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- : ABSTRACT -

”
~
' S .

Due to éenerally improve? eévironmental qcont;qls in workplaces
where asbestos is used, there are now fewer worké%F who develop
asbestosis  while "an increasing . number exhibit isolated pleural
plaques. Whether these are assoéiated with respiratory impairment
indepepdently of underlyinhg parenchymal d};ease (usually mflg in degree
an@ extent) .rémains unresolved. The question was re-invéstigated using

juantitative gallium-67 lung scanning to-take into account parenchymal

‘change not ,evident on the chest radiograph in a cross;§éctional study

of 110 construction insulators’éll currently at work. Overall, 587 had
pleural -abnormality; 5%?52 pleural plaques only and 5.57 diffuse

pleural thickening as assessed by reading the PA chest radiogféph into

the ILO 1980 classification. ~Compared to those wigﬁout, those with

pleural abnorm;lity had significantly feduéed forced \expifatdr;
volumes. This deficit was related independently to éhest wall giéural
thickenfng and to céstophrenic .angle obliteraﬁion, éfter taking into
dccount age, height, smoking status and the presencﬁ' of parenchymal
abnormality as assessed by chest radiogrqphy and gallium uptake: In
addition, the complaint of dyspne; with strenuous activities was
‘signific;ntly related to the width and extent of chest wall pleural
thickening after taking into account the covariables ﬁentioned above,
even though exercise capacity -was not different in subjects with and

without pleural abnormality. However, on exercise, those with pleural

abnormality were shown to use more of their 7yengilatory reserve and

hreathe with a higher fredﬁenqy at selected levels+"f submaximal -

exercise. The increase in the sensation of breathlessness on effort in

- those with pleural abnormality may therefore. be related to d}fférencgs

in-breathing pattern induced by the pleural changes.
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Grace 4 un meilleur contrdle de 1l'hygiéne industrielle .chez les

travailleurs exposés & l'amiante, moins de travailléurs développent
maintenant 1'amiantose et un plus grand nombre d'entre eux présentent
"des plaques- pleurales jisolées: La ques:titm d'une éssociation entre lé'l

. présence de 'plaqhes"pledralgs et une dysfonction resPifatoire,
q%indépquamﬂent de tous changements parenchymateux, demeure
controversée. Cette question fut  réévaluée dans une &tude
transversale dg 110 travailleurs calorifugeurs tous au travail, avec
l'ajout de la scintigraphie pulmonaire quantitative au gallium+67, pour
1'évaluation de tous cbgngements parenchymateux non détectés sur la
radiographie pulmonaire standard. Selon une lecture -des radiographies

v pulmonaires postéroanté;iekres utilisant 1la classification BIT 1980,

P 587 des travaillleurs avaient des anomalies pleurales, 52,§Z des plaques

pleurales et 5,57 des épaississements pleurals’ diffus. Par comparaison

' § R .
T aux ’ travailleurs ’'sans anomalies ‘Ppleurales, ceux avec anomalies

‘pleurales avaient une diminution siggifibative des volumes expiratoires
maximaux. De plus,— cette diminutign était associée a l'éténdu% des’
anomalies pleurales et 1@ présence d'une oblitération de l'angle
costophrénique aprés ajustements pour 1'age, la Qaiile, le tabagisme et
la ‘'présence de changements parenchfmateux, tels qu'évaluéé par la
lecture des radiographies~ et scintigraphies pulmonaires au gallium.
Les symptdmes de dyspnée en ‘relation avec des activités importantes

étaient aussi associés de fagon sigﬁificatiVé a 1'étendue des anomalies

J pleurales aprés ajustement pour les mémes covariables c¢i-haut

mentionﬂées; et malgré le fait que la capacité a l'exercice était

. ' semblable chez . les travéi}léurs avec et séns anomalies pleurales.
Cependant, a ) certains niveaux d'exerciéea' les travailleurs avec
%nomalies pleurales utilisaient une plus, grande' brobortion “de leur
réserve respiratoire ' maximale et respiraient a une fréquence
respiratoire plus élevée. L'augmentation de la perception de dyspnée a

‘ 1'effort chez lgs travailleurs avec anomalies pleurales pourrait donc
étre associée a des différences de mode§’de respiration induits par des

changements pleuraux. “

-
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CHAPTER 1.  INTRODUCTION

t
e

Asbestos is the name given -to natural fibrous silicates,wéll known
. N\

for their wide commercial use since . the late nineteenth century. The

harmful effects on health of exposure to asbestos were recognized by

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

investigations have established that asBestos exposure results in an

increased risk of nonmalignant as well as maligﬁént pulmonary diseases

4

(2-4). Included in.the former are lung fibrosis or asbestosis,:rbunded
atelectasis, benign pleural effusion, diffuse pleural thickening,

pleural plaques and airway disease. Included 4n the latter are lung

cancer and malignant mesothelioma.

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

¢ .

i 1

on asbestosis which" may -be °assdqiated with respi¥atory impairment,
disability and death (2), while pleural abnormality has often received
only passing attention. ¢ Thus gleural plagques, though common, have
traditionally beeh consideréd the sign post of “asbestos exposure with
no more' than a mild effect on lung funcéion. H;wever, diffuse pleural
thickening is generally regarded as more likely to causé lung function
impairment, and if extensive, disability (4). Nowadays, with improved
environmental control measures, the prevalence and extent of
parenchymal apnormality is degreasing (5,65; and more workers remain

empiSyed for 20 or more years from onset of exposure, after which-time

ey
i
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pleural plaques tend to develope. In' consequence there is an
increasing number of individuals with pleural ,plaques as the sole

_ manifestation of exposure.

In addition, pleural plaques may also

~

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

-.@effect of isolated pleural plaques on respiratory health is therefore

-

of increasing importance in the practice of pulmonary medicine. - )

-
o
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Chapter 2. NON-MALIGNANT ASBESTOS-REIATED PLEURAL ABNORMALITY

@

2.1 Type of pleural abnormality \ «

2.1.1 ' General R .

- . . ) '

Pleurab‘thfckeq{ng as the consequence of an occupational exposure

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

i

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

Jacob and Bohlig deécribed pleural thickening and calcification in
2 . . . . /

/ .
association with asbestos exposure, and tHeir findings resulted in*
~ ! 12 1

renewed interest in asbestos-related pleural abnormality (8).

Subsequently, two types of pleural abnormality Qere fecognized:

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

localized "(usually in the form of pleural plaques, which may or may not

.

be calcified). Pleural plaques are rarely seen under 15 years from the

- ‘ \ E4
date of first exposure to asbestos; most will appear after 30.years
or more. In general, the longer and heavier the exposure, the more

~y
extensive . the plaques; however intermittent, possibly heavy exposure

-

has been implicated as well as slight and short exposure (9).

) The  association between asbestos exposure and the development of

1

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

since then, many case series have been reported. Asbestos pleuri§§ is

°
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the most common asbestos-related lesion during the first two decades
P 4

after exposure commences (11) but can also occur much later. Those

- M
_ affected are very often symptom free, the abnormality being discovered

incidentally by chest radiography ~{12). Some of the asbestos

pleurisies w;ll disappeér withdut trace,:but often sequelae will .be
visible (13f14)’ There have been several reports of diffuse pleural
thickening{ fbllowing acute pleural’ reactions (12-15). For these
reasons, it ﬁas;recently beeA the practice of some’investigatorg to
inclide diffuse pleural thickeniﬁé and Senién pléural effuéion undgz
one term, namely visceroparietal reactions (17).  When-followed over
some years, some cases of the diffuse pleural thickening show a

s &

tendency to increase slowly; more often however, the disease remains

[

unaltered for years, even decades (13,16). Occasionally the clinical
course is marked by &*" sudden’ deterioration, probably reflecting the

recurrence of an acuté pleurisy.
- )

3

2.1:2 éathology

~

’ - .
, Pleural plagues (18,19), whether calcified 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

diaphragm; they are rarely seen over the apices of the lung or in‘“the

S

¢os!ophrenic angles, or on the “visceral pleura. They are usually

S

greyish white and either have a smooth or coérsely nodular surface.

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

r
é‘;’*'.
2,

A
AN
8



diaphragm are ﬁ;picaily”;pouﬁd ~and disk-like, those located oéer thé
’ intercostal spaces éend to be edongated. Microscopically, pleural
_ plaques consist.of dense strands of hyalinized éollagen with oct¢gsional

‘ fibers of asbestos5nthe§ are lined by a surface of ﬁesothelial cells.
' There are few histologic desc¥iptiogs of diffu;e pleural thickening
(2).Th2 underlyingrpa%hophy§iologic précess is believed to involve both

r . & i o
parietal and visceral pleural , surfaces, with varying degrees of

° s N

‘ghliterafion of the pleural space and frequent involvement of the

-
>

costophrenic angle. Benign,asbestos pleural effusion can be clear or
hemorrhagic and the cellular content of the fluid is variable (20). On
examination at thoracotomy, ..the pleural surfaces\ of benign'bleural

y effusion show 3n.active exudative procéﬁ;, characterized by increased

> v

vascularity and symphysis. Microscopic examination wusually shows

* v

. . .
variable pleural thickening, pleural carbon dust and iron-positive
granules, regenerat&ng mesothelium and- extensive collateral vascular
eirculation (14). . ' » -

1

°

2,1.3 éatﬁégenesis - .

3 -
. -
v

. .

The pathogenetic mechanism underlying the dgvelopment of pleural
plaques.is still qot.es;ablished; several theories - exist (21). Aﬂy
credible theory will'need to explain their location, the long interval
between first exposure to asbestos and the dé%elopment of ;Iinically
recoéniéable abnormality, the- abgence of adhesions between theztwo

pleural surfaces, and their slow prugression. An earl{j theory

. ¥

.4
J
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postulated mechanical damage caused by the movement during respiration

of long thin asbestos fibers projecting from the 1lung surxface.

] Weaknesses in ' this theory include the fact that the relative mdvement

of Ehe pleural surfaces is greatest at the most dependent part of the
lungs, -i.e. in ‘;he ‘costodiaphragmatic junction where pleural plaques
are seldom if ever found, also the expéctation that long thin fibers
should give rise to an intense foreign body reaptiSn resulting in
pleural adhesions which are séldom found with pleural ﬁlaques. Several

non-mechanical theories have been published but very little proof has

been presented and discrepancies in logic may bd found in many of

.them. It- is the theory advanced by Hillerdal (21) which best explains

a

the characteristic features of ﬁleﬁral plaques and it is also supported

by, some experimental data. This theory holds that short asbestos

»

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

" they th?n follow the normal lymphatic flow from the pleural space

through the parietal pleura. "In passing through the parietal pleura,
some will be trapped in macréphages, causing a low grade stimulation of
the submesothelial\fibroblasté, and this process eventually results in

visible pleural plaques, twenty or more years later.

- i)

The pathogenetic mechanisms underlying the development of diffuse

—

p}eurél\thickening are also obscure, although several case reports

suggest that active pleural reaction or noncompliéated pleural effusion
~ .

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

!
pleural effusion is more common in younger individuals, often in their

VoY
b
& ﬂ.'

30's, and within 10 yearé-éf first exposure (13), a time relationship
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consistent with effusion as 3 precursor of diffuse pleural thickening.

N

However, in the individual case, it _is difficult to confirm in
. retrospect the presence of benign pleural efquion, since typically

" v .

there are few or no symptoms.

)
4 v
LY -

2.1.4 Radiogréghic features

i) Standard chest radjograph b
i ‘l

The posteroanterior (PA) Chest,radiographzhas‘ been the traditional
tool ased in‘héélth surveillance of asbestos-eiposed workers to detect
ashestos-related disease of the pleura. Several studies suggest that
theé];’A— chest radiograph detects only a small proportion of plaques
identif%ed at autopsy or 'thoracotomy (22,23). Plaques are best seen
when they -are calcified, in whigh case they stand out clearly whefever
they are situ£E;37/>Common sites are the postérolateral chquzrall
between ribs 5 to 10 aﬁd.the middle portion of the di?phragm. Hy;line
plaqdés are best seen tangentially. 1In . profile, they are denser with
mo:é distinct borders. If sufficiently thick, even uncalcified plaques
can be seen en face as faintly delineated shadows. Distinction between

&

plaques and pleural fat padé may be difficult, especially in overweight
N , ’ '
persons. Pleural fat pads are usually seen’ in the flanks, sometimes

from costophrenic angle to thg\spex (24). Unless strict criteria are

used, there may be .overdiagnosis in reading chest radipographs for

pleural changés.
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Chest radiographs are usually read according to the ILO

International Classification qf Radiographs of Pneumoconioses. This

. system was developed6b§ an International Commission for the purposes of

standardizing the interpretation- of filmé obtained for the evaluation
of pneumoconioses. It was not until the ILO U/C c}assificat}on 1972 .
(25) that pleural abngrmal;ty was brought into the main claésification;
two %ypes of abnormality were recognized, thickening and calcification,
while plaques were still recorded only as a symbol 'pq". The ILO 1880
classification (26) introduced a' furiﬂ;r modif%Fation to record the
sites of pleural thickening (chest wall, diaphragm, costoéhrenic gnélé)
separately for right and 1left sides. In addition, p}eura; change was
now classified as ;ﬁfieihl pleural plaques and/or diffuse,pleural
thicﬁen;ng, though the’ radiographic distinctioé is'hgmpered by the
lack of a uniform definition of diffuse pleurai thickening. Nor are
specific criteria provided in the moré recenat 1980 ILO classificatign
toA distinguish diffuse pleural= ihickening tfrofn confluent pleural
plaques. A recent study - on between and within reade% variability in
the assessment of asbestos-related pléural abnormality wusing the ILO
1980 classification‘has confirmed the\oplni;n that confident separation

of 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 diffudd
; ) ‘
, ithicke.aing secondary to a previous effusion, and usually preserved in

- diffuse thickening due to confluent plaques. The NIOSH B reader

instruction course also suggests that costophrenic blunting ‘be



recognized as a major component of the ILO definition of diffuse

-

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

3

o

. {i) Oblique chest radiographs, \

a
»

To improve sensitivity of chgst radiography in. the diagnosis of
pleural abnormality, several authors ha; 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 of the lung s;rface not viewed tangentially in the PA projection
'and therefore such films sﬁéuld result in a higher detection of pleural

abnormality. Baker and Greene reported a 33 percent increase in the

prevaleﬁce of pleural thickening when two oblique views were added

(29); on the other hand, Sheers et al (30) concluded that oékique views
did not contribute significantly to detection of pleural plaques,
noting’an increase in tpe prevalence of %1eural thickening of 2.7 7
s only. More recently, Greene et al (ﬁl) found that the increased
sénsftivity afforded by the oblique -views is largely deéendent upon the
thréshold level of pleural reading, increasing most when a strict
™  threshold criteria of more than 2 mm tgickening is u;ed as opposed to
one of less than 2 mm. Reger et al (32) have als; challenged the use_

% of oblique films; they found that although the use of oblique films

’ with the PA films leads to a much higher detection rate, and the

detection using both reading procedures appears to- have similar

C validity in terms of relationship to years of asbestos exposure, there

4




_is less consistency between readers in intérpreting oblique films.

I3

This in turn would be iikely to increase the rate of both false

-

negative and false positivewresults.

iii) Computer tomography oflthe chest . ) v

It is still :unclear as to what is, and should be the role of
coﬁputerized tomography (CT ééan) of the qhest in the evaluation of
asbegFos related plZural abnormality; the question asked whether ié ;s
worth the additional cost and wradigtien exposure. 'Egrly :iuﬂies
reporiing upon relatively small clinical series. of patients suggested v
that the CT scan leads to earlier diagnosis of pléi}gl thickening\
(33,34). They also indicated that the method was of value in
distinguishing subpleural fat from asbestos-related Ipleurél
abnormality, a major problem especially iﬁ obese individuals, “HoweVer
another study (35;hwhich compared PA chest padidgraph, 4 views 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 abnormaliéy by a |
radiglogical score, the authors found that the highest overall score
for pleural‘thickening without associated calcification was obtained by

the 4 views of the chest féllowed by PA films and CT scan. The CT scan

was also insensitive to involvement of the costophrenic angles and,

. diaphragm, though it was much better than the two other methods for

' detection of pleural calcification. The findings in a more recent

———rt

.
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study (36) suggest tRat” CT and conventiongl chest radiographs should
be considered complementary. Thus some pleural plaques visible
on conventional films were missed on CT &can and vice versa. However
the distiJZtion between subpleuéalc fat ‘pads and ‘pathologic pleural
thickening was’ better done by CT scanning. In all these studies, the
assumption is made that the more abnormality detected; gthe more valid

the measurement. This assumption has not been tested against Bathology

findings.

N
N

Epidemiology of pleural abnormality

o

Epidemiologic studies have shown that non-malignant pleural
L]

abnormality in the form of diffuse thickening or localized plaques may

be associated with both occupational and non-occupational exposure to
~

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

pleural abnormality assessed by the' chest radiograph has been shown

to increase in relation to estimated level, of asbestos exposure,
- R . 5: ,“ ) N

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 pagsed, since first exposure appears to be an important determinant

°

of the presence of pleurél abnormality, in addition to intensity of

1\e7k§posure'including peaks.

v

-\
All varieties of asbestos fibers have been associated with pleural

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

©
.
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changes (3). In the case of exposure in mining operations, the site
and nature ©of the deposit appear .alsé to be of dimportance. For
iﬂstance, in Quebec the prevalence of radiologic pleural changes was
higher in the Thetford Mines area comggled to the Asbestos mining area,
despite the fact that the mining operations are only a few kilometers
apart andoexpfoit essentially the same deposits (37). The differenﬁe
was most marked for pleural calcification which was common in Thetford

Mines but virtually absent in Asbestos. Possible explanations include

the presence of associated minerals e.g. tremolite in the Thetford

deposits. Pleural abnormalities also occur more 1in miners than among

L3

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

] 2

prevalence of pleural abnormality in workers in certain other parts of

the industry. For insgance, in shipyard workers, the frequency of
pleural abdo;malities is high and may exceed that of parenchymal
abnormalities (30,33,44,45), while °the rates for pleural abnormality
are also high in construction an8 insulation workers (40,46,47) where
prevalence rates as*high as 807 have beéh reported ipn those with long
exposure. |

Pleural plaques may also be caused by Lalc containing no ‘true
asbestos (48) and fibrous erionite such as found in central Turkey
(49,50). Nevertheless, most individuals found to have pleural plaques
have been exposed to asbestos. Although the occupationally exposed
indiviuuals represented the most frequent situation found, the
p:evalem:e of i pleural abnormality among populations wiéﬁ

nonoccupational-i.e. environmental exposure, may range from 2 to 287

’

Pal
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(50-55), \whereas in a general population not so exp‘osed, it is usually
less than 37 (56). In some areas of the world, asbestos deposits

) £
contaminate the bedrock and if these fibers become mixed into the soil

.

or are used locally for other purposes (e.g. plastering), ‘amr increased
prevalence of pleural abnormality can occur. Such endémic areas have
been reported from Austria, Bulgaria, Czechoslovakia, Finland, Soviet

Union and recently alsoe from Greece (51-55).

2.3 Pleural abnormality and its relationship

to respiratory impairment

»

d 2.3.1 Introduction

Though a  great deal of _research’has been directed towards
clarifying the relationship of asbestos-related parenchymal abnormality
to respiratory impairment and disability, the functional impact of
asbestos related pleural abnormality has received much less attentiop
until relatively recently. This section contains a review of the
published .evidence, some of which is summarized in table 1. In the
‘present Jstudy, ~the WHO definition of the terms impairment and
disability was wused: impairment referring to ‘lung function deficit,

and disability to impaired capacity to exercise.
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2.3.2 Objective assessment of impairment (see Table 1)

2.3.2.1 Studies with evidence of impairment

-

] -
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‘ currently employed in the asbestos industry of Eastern

_ ‘Quebec, and showed small but consistent adverse -changes in lung

function in those with any pleural abnormality compared to those with
none, for a given grade of severity of parenchymal fibrosis (57). The
overall prc;valence of Plaques in the total population tfrom which the
sample was drawn was 3.8 %, of caicificat.ion 2.5 Z and of costophrenic
angle obliteration 5.8 7. Harries et al (1972) also -found that the
presence of any pleural abnc?rmality was associated with lower lung
function (38). ‘Su,bsequent studies distinguished the various forms of
pleural abnormalities and most evidence suggests that while pleural

plaques have only modest effects on lung function, pleural thickening,

particularly— if diffuse, can affect lung function more seriously and

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

Thus, Lumley in 1975 reported a pross-éectional study of 194 -

-

dockyard employees, stratified on the basis of chest radiograph
firdings (61). A group of men with diffuse pleural thickening were
matcred for age and occupation with 4 other groups of men with,

respectively, i) lung fibrosis (ILO profusion greater than or equal to
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1/1) irrespective of pleural abnormality; ii) non-calcified pleural

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

_Compared to those with normal chest radiographs, subjects with lung

fibrosis, diffuse pleural thickening or pleural plaques had
statistically significantly (p<0.05) lower values for several resting
pulmonary fynctions (FEVl, FvC, TLC, DLCO) and also higher vaiues of
ventilation durihg exercise (VE a%/9xygq9 uptaké-of 1.0 L/min). There
was on average more functional impairment related to lung fibrosis than
to diff&se pleural thickening, or to pleural plaques, while pleurai
calcification was not_Ebcompan%ed by any significantlhﬁhormél§ty.

In 1981, Fridriksson et él, using data from a population health
survey (62), selected 46 subjects with pleural plaques but no
parenchymal abnormality who also reported asbestos exposu%e, and
comfared their lung function with that of a reference group of 263

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

N

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

plaques had lower values (by approximately 14 to 167%) for total lung
capacity (TLC) and forced expiratory volumes (FVC, FEV;); their lungs
were also stiffer (reduced complianée) and the transfer factor for
carbon ménoxide was reducéé, ali changes consistent with thenpresence

of lung fibrosis. Since no specific assessment of associated

8

parencbymal disease was provided in the study, the findings attribhted

A
to pleural disease may in fact have been due to parenchymal fibrosis

.underlying the pleural changes. The results may also reflect what is

already known about the chest radiograph, namely that it is a poor

’ ﬁ
v o .
s N
.
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instrument in detecting early lung fibrosis (63).

Jarvholm and Sanden based their 1986 study on an active workforce
_ in shipyards (64). They restricted their observations to ZOé non
shoking men, 115 with a normal chest radiograph and 87 with pleural
plagques. Those with pleural plaques bqt no radiographic asbesto§is
had on average an FVC 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 w%thout
plaques, and the difference was larger for those with heavy exposure
than for those with light exposure. This fin&ing could also be
interpreted as reflecting the presence of lung fibrosis not detected by
chest radiography. Nor did the autﬁors provide informétion on whether
the extent of the pleural abnormality was comparable in tﬁé two'strata
of light and heavy expo;uré. ; |

Using data from a cross-sectional survey of men above the age of 40
' ‘from a general population in Denmark and Norway, Hilt et al (65)
selected subjects with radiographic changes , compatible with
asbestos-related “disorders, - e.g., = pleural changes, pleural
calcifications or basal pulmonary fibrosis. At alfollowup‘e§amination
the medical and cccupational history were recorded, and subjects with
ther current lung disease or other cause for pleural abnormality
‘excluded. Also based on followup chest radiographs which were read
acc%rding to the ILO classification, subjects were selected to

repreient: the following 4 categories: 1) asbestos-related lung

fibrosis only or in combination with pleural abnormality;

[
- A
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2) asbestos-related 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 expressed as a percentage predictéd, using a reference population

- » a

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

population.

Oliver et al in 1987 studied a populdtion of 576 workers exposed

to_asbesios, .20 % of whom had pleural plaques (66). After exclusion of

subjects with diffuse pleural thickening or evidence of parenchymal
' - b~ '

fibrosis (ILO profusion greater than 1/0), the presence of pleural

plaques was associated with a decrement in FVC, when asbestos exposure

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

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

1

-

Whether the degree of function impairment associated with pleural
plaques demonstrated in the above studies should change the clinical
view of plaques as being essentially benign is still unclear. For

instance, Jarvholm and Sanden (64) showed that few individuals with

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

values even if as a group their aﬁerage value was reduced significantly
(p < .05) below that of men with high exposure only. Hilt et al (65) in
%heir population bEudy found no individuals with pleﬁrai plaques had
an FVC two standard deviations(SD)rbr more below the predic;ed values

[

or an FVC less than 80 Z of predicted value.

17
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2.3.2.2 Studies without evidence of impairment (see Table 1)

Hedeﬁstierﬁa et a} (19%1) reported a stud; pased on subjects
identified in a program that includes ealth screening every second
year among Séockholm construction workers. Subjects with and without
pleural plaques were selected, wusing chest radiographs including PA,
laéeral and oblique films, and conforming to the following criteria; i)

s

age 45-65 years, ii) no disablement and iii) no complicating diseases
¢ (67). Although mean values for FEVl and FVC were significantly less in-
exposed éﬁbjepts with pleural abnormality compared with -those

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

taken into account by paired matching analysis, the differences. wvere

[N

reduced and no longer statistically significant. g

Ohlson et al (l985)$arried out a foﬁr year follow up étudy of
workers at an asbe§tes ceme?t plant., in Sweden. The association of
pleural plazhes and loss of venéilatory fuﬁction was examin?d by
comparing subject; with p%eural plaques ,and referents chosen from
threeJ plants without exposure to asbestos (68). The comparison was
confined to males, act&vel§ employed, with at least 16 years of
ehg}oyﬁént%y;hey were classified as smokers and never smokers. Forty
three exposed s;;kers of the 77 originally examined and 32 exposed
neéer smokers of the 48 originally examined took part of the study.
The presence of p}eural plagques was assessed by a qualified reader, a

‘ /

menkter of thé National Pneumoconiosis Panel, using PA films

supplemented 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

) adjustmént for age, smoking and fibre years.

@ o

2.3.3 Subjective assessment of impairment

2

Despite the two negative studies cited above, most of the published
data provides’ evidence that lung function is decreased in subjects with
pleufal plaques. Respiratory symptoms are also:an important aspect of
health, but sugprisirlgly have attracted almost no attention 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 anci nonexposed
subjects for similar smoking status; there were however no_difference’
in the . subjective feelings of sufifering from pulmonary abnormality.
Hilt et al (65) showed an increase in _the‘t prevaience of grade 1
breathiessnessuin individuals with pleural plaques compared to t‘hose

-

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

1

2.4 Um:lerlyingL parenchymal diséase as a cause of impairment

attributed to pleural disease: methods of detection

£.4.1 Introduction .

..
-

s LY
An unresolved issue in the studies that provi&e evidence of an

" P
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ass,qciaktion between lung function impairment and (the presence of
pleural pldques is the extent to whicfx any impairment demonstrated is
- dependa‘nt on ur;dgrlying (if mild) parc;nchymal abnormality. In most of
the studies cited, parenchymal fibrosis was excluded on the basis of
cor'n{entional chest radiographic findings (%7-68). However it is
generally accepted that the presence of pleural change makes
‘radiological assessment of the underlying lung parenchyma, particularly
mild abnormality, even’more diffiéult to detect. Furthermore, as in
other forms of fibrosis, pathologic éxaminatiqn of the ltfng tissue may
reveal the presence of fibrotic changes eve;l' when the radiographic

changes in the pulmonary parenchyma are, at the most equivocal, and

mechanics of, breathing are normal (63,69).

2.4.2 Lung function tests

5
Al

¢

Other methods may be more sensitive than conventional chest _
radiographs for -the detection of early parenchymal change. & For
instance,-the findings in 2 early Nstudies, by Williams & Hugh-Jones
(70) and Leatharf (71), lead to. the suggestion that diffusing capacity -
might be sensitive to éarly effects of asbestos dust exposure-(70,,7lj.
Thiﬁs was not however confirmed in subsequent studies, including those®™
of an epf;demi:ological nature, on larger samples of working populations
(72). For instance in the study by Becklake et al (57) of Quebec
miners qnd miliers, changes in diffusion capacity at rest and on
exercise only occurred in asgaciatibn with radiographic changes of

» B ¢
~r
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v
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 0/1 was associated with a decrease in vital capacity

and of 1/0 with an increase in exercise minute ventilatio%. Howeverl
in patients with pleural abnormality; lung restriction as assessed by
decréased lung volume did not contribute to the 'distinction between
parenchymal fibrosis and pleural thickening, Yet other studies (73,

74,75) have led té the suggestion that abnormality in tests of small

]

airway function is an indicator of ehrly parenchymal change; however’

[ 4

the findings are not consistent.

2.4.3 Gallium-67 scan of the lung

-

Gallium-67 scan, a relatively new imaging ,technique, has been
used in the detection of diffuse interstitial lung disease. In the
context of pneumoconiosis, this test was first used in characterizing

patients with well established asbestosis (76). More recently however,

© computed gallium-67 lung scanning has been proposed as a sensitive

indiéator of early asbestos related parenchymal injury (77,78). Begin
et al/(1982) showed in an experimental sheep model that gallium-67
uptake is rélated to the inténsity of the asbestos induced macrophagic
alveolitis (77)'v In a subsequent study in humans °(78), they documented
that in the majority of- patientk with asgestosis, Gallium-67
accumulates excessively in the lung, in keeping with the previous

suggestions of :Siemson et al (76). Moreoverkgallium:67 uptake in the
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lung was also increased in approximafﬁly 43 7 of the long term asbestos
workers before the conventional criteria for diagnosis of asbestosis

cumulative

were nmet. In addition,” 87 7 of the patients in the group without

radiographic evidence of asbestosis but with ‘ a high

had decreased lung compliance and/or abnormal
in contrast

gallium-67 uptake
alveoloarterial oxygen difference (AaPOz) during exercise,

.o\ . .
to only 27 7 of the patients in the group without radiographic evidence
These 2 groups

.
of asbestosis and low cumulative gallium-67° uptake.

_could not be differentiated by the conventional indicators of early
lung volumes (FVC, TLC, diffusing

parenihymal fibrosis,xosuch as
‘ capacity), presencé of rales on clinical examination and rqdiographic
evidence of parenchymall abnormality. ‘ However, without longterm
it is not po%sible to conclude that increased
. predicts the later

follow-up data,
lungs necessarily

gallium-67 wuptake in

development. of asbestosis.

the

~Computed tomography of the chest

2.4.4

?

"Another new ‘imaging technique proposed.for the early detection of

parenchymal lung abnorﬁa%}ty is computed tomography of the thorax
. ! -, (&7 ‘ :

(CT). However, despite some earlier’ studies (34,35) suggesting

that thoracic CT scans could detect early parenchymal fibrosis not seen

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

1
findings in a more recent study; nevertheless, their data did show that
fibrosis when present, was more strikingly shown on CT scans than on
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conveqtipnal radiographs., In another recent study, Begin et al (36)
compareq the assessment of parenchymal abnormality using the "PA
kadiograpb/and 4 oblique views with that obtained using ch?st CT; they
showed thaﬁjin workers with a rigid pressure volume curve and increased
gallium-67 lung uptake, CT scan scores for parenchymal abnormality were
not significantly higher than in subjécﬁs without these markers of.

early interstitial lung disease. A .
- i)

e

2.5 Conclusion *

»

At " the present time, with the geﬁerally improved environmental
control measures in workplaces where asbestos is used, there is an
increasing numbe; of individualstzwith isolated 'pleural plaqués.
Despite two ﬁegative studies, most recently published studies offer:
evidence éf an associati&p between the presence of pleurél plaques and
lung function impairment (57-68). However, in most of these studies,
tﬁe extent to which the impairment demonstrated is }ndependent of any
parenchymal_\ﬁbnormality remains, uncertain. Until recently, early
lung inj;ry from asbestos exposure was assessed by conventional
chést radiography. Giveﬁp the new d4maging techniques, which enable
detection of parenchymal change prior to i% becoming ‘evident on tﬁ
chest radiograph (77-78), it was felt that the question of whether
pleural plaques are associated with respiratory impairment indepently
of parenchymal abnormalify merited re-investigatioﬁ. The present study

had this as its main objective.

a

L
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_ Chapter 3. HYPOTHESIS, OBJECTIVES AND DEFINITIONS

¢ . »
-§;l - Hypothesis _
- : ‘

¢ b
Asbestos related pleural abnormality 4s a cause of respiratory

impairment independent of parenchymal gbnormality. -

3.2 Objeélives . ;

\

3.2.1 General objective

i

Td determine yhether asbestos related pleural abnormality 1is a

[
cause of respi}atoryl_impdirment in the absence of parenchymal
abnormality. Available evidence (57-66) suggests this to be the case

but the question invites fe-investigation using{new imaging modalities
f

| . to exclude the presence of even minimal parenchymal abnormality.

. 14

)

3.2.2 Specific objéctives
~ 1) To determine whether there is a relationship between
* - respirétory capacity (measured by questionnaire, lung function at rest
i

. ! N i -
and on exertion) and the presence of asbestos-related pleural

Q . y /’abnormality, independent  of 'pgrenchymal abnormality, taking into

i



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

[}

2) To determine which features of pleural abnormalitw [best
@

predict respiratory impairment, taking into account .other releyant
factors such as age, height, smoking and parenchymal abnormality.
o -
g

3)  To determine whether the extent of pleural abnormality relates

to degree of resp}ratory impairment, taking into account the other )

t
relevant factors mentioned above.

Definitions

.|
w

a

Asbestos-related pleural abnormality was defined according to the

K

reading of a standard posteroanterior (PA) chest radiograph, by an -
Lo .
experienced chest physician, a certified B reader, using the ILO 1980

International Claésificatiqg of Radiographs of Pneumoconioses. The
classification allows pleural abnormality to be described in terms of

location, width and extent 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

when there  was involvement of the costophrenic angle as suggested by

Ve S

the Ngt@onal Institute of Occﬁpationa%’Safety and Health (NIOSH) and

’ ih; Anérican College of Radiology.

* o
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Parenchymal abnormalitx was defined in several ways:

”~

-

- 9

y ) 1) Small opacities with a profusion of 1/0 or more by ‘a certified
B reader according to the ILO 1980 Ineérnatiénal Classification of

Radiographs of Pneumoconioses (26). This radiographict feature in

¢

association with a’'history of asbestos exposure is "conventionally used

to define 'asbestosis". ' -

2)  Computer-based quantitative analysis of Gallium 67 uptake

] ’ .
o of the lung, and referred to in ‘'this thesis as the gallium index, was
.

used to indicate early parenchymal'reaction. This measurement has been
shown to correlate with histopathologic scores of inflammation in lung

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

£%

asLestos (77,78).

Respiratory impairment was defined in several ways using:

——

5
1) Responses to a French translation of the ATS-DLD-78
standardized respiratory symptom questionnaire for use in epidemiologic

studies (79). A copy of this questionnaire can be found in appendix 1.

2) A recently described clinical index for dyspnea which contains
ratings for each of three separate features: °magnitude of task,
magnitade of effort and functional impairment (80,81). A copy of this

0 . .+ clinical index can be found in appendix 2.

ey L
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* 3) Resting lung 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 was defined by

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

time the subject was likely to be exposed to various amounts of

asbestos and man made mineral fibers.
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_ Chapter 4.  DESIGN °AND RATTONALE /
4.1 Design
) v

To achieve these objectives, a cross-sectional study was carried
out among members of a union;reprgsenting cbnstruct;bn insulators, all
of whom were currently at wdgi:' The dependent variable used for
hypothesis testing wad respiratory impairment, as assessed by both
symptom information, and by respiratory function af rest and on

exercise. The independent variable of interest was asbestos-related

S

pleural abnormality as assessed'By chest radiographic reading using the
ILO 1980 International Classification of Radiographs of
Pneumoconioses. The relationship between the dependent and independent
variables was assegseﬁ after accounting for the effect of age,”height

and smoking status, all well recognized determinants of respiratory
b

function. Since asbestos-rglated parenchymal abnormality is a .

-~ ) o

potential confounder, its presence, assessed by chest radiographic
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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4.2 Rationale .

A

. ' -
- The rationale of selecting, as a basis for the present study, an
9
active workforce of construction insulators from a previous survey on
. respiratory health was based on three considerations:

f ‘First, prevalence of pleural abnormality is well known tao be high

in the insulation trade (30,44,45). In a previous study of chest

s -

radiographs of this particular workforce, in which the ILO 1980
International Classification for Radiographs of Pneumoconigses was
- used, pleural abno;malit;' was ‘fowd to be present in over fifty percent
of the workers (27).

Second, by selecting an aci:ive workforce, it was anticipated that
there would be few if any subjects with evidence of frank 4sbestosis,
i.ej: subjects with a che;;t radiographic reading of small opaéities with
profusio_n of 1/0 or more. iBy minimizing ther chances of encountering
subjects with &sbestosis, it was hoped to focus on the early funptior{al
effects of asbestos-related/pleural abnormality. “

ThirdJ, the availability of the pre}rious\ 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 wi'xom it 1is unusual to fi;1d pleural abnormality, an;i
men over 55 in whom other “causés qf disability sucl'; as heart disegse

A . and other lung disease are more fréquent. The age group 35 to 55 years

also represents the most active in the workforce. -

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

~

Y

LU
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of previous investigations in which exclusion for pulmonary parenchymal
abnormality was based on radiographic criteria only. A relatively new
and more sensitive imaging modality for  detecting early

B

asbestos-related parenchymal reaction was therefore used to assess'

.whether or not parenchymal‘abnormality was present.

RE'S
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Chapter 5.  POPULATION oo
[}
5.1 "Previous epidemiological surveys in the insulation trade

The' study population for the present research consisted of 110

subjects, identified through previous epidemiological surveys of

construction insulators carried out by this laboratory since 1982. The
base population consisted of all members of Local 58 of the
International Unioé of Frost and Heat Insulation dhd Asbestos Workers;
t ‘; }ocal represents almost ‘all insulators employed ' in the
construction industry in Quebec. The derivation of the study

1}

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

survey, carried’|out in 1982,‘a respiratory symptom questionnaire was

mailed to all the members of the Local 58:{644 men in all; 538 of them

(86.67%) workers returned the questionnaire of whom 21 subjeQFs were not

considered further because they were receiving compensation for

<

asbestosis, leaving 537 . subject§. Subsequently, in 1983-1984,
insulators fifty years old or les;: who lived within a 30 kilometer
radius of Montreal, and who had re;unngd the previous study
questionnaire, were invited to take part in laboratory tests

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

by attending the laboratory for lung function tests and measurement o

¢

. airway reactivity.




o | T
5.2 Target population o
-

4

» The target population for the present study was selected from tﬁe
215 workers who had participated in the 1983-1984 laboratory study.
- 9Only workers of‘35 years Or more were ;electéd, since asbestos-related
. pleural abnormality is raée before the age of 35. Of the 129 workers
' ”\\\\\i}igible'for the present study, 110 agreed to participate, giving a

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

$
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_ Chapter 6.  METHOD OF MEASUREMENT _
4

6.1 Measurement of respirator# impairment
. , 1)
. ,
4
6,1.1 General
¥ //
A . . p

| Respiratory impairhent' may be assessed subjectively by the subject J/
' \

a
. himself, when it is usually based on his perception of dyspnea

particularly on effort, or it may be measured objectively the
- laboratory with conventional physiologic measurements of pulmonary

function at rest or on exercise. Different measures pé pulmﬁhary

{ /

function have been shown 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 supplement to its objective measurement by physiplogic tests

b in the laboratory. In this study; the respiratory symptom information
r was gathered with particular emphasis the recording of dyspmea on
effort.
6.1.2 Respiratory symptom information .afﬂb

-

A French version of the standardized ATS-DLD-78 questionnaire (79)

0 was administered by an interviewer to each subject. This questionnaire

- ' »
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contains questions concerning the presence and severity of the major

respiratory symptoms: cough, phlegm, dyspnea and wheeze; also a

complete series of questionsg!idht current and past cigarette smoking;

and a inquiri into personal and family history of disease(s) of the

respiratory system.

ere are several clinical scales for quagtitatiggfgysgnga. The
questions on dyspnea in the ATS-DLD-78 ‘ questionnaire allow
breathlessness to be rated according to the magnitude of the most
taxing task the gubject can perform, but no attention is giveh to the
effort expended in performing the task, or to associated fgggtional
imprirment. A recently proposed clinical index for dyspnea (80)
coﬁtaiﬁs Eatings for‘ each of three separate features: magnitude of
ta#k, magnitude of effort and functional impairment at home and at

L4

work. Further spé@if}cations have recently resulted in what has been
called the Modified Dyspnea Index (MDI) (8l). 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 {ntermediate to incomplete correlation which suggests that it

measures a ° related but distinctive aspect of respiratory disability.
The advantages of the MDI were demonstrated in a randomized
placebo-controlled clinical trial on patieﬁts with” chronic obstructive
bulmonary disease, in which‘ aminophylline was shown to produce a
statistically significant improvement in the dyspnea index ratings but

not in laboratory tests of airflow, gas exchangea or exercise

L4
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performance (82). In the /S%esent study, the clinical questionnaire

upon which the MDI was based was administergd by the same physician;po

_ each subject.

6.1.3 Cardiorespiratory function test§ )

i)  Lung function at rest

}

All tests were administered by one of two trained technicians.

Spirometry was perfor;ed using a Ohio 827 volume displacement
spirometer according to the recommendations of the Snowbird Workshop on
stagdardization of . spigometry' published by the American Thoracic
® Society in 1979 (83). The best‘forced’expiratory volume in one second

]

(FEVy) and forced vital -capacity (FVC) from any of three forced

expiratory trials were reEained for the purpose of analysis. To obtain
lung volume, the best functional residual capacity (FRC) was selected
from three trials carried out using sody plethysmography and from thf%:
residual volume (RV) and total lung- capacity (TLC), were calculated.
Calibration for upressure and volumg was performed daily.' 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 DL, results retained for analysis. DL,, calibration was

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

.
Y“}"_’a
-
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control measures also included weekly pulmonary function testing

(spirometry, lung volume, cho) of oqe of two technolqgists.

-

ii) Lung function on exercise

All exercise tests were done on a treadmill with on 1line recording
of data’ using a Sensor-medics automated system (84,85). The‘;;bjects
bréathed through a mouthpiece attached|to a low resistance valve with a
combined dead space “of 200 cc. A noseclip was used .for all
experiments. Respiratory rate (f), tidal vol&me (V¢), minute
yentiiation (VE), :oxygen uptak; (V0;); carbon dioxide output (VCOZS,
respiratory exchange ratio (RER), and 02 saturatio; by ear oximeter
were recorded. ‘Cardiac rhythm and heart rate (Hh) were also monitored
using a modified V5 ECG lead jﬁnngghout exercise. Complete automatic
calibration was performed each day for the gas analysis (02, COZ),
volume and temperature. Gas analysis checks and volume verification
vere also,done before each exercise. In the procedure for éomplete gas
analysis calibration, the calibration-constants were recalculated based
on recorded response to known concentraéion of oxygen and carbon
dioxide; in the procedure for the gas analysis checks, calib#ated gas
mixtures were passed through the.system and instrument x%§ééhse only
measured. The volume éélibratio#, which is also automatéq, &;as done

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

control measures also included weekly exercise testing of- one of two

)

‘technologists. *
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Incremental exercise testing was performed to maximum on a

treadmill. Subjects were attaéhed 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

aqd 1.5 mph for the first minute, 2.5 mph for the second minute and 3.0

mph for the third minute. Thereafter the speed was kept constant at 3.0

mph and every minute the elevation was increased by 2.52 ; at 15 Z

elevation, tﬁe speed was increased to 3.5 mph and at 20 7 elevation the.

speed was again ingreased to 4.0 mph. The exercise was continued until
¥

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 such as leg fatigue or pain. The intensity of dyspnea was

estimated using a'category scale as récommended by Borg (86,87). This
. / ’
was done by asking the subject to select -a number from 0 to 10 to

.l
-

describe their seénsations, zero Being no appreciable dyspnea %?d 10

maximum dyspnea. ,

6.2 Measurement of pleural abnormality

-

The chest radiograph is an essential tool in the evaluation\sf

»
asbestos-related pleural abnormality. For each subject, chest
radiographs were taken using the conventional views in posteroanterior

(PA), lateral, and 45 degrees left and right anterior oblique positions

with a standard high kilovoltage.

e
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’ ?irst, PA chest radiographs were read bli&dly by 2 chest
physicians, both certified B readers according to the iLO 1980
International Classification of Radiographs of Pneumoconiéses (26).
Neié, during the same reading sesgion, the PA film w;g supplemented by
lefp) and right oblique £films and pleural abnormality recorded aggin
according to th? ILO 1980 classification. For the presernt study, the

readings of one reader only were used, selected a priori because a

preliminary analysis #(27) indicated that he" achieved a higher ledel of

[

reproducibility for readings of pleural abnormality than the other
ik ] )

reader. A score was also computed according to the site (chest wali,
costoﬁhrenic angle and diaphragm) and ‘{Le ,degé;e of pleural
abnormality. Chest wall pleural ﬁhickenidg was gomputed” by summing the
assessment in profile for each site (using the width category a, b or ¢

conVerted to a numericél score of 1, 2 and 3 multiplied by the extent
catgégry 1, 2or 13) analtﬁe assessment en face (using th? extent 1, 2
or BBéateéor;)l Finé}ly, right and left side were added togeéher for a
minimum score ofVO’ a;d a maximum of 24. Scores ofll and 2 were given,

for obliteration of one or both costophrenic angles and of l-and 2 for
" ° - 0 ,

<]
13

) %
thickening of one or both diaphragms.

2

6.3 Measurepent of parenchymal abnormality .
6.3.1 The chest radiograph
-

-

Pneumoconiotic parenchymal disease, in particular that related to

, \
1
| . ' A

“y L4
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asbestos exposure, has traditionally been defined b& profusion of small
opacities of 1/0 or - moré\ according to the ILO International
Classification of Radiographs of Pneumoconioses (25,26). Studies of
asbestos exposed human subjects and the sheep model of asbestosis
(77,78) have provided evidence of lan inflammatory process in the
alveoli and interstitiuﬁ surrounding the peripheral airways, which
precedes the development of inté?stitiai lung fibrosis. This
alveolitis can be detected by Gallium-67 uptake of the lung. In the
pres%nt study, , parenchymal abnormality was assessed both by
conventional chest radiogr ﬁ a;d also by gallium index of the lung.
The chest r;hiographs Qere read in the manner described above;

i.e. they were read by 2 chest physicians, both certified B readers

into the ILO 1980 International Classgfiqation of Radiographs of

*y

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

priori selection of the reader who achieved the highest level of

reproducibility for pleural abnormality.

I

6.3.2 Computer-based quantitative Gallzum-67 uptake
' in the lung . ‘o S, -
Gallium-67 was measured as follows. Forty-eight hours after

injection of 4 millicuries of Gallium-67, anterior lung scan, posterior
neck to pelwvis scan and 5hterior thigh scan were recorded on°a Siemens
LFOV Camera sysi:em. &ftware forlp'cquisition and processing of the

data was devedoped at the Montreal General Hospital and has been

3 .
°

‘ . ] e
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previously described by Bisson et al (88).

To ijlculate the indéx of the Gallium uptake by the lung, the
po;}erior scan of the c£est was used to minimize the variable“uptake
of soft tissues which is less in the back as compared to the front of
the chest. The Gallium index was reported on a relative scale of 0
(background uptake)\ to 16 (maximum liver uptake?. .Background
radioactivity was assessed firom an area of the abdomen below the kidney
and free of fecal artifacts. Background radioactivity was given a
score of 0 and substracted from all areas. The maximum area of Gallium
uptake in the liver was scored as 16. Uptake by the lung was measured
over 6 regions (right and left upper, middle and lower lung) excluding
the hilar regions. The overall gallium index was obtained by averaging
the six regional indices of the lung.

Tﬁe 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) 1évels of gallium radiocactivity and with histopathologic scores
of inflammation in autopsy lung tissue. In addition, in non-exposed
smoking or non-smoking subjects, the averége gallium lung uptake index

was significantly lower than in asbestos exposed subjects as assessed

in his laboratory.

6.4 Measurement of asbestos exposure

The optimdal measurement oft;;xposure should take into account both
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duration and level of exposure, preferably assessed by personal sampler

<

of ambient air for total dust and fiber counts in the workplace over

. represenmtative 'periods of time since first exposure.’ This is certainly

impractical 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 available, Accordingly, the

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

.

duration 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 government pension plan. From union records, it
was possible to ca;lculate the number 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 pr‘i.or to
1964, an estimate of prior exposure was obtained by multiglxing the
mean annual ”j-houi-s of wo;:k from 1964 to 1984 by the number of years in

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

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

MR
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. Chapter 7.  METHODS OF ANAL{SIS

N ¥
Dependent, independent and other variables

-~
[

i

The hypothesis to be examined in“the present gtu&y. was addressed by
investigating the. relationship between respiratory function, as
assessedf by symptoms and measurements of respiratory function, and
asbestos-related pleural abnormality. l

The dependent variables or outcome variaiales used in the analysis
were selected from three sources: , ‘

1) information describing 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 score

is based and ¢) dyspnea on a treadmill exercise gi‘aded by the dubject

using the Borg scale at \702 1 liter and 1.5 liters;

'2)  pulmonary funetion at rest as assessed by the following

tests: forced expiratory volumes, forced expiratory flow rates, lung
. .

volumes and diffusing characteristics; \

3) cardiopulmonary capacity on maximal exercise as assessed by

Vo, Vg, HR, ~VE/VOZ, 0, pulse, Vg/MVV, breathing frequency, V, and.



3

Vt/VC, and. at submaximal exercise, using the same parameters but at
different exercise levels, including the anaerobic threshold (AT). The
same parameters were derived by interpolation at VO, 1 liter/min,,boz
1.5 liter/min and VO, 15 ml/kg/min. MVV was calculated according to
Jones et al. MVV = 30.6 x 'FEV; - 29'L/min (85).

The independent variable 6f interest was asbestos-related pleural
disease defined from chest quiographic reading into the ILO 1980
International Classification of Radiographs of Pneumoconioses and
expressed as a discrete variable and also as a continuous variable.

The -other variables of interes{ ‘were age, height,- weight, smoking
habit and asbest;s-related parenchym®l abnormality as assessed by chest
radiographic reading and gallium uptake of tﬁe lung. All are
determinants of pulmonary function and ﬁence‘potential confounding

variables which were therefore taken into account in the present

analysis. '’
1.2 Specific Analysis

N

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 abnormality is associated with
respiratory imgférment. The indepePdent variable of interest,
asbestos-related pleural abnor@élity, was dichotomized as present or
absent, first according to the PA& chest radiogFaph reading in the

manner described, then according to the PA radiograph reading
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supplémented by oblique films. The crude: re}ationship getwéen
asbestos-related pleural abnorm;lity so defined and. lung function was
first described without taking into account parenchymal abnormality and
other potential confounding variables. There ~were next taken into
accoqnt using a:multiple regression analysis (ANCOVA). The relationship
between asbestos-related pleural abnormality and dyspnea was examined
by logistic regression. Confounders considered were age, height,

weight, smoking status and parenchymal abnormality as assessed by chest

1
o

radiograpﬁ reading and gallium uptake of the lung.

In the second step of the analysis, 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 again used for the 1lung function te%ts 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 pleural thickening (width
and extent) was- examined. Though the presence of asbestos-related
pleural abnormalit;' on the chest radiograph has often been translated
into a score, this has not previously been assessed with any rigour in

relation to respiratory impairment; the present data provided an

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

7
.~

-

function.

TR
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* Chapter 8. RESULTS

8.1 & General outline

| by
In this chapter the results are presented as follows:
First, descriptive statistics are presented: these include subject
characteristics, measurements of resting lung ’f}mction, and
cardioresbiratory fupction on exercise in relation to smoking status

il

(Tables 3a to 3g).

Second, the same information is presented in relation to the
presence or not of pleu:;,a} abnormality assesséfl radiograpﬁically in two
ways as follows: i) from the PA chest radiograph read by the_standard
method into 'the ILO 1980 classification, (Tables 4a to 4g) and ii) by
the PA chest radiograph read as above but supplemented by the right and
left anterior oblique chest radiographs (Tables 5a to 5c).

Third, analytical statistics are presented describing the
relationship’-of dyspnea’ and ‘J;.ung function . to pleural abnormality
(assessed by PA chest radiograph reading) after accounting f,o)r relevant
anthropometric characteristics, smoking status and i 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 aécounting for rglevant anthropometric
characteristics, smoking status and parenchymal abnormality ‘ (Table 7a

to 7¢). }

B
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8.2 Descriptive statistics (univariate analysis

o

\ , ‘
'8.2.1 Findings in relation to smoking status A
1
g 8§.2.2.1 Personal and exposure characteristics

The mean, standard deviation and. range of the personal
t .

characteristics (i.e. age, height and weight), and the exposure
characteristics (i.e. smoking .pabits and asbestos exposure). are shown
in Table 3a. The populatio;’l was composed ‘exclusively of men cprrently
at work, aged 35 to 52 yeﬁs and mainly smokers or exsmokers. Smokers
were on avera‘ge slightly taller than the non or ex-smokers, but weighed
slightly less. Asbestos exposure in yearsh, calculatemhe basis of

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

on average slightly less in smokers.

LY

'8.2.1.2 Prevale{iée of pleural and parenchymal
abnormality -

Prevalen;es of pleural and parenchymal abnormalities in the study
populatibn. assessed from reading the PA chest radiograph, &;re shown in
table 3b, with the subjects divided according t‘o smoking status.
Overall, 58 Z of the study population was identified as having any
pleural abqormaiity. The major s}.te for pleural t{l{ickening was the

chest vwall; in 44.5 Z of -subjects s the abnormality was read as pleural
. ™
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plaques and in only 5.5 % as diffuse pleural thickening. The pleural
thickening of the chest wall was between 2 to 5 mm thick in more than
. 25 7Z of subjects, between 5 to iO mm in less than 7 7 of subjects, and
mere than 10 mm in less than 2 % of subjects. The diaphragm was
invoived in 17.3 % of subjects, costophrenic angle blunting ;eported in
5.5 7% of subjects and pleural calcification in 13.6 Z. g

Parenchymal abnormality was relatively uncoxmnon; with only 10 7 of
radiographs classified as profusion category 1 or more, and 90 7 as
category zero, i.e. 0/0 or 0/1. On average, smoke‘fs had a higher
preval(ence of pleural abnormality of any type and also of parerichymal
abnormality than the non and exsmokers. Other. associations ;lit{l
smoking were a highgr prevalence of plaques in smokers and exsmokers
compared to nonsmo}cers ; a tendency for pleural thickening to occur more
frequently ‘'on the l;left 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
; higher prevalence for pleural calcification were found in nonsmokers
compared to smokers and exsmoker.s.

The Table ‘ also shows the gallium index ‘which varied from 0 to 8.3
(potential 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 res‘giratorz symptoms

The prevalences of respiratory symptoms for the study pogéx_l’at.ion
as a‘ whole and by smoking status are presented in Table 3c. Usual
cough and phlegm wex;e common (31.8 and 43.6 7% respectively), in
this largely smokixg population. Ever wheeze (56.47%), persistent
vheeze (24.5%) and dyspnea grade 1 or more (357) were also prominent
symptoms. Smokers were also characterized by highe;:. prevalences
of all respiratory symptoms, compared to exsmokers and non smokt;rs.
Respirat'ory’diseases associated ‘with residual pleural thickening, such
as tuberculosis or plet;risy, did not. seem to be of importance in the
present study population; none of the subjects reported having had
tuberculosis and overall only 5.57 reported a history of pleurisy.

Prevalence percent on dyspnea as reported by subjects in relation
to smoking status is shown in Table 3d, wusing the 3 methods of
assessment described above under methods (the ATS-DLD-78 questi{c;nnaire,
the clinical questionpairei and dyspnea on treadmill exercise graded by
the Borg scale from 0 for minimum to 10 for maximum). Overall, the
prevalencé of reported dysppea‘ was high considering all subjects were
active workers in a physica‘llgr demanding job. In general, dy.rspnea\was
related to smoking status, being more frequent in smokers or exsmokers
pompéred to nonsmokers. Thus, based on the ATS~DLD-78 questionnaire
there was a higher prevalence of dyspnea grade 1 or more in current
smokers compared to ex or nonsmokers, and dyspnea grade 2 or more in

exsmokers than in current smokers or non smokers. In response to the

A
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clinical questionnaire, dyspnea with functional impairment at work and

]

at\hohe was, more commonly reported by smokers than exsmokers and

. nonsmokers. Using the same questionnaire, the prevalence of reported

dyspnea with major activities (such aé walking up a steep hill or
climbing two flights of stairs and more), was again shrprisingly 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 all the responses to the clinical‘questionnaire, was also
highest for current smokers, intermedigte for exémokers and lowest for
non smokers. Dyspnea during exercise, assessed by the Borg scaie,
increased as the level of exercise ;ncreased, but did noé differ in

relation to the smoking habit at a ¥0, of 1 L/min, at a VOZ of 1.5

L/min it was‘slightly less in nonsmokers than in the other 2 groups.

8.2.1.4 " Lung function at rest and cardiorespiratory

¢
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; though the average age was simila# for subjects in all 3
smoking categoriesf\ smpkers were on average taller than\ ex and
nonsmokers, agh in consequence would be expected to have slightly
larger lung functions. Despite this, thereiwas a tendency for FEV; and-

FEyT%FVC to be lower in smokers and exsmokers compared to non smokers;
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All forced expiratory flow rates at 1low lung volumes, FEFgq, FEF75."

P

FEf25_75 were also léwer in smokers Kcompared to exsmokers and non
smokers. However, for iung volumes and dif;ﬁsing characteristics there
was no\obvfous relationship to §moking.

The méan \and standard deviatiggxf. of measurements  of
cardiorespiratory fdnctioﬁ at maximal 'an& submaximal exercise are

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

possible to be. certain every subjecg achievéd‘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, VO, ané 0, Eulse did noF appear to
be related to smoking status, whereas réspiratory capacity did, with
higher values for Vg being achieved\in nonsmokers compared to exsmokers
and smokeré. The pattern of breathing at maximal exercise also showed
a*, higher ' fréquency of breathing ’in nonsmokers than in exsmokers
and smokers. However respiratory efficiency as reflected by VE/V02 did

L}
not appear to vary in relation to smoking status, nor did Vi and

*
]

}

None ’‘of the measurements o%incardiorespiratory function at
submaximal exercise (whether measured at anaerobic threshold (AT), at a

VO, of 1L, 1.5L,"%r’15 ml/kg/min) appeared to be related to smoking

<+

status (see.Table 3g). g .
A ’
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8.2.2 Findings in relation to pleural abnormality

L3

(PA radiograph)

é 8.2.2.1 Personal exposure characteristics and

« indicators of parenchymal abnormality

Personal (jharacteristics (age, weight and height), exposure
characteristics (smoking status and asbestos exposure), and indicators

.

of parenchymal abnormality on chest r.adiograph and by gallium scan, are
given in Table.4a 1in relation to the prese;lce or not of pleural
.abnormality. Despite the limited age range *(35 to 52 years old) 'from C
which subjects were selected, the mean age of the subjects with pleural
abnormality was 1.3 years older than -of subje t; without pleﬁral
abnormality. Subjects with pleural abnormality also ;leigl"led slightly .
mo;:e and smoked mor;z’ heavily than had subjects without pleural"
abhiormality. On average, eXxposure years or years‘( ‘si'nce fiirst exposure
were similar between subjects with and without pleural ab Io%ality, and

the range of values was wide, from under 5 to over 3§ years, for '
both meaSures. The prevalence of parenchymal abnormalit%y, as defined /

by profusion 1/0 or more on chest radiograph reading vf[as higher in

subjects with ‘pleural abnormality than in those without pleural
abnormality. Also, on average, the gallium index Wwas higher in
f n

subjects with pleural abnormality compared to subjects without.

-]

v
.
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;




LIRS
ey

1

8.2.2.2 Prevaléncezof. respirag%y symptoms

, : ' @

“The prevalence' of . respiratory symptoms in relation to.pleural

abnormality in the study population is presented in Table 4b. Subjects
) \ . o

with pleural abnqrmalit':y had a higher prevalences of usual cough, ever

wheeze, persistant wheeze and a reported history of ,pleurisy than

subjects without pleura:'l abnormality... However, ‘usual phlegm was more

frequent in subjects without than in those with pleural abnormality.

Prevalence percent of reported dyspnea in relation to’pleural

" abnormality is shown in Table 4c, using the 3 thods of assessment

already described. Thus based on grade 1 of more, (i.e. when huri'ying

on the level or walking up a hill), was present in 34.4 7 of subjects

- v

1

with and in 28.3 7 of subjects without pieural abrlormaliti. Dyspnea

v

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

the subject's own age), was present in 17.2 Z of subjects with and in

LS

6.5 7 of the subj,eg:ts‘without' pleural abnormality. \,~The prevalence of

i

. 'dyspnea with functional .impairment at werk was similar\ifx/' both groups,

A
but dyspnea with functional impairment: at home and with major

acti\{ities (i.e. when walking up a stegp hill and climbing two flights

of stairs and more), was more fregdent in thosgywith compared to those

without pléural’abnormality. cBy contrast dyspnea on treadmill exercise

graded by the Borg scale was slightly higher on average in those
. ’ sy, . RN

without compared to those with pleural. abnormality at a level of

exercise of a VOZ at 1 1liter/min, but similar at a \702 at 1.5
P-4

)liter/min. However, the subjects with pleufal abnormality were on

P’
o

-

b
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average older, " heavier, smoked more, and presented more parenchymal

»

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

_cmore than 1/0 and average gallium_‘ index). These factors may partly

N g

explain the difference in prevalence of dyspnea and wuill be taken into

account in a further analysis using a logist{c regression.

L

-

8.2.2.3 Lung function at rest and cardiorespiratory

Ll

function on %xercise

o ¥

The mean and standard deviation of luﬂng functions at rest are shown
in Table 4d in those with and without pleural abnormality. On average,
- do
subjects with pleural abnormality had lower forced‘nexpirhtory volumes
. , X .

(FEV,, FVC) and forced expiratory flow rates (PERR, FEFsqy, FEFys,
FEF25_75\) than subjeéts without; they also had 1o~wer\ lung volumes (TLC,
FRC, RV) ar;d diffusing characteristics ()DLCO,: va’ DLCO/\iA) . Th;se
measurements are not adjusted for‘age and hélght d.iffer;ances— (those
with pleural abnormality were older, shorter, smgked more and preSer;t;d
mor: parenchymal abnormality than those without), ‘factors which may
have contributed to these 1lung function differences. These factérs
will be Eaice’n into accc;unt in a further analysis using a multiple
regression. .

The mean and standard deviation -~ of the measurements of
cardiorespiratory function at maximal and submaximal. exercifse in

¥

relation to pleural abnormality in the study population are given in

[

t+ Table 4e and 4f. Measurements reflecting‘ respirato?y and .
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cardiovascular capacdity at maximal exercise were similar in the two

groups, as were most measurements at submaximal " exercise,

_(i.e: anaerobpic threshold, VO, at 1 L, 1.5 L and 15 ml/kg/min); however

heart rates (HR) achieved were slightly lower in subjects with compared
to thos\e without pleural. abnc;rmality. The pattern of br;aathing at
ina_ximaL exercis:a was a.i.so different in the- two groups; those with
pleural abnormality attained . on average a greater maximum freque-.ncy
wiéh a slightly lower Vo and a higher VT/VC ratio than those without
;Jleural abnormality. Similar findings were obtained in respect to

respiratory symptoms and pulmonary function tests when pleural

abnormality was assessed from radiog;:aphic readirigs by a second reader,
B £

reading independently. The - results of the second reader are not

presented here.

8 "\
8.2.3 Findings in relation to pleural abnormality

’

gPA supplemented by oblique radiogréghs)

4

o -

-

The use of PA .chest radiographs supplemented by right and left

3

anterior oblique views as opposed-to PA chest radiograph alone did not
’Q .

alter the findings. For this reason, and for reasons of brevity, only

selected data is presented. For the convenience of the reader, and to

facilitate comparisons, gelected data from Tables 4a to 4g is included °

£

. in Table 5a and 5c. Although the number of subjects read as having

pleural, abnormality may be the same when assessed by PA reading as '

compared to PA reading supplemented by oblique views, the subjects 2

@
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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 pleural 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 5a. The mean and
standard deviation of selected lung functions at rest in relation to
pleural ;bnormality ‘assessed by the two me;hods is shown in Table 5b,
and again of .note i; the similarity of the findings. The same is
evident for the mean and standard deviation of measurements of

cardiorespiratory functiom at maximal and submaximal exercise presented

in Table 5c.

8.3 Influence of pleural abnormality (PA radiographs) on respiratory

status taking into account parenchymal abnormality and other
¢

relevant factors

8.3.1 Influence of pleural abnormality on dyspnea

Table 6a present; the odds ratio with-the confidence limits for the
s&mptom of dyspnea being present, given the presence of pleural
abnormality, after taking into  dccount age, smoking habit and
parenchymal abnormalities. Also presented are the. oads ratio of

dyspnea for the other determipants 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 profusion on chest
radiograph and 3 points on the scale of gallium index (range from 0 to
16). Logistic regression analysis was used to determine these odds
ratios. The analyses indicate that after adjusting for other relevant
determinants, the presence of dyspnea, assessed by any one of the
methods used, 'wgs not consistently related to the ;resence of pleural
abnormality. Thus though soﬁe of the odds ratios exceeded 1, the range
of 957 confidence limit -is wide and always incluged 1. This can be
interpreted as showing that the AAds of the symptom of dyspnea being
present can be less; the same or more, in relation to the presence of
pleural ahnormality.

\J

t

8.3.2 Influence of p&gural abnormality on lung function

at rest

Table 6b presents the mean 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

~ab;ormality assessed by chest radiograph §nd gallium dptake. ,klso
included in the Table are the standard errors ~of the differences, the
957 confidence 'limit and the p-value. The analysis indicates th;t the
presence of pleural abnormality (as defined by PA radiograph reading)
is ;;sociated with an average deérease in the FEV; of 222 ml (p < .05)

-~

and in the FVC of 402 ml (p < .05) after accounting for other relevant

Q

N
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factors. The présence- - of pleural abnormality did not affect TLC or

DLgg. 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 FEV,; those for age and

height were significant in the model for ¥VC, and those for height and

7

smoking in the model for DL,,. In the present analysis, there was no

evidence that either of the indicators of parénchymal abnormality

o

(i.e. the profusion on the chest radiograph or gallium' scan) affected

lung function. ‘ : .

8.3.3 Influence of pleural sbnormality on cardiorespiratory

3

' function on maximal and submaximal exercise

&

Table 6c presents the mean differences in parameters related to

«

cardiorespiratory capacity on exertion between subjects with and
witﬁout the presence of pleural abnormality, after accounting for age,
height, . weight, smoking habit and parench}mal abnormality. Also
included_in the Table are the standard error of the difference, the 957

confidence 1imit; and the p-value. ‘In the present analysis, the .

N .

presence of pleural abnormality as defined by PA radiograph did not
o LI |

- { rs
contribute to the cardiorespiratory capacity on "maximal or submaximal

exercise, after accounting for age, height, weight, smoking and
parenchymal abnormalities by chest radiograph and gallium uptake.

A |
However, the breathing frequency was higher on submaximal exercise and

ther ratio VE/MVV higher on maximal and submaximal exercise in subjects

t
-~
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-
with pleural abnormality as compared to those without, after accounting

for other important determinants. The Borg scale at maximal and
Submaximal effort (V02 1L and 1.5 L) was not related to pleural
abnormality, after accounting for other important determinants (not

shown in the table), \

q

7

8.4 Influence of the site and extent .of pleural abnormality (PA
* ¥

/
radiographs) on respiratory status, taking into account

<

parenchymal abnormality and other relevant factors L]

8.4.1 Influence of the site and extent of pleural
v

abnormality on dyspnea

Table 7a presents the odd; ratio for the symptom of dyspnea being
present in relation to the hsite and extent of pleugal abnormality)
given a difference of 4 points for chest wall pleural thickenﬁng (on a
maximum 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
thq., odds ratio of dyspnea foxr théhother determinants in the moéel,
calculated *for the following ranges: 15 years of~ age, 10 'paék years
of cumulative smokiné, 3 points on the 12 point scales of profusion

(équivalent of 1 category on the Iﬁb scale for.the chest radiograph) /

{
and 3 points on the scale of gallium index (range of 0 to 16).
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Logistic regression analysis was used with site and extent of pleural
disease expressed as a é&ntinuous variable according to a score
computed at each different site (diaphragm, costophrenge 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 cﬁést wall pleura% thickening, and the
presence of dyspnea with )functional‘impairment at home was related to
the preégsfe 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.

4

8.4.2 Influence of the .site and extent of pleural abnormality

on lung function at rest

~

Table 7b shows the regrsession coefficients describing the
independent effect of pleural abnormality at the different sites
(diaphragm, costophrenic angle and chest wall) on FEV, and FVC (as the
dependent variables) after accounting for age, height, cumulative
smoking, and parenchymal abnormality assessed b;nvchest radiograph
reading and by the gallium index. Also included in the Table_ are the
stagdard error, the 957 confidence  limit and the p-value. In the
analysis, chest wall pleurél~thickening and extent, cdétophrenic anéle
qblite;ation and diaphragmatic fhickening were all incI&ded in a

multiple regression model using a stepwise procedure, after having
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accounted for other relevant deterﬁinants. As described in section
8.4.1, pleural abnormality was 'also used as a continuous variable
according to a score computed at different sites. The re;ults indicate
that after accounting for anthropometric characteristics, smoking habit
and parenchymal abnormality, gdth chest wall pleural thickening and
costophrenic angle obliteration independently affected FVC but
diaphragmatic thickening did not. For EEVy, o costophrenic angle

obliteration showed a significant relationship, and also the effect of

‘chest wall pleural thickening approached statistical significance.

S

8.4.3 Influence of the site and extent of pleural abnormality

on cardiorespiratory function on maximal and submaximal

exercise

Table 7c shows the regression coefficient describing the
independent effect of pleurél abnormality at different sites
(diaphragm, costophrenic angle and chest wall) on different parameters
related to cardiorespiratory function on exercise, after ac;ounting for

age, height, weight, cumulative smokiﬂg and parenchymal abnormality

assessed by chestAradiograph reading and by the gallium uptake of the

lung. Also included in the Table is the standard error gnd the
p-value. As pre;iously described, pleural abnormality was used ,as a
continuous variable according to a comp;site " score including
abnormality in different siggg. The results indicate ghat pleural

djsease did not affect the. cardiorespiratory capagity on exercise.

\
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) Howeﬁer, ,on maximal exercise chest wali pleural thickening and
costophrenic angle obliteration independently affected Vy/MVV, which
increased according to the degree of\ pleural abnormality. At
’ A

submaximal exercise, costophrenic angle |obliteration independently

affected VE/MVV, and chest ' wall pleural thickening affected Vt/VC.
Neither of the sites of pleural abnormality was found to qé

independently related at a significant level to breathing frequenf? at

. 4
maximal or submaximal exercise. “

”
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Chapter 9.  DISCUSSION ‘ \ ¢

J

9.1 General

The results of this study indicate that in an active workforce_ of
insulators, the presence of asbestos-related pleural abnormality was
associated with a decrease in FEV; of on ;verage 222 ml (p< .05) and
in FVC of 402 ml (p < .05) after taking into account other feiévant
determinants such a: age, height, smoking gtatus and pare;;hymal
abnormality. This decrease iq FEV, and "FVC was ‘due to independent
effect of pleyral abnormalities at the costophrenic angle and the chest
wall. The association could also be demonstrated after exclusion of
subjects with diffuse pieural thickening (S.SZ‘of the, total populationj
defined by the presence on chest radiograph reading " of a costophrenic
angle obliteration, i.e. when the comp&riséh was confined to subjects
with pleural ‘plaques only and those ,;ithoqt _pleural abnormality.
However analysis 2not-presented here), which were limited .to workers
with pleural abnormality, failed to show a dose response relatiénship
between fﬁe presence of asbestos rel;ted pleural abnormality and FEV;
and FVC. However, the power of the analyseg ‘was reduced substantially
as the~ }number of workers with pleural abnormality _onlii was 64, i.e. is

less than 607 of the initial number. . "

The reduced FEV; and FVC did not appear to be explained by the

[

e
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presence of subclinical pulmonary ' fibrosis since neither of the

indicators of pédrenchymal abnormality (i.e. the conventional chest
radiograph feading into the ILO. 1980 classification and the
qua&titative assessment of gallium uptake in the lung), was found to b;
related to the resting lung function level.

Des;ite the evidence' that pleural abnormality resulted in lower
levels FEV; or FVC, its presence did not appear to affect the maximum

_ . ‘
exercise capacity nor cardiorespiratory function during submaximal
exercise. However, the complaint of dyspnea associated with major
activities was ' related to the extent of chest wall p}eural thickening
even though }he prevalence ;; dyspnea complaints assessed by any ¢ne of
the methods used was not different between subjects with as compared to
those without pleural abnormality after t;king into account age,
smoking status and parenchymal abnormality. Of interest was the fact
that;on exercise those with pleural abnormality were shown to have a

higher VE/MVV, and a higher breathing frequency andYor Vt/VC at certain

selected levels of submaximal exercise. Thus, the relationship between

the sensation of dyspnea during major activities and the extent of .

chest wall pleural tﬁickéning may be due to a difference in breathing

pattern imposed by the  pleural abnormality, resulting in the

utilization of proportions of magimum v?ntilatory capacity.
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9.2 ﬁgg;ntial sources of bias in the present study

1
¥

9.2.1 Selection bias

Consideratiég_must be given &q potential sources of bias in the
.present study that may have exqggérated or attenuated the observed
effectlof pleural abnormality on respiratory function. The survivor
effect results from'aihe well recognized selectign bias inherept
‘in the study of an active workfoqﬁe, namely that those with better
health are likely to haﬁé remained active, whilé those wiﬁhq less 360d
health are 1likely to have changed‘ jobs ’or quit work for health
reasons, Obviously there is no way .of knowing ‘from a crosgjsectional
§tudy to what extent this factor was operative. If pr;sent (and one
must ;s§u@e it was)’ this source of bias would be likely go haveJ !
rattenuated  the " demonstrated effects of pleurai abnormality on
respitatory functiof, noty exaggeéate them; Indeed, in this particular
workforce hthe survivor °effect has . more éhén 1ike1y attenugﬁeﬂ the ;
demqnstrable effects, given i) the high prevalence (52.5%) ofjpleurall
plaques (which/ are wusually associated with at most mild res;iratory
impairment and rarely with disabili;y (59-66)), 'and ii) the Low \ \
prevalence (5.5%7) of diffuse pleural thickening which is more likely
to cause impairment and even disability (58-61), énd iii) tﬁé fadﬂ;\

that this is a relatively young, population. .

A

/)




9.2.2 . Misclassification

4

Misclassification due to measurement error in the explanatory

e

(independent ) variable is certainly an important ceonsideration for
which unfortunately there is no good solution. A valid instrument

should measure what it is intended 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 a’B reader, trained and certified by
the NIOSH,‘theré is still important variability between and within -

readers (27). Furthermore, the posteroanterior chest radiograph has

- been shown to detect only a small proportion of pleural abnérmalities

"identified at autopsy (23,93). In addition, the use of the ob;ique

chest radiograph, though shown by several investigators to increase the

«

detectién rate of pleural abnormality (28-30), may also increase the
: ' & K
rate of false positives (33). "The presence of subpleural' fat,

especially in obese individuals, can also easil¥»be misinterpreted as
pieural abnormality on standard chest radiograph even when supplemented

kY
by dblique films, and can only be distinguished with certainty 4ising

. computer tomography of the ‘chest (93). Despite these potential

weaknesses inhereént to the instrument used to measure the independent
variable of interest, the consistency o? the relationship found between
FEV; "or FVC reduction and pleural abnormalities measuréd in éeveral
ways (i.e.‘using the PA reading or the PA reading suppleﬁented by

@
oblique chest radiographs, and usiﬁk readings provided by a second

/
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reader) makes it 'more likely tHat the association demonstrated is a

v -

true reflectioh of the data. . -
- ~
y . 1 -
o wa a
9.2.3 Measurement error
- o \ ’ ‘“9 - ’ ¢ ;

Bias arising from a defect in method of measurement of the response
. 4 , F: - !

variable can ‘also .give rise to artifactual association. The

" . measurements of respiratory function were not carried out Ey observers
3 blind to the independent variable of interest, name}y‘the presence or .

‘not of pleural abnormality. However, since fhese measurements are
» ' . ° / ’

carried out using cali@fated instrumentation, it is most unlikely that

. obierver bia§,fcouid account entirely for the /respiratory function

differences at rest between those with and without pleural disease. 2

E

The assesé$ment of respiratory function, reported by the subjects as

* %  the comp;afnt of dyspnea, is obviously subjective, and could have béen

2
o

influenced by knéwledge of an abnormal radiography.

~
°

2 —~

B 9.2.4 Confounding variables, including parenchymal °~ °~ - Q\“
° _ lung abnormality o “
’ - : ‘ k 1 ¢ ’ 1'(6 e
9 { it
s - . ) o g . . 3 j "
0 Biases may "also result from failure tb control for important
» ° <2 A i >
v confounding variables. In the present study, the most important

K determinants of respiratory imﬁéirﬁént (age, semoking and parenchymal
» . abnormality) and hence potentially important confounding variables were

0 . aécounted for in the analys-is. Previous. investigators (64,68)‘ have

.
C g . . v 1
Al . . N ° ? .

: . .



~ suggested, for instagéé,-that the relationship between pleural plaques
and resﬁiratory impairment assessed objectively could . be obscured by
" the presence of subradiggraphic parenchymai chanées. If this were so,
p%?ural‘;laques youié only _iqé{géggly: affect lung function_thrnugh__;_amf__
their be}ng associaied with asbestos-related parenchymal changes.~ New‘
iﬁéslng tech?iques including gallium scan, judged to be se;sitive
. in assessing 'early parenchymal reaction ﬂ77,78)‘ not seen on the

PA chest radiograph, were used in the present study, and indeed, there

was a goodd correlation Dbetween the gallium index and pleural °

abnormality on the chest radiograph, suggesting that either parenchymal
and pleural . abnormality commonly coexist; or that.the gal%}ug.iﬁaex
vt reflects the éctive pleural process. A relationship between~eﬁhanced

uptake of gallium and pleural abnormality is plausible but unlikely,

! . in view of the findings by Lambert et al who were unable to show a

k - significant correlation, between tﬁe gallium uptake in‘the lung- and the
rédi&graﬁhic scores of pleural abnormality (94). Nevertheless, after
accounting for parenchymal bhang% assessed by combining radiographic
readings and gallium.scan, there was still a lstatistically signkficant
relationship betwéen pleural abnormality and a reduction .in FEV; or FVC

- in  the present study. This supports the hypdthesis Fhat'

, ;sbestos—related pleural . abnormality is a cause of respiraiory

¥ impairment independant of parenchymal abnormality.  Furthermore, the
presence of, pleural plaques without other pleural abnormalities was
also associated with, resp{ratory iﬁpairment which could ‘not be

( * explained by the presence of parenchymal change, even early parenchymal

, B

-
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reaction detected by quantitative gallium uptake of the 1lung in the
' 2 , \
absence of }‘adiograpfxic changes.
8

9.3 Comparison with previous studies

<
‘ 4 @
v

9.3.1 ' Lung function impairment.

B

a

In line with previous studies on tHe relatior;ship of pleural
plaques and 1lung function at rest, the present study lj*lais- found that on
average subjects witl:x pleural plaques have a lowe ;‘EVI ,(222 ml)
and FVC (402 ml)‘ compared to ‘those without pleural abnormality.
However, tl'xese average c'iifferences in FEV; and FVC are small between

subjects with and wi:théut pleural plaques, ang do not appear to have

affected most. cardiorespiratory measurements on submaximal and maximal

exercise. This also is in keeping with the commoa clinical opinion that

pleural plaques. are little more than a sign of asbestos exposure, and

9

. rarely of clinical. importance.

B

Only one other study, that by Lumley .1) reviewed earlier in this
thesis, examin;ad the rela‘tio}xkship between respiratory parameters during
exercise and pleural plaques. In dockyard employees between 28 and 64
ye;rs of age',' selected on the basis of chest radiographs, and matched
for age and occupation, he found a signifi::ant (p < .05) increase in
minute ventilation at a VOZ of 1 liter in subjects with pieural plaques

compared to those without. However subjects were not matched for

smoking and body habitus, nor were these factors taken into account in

BT
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analysis, and ' the findings may therefore have been the consequence of

confounders. The present study appears to confirm what most studies

. have shown that pleural- plaques per se do not impair g function at
rest or on exercise to any important degree. &
As already discussed some recent - studies (64,68) have

suggeste;i that the difference in.lung function between subjects. with
pleuralo plaques compared to those‘ without may have been jin part
explained by the cdnfoundh,g effect of heavier asbestos exposure
associated with subradiographic i)arenchymal changes among subjectsawith
pleural plaques. Thus given an exposure-response relationship with
parenchymal fibrosis, the higher the exposure, the more likely the

presence of subradiographic parenchymal fibrosis (2). Consistent with

. {\ . v
this view are the findings in studies by Ohlson et al (68) and Jarvholm

" et al (64) found th:?t the difference in lung function between subjects

with and without pleural plaques was jlarger for thosé witb heavy
exposure to asbestos. However Jarvholm et al found that even after
stratification for asbestos exposure, men with plaques had a lower FVC
than men without plaques. In these studie\‘s, the larger differences in
lung function associated with plaques in subjects with he:avy exposure
compared to‘ light exposure may be duk to more extensive pleural

plaques, J‘;gxfor;mation not provided to the reader.

In the presqht study, a sensitive indicator of the alveolitis of

asbestosis (the pulmonary uptake of gallium-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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a higher level of . dyspnea Zluring exercise tha‘n those without pleural

70

effect of pleural abnormalities oh lurig function is in line with those

of Becklake et al (57) who, in an age stratified random sample- of men

. currently employed in the asbestos industry of Eastern Quebec in 1970,

showed a small but consistent adverse change in lung function in those

L3

with any pleural abnormality compared to those with none, for any given

grade of severity of parenchymal fibrosis.

3

9.3.2 Dyspnea
* ‘

Few, studies have looked at the prevalence of dyspnea in relation to
\ R o -

the presence of plaques (61,65). Hilt et al (65) reported an increase

_in prevalence of grade 1 breathlessness in individuals with pleural

plaques. Lumley also found that subjects with pleural oplaques reported
plaques. In the- present study,QaQ’,essment of dyspnea by all three
methods used (ATS-bLD- 8 questionnaire, clinical questionnaire and the
Borg scale during exercise) showed in general a higher prevalefice of

dyspnea in subjects with compared to ‘those without pleural plaques

e

though the differences were not statistically significant after

accounting for difference in age, sinok;ng habit a'nd parenchymal

abnormality. Clearly confounding factors contributed to the complaint

of dyspnea of subjects with pleural abnormality who were older and

smoked more than those without pleural abnormality. However, the
higher prévalence of dyspnea associated with pleural abnormality may

also be a genuine reflection of a biological effect minimized because

LA TR
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{
the population was young and at work and on averageﬁdid not have

extensive disease. Also of impoftance is theb power of the present
study; for predicting dyspnea, given the -sample size of‘50-60,subjects
in each group and prévalences of dyspnea inf subjects with and without
pleural abnormality of 157 and 57 respectively; power was estimated to
be only 507 with anoalpha error of 57. This compared unfavorably with
the power of the present study to detect abnormalitiés of 16;3 function
at rest whichuyas 807. Nevertheless, in the present study dyspnea with
major activities such as walking wup a steep\hill was significantly

re&atqs to the extent of chest wa§l pleural thickening (p<.05), after
i

adjustijg for other relevant factors.

e
9.4 Potential mechanisms of dyspnea }

.In the present study, as already mentioned, the complaint of
dyspnea° associated with-majbr ‘activites was related to the extent of
chest wall pleural thickening. Although this study was not Aesigned to
investigate 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 anq indeed invites further study of these

relationships. Even though overall cardiorespiratory capacity "on -
exercise was not different in subjects with and without pleural
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 abnormalit§ had a higher VE/MVV at maximal and

submaximal exercise, and a higher breathing frequ;ncy or Vt/VC at

5

certain selected levels of submaximal ex;rcise.

The underlying mechanisms responsable for the presenting symptoms
of effort d§spnea are still a subject of controversy, and several
mechanisms have been diécussedf 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
. . i

abnormality, but

might also play a role. in subjects with 1limited pleural piaques:)

as seen in the present study population.

ond, an increased elastic load to the respiratory muscles

”»~

hest wall changes has - been proposed as limiZing the

rough fétiéd% of the resgiratory muscles (95).

. j
‘et al explorgd this possibility in six subjects with| varying
degrees of asbestos-related pleural abnormality who all [|reperted
dyspnea as the reason for effort limitation (95). Fatigde of the
diaphragm on exercise assessed by electromyographic techniques in three
subjeckgqwas not founé to be present. Without similar measurement of
chest wall muscle f;tigue, this cannot be excludedjas,a\poésibility.
Third, pleural abnormality might lead to altered proprio;eptive
information, an abnormal ventilato;y pattern, and'excessive perception
of'inspiratory e oft (97).  Evidence suggest that elastic loads are
poorly tolerafed and provoke an increased sense of effort(zggd

discomfort (9§). It has been shown that subjects with elastic 1 ads

-
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employ a breathing ttern characterized by increased inspiratory

4
flow rates (99,100).

1

Peak inspiratory pleural pressure akcounted for
ths greatest increase in sensory perception of the elastic load (97).
Picado et al (95) have shown that subjects wié% pleural ébnormality who
‘complained of shortness df breath had maximum exercise capacity.
limitation, increased minute ventilation and an ;%bnormal pattern of
breathing with increased bréathing frgquency as well as inspiratory
flow rates, and a decqeased tidal volume.,

In the present study, éhe sensation of breathlessness in subjects
with pleural plaques was associated with a difference in breathing
pattern and use of a highgixproportion of maximum ventilatory capacity,
cﬁhnges which may have been imposed by the pleural abnormality through
its effect in reducing FEVy and/or FVC. However, this association is
also biologically plausiblé, in keepiné with the h§po%E;sis that
a ‘ ~—Pleural abnormality might lead to alter proprioceptive information, an

abnormal ventilatory pattern and excessive perception of inspiratory

. & effort (97). Alternatively the abnormal breathing pattern could be

accounted for by increases in chest wall impedance due to reduced
compliance of the parietal pleura (95). " The physiologic’ measurements
made in the present St%9y are not complete enoug* to identify.which of
+» these mech§nisms of dysphea m;ght have been opefativé »in the éubjects
with pleural abnormality studied here and thereforé leave the

researcher not only witﬁ speculation but, more important, with

¥ .  directions to further research.
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Chapter 10. CONCLUSIONS . >
a S !

$
In,.the present study of insulators, aged 35 to 53, all currently

at work, a reducedy FE?I and FVC was found in subjectsnwith pleural
abnormality compared to those without pleural abnormality. Pleural
plaques were the most, common pleural abnormality (44.5%Z of subjects)
and diffuse pleural thickening less frequent (5.5%) in the present
stﬁdy population. A sensitive indicator of subradiogfaphic parenchymal
reaction, the computed gallium uptake of the lung, was used to take
into account‘ subradiographic parenchymal abnormality related to
asbestos exposure, and enabled the analysisq to demonstrate an
independent effect of pleural plaques on lung fungt}on atnrest. ‘

ﬁowever, this functional impairment did not seem to alter the
cardiorespiratory parameters during exercise though it was associated

o

with a higher prevalencé of 'dyspnea in those with compared to those

withouﬁ@%&leural abnormality. Although this difference was not -
A o

e ‘ i}
statistically significant (p > .05) after accounting for other relevant

determinants, the association was signifidﬁnt when related to the
Qg;\for dyspnea as defined
.017for dyspnea with major

activities by the clinical dyspnea questionnaire). Y

extent of chest wall pleural thicKbning (p

by the ATS-DLD-78 questionnaire and p

AL Lok e
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Previous studies have provided evidence suggesting ‘that the
s - ’ /

) ’
presence of pleural abnotmality alters the pattern of breathing and mdy
be responsible for the increased sensation of breathlessness during

physical activities. Further investigation should focus on the

’ prevalence of dyspnea in s{ébjects with pleural plaques, ra/n’/ging from
limited to extensive in their involvement of the pleural surfaces, and

L]

should be designed to elucidate the potential méchar}{sms underlying
/

dyspnea particularly that experienced during physical/é(ivities.
! v

; -
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TABLE 1
Summary of the puﬁégshed literature on the mean difference of lung function when comparing

3

a

- group of subjects with and without pleural abnormality
Y

First
author Source Age No. studied FEV; ¢iff. FVC diff. TLC diff. Vg diff.
vear (rf) population mean (% with plaque) (%Z or ml) (% or ml) (% or mh) (1/min) -
‘ \
Studies with evidence of impairment: - / )
i) Any pleural disease
Becklake ¥  miners --. * 1069 -57 * -37 -47 * Not
1970 (57)~ reported
ii) Pleural plaques ) 3
Lumley ? dockyard 48.5 194 (24) -330 * -340 * -280 * + 2.0 %
) 1977 (61) employees ,
) v s e |
Fredriksson® general . 62.5 45 (100) -147 * @ -157 * -167Z Not
1981 (62) population .reported {
: y . _
Jarvholm 7  shipyard 53.3 202 (43) » -7.6%7 % ~6.97 * Not " Not
1986 (64) employees > . o . reported reported
HiltY general 66. 1 634 (57) -200 -200 Not Not
1987 (65) population ) l : reported reported
Olivier ¥ not . - 576 (20) Not *  a Not . Net
1987 (66) reported . reported - reported reported
Studies without evidence of impairment (pleural plaques):
Hedenstiernggco -1 45-65 72 (50) -80 =230 Not Not
;/r//””,,lQB%’{677”//;63i§§2€tfjn . reported reported
Ohlson 17 cement plant - ° 75 (32) -7% -67 Not Not ~
1985 (68) workers : _reported reported :
N E -
A ¢

continued.../

9L
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2 TABLE -1 (continued)

Summéry of the published literature on the mean difference of lung;funct1on when comparing
group of subjects with and without pleural abnormality

o

~ ’ . -

* Statistically significant (p < .05) on the basis of analysis carried out by the author.

* The ‘effect of pleural changes is reported for subJects without small opacities (profus1on 1/0 or
less) after adjusting for 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.

8 The effect of pleural plaques is reported for subjects without parenchymal abnormality (not defined
here) and compared to a reference group of 263 healthy men after adjusting for age, height, weight and
smoking habits.

~

T The 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 lifetime
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 to 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 907
of the predicted FVC than thé\%eference population.

Tt The effect of pleural plaques is reported for subjects without parenchymal abnormality (profusion
0/1 or less) and compared to exposed individuals without definite pleural plaques. Absolute value of
FVC decrements is not given in the abstract. .

58 The,effect of pleural plaques is reportéd for subjects without parenchymal abnormality (not defined
here) and compared to non exposed subjects matched on sex, age, height and smoking habit.

T The effect of pleural plagues is reported for subjects without parenchymal abnormality (not defined
here) and compared to referent workers of three plants without exposure to asbestos. The four year
declines in FVC and FEV; were larger than in the referents, significantly so for FEV,.

-

LL
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TABLE 2

Derivation of the study population for the present research

r
Vrd

Description . Number’ of subjects

Questionnaire Survey 1982

Y

“

A
z

Target population Tt All construction insulators
’ who were members. of the union
local 58. 644

Those who returned their ,
questionnaire 558

Responders

Exclusions:

21 subjects who had been

diagnosed as having asbestosis

by a pneumoconiosis board

Those remaining workers who

answered the mailed questi:?naire 537

..

Study population 3

Lung function survey 1983 - 1984 1 s ,

Those participants in the 1982
questionnaire, who were 50 years
- . old or less and living in

'Target population

"Montreal area 246
Responders :  TFhose who agreed to participate . 215
\

Present study 1986 - 1987

All participants in the 1983-84
survey who were 35 years or more 129

.

Target population

Responders Those who agreed to participate ~ 110



TABLE 3a K

’
_+ Personal and exposure characteristics *of the study population
. in relation to smoking status -

57
) All Non-smokers Ex-smokers Smokeys
Subjects n 110 13 42- 33
- “\ . .
, Personal: _ , _ \ ‘ 9
Age yr - 43.8 (5.3)-  44.0, (6.0) 45.0 (5.0) 43.0 (5.0) '
35-52 36-52 37-52 35-52
- \3} A
Weight kg 76.1 (11.6) 76.3 (16.5) . 78.6 (9.9) 74.0 (11.4)
) 50-113 '55-113, 62-102 50-101
Height cm 169.6 (5.8)° 168.8 (7.0) 169.8 (5.4) 170.3 .(5.8)
' 158-183 158-180 160-183 160-182
Exposure: /
Cumulative .

. smoking,’”  19.1 (12.6) 0.0 19.2 (12.9)  23.5 (9.3).
pack years "0 ~ 56 - 1-251 7 - 56 :
Exposure +, 17.8 (8.7)  20.2 (9.8)  19.2 (9.7)  16.0 (7.2)
years .2 - 40 5 - 38 - 2 =740 - 4 - 31 }

. Years since 23.3 (6.6) 24.6 (6.4) 24.0 (6.5) 22.3 (6.6)
first exposure 9-36 13-35° 9-36 10-34
a ,

,
' ©

Values shown are mean, SD in parenthese's, and range to the nearlst
integral.

+ Calculated on the basis of 2000 hours of work per i/ear.

%
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’ T Table 3b

Chest radiographic abnormalities (7 prevalence) and mean
gallium index in relation to smoking status

value

. K SN
- ~ ‘ L
it

All Non-smokers Ex-smokers _Smokers
Subjects n 110 13 . 42 55'ng
Pleural abnormality: -
Any pleural ) . *
abnormglity 58.2 53.9 . 54.8 61.§
’ Chést“ wall: )
)
pleural plaques ° 44,5 30.8 45.2 47.3
diffuse thickening 5.5 o7t 2.4 7.3
in profile:""’/ - . - - T
width a, right 25.5 - ’ g7 26.2 29.7
R - 17%‘: 27‘3‘ o 23.1 23-8 ! "“wcg [
~ { > . 3
wﬁdth b, right. 4,5 f © 0.0 . 7.1 3.6 i
| left =~ 6.4 0.0 9.5 '5.5
width c, right 0.9 7.7 0.0 0.0
left ;1.8 - 0.0 4.8 0.0
en face, right 11.8 15.4 14.3 9.1 ‘
left 12.7 ! 0.0 "19.1 10.9 .
Diaphragm 17.3 23.1 7.1 . 23.6
Costophrenic’ angle " )
obliteration 5.5 ° 0.0 7.1 5.5
Pleural calcififation 13.6 23.1 4.8 18.2
R L
Parenchymal abnormality:
Profusion 0/0 84.5 52.3 85.7 ~ 81.8
- . 0/1 505 00@ 7.1 4 5-5
- 1/0 or less 10.0 7.7 7.1 12.7
i .
Gallium index * 3.7 (2.0) 3.7 (2.0) 4.2 (2.0) 3.4 (1.9)
| 0~ 8 0-8 0-8 ’ .

t

0 -7

+ % Valdes shown are mean,
' nearest integral.

SD in parentheses, and range to the

'+ Thickness or wvidth read as a < 5mm, b = 5-10 mm and c > 10 mm.

/ ‘o

.
e e
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TABLE 3c .
. —"'""'—'—\ .

Pi'eValence % of respiratory symptoms ¥ in relation’

5 to smoking status_ (n = 119) ‘ ; e
A s )
’ Allu - Non-smokers Ex-smokers Smokers

Usual cough * 3.8 15.4 9.5 52.7
Usual phlegm ® '+  43.6 15:4 3.0 60.0
fver wheezed  56.4 " AN 20 47.6 70.9
Persistant - 24.5 _ 5.4 4.3 34.6
whéeze ) »
byspnea ¥ . o ,
Grade 1 or more 31.8 15.% 28.6 o -38.2 ¢~
Grade 2 or more - 12.7 - 7.7 16.7 10.9
Tubertulosis °° 0.0 0.0 " 00 0.0 °
Pleurisy °° 5.5 C 0.0 ‘4.8 7.3

'
’ i
-~ v

. Respiratory symptoms according to a French translation of the
ATS~DLD-78 questionnaire (see appendix I for details): The symptoms
shown are:

~
1

+ Usual cough: cough with first smoke or on first going out of

doors .but not clearing of the throat.

P
o1 pea
]‘/ )’1.:1“

J; p o
¢Usual phlegm: phlegm with the first smoke or on "first going out

of doors but not phlegm from the nose.

°

§
' Ever wheeze: wheeze with a cold.

ﬂ \
Persistent wheeze: Wwheeze most days or nights.

WDyspnea grade 1 : hurrying oﬁ the level or walking up a hill.

ffbyspnea grade 2 :' dyspnea walking on the level with normal
people of own age. : ’

Q,

§§I‘uberc\nlosis or pleurisy: .ever had either of these.

2 ]

'
.
| t
[N
\
¥ " o
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TABLE 3d |

Dyspnea in relation to smoking status J
N\

<

- >
°
!

. All -Non-§moker§ Ex-smokers Smo}:ers

-

Prevalence % dyspnea ( based on the ATS questionnaire) *: r; = 110 .

¥,

Grade 1 or more . 31.8 15,4 28.6 ™8.2
Grade 2 or more 12.7 7.7 16.7 1\0.9
1} t
Prevalence *Z n = 104

cfyspnea with functional impairment: -

3
oo

at work 5.7 0.0 . '10.5 22.6
at home 5.9 0.0 0.0 11.3
dyspnea with majér ' ’ . .
? activities 29.4 9.1 23.7 37.7
(f’ompo’site MDI score @ . .

(of 10 or less) . 22.5 0.0 _18.4 30.2
Dyspnea on treadmill exercise (graded by the Borg scale)§ : n= 102, 98
at,¥02 of 1.0 L/min 1,6 (1.3) 1.7 (1.6) 1.6 (1.2), 1,6 (1.3)

R 0-5  0-6"" 0-6’
‘at ¥02'of 1.5 L/min 3. 3 (2 0) 2.6 (2.3) 3 3 (l 6) 325 (2.2)
. 0 --10-, 0-7 0-9 78, - 10

-
4;.4
s

* Dyspnea grade 1 : dyspnea whert hurrymg on the level or walkmg
up a hill. ,Dyspnea grade 2 : dyspnea walking on the level with Jnormal

people of own age. AU ,

* * Functional impairment: any level of home or work related
activities 1mpa1red because of dyspnea. Dyspnea with maff‘é‘r activities
such as walking up a.steep hill, climbing two flight of Stairs or more,

carrying a heavy bag on the level. - ’

OMDI score incorporates all the information in the questionnaire
(see Appendix II). .

£y

§Values shown are mean, SD .in parentheses, ..and range to, the nearest
integral. . .

ob
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: : TABLE “3e
Lung function at rest* in relation to smoking status
. ) I

* - s
. P ’

i

Ali Non-smokers  Ex-smokers . Smokers
a yd ) '
/

f
Forted expiratory volumes: n = 110

/
Vi

s L] 1]

7

FEV, L /  3.5(0.6)  .3.8 (0.3) 3.5 (0.6) 3.5 (0.6)
FVC L / 4.5 (0.7) 4.5 (0.8% 4.4 (0.7) 4.5 (0.6)
 FEV,/TVC % 79.0 (7.0) -83.0 (5.0)  80.0 (5.0)  77.0 (7.0)

r

Forced éxpiratory flow rates: n = 110 -

PEFR L/min ‘9.0 (1.9) 9.2 (1.9) 9.2 (2.;3 8.8 (1,8)
FEFs L/min - 4.5 (L.5) 5.1 (1.3) 4.7 (1.4) | 4,1 (1.6)
FEF;5  L/min 15 (0.6) 1.8 (0.7) 1:5 (0.5) 1.4 (0.7)
FEFps.ys Limin 3.6 (1.3) 4.2 (1.2) - 3.7 (L1) 3.3 (1.3)
ﬁﬁng volumé;: n = 84 i . . !

TLC L © . 6.8 (1.0) 6.6 (0.9) 7.1 €1.0) 6.7 (1.0)
FRC L 3.8 (0.8) 3.3 (0.55;_ 4.0 (0.9) 4 . 3.7 (0:7)
RV L 2.4 (1.1) 2.0 (0.9) 2.8 (1.1) . 2.2 (0.8)

t

Diffusing -characteristics: n = 106
ml/min/mm 28.8 (5.3) 29.7 (2.4) 30.2 (5.0) 27.6 (5.8)

Q

~ VA L . 6.4 (0.9) 6.4 (0.8) 6.5 (1.0) 6.5 (0.8)

-~

DL¢o .

DLgo/VA 4.5.(0.9) 4.7 (0.5) 4.7 (0.8)  4.8,(1:0)

°

o® .
; Values shown are mean, SD in parentheses. .

- q
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TABLE 3¢

)
ol . .
) ‘ o

Cardiorespiratory funcflion on maximal ekenci;e* ¢
in relation to smoking status (n = 102)

Y

o All Non-smokers Ex-smokers: Smokers .

. 14
4

HR  /min 165.6 (14.8) '167.6 (18.3)' 166.8 (15.8) 164.2 (13.2)
' 125-195 130-195 . 125-194 137-186
VO, L/min 2.4 (0.4 ) 2.5 (0.6 ) 2.5 (0.5 ) 2.4 (0.4)
1 -4 2 -4 : 2-3 T 1-3
VO, ml/kg/min 31.6 (5.7) 31.9 (3.7)  .31.6 (5,6) 3&.5 (6.2)
15 - 46 25 -36 920 - 44 15 - 46
VE L/min’ 77.1 (1817) 83.2 (22.0) 79.4 (19.0) 77.9 (17.8)
41 - 137 41 - 112 47 - 127 47 - 137
0, pulse 14.6 (2.6 )  14.9 (2.8 )  14.9 (2.9 ) 14.3 (2.3 ).
. 9 - 21 10 - 21 10 - 20 © 919
VE/VO, 32.6 (6.8 ) 33,2 (5.9 )  32.5(8.0) 32.6 (6.1 )
23 - 75 24 - bk 21 - 75 23 - 4,
. v - 7 , .
vg/Mvv t 7 96.1 (29.4)  89.2°(27.3)  96.6 (27.9) 97.2 (31.4)
. 43 - 210 62 - 138 61 - 210 43 - 191
\ . r
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
v, 2.1:(0.4 ) 2.0 (0.5)  2.1.(0.5) 2,0 (0.4 )
1 -4 2-3 . 1- 4 1-73
Ve /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 0.3 - 0.7

0.4 - 0.8

)
'

R

* Values shown are mean, SD in parentheses, and range to the nearest

integral.

Exercise tests were done

by 105

subjects

and maximum

by 102 subjects (3 subjects did not comp}ete the exercise test because
of physical limitation other than respiratory).

Predicted estimated for

(Jones' et al, Am Rev Respir Dis 1985; 131: 700-708).

o

MVV were derived from Jones'equation

L]

[
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%
Card10resp1r5texy function on sub-maximal exercise
in relation to smoking status ;

. T UALL

Non-smokers

Ex-smokers

Smokers

At anaerobic thresh&ld:

%0, L/min 1.4 (0.3)

HR min 118.5 (13.9)

VE L/min, 3443 (7.0 )

“VE/V_OZ 25.6 (4.6 )

At Y0, 15 ml/kg/min:
HR min ., 110.4 (13.9)
'VE L/min , 28.5 (6.5 )

¢

Vg/ V0, 25.0 (5.0 )

At VOZ 1 Liter: n = 102

HR  min 106.8-(13.8) 106

VE L/min 24.7 (4.1,)

bg/Vo, . 24.7 (4.1)

At VOZ 1.5 Liters:: n = 98

s

.5 (0.4 )
.3 (15.3)
.i.(lo.o)

.5 (7.2)

.7 (10.2)
.6 (8.8 )

.3 (5.8 )

f

0 (7.7)
4 (6.6 )

4 (6.6 )

HR min  126.1 (16.3) 123.2°(9.2 )

VE ~ L/min 38.9 (6.3 )

Vg/ V0, - 25,9 (4.2 )7

-

39.7 (819 )

26.4 (5.9 )

w

(0.3)

.9 (13.2)

(6.2 )
(4.3 )

.6 (11.6)

(5.8 )
(5.3 )

(11.2)

3.4 )

(3.4 )

(15.2)

(5.9 )

(4.0 )

* Values shown are mean, SD in pdrentheses.

@
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TABLE 4a

86

N —

Personal and exposure characteristics® of the study population

in relation to pleural Qpnormaiity (PA reading) . o

v

{
,Wfthout pleural With pleural  *
abnormality abnormality
Subjects: . n 46 64‘ -
' Personal: .
ages oyt Y43.0 (5.9)° . 443 (4.8)
35.- 52 35°- 52 :
Weight kg .75.2 (11 ) 76.8 (12 )
50 ~-:96. 55 - 113
. Height - cm ~170.7°(5.5) 169.3 (6.0)
T it ¢ - 162 - 183 158¢- 182
- EXpesure: e
Smoking ‘Z - . )
Current 45,7 53.1 ? !
Ex 41.3 35.9
Non 13.0 11.0 ;
Cumulative smdking 15.0 (10.6) . 22.0 (13.2)
pack years 0 - 38 . 0 - 56.
" Exposure yLS 18.5 (10.2) 17.3 (7.4 )
4 - 40 X 2 -.36
Years since first 23 (7.8 ) - 24 ( 5.6 )
exppsyre .9 -36 M 10 - 34
Indicitors of parenchymal abnormality: X
- .
Chest radiograph .. N o 5
profusion > 1/0 1.8 & . 8.2 .
Gall{um index * 3.5 (2.1 ) 4.2:.(1.5 )
0 -8 -1-8

Values

'’ nearest integral except for

shown are means, SD

in parentheses, and ;ange to the
smoking and chest radiograph of small

profusion which are represented by a prevalence percent. .

+ Possible range 0 -16.

v
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. TABLE 4b "
~ R ’ - v ) N
Prevalence % of respiratory symptoms*‘in relation |
to pleural abnormality (PA reading) ‘ .
: . ! . o
) ; o Without pleural With pleural,
: abnormality abnormality )
1’4 .
: n = 46 . n = 64
Usual cough, 26.1 - £35.9
) Usual phlegm . 50.0 . \ 39.1
Ever wheeze 54.4 57.8 -~ BN
Persistant wheeze. 21,7 26,6, .,
: - |
Dyspnea: ) : ; ;
. t . - L / ’ L X~
grade 1 or 'more ©28.3 34.4 f
grade 2 or more . 6.5 . . 17.2 L
. L I . |
" Tuberculosis ' 0.0 . 0.0 |
. , . N f S
Pleurisy , _ 2.2, ’ 7.8 I -
A . R ) y
- < i
; * See footnote of Table 3¢ for 'definition.of ‘respiratory symptoms.
3 . # * . ! . ] .
L4 - . Ir )
- " ’X, ' i]
_ ‘. ’ N - r 0
A ( ’ ‘l -
‘ - * ’ [
* / ‘[
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Dyspnea* in relatlon to pleural abnormgl“ity <EPA reading! " )
S SN
° ' - ~ Q\_ R * ’ m":"'- k l
. ' . ﬁ? N '3 4 -
. Without pleural ‘ With pleural
STl abnormality abnormality fﬁ -
N r - @ - B L]
o ;\}l IS
Prevaltence Z dyspnea ( based on the ATS questionnaire): -
- ] o \
. X . n= ‘éé o ‘ n = 64 :
, * . . } ) ‘\Wrs
* Grade 1 or more 28.3 ~ ;4{
Grade 2 or more » 6.5 17.2 )
[ R (an '
Prevalence Z dyspnea (based on the clinical questionnaire):
dyspnea with functional impairment: )
v n= 37 ° n = 60
aﬁqwork o, : 17.5 , 14.5 i
at home DR 0.0 g 9.7 -
dyspnea with,major activities 22.5 . 33.9
L)
compos:.te MDI score , -
" (10 or less) * g . - A47.5 25.8
3 . L o
Dyspnea on treadmill exercise graded by (Borg-scale) T :
v - / ) -
. n = 42 n = 60' ; AN
- i ]
At VOZ 1 liter . (1.3) 1.4 (1.2) ‘ )
. - o 0-6 . 0-5",
v  n=40 n = 56
At Y0, 1.5 liters 3.3 (2.0) ‘ 3.3 (2:0) |
: . =~ ‘ 0 - 10 . ‘ 0 - 10

o

- %

. Table shows  prevalence 7 not standardised for age, smoking
* istatus and parenchymal abnbrmality.

.+ .t vValues shown are mean, SD in parentheses, aﬁd range to the

nearest integral.

4
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I 4
)l = 89
. ' ’ ‘ .
. Lung function at test* in relation to pleural abnormality '
- - LN ) (PA reading) : , .
Without‘pleurgi :  With pleural
N abnormality abnormality
Forced expiratory volumes: » : ) )
. ‘ n = 46 n s 64
FEV, L o 3.8°(0.5), . 3.3 (0.6) ‘
VG L 4.8 (016) . 4.2 (0.6)
- FEV{/FVC % S .9 79 , :
Forced expiratory flow rates: T
) ~, - n = 46 , n =64
) PEFR L/min” 1 9.2 (L.7) 8.9 (2.1)
. : . )
FEF55 °  L/min 4,7 (1.4) 4.3 (1.6)
’ FEF75 L/min 106 (0-6) -7 ]:‘04 (0-7)
Lung volumes: S .
} : , . «n=38 n = 46" N
L #a0 -, 6.9 (0.9) 6.7,(1.0) ;
L . 3.7 (0.7)° 3.8 (0.8) .
RV - L 2.2 (1.0) 2.5 (1.8)
: Diffusing characteristics: e .
- i n = 44 n.= 62
DLy,  ‘'ml/min/mm  30.0 (5.6) .28.0 (5.0)
- * n v
AN v L " 6.7 (0.9) 6.4 (0.9)
DLgo/ Vp S . 45(0.97) 4.5 (0,99)

* Values shown are means and SD in parentheses not taking into
‘account differences in age, height smoking status and parenchymal
abnormality. ’ - 2 -



-7 TABLE 4e

Cardioresgiratorx function on maximal exercise* in relation

’

to pleural abnormality (PA readlgg)

©

90

Withdht pleural

With pleurdl

4

0.3 - 0.6

abnormality abnormality
n =43 n = 59
- V0, L/min . 2.4 (0.4) 2.4 (0.5)
- 2 -3 -4
%0,  ml/kg/min 32,2 (5.6) 31,1 (5.8)
) ~ 20.0 - 43.6 14,5 - 45.7
HR® - /min . 167.5 (14.6) 164.3 (15.0)
: ~ 135 - 195 125 = 194
Vg . L/min~ 79.9 (17.5)
47 - 127
Oy pulse ° 14.5 (2.6 )
. 110 - 19°
g/ %0, , - 33.2(7.5)
- 26 = 75
Vg/MVV ) 0.8 (0.2)
e 004 - 104
Breathing. 33.8 (5.4 ) 36.4 (7.21)
frequency /min 23 -~ 45 N 22 - 55
. \
Vt : . L y  m—— 202 (0.5 ) 2.0 (004‘;)
‘ 1-4 1 -3
Ve/VC 0.45 (0.07) 0.48 (0.3

0.3 - 048

t

* Values shown are mean, SD in parentheses, and range, not taking
into account differences 1n age, helght, smoking status and parenchymal

abnormality.
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G TABLE 4f @ A |
Cardiores irato& function on submaﬁimal exercise* in relation i
. to pleural abnormality (PA reading) . ) . -
l F - &
b - ]
. . ° L t
Without pleural With pleural
abnormality abnormality
N ' o
At anaerobic threshold: i ~ e .
. . n =39 n = 57 -
Y0, L/min 1.4 (0.3 ) 1.3 (0.3)
1 -2 - 1 - 2 )
HR /min. 116.2 (15.0) -120.1 (13.1) f
— 93 - 153 89 - 147
Vg L/min 33.8%7.5) " 34.6 (6.8 ) )
} 22 - 48 - .23 - 54
At VO, 15 ml/kg/min: , T
. n = 42 .n =61 ’
R /min 107.2 (13.2) 112.6 (14.1)
80 - 137 78 - 165
o Vg L/min 27.6 (6.6 ) 29.1 (6.5 ) k
18 - 50 19 - 47

%

Values shown

account differences in

abnormality. =

A

are mean, SD in parentheses, not taking 'into

age,

height,

smoking status

and parenchymal
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TABLE A4f (continued)

Cardiorespiratory function on -submaximal exercise® in relation

to pleural abnormality (PA reading)

{ Without pleural With pleural

abnormality abnormality
At VOZ 1 liter: -
n = 41 n = 61
HR /min 103.8 (12.9) 108.9 (14.1)
79 - 132 '70 - 155
g L/min - 24,6 (4.0 ) . 24.8 (4.2)
19 - 34 18 - 41
Vg/MW 7% 28.0 (7.0 ) 38.0 (14.0)
18 - 46 " 16 - 86
Breathing frequency 19.5 (4.6 °) 22.1 (6.9 )
“ 12 - 30 12 - 55 -
Vi = 1.3 (0.3) 1.2 (0.4 )
: 1 -2 1-4
Ve /VC 0.26 0.28 )
- 18 - 47 .15 - .55
° X
At V0, 1.5 liter:
n =39 n= 57
HR /min . 123.9 (17.2) 127.7 (15.7)
93 - 166 92 - 168
Vg L/min 38.6 (6.1 ) 8.0 (6.5 )
26 - 55 23 - 56
g/ % 44.0 (11.0) 57.0 (23.0)
30 - 66 v 25 - 78
Breathing frequency . 24.0 (5.0) 26.0 (7.0 )
. 13 - 35 16 - 48
Ve 1.6 (d72) 1.6 (0.3 )
1-2 1-3
Ve /VC 0.34 0.37 .y -
.22 - .47 .26 - .75

* Values shown are mean, SD in parentheses to the
not standardized
parenchymal abnormality.

and are

for age,

height,

nearest integral ~

smoking status and
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Dyspnea* in relation to glepral abnormality assessed from the PA chest
° 2 radiograph alone, and from the PA chest radiograph
. supplemented 'by oblique films’

] e

3

PA-Sbli‘que reading +

PA reading

M ’ - -
Without With « Without With
pleural pleural pleural pleural

abnormality abnormality abnormality abnormality -

loop ¥

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
6.5 17.2 . 3.7 15.6

Grade 2 or more
P R 4

a

Prevalence 7% dyspnea (based on the clinical questionnaire MDI score) :

pr

n=37 n=60" n=62
dyspnea with functional'impaixo'n}_ent:
«
" at work | 17.5 14.5 15.9
at home 0.0 0y 9.7 6.4
dyspnea with major R , ”
_activities 22.5 3359 - 25.6 ®31.8
cipmposite MDI score = . o . S —
(10 or less) 17.5 ’ 25.8 . - 17.9 « 254
Dyspnea on tr,eﬁdmil\l exerci‘se graded by Borg scale’¢
n=42 n=60 n=40 n=62
At VO, 1 liter - 1.9 (1.3) 1.4 (1.2) 1.7 (1.1) 1.6 (1.4)
o 0-6 0-5 0 - 4 —0.- 6
. 8 n=40 n=56 n=38 \\' n=58
At V05 1.5 liters 3.3 (2.0) 3.3 (2.0) 3.0 (1.3) 3.5 (2.3)
’ 0 - 10 0 - 10 "0 -6 0 -10 °
* See footnote of TABLE 3d for definition of dyspnea. [y
Although the number of subjects read as having pleural

abnormality may be the same when assessed by PA reading as compared to
..-PA-oblique reading, the subjects .themselves are different.
® yalues shown are mean, SD in parentheses and range rounded to
the nearest integral.

Q3




TABLE 5b
TABLE 5b

A

® T R B S R

15%

-

v . i
Lung functions at rest* in relation to pleural abnormality
assessed from the PA chest radiograph alone and from the "
PA chest radiograph supplemented by oblique films ~ "~

-

\ v

PA reading .
Without With
pleural pleural
abnormality abnormality

PA-oblique reading T

Without®  With
pleural pleural
abnorgnali;y abnormality

" Forced expiratory volume:

' n =46 n = 64 n = 46 n = 64
FEV; L 3.8 (0.5) ° 3.3 (0.6) 3.7 (0.6) 3.4 (0.6)
FVC L 4.8 (0.6) 4.2 (0.6) 4.6 (0.7) 4.4 (0.7)
Lung volumes:)
\
' n =138 .n=46 n = 32 ns=>52
TLC L 6.9 (0.9) 6.7 (1.0) 6.9,(0.9) 6.7 (1.1) v
Diffusing characteristics:
n = 44 n = 62 n = 45 n=,61
DLog ml/min/mm 30 (5.6) 28 (5.0) ~ 29 (5.6) 29 (5.1)
o

% Values shown are mean, SD in parentheses.

+ A]:though the number of subjects read as having pleural
abnormality may be the same when assessed by PA reading as .compared to

PA-oblique reading, the subjects themselves are different:

3 .

& 1
0T~



TABLE Sc

‘ Cardiorespitatérx function on exercise* in relation to pleural

abnormality assessed from

- Al

oblique films

>

the PA chest radiograph supplemented by

PA readirfg ’ .

PA-oblique reading

Without __With Without With
pleural pleural pleural pleural.
abnormality abnormality abnormality abnormality
,'w*‘
Maximal exercise: - e '
n =43 n = 59 n =42 n = 60
Ug  Li/min 79.9 (17.5) 78.5 (1%6)  80.2 (15.2) 78.4 (20.8)
. »
Vg /Y0, 33.2( 7.6) 32.6 ( 4.9)  33.1 ( 7.2) 32.7 ( 5.4)
Submaximal exercise: %
N At V0, 1 liter: i ’ :
nE - _ n=4lL ' n=61 n = 42 n = 60
Vg . L/min 24.6 ( 4.0) 24.8 ( 4.2)  24.6 ( 3.2) 24.8 ( 4.6)
Ug/Vo, 24.6 ( 4.0) 24.8 ( 4.2)°  24.6 ( 3.2) 24.8 ( 4.6)
) -
At V0, 15 ml/kg/min:
. | n=42 'n=62 n =42 . q 6l
Vg L/min 27.6 ( 6.6) 29.1 ( 6.5)  27.1.( 4.4) 29.5 ( 7.5)
) o« Yp/907 24.4 ( 3.9) 25.5 ( 5.6) 24.5 (3.3) 25.4 ( 5.8)

s 3 -

. % Values shown are mean and SD in parentheses. inﬁegral.
. s ‘
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TABLE 6a ‘

@

96

0dds ratio for dyspnea* in the presence, or not, of pleural abnormality

taking into account othér relevant determinants

\

N

Galliym

Other relevant Parenchymal
determinants abnormality
L Radiographic  Age Smoking Chest
¥ pleural . o X-ray
N v - . abnormality )
) Dyspnea (based on the ATS questionnaire)
Grade 1 0.89 2.4 1.6 ¢ 0.83
or more 4 to 2
Grade 2 1.60 2.3 . 1.6°9 1.10
or more 4 to 7 .

Dyspnea (based on the clinical gquestionnaire MDI score)

Dysg;ea with functional impairment:

at work 0.4 4.5 ' 1.7 9 2.70
.1 to'2

at home ,  --- 4.5 . 1.0 3.0

" Dyspnea with 'major activities:

1.6 2.4 1.6 ¢ 2.5

- 5to5 o -

' Composite MDI score (10 or less):
1.0 ‘6.0 1.8 ¢ 2.3

.3 to 3

a

I o

1.4-

1.6

0‘9

- 0.7

" 0.8

0.7

* Logistic regression analysis was used to determine the odds

‘ratios. Values. shown are odds ratio of dyspnea. The 957 confidence

limit are shown for the effect of pleural abnormality.

.

+ 0dds ratios are calculated for the presence or not of pleural

fu 'abpormality, a difference of 15 years of age, 10 packyears of smoking,
"3 point scales of profusion on chest radiograph and 3 point scales of

gallium index.

¢p < .05
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- TABLE 6b

K . 1™
Mean differences in lung function at rest between subjects
with and without pleural abnormality, taking into
‘account other relevant determinants®

Regression coefficients of
qther determinants in the model

Mean differences Age Height  Smoking  Chest Gallium
between subjects (yr) (cm) (pack- X-ray , (16
with and without -yrs) (10 point
pleural abnormality . - point scale)
adjusted for other scale):
determinants :

. )
Forced expiratory volumes: .

FEV; --222% (93) -33t 49t -t -70 -12
-404 to -39 (9) (8) (4) (39) (28)

FVC  -402% (102) | 21t 62t -5 -4k -50
. -601 to -202 (100 (9) (4) (43) (31)

p)

Lung volumes:

TLC  -35 (243) - 31 27 . -18 -152 103
=511 to 438 (24)  (20) (10) (111) (75).

Diffusion characteristic:

DLgy -8 (1.2) " ~0.14 0.32% -0.13% -0.41  -0.32
-2 to 3 : (0.12) (o0.10), (0.05) (0.55) (0.36)
. 2
* Values shown are the regression coefficient in ml after,

accounting for other relevant deteérminants, the standard error in
parentieses and the 957 confidence limits.

—

t p <0.05

°

»
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TABLE 6¢c
Mean differences in cardiorespiratory function on exercise for

98

subjects with and without pleural abnormality, taking into

account other relevant determinants *

Y

9

Regression coefficients of

other determinants in the model

o

Mean differences Age Height Weight Smoking Chest Gallium
- in subjects with (yr) | (cm) (kg) (pack- X-ray (16
- _and without yrs) (10 point.
" pleural abnormality - "7, gpoint scale)
. adjusted for other ® Y'gscale)
determinants <7
Maximal exercise: s
Vo, 0.07 (0:1) -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) (0.05) (0.04)
Vg~ -2.7 (4.2) 0.7 1.3 0.2 -0.16  0.73 2.3
-11 to 6 (0.5)  (9.5) (0.3) (0.19) (2.2) (1.9) -
Yg/%0, 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)  (0Q.4)
N T
tg/Mw 11.6 (5.9) 0.7 -1.12 0.5 0.8 65 0.6
0 to 23.2 (0.6). (0.6) (0.3)  (0.2) (2.8)  (2.3)
Bre{athing ’
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) (0,1) (0.06) (0.7) (0.6)
V./vC Z 2.2 (1.7) -0.03 -0.02  0.03 0.09 0.4 0.2
' -l1to 6 (0.2) (0.2) (o0.1) (0.07) (0.8)  (0.7)
+ Submaximal exercise: ! ,
At anaerobic threshold (AT) .
Vg -0.12 (1.6)  -0.09 0.22 0.12  0.02 0.23 0.16
-3.2 to 3.0 (0.17) (0.17) (0.1) (0.07) (0.78) - (0.64) ~
¥g/%0, 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 V0, 15 ml/kg/min
Vg 0.38 (1.1) . 0.04 0.08 0.25 0.004  -0.40 0.92
-1.8 to 2.5 (0.11) (0.11) (0.07) (0.05) (0.52)  (0.43)
Vg/¥0, 0.55(0.9) 0.06 0.07 -0.09 -0.001  -0.24 0.56 .
-1.1to 2.3 (0.1) (0.1) (0.06) (0.04)  (0.36) (0.36)

Continued.../
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. "TABLE 6c (continued) ' -
Mean differences in cardiorespiratory function on exercise for

subjects with and.without pleural abnormality, taking into
s account other relevant determinants *

N

Regression coefficients of

other determinants in the model °
Mean differences Age Height- Weight Smoking Chest Gallium

in subjects with (yr) (em) (kg) (pack- X-ray (16
and without | yrs): (10 . point
pleural abnormality ’ point scale)
adjusted for other - scale)
determinants ’
At VO, 1 liter . v
VE 0.43 (0.93) + 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)
VE/VOZ 0.35 (0.9) 0.16 -0:004 -0.05 0.04 -0.4 0.05

-1.4 to 2.1  (0.09) (0.09) (0,06) .0.04)  (0.4) (0.35)

Vg/Mw 5.8 (2.3)2 0.6 -0.8% 0007 0.27% . 0.9 -0.08

-

1to 10 (0.2) (0.2)  (0.1) (0.09) -(1.0)  (0.9)
Breathing 4
frequency 3.1 (1.3) 0.2 -0.03 -0.2% -0.05., -0.02 -0.2
/min 0.6 to 6  (0.1) (0.1} (0.07)" (0. 05) (0.6 (0.5)
VoG Z 0.8 (1.3)  -0.05 -0.3* 0.1% ©0.07° 0.4 0.4
-2 to 3 (0.1) (0.1) (0.07) (0.05)  (0.6) (0.5)
At ¥0, 1.5 liters . 1 .
Vg 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)
Ug/¥o,  1.17 (1.4) 0.1 0.07 -0.2®>  0.04  -0.5 0.3
o -2 to 4 - (0.1) (0.1) (0.1) . (0.06)  (0.7) (0.5)
vg/Mww 6.8 (3.8) t 0.9 -1.4% -0.08 0.3 - 2.0 0.5
-1 to 14 (0.4) (0.4). (0.2) (0.2) (1.7)  (1.4)
Breathing . ) '
frequency 2.2 (i,3) * 0.2 -0.2 ~ -0.2%  -0.07 -0.6- -¢.3°%
" /min -0.3t0 5  (0.1) (0.1) (0.1)  (0.05)  (0.6) (0.5)
Ve/VC % 1.4 (1.6) 0.1 -0.2% 0.09  0.1% 1.6 -0.4
-2 to 5 (0.1) (0.2) (0.08) (0.06)  (0.7) (0.6)

* Values shown are the regression coefflclent in L after accounting

for the other relevant determinants and standard error in parentheses.
95% confidence limit are given for the effect of pleural abnogmality.

p < 0.1 |
®p < 0.05

-
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] , TABLE 7a ) . Lo
0dds ratio for dyspnea®* given the presence, or not, of pleural dbnormality
at different sites, taking into account other relevant determinants

e

2

Radiographic sites of'pleural.determinants Osher relevant determinants Péfenchymal abngrmality‘
Chest wall Costophrenic Diaphragmatic Age ' Smoking - Chest x-ray Gallium
" pleural angle’ . thickening : ~ .
thickening  obliteration (2 point y N ) )l
(24 point (2 point scale) : =
scale) scale) - .
N\

Dyspnea (based on the ATS questionnaire)

Grade 1 ) ’ . .
or more 2.4 1.3 0.7 2.8 1.4 0.9
Grade 2 ‘ cf o ( :
or more 1.6 0.8 ) 1.2 . 2.7 1.6 1:3
Dyspnea (based'on the clinical gquestionnaire) . . -
Dyspnea with functional impairment: ' &
at work 0.7 0.5 1.0 . 49 1.6 - 2.4
at home 1.4 T2.9 ‘ 8.9 ¢ 4.5 1.3 3,5

Dyspnea with major activities:

4.5% - 2.1 0.7 *° " 39 1.5% S 3.2

1.0

1.4

1.4,

0.7

0.4

Logistic regression analysis was used to determine the odds ratio’ of dyspnea given a difference of

) 1 point for one costophrenic angle
obliteration (2 point scale) and one diaphragmatic thickening (2 point scale). Values shown are odds

4 points for chest wall pleural thickening (24 point scale),
ratio, ;

t See methods of evaluation section for details of pleural score.
p

¢ < 0.05

! .
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section for details of pleural score. -

T

N ‘ TABLE 7b . . A -

i
-

) Regression coefficient. in ﬁl of FEVI and FVC* on pleural‘éﬁnorﬁality =
in different sites, after accountiﬂg\for other relevant ‘ '
" determinants
U »
- - - - - . )
Radiographic sites of pleural - . Other relevant ' Parenchymal-
- abnormality . A K ) . determinants ' - abnormality ]
Chest *wall ‘Coﬁtophrenic «‘Diaphragmatic Age Height . Smokiﬁg ‘Chest - Gallium
pleuraf -angle ' | . thickening - . . ' x-ray
thickening - obliteration- - (2 point . ) :
(24 point: - ‘(Z\point © scale) ‘ ] ;¢ i
scale) (sca]_e)l o Co .
R B o ? 0 PPN
. FEVq, .50 + (25) -59¢° (183) -66_(35) -33 45 -11 . -66 -3
- 93 to 3 *-596. to -238 - -8l¢to 213 (9) = (8) < (4)  (38) (29)
FVC -68% (29) _462(220)° . -153 % (89) 221 ® 6® - -6 -46 -41
-123 to -9.7  -889 to, -35 -327%0 -22  _{(11)  (9) (4) (48) . (33)

ra

* FEV] and FVC were, the dependent. variables, chest wall pleural thickening and-extent, costophrenic
angle obliteration and diaphragmatic thickening-the independent variables in a multiple regression, after
accounting for age, height, smoking and parenchymal abnormality. Values shown are the regression
coefficient in ml, standard error in parentheses and the 95% confidence limits. See methods of evaluation

'
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- Regression coefficient of respiratory parameters duniﬁg exercise
. on pleural abnormality in different sites after accounting
for ‘other determinants = -

Radiographic sites of pleural . Other relevant.’ Parenchymal .
abnormaglity . ‘ : determinants - abnormality .
L Chest wall Costophrenic  Diaphragmatic Age - Height Weight .  Smoking Chegtu Gallium
) pleural < angle _ _ thickening ‘ x-ray i
thickening obliteration (2 point , ' .
(24 point (2 point scale ) . - \
scale) scale) < i . . :
‘Maximal exercise: " ‘ . ) .
: 0.1 -2.7 .77 0.5 -0.3 ,1.0% . 0.2 -0.009 2.3 0.7 -7
(1.0) (8.0) (3.0) (0.4) (0.4) _ (0.2) (0.2) (2.0) (0.7)
Vg0, 0.2 -0.1 0.02 0.1 '0.3® 0.1t  -0.003 0.3 0.6 °
k (0.3) (2.0) . (0.9) (0.1) (0.1) . €0.06) | (0.04) €0.5) (0.4).
© 0y . -0.1 ~0.07 -0.04 -0.01  0.07 0.1 % 0.01 . 0.3 -0.2
pulse (0.1) T (1.0) (0.5) * (0.06) (0.05)" (0.03). (0.02) (0.3 (0.2)
TN\ . . * -

Colgmvv o 340 3.5%° 1.0 0.4 -0.1 0.3 0.6°% 6.0.F 0.7
“‘-\\*\\\£1;E), (1.1) - (4.8) (0.6} (0.6) (0.3) - (0.2) E(B.O) ) (2.0)
— - ) 2

i 7

+ p <0.1 . ‘i : '

—
-

~ ——

————

’ 2 -

Values shown are regression coefficients; stéqpard‘qrror_in_pgjgggheses.

.~

e ¥

. p < 0.05 , gy
See methods of evaluation section for details of pleural séorg. :
Ve ) ) .

+
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TABLE 7¢ (continued)
Regression coefficient of respiratory parameters during exercise
on pleural abnormality in different sites after accounting ) , -
- ' for other determinants * ;

Radiographic sites of pleural ‘Other relevant Parenchymal - - -
abnormality X : determinants ” abnormality :
= Chest wall Costophrenic Diaphragmatic  Age Hgigﬁt Weight Smoking Chest -Gallium
pleural angle thickening - ) ' .§-ray
thickening obliteration (2 point , ) - ’
(24 point (2 point scale) - ‘ ' _ .
. . € . .
scale) scale) B

Submaximal exercise: ©o - } .
At VO, 1 Liter

Vg -0=3 1.6 1.1 0.04 0.03 -0.03 0.1 . 0.4 -0.06

-(0.3) (1.7) (0.8) (0.1) (0.09) - (0.05) (0.03) * (0.5) (0.3) .
Breathing -0.2 < 4.0 -~ 2.8% 0.2 -0.05  -0.1 “0.01 -0.5 -0.07
frequency (0.4) (3.0) S(1.0) (0.1), (0.1) (0.07) (0,06) (0.7) (0.5),

V /VC % 0.7°9 -0.5 -0.09 . -0.03 -0.2%t  0.08 - 0.06 " 0.6 -0.3

(0.3) (2.4) - (1.0) (0.1) (0.1 (0.07) (0.05) +(0.6) (0.5)

Z - . N ’
Vg/MWWE 1.0 7 16.0 T -1.4 0.4%-0.7% -0.1 . 0.22% 0.2 -0.001
. . (0.6) “(4.4) . (1.8) (0.2) (0.2) . (0.1) ~ (0.09) (0.1) (0.8)
At VO, 1.5 Liters ) ] T . T
Vg ~-0.3 2.0 0.5 0.01 -0.02- . -0.15t -0.0001 -8.015 0.4 -

(0.4) (2.7) \}1.0) (0.1) (0.1) (0.08) (0.06) ¥0:7). . (0.5)
Breathing -0.1 4.0, 1.5 - _ 0.1 -0.2 - -0.2%°  -0.05 -0.8 0.4 -
frequency (0.4) " (2.5) (t.0) = (0.1) (0.1) (0.07) (0.05) (0.06) (0.5) .
Vefvez 1.0 . -1.0 -0.9 0.1 -0.2 0.05 . o0.1 t. 0.2 0.2

‘ (0.04) (3.0) (1.4) (0.2) (0.2). (0.09) (0.07) (0.8) (0.6)
Vg/Mvy 7 1.8+ 24.0¢ 0.3 0.7 ¥ -1.3¢ 0.2 -0.3% .12 0.5
~ (1.0) (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. . 8-
p < 0.1 ‘ i
: p < 0.05

See methods of evaluatigD;éection for details of pleu}al score.

»
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TABLE 8

Respiratory parameters * on maximal and submaximal exerc1se

' in relation to pleural abnormality .

¢
. /
Respiratory Maximal exercise Submaximal exercise
parameters : V0 1.5 L/min
. J with without . with without
pleural pleural pleural pleural
plaques plaques plaques plaques
- - “ —
"¢g + L/min 78.5 79.9 39.0 38.6
(19.6) (17.5) - (6.5) (6.1)
Breathing frequency  36.4 33.8 .26.0 * 24.0
/min (7.2) (5.4) Vo (7:0) . (5.0)
A L 2.0 2.2 1.6 1.6
(0.4) (0.5) (0.3) . (0.2)
V/VC * 0.48 0.45 - 0.37 0.34
. (0.07) « (0.07) (0.08) "~ (0.06)
, . 1‘ )I ‘ -
: (\\\vybE/MVV . 11t 0.8 0.57 * 0.44
- ‘ (0.1) (0.2) (0.23) (0.1)

" *  Values shown are mean and SD 'in parentheses not taking into
account differences in age, ‘height, smoking status and parenchymal -

" abnormality. .

x ' /
[ ¥ p< 0.1 after taking into account the relevant determinants.

1]
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/mluvum e .
ATS - DLD |- 78-A Questionnaire
/
m/‘rmmm’
DE CARIE
v
NOM | -
ADRESSE
|
{code gosta.l)
. - /
NUMERO [ TELEPHNE /
/
/
/
/
!
!/
INTERVIEWEUR /
J
DATE
N

TEn

&
BT o a5
(année) (mois) (jour)




iv. Etat civil 1. cflibataire
2. rarife)

N T 3. veuf(ve)

4. siparé(e)

S, divorci(e)

v. Racs 1. hlanche
2. noire

vid. Dmihnﬂomhmumﬁo

Buple: a carpléts 1'&cole secondaire 11
a camplété le CEGEP 1

P

viii. Vous considérez-vous bilingue (francais-anglais)?

1. non
) ‘2, wmpeu___
¥ 3. moyen __
4. beaucowp ____

u.umctad:aaidcwmuployeur. -

1

X. Titre d'emploit °

ml:;naqodumu
RNITr/TFHT W N
ool

- &



. : . SDPIOES RSPIRNIOIRES
© Las questions suivantes concernent principalement vos

pouscna. mttup:udozépaﬁnauuntqmposