avie~ cette aalacU.el 

1. oui 2. ncIl -- , 

D. Aoqœllge aws~ cuille"" 1 en souffrir? 

0 1Iqe-

14. A. A~ dljl.lOUffert dt ast:hœ? 
1 

1. out - '2. ncn -
-1 -cui", l4A '. 1 , 

8. En ~ toujours? - \ 

- "-

1. em 2. ncn " - - , . 
c. th --=ua '«JUS ~-Jl dit que vtUJ aviez cette InIlladiel 

1. cul /_ 2. ncnL .... 
~'D -

D. A qJellge ~ camerd 1 en souffrir? 

Age-, 0 

1 • 81 '«lUI n'en SCIIlff.œz plus, 1 quel • ~tre ast:hœ' a-t-il ~? . - , 

r. AWMICUS &'bellement. besoin de tra1terrents OU de mtS;iic:a&ll!llts 
p:IŒ l'ut:t.? \ o 

p 1. cul 2. ncn --
. ) 

!il 0 



l ' 

: 

• f 

1. oui -- 2. Den_ 

" ~--~~n~·-~-I~~:--------------------__ ------____ __ 
8. I.b JI65Icjn ~ a-t-ll dit que VQI8 aviez cette ma.1.a&Ual 

1. oui _ 2. 1IaI_ 

, 
.1. aucID_ 

2. ~ ...", .. lU ---=. 
3. q*at1cll_ 
4. autns (ap'cifiez) ____________ , __ 

L oau.e. ~ la dada du ~~t7 
1. In II:Û.I _ 

16. A. Ava-WUI dIIjl 80IIffert de pl.eur6s1e1 

1. opl_ 2. 
o 

1IXl_ 

~--~-U·-QÛ~llQ~.-----------------------~--------
B. I.b JI6:1êc:Jn WQS a-t-il dit que WWI aviez cette n'-Ue? 

1. oui_ 2. DCIl_ 

c. A quel age ~ eu votre prem1are pleur&ie? 

r 
17. A. Ava-YCUI dIIjl ~ert de troubles des sinus? 

1 
1. cm._ 2. JDl_ 

.---&1 -aut.- • r.71r-------------------------------t .... 1* 

B. tll """'"'" wu. .-t-il dit que \'OU8 aviez ~tta 11IIlac1.t.a? 

1. oui._ 
2. __ _ 

c. A ~ ag. ~ camead 1 en .ouffr1r? 

(] 

9 

1 

. . 
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11. ~ "JOlI dIjIa " 
f r ' 

Q 

A. Dl4'autru .. ladl .. du pouICM7 

1. out 2. Jal 

Si out, ~1fia 

A91_ 
" 

8. sœ1. IN ~t.1œ l la ~1tr1.ne OU aux poœr::ns? 
1) -, 

1, out_ 2. ncn --
Si oui, Vif1ez 

l/ 

1tIJI_ 

c. ami_ bJ.euures.-1 la po1tr.ine? 

1. 2. . J CId. - ncn -
Si oui, lII*1fia • 

AgI- o 

D 

, 

19. A. 01 Jl6Sec:jn VOUS a-t-il dAjl dit que voua avi8z des troubles 
0 cazd1.aqœs? 

" 

1. out 2. ncn 
. t-- - -

__ ---~~1· -an-l~~.-----------------------------------
~ 

B. Ava~ Id 101p pour deS troubles cardiaques au coun 
_ 10 cJém1kes anœes? 

1. CId._ 2. nan_ 

S1 -oui- 11*#111 ---------------:-,--1 
n 

• 
20. A. 01 .t.SeMn wus a-t-il ~jl dit que voua fa1a1a ~ l'bypu-aaaaa (bauta pnssial) , 

1. '0111_ 2. ncn _ 

__ --~~~! •• ·OII1·l~3--~----------------------------------~ 
8. Avez va. ~ I01p pour de l'hypertensial (haute pnss1a1) 

III COla des 10 demJAres anœes7 ~ 

1. OIÂ 2. ncn 

~--------------------~~----------------------~. 

:,r 

~tMge " ''''J;:;:~ 

10 ' :1r 
}!t 
, f -. ", 

-g 

,", 

-g. 

l, 

'\ 

""D' 

ç 
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21. Ào ~ dIIjl tuai la C1gant:~?· (Nncn- 1191Ûf1e lO1M de 
20 pIqUIQ dia c1garetta ou .coo gUlm •• de tabac au ccurs de 
votn vie, OU IICW cS' .... cigarette par jour pendant \II m' • 

1. ouf. 2. ŒIn 

.__--81 -oui- 1 2:l1r------------------~ -

, 

B. ~ actuel.l.erent la c::1gaz:etta ou avez-..ous fua! depl1s -' 
œ'mul 

1. oui 

Ce o-l .,. aviez-o.JOUI lonqUe ~ ..... c:::awad • f\ac la 
cigantta ~t? 

Itqa-

-
D. Sl VQlI nws CXJIt)lJtenent c:ess6, de t'umar la c1garatt., CJQÛ 
~ ~ qu.d YCUII ava antt.f? 

• 

1. OCllbhD dl! c::1garetteS fuœz~ par jour ar:t:,.11 a-nt7 ,. 
~ cJI'cigarettes par jour _ 

r. Pendant tout le teIpS que VCUS avez funE, cXIIb1en de c::l9a-
ntœ. f\JII1eZ-YCUI pu jour en ncyl!Ïlne? . • 

------- C1gantta par jcur -

'. G. Eat-œ que vœs respUu OU respiriez la tunhl 

1. puœ tœt_ 
2. - PIII_ 

3. ....6adtt--:.' '. 

4. 1ûIfa,"*It_ 

B. lWdrat tait le l:8pS que VOUS aw: f\ft la cigarette, tu-
. ~ des 1:Icut:. filtns? 

o. j-u._ 
1. m1III P la J01W du t:eq:I8 _ 

2.- la dUi da t&apS _ 

3 •. phil 'P 1& mlt:14 du ta!pS _ 

4. tcajcur;8_ 

l.~_ 
2. _sia_ 
3. ~ (mu16! a la main, 

:', t ~-;"'~4~ 
,,' 

11 • , 
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b.c 1-\189 
12 

-;. ; 
tlJI!3) œ CMJZ du b.ftau , ., 

!2! 3 . --ru 

0 
22.' A. AwrwUI dajl f\llll la pipe ~t? 

(-ow," 11CJft1f1e pl .. de 400 \I~.iI'" ou 8 blagua de t:abac: 
durant wtm vie'. 

Il 

1. oui 2. lDl 

"- i "oui.- 1 Wc 
~ 

B. lUIDa-Yous ~ la pipe -cu l'avu""YOl.W faille dIpJ1.a 
tD .,187 

1. oul_ 2. lQl - " -:cr 
... _ c. Qael 19I aYiez""VQll :l.or:8qœ YOUII avez o::aüI&ICIi 1 fœK la pipe 

~, - . 

19t_ 
""D ""li 

D. Sl 'V'QJI .". cc::ap1.Iteaent cet-' de f1jIiI8l' la' pipe, qœ1 Ige 
&Y1a-vcuI cpmd ..... aws ~? 

1 • _ CI:x:ha .1 \'OUS fuœz taujOUl'l la pipe _ 
"1! ~ 

\ E. 0'Jrb;Wn dl tabac fœe%-mua par ...une ac:tuel.l.S8lt? 

_(blagœC., ,par --.!ne (Int blague de t.abIIc cx:ntimt 
50 grIIIIIH). -

""T1 "'lI ) . , 
- J 

. • PencSant tœt le ~ que VOUS ava fn la pipe, quelle 
quanUd dl tabac: fImie%-voua par seiiIl1.ne en myenne? 

~ ~ (une blague de tabac cont:.1ent -sa -

" 2iS 

G. l.Itt-ce fP 'IOœ retpUez ou respiriez la ftmSe ~ pipe? 

1. puœtcut:_ 
; 

2. '*'-
) 3. ....... t 

- ) 4. ..... &aa1t_ 
-X 

, .. 

o 
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~ bal' 1'\II19II 13 
du b.naU 

CCiN!lClGN!tLQ 

23. A. AYIIS"'WUII dfjl fl.d le cigare ou 1. cl«Jaf811o ~t? 

Cs· nlU1" a1cJUf1e plwI d'œ c1ga.r:e ou e1gare1]D pu ....s.ne, 
~ ~< pmSInt \al Ift). 

1. cW._ 2. nc:n ." 

"gui- 1 23It 

.J B. ~ ac:tuIUea8\t le cigan cu l' ava~ f\IIII dIpu1I 
œ aa1 

1. cW._ 2. nc:n - -U 

c. o-llrJe av1a-YOUII ~ ycus avez o::aw:a .... 1 tu.r le 
~~t'1 -- -n -S ""'-- .,,-

D. S!,VCU8 aws ClCllPllt:.tant; c::.af de fuœ.r le cigare, quallge 
~ qwn:l \Q.II &YU arrt~7 

_ _ COdm 11 \'QUI fuœz toujours le cigare _ 
-X ". 

E. cam1en de c1q2u:U fuDeZ-\'OUII pu HIIIa1ne actlJ·11ement7 

!tIdn de c:1garM _ -W ""S 

P. Psdant tcut 1. f:sftJI, que vous aw.z funl le ci9U'!, aDbien 
œ c1guM par lISII&1ne fU1l1ez-vous en .tuoyeme? 

l'tIIbre œ dgarM _ 'iO-n-

• 
G. • -ca qua WIll respireZ ou respiriez la fUté! du dCJllR? 

1. pu du t:cut_ 

2. I*!-

3. .... It_ 

.t. ;cufcJLIdfr 1 lt _ '"lI 
• 

s 
'..:, 

1. ain1 (<JdIIldeur: Cigarette' _ 

2. petit (C1gareJ.).o' _ 
3. gr:2I1II t~ cigare' _ 

• 

.... 



~:{;- -

Peur l'U!IDge , 
du bureau 

,'.J;i1' i:'~ 

l~ 

~FNlILWJX 14 

24. ' La 116dec:1n a-t-J.l dfj! dit: • \11 JnI!lIbre de wt::re famille qu'U 

0 lOUffra1t d'\I1e _ladS. pul.m::ina1J:e c:brcnique teU. quel 
~ 

!!:! !!!!! l'rIAs , Soeur. 

1. ou.1 1. oui 1. oui. 

2. nat 2. nc:n 2. nan 

3. ne MÛ 3. ne NU 3. M A1I pu 
,pu pu 

A. BD:Inch1te 'v 

-,~ 
~~J( 

B.~ 
S" 

-rT3I3J 
C. bt:œ. 

'40 '"lI-n-
D. cancer dl ~ 

,"-U-U4!' 
'1 

B.~ 
"'l'{ ". 41 

,. AI.zt:za mlad1_ 
~ 

----~ -u -m '"lI' 

G. Plczfaa ou urt1ca1re 
~SJ,:r 

, H. navn dei fo1na , 
SJ~'" 

" 
25. \tII puantllCIlt-ilI t:cujours en vie? 

!è. !!t! 
1.Joui, _ 1. cui 

~ -. 
2. nc:n_ 2. nc:n 

f 3. na IIIIU pu_ 3. ne sa1a pu_ 
~ -g-g 

26. 51 vœ pe.nnta Dlt 1IIiXts,. v.u1l.lez IpkU1er la cause dl leur dIcis. 

( 
PIre 

~6I ... -n-U 

27. Y.Jilla tp4c:1f1er: lIage' ~ de vos parenta ou de leur dIcas. 

PIre 
• "64-n- .. 

Mkw 
""i66"T 

0' 



-' 

J 

28. A. Ava-YCUI dfjl travailla a plein tep. (30 hIIt.a:'H par ltIIIline 
ou plus pn!ant 6 am. ou plus'? 

1. ou1 2. l'Q\ ~ - -
.----B1 -oulM·1 2B1M~-----------------

B. 1. A\w-voLW dljl t:ravaJ.llA c:!.!uw 111 11eu pcuu11nu1r- durant 
lm an ou plus? ' 

1 

1. 'oui 2. nœ 

2. Sp6::U.1ez le tnva11 et l'1.nINat:r1e ____ ' __ _ 

3. '!t:IdD cl' anrM de travail -
>i 

4. L'lIICp»1t:iè:1l a la pO' .. ii~ ftait-elle 

1. ~ __ 2. llIJddJ:fe _ 3. ~_ 

1. oui_ 2. nœ_ 

2. Sp6::if1ez le travail et. l'1nc!ustri. ________ 1 

3. HI:::Irbre d' anMes de travail _ 

4. L'eqœ!t1a1 ftait-elle 

1. lJgIn __ 2. lICd4rfe _, 3, .... _ 

Dol ()Jel.l. fta1t V'Ot1'8 profesa1al habituelle, celle que wu. avez 
_leplUl~1 . 1. ~~ ______________________________ _ 

2. ltJà:e, cl' .... de tz'JYa1l dans cette pr:ofessim ~ 

3. PcIt:II et tib:e de l'taplc1 ________________ _ 

3. D::IIa1ne ou Jndustr1e _____________ _ 

; 

1 

/ 
/ 

1 

/ ~ Q 

/ 

/ 
/ 

,/ 
/ 

:; 
/ 

~ 
1 



~";.:". ,~ ... 

, 

o 

, ' 

., 

,. 

'" 

1 

1 

f , 

/ 
/ / 

1. /~ _t wt.n ~~l ~ vc~ tnvail le plus rkent? 
// . , 

,/ 
/ '1. PmflH1a1 

/ ----------~------------------------~ / . 

j 

; 

~ \ 3. ro.t:. et/ou titA de l:l!!IIIIloi ____________ 
4 

4. DI::IDIine ou Jn1uatr1.e ---------------4 
5. ~ t:cujoun cette profeee1al? 

1. ~ -1> 
2. ou1, a t:8Ip plein 

3: CIQi, • ~ put.1el , 

6. S1 wœ n'exerc:a plue cette prof ... iŒ, quallge av1a--...:Na 
au lDIa\t 011 ~ 1 f avez qu1tt:&l' 

- , 

'"\,. 

, ) 
& 

" 

16 

( 

1., 

t 

/ 

cf 

" 
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APPENDIX 2 

Questionnaire sur la dY5pnée (MDI), 

Numéro d'identification 

\ 
,Numéro de v i si te 

/ 
IntervIeweur 

-
Da-te 

• 

, . 

. 
~". ,:.~" .. - \ ... 

" .' 

. ' 

, , 

iL 
30 . 31 

32 33 ~4 

i 

-----'~,. 35 36 37 38 39 
(année) (mois) (jou s) 

" 

) . 

r 
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1- INCAPACITE FONCTIONNELLE AU TRAVAIL 

~ ~es 'questfons suivantes concernent yos act~~ité5 
au travai 1. ~ 

, 

A.Avez-vous une incapacité physique ~utre mue 
l'essoufflement, vous Ijmitant ,dans vos ë.ctivités 

. ' 

au.travail? 41 

1-oui 2-nDn~ 

~------------i OUI à l~--__ ~f~ __ ~~ ____________ ~ 

Veuillez inscrire la nature de\la cDndit~Dn 
limitante et pas,sez .\ 2A: __ --..~,..._.._-_-__ _ 

l 

B. Travaillez-vous présentement? 
2 

l-oui 2-non 
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'4CJ,{ r---------------~~i NON à 1:&--------------.------------~ 

C.Avez-vous cessé de travailler ou ~ri5 votre 
.. or etraite préuturée à cause d' essouff le lien t? 

1 T 

( 

1 

1. oui_ passez à 2A 
7. o-on __ donnez 1 ~ rai son pour laquell e veus 

avez quitté le travail et passez ensuite A 2A 

) 

-------------~,li OUI A .1B----------------------------~ 

D. Etes-vous capable d'accomplir vos activites 
habi tuell es au tra·vai 1 sans ~ssouffk1ment7 
4.oui pa.ssez à 2A, si e nan " passez à lE ....-

') 

E. Avez-vous à cause d'un problème d'essou(
flement da modifiër vos activités au travail? 
(par exemple, devez-vous faIre une de vos 

.tàches régulières p1us lente1M!nt qu~'avant") 
3. oui __ passez à 2A, 'si unonu passe~ à 1;: 

F. Avez-vous à cause d'un probZèm 
d'essoufilement : • 
<t)abandonné une partie de otre travaIl, ou 
(2)changé pour un travail moins difflcile.ou 
(3)diminué lé nombre d'heures de travail ~ar 
semiline. 

., 
2. oui __ passez à 2A, si "non· passez à lG ' 

~/ G. Avez-vous une incapacité dans vos activités 
au travail sans qu'il vous soit cependant posp-
hIe de spécifier à quel degré? . 

/ 8. OU1 __ ' ~asrez, à 2A 
9. je ne sais pas_ 
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2. INCAPACITE FONCTIONNELLE A LA MAISON 

Les question.~uiYantes concernent YOS acti~ 
vité à la ~aison 

A. Avez-yous une incapaçité physique (autre que 
l'essoufflement) limitant vos activités à 1. 
aais'on. 

1. Dui 2.non 
k 4 

l' :"i~ 
.--------------~si OUI ~ 2A------------~-,·------------~ 

1 ~l 

Veuillez inscrire la ~iture de la condition 
1 i mri tante et cessez 1 e questi Dnnai,re: ~ 

1. 
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,B. Pouvez-vous toujours,f ai re vos acti vi té~ 

, habitl,lelles à la llaison.l votre rythme trlor.al 
s~ns être essoufflé? S 

4. oui_ passez " 3A 

...------'---si· NON "' 28--------------4 

C. Avez-yous dQ abandonner tout~s ou la pl~
part de vos aoctivités habituelles" cat;se 
d'essoufflement? 
(par exemple êtes-vous dépendant d'une ~utre 
personne pour ac'compl ir des ti\ches tell:-s 
qùe le magasInage, la t9uisine, l'entret:en 

r ménager ou avez:\,"vous beSOIn d'aide pour vous 
vêtir ou même VOUS laver?) " 
1. 0 u i _ pas s e z à 3 A, SI" 0'0 n " pas s e z ;: 3D 

D. Votre essoufflement YOUS a-t-il obllgé s.' abtôn
donner plusieur5'.JJnals non toutes) de v,:,s . , . 
ad J'VI tés hab it ue 11 es- ou devez -vous f al-- e 
presque toutes vos activités plus lente~ent. 
2.eul_ pas'sez " 3A, si U nen " passez s. 2E 

E. Votre' essoufflement vous a-t-il obligé -ê modi
fier vps activités à la liaison? (,pa·r Ù!?lIIple', 
même si vous n'avez pas,abandonné aucur.~ de 
de vos act i vi tés f al tes-vous ces mém~s ~ctl~ 
vi tés plus lentement DU moins fréque.~e~t à 
cause de votre esso~fflement1) 
3.oui_ passez à 3 A" si M non " pas.!ae= '"' 2F 

F. Avez-vous une incapacité dans vos act'! o. tés 
k la maison sans qu'll vous soit cepenc~nt, 

, p 0 5 S i ti 1 e des p éc i fie r "' que 1 d e 9 ri? 
8. oui _ passez a 'SA \ 

, 9. j,e ne sai 5 pas __ _ 
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3. IMPORTANCE DE LA TACHE 

~aus allons uintenant essayu de déterminer 
les t..~ches qui vous essoufflent. 

• 0 

A. Devenez-yous essouH lé lorsque vous Etes _ 
couché, assis ou que YOUs vous tenez rlebout? 46 
o. oui ~ passez à 4A, si "non • passez à 3B 

~. Devenez-vous essoufflé lorsque vous v DUS 
habi Il ez, vou, vous lavez ou lorsque vous 
marchez pour &aller A la salle de bair. ou 
que vous lIIarchez sur ul1 terrai n plat ~ 
pas lent. 
1.oui_ passez à 4A, si -non· passe: à 3e 

c. Devenez-vous essoufflé lorsque vous fa-ites 

o 

certaines activités comme transporter un <:> 

léger fardeau sur un terrain plat, AI)ir'cher 
vigoureusement sur un terrain plat, ":Jnter 
une pente douce ou monter deux ~tages d' es-

cal i er? 

2.oui_ passez à 4A, si u non " passez ~ à 3D 

D. Devenez-vous essoufflé l'orsque vous faites 
certaines actlvi tés comme monter une "Dente 
abrupte, monter pl us, de deux étages c . esca
lier ou transporter un lourd sac d'éplcerie 
sur un terrain plat? 

"3. 0 u i _ pas se z à 4 A si "non" passe: à 3E 

E. Devenez-yous essoufflé seuleme 
faites certaines activités camille 
de lourds paquets sur,un terrain 
porter des paquets légers 
escaliers ou en courant? 
4.oui,,- passez à 4A 
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lors que V'b'u 
trar. s'porter 
plat., trans
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4. IMPORTANCE DE l'EFFORT 

A. Etes-vous essou~flé au repos, Assis DU couché. 
O.oui_ terainez le questionnaire ici, 
si ·non· continuez Ci-dessous. 

Nous all ons liai ntenant essayer de détermi ner 
la tàche la pl'us difficile que vous êtes 
capable de faire pendant au aloins 5 Rlinutes. 
Inscrivez ici ______________ ~----------------

B. Diri ez-vous que vous fai tes cet te Uche très 
lentement et ~n vous arrêtant plusieurs "fois 
avant de la terilliner ou d' abandonner? 
1.oui_ terminez le questionnaire ici, 
si "non" passez à 4C 

C. Diriez-vous que vous faites cette tâche len
tement avec une ou deux p~uses pour reprendre 
votre souf fIe avant de 1 a termi ner ou d' aban-
donner? 
2,OUl terminez le questionnaire ici., 
si "non" passez ~ 4D 

D. Diriez-vous que.,vous faites cette tâche len-
,tuent mai s sans pause pour reprfilldre votre 
souf fl e? 
3.oui_ terllinez le ques.tionnaire Ici 1 

si "non" passez à 4E 

E. Diriez-vous que vous faites cette tâche 
vigoureusellent, sans devoir vous arrêter 
pour reprendre votre souf fie ou sans 
devoir ralentir pour vous reposer? 
4.oui terlllinez le questionn4 ire ici. 
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APPENDIX 3 

Borg Scale 
A; 

1.. 
Perception du niveau de difficulté de l'effort 

... 

non perceptible 

très très ~aF<à peine perceptible) 

très facile.r 

facile 

quelque peu difficile 

moyennement difficile 

très difficile 

très très difficile (quasi maximum) 

maximUm 
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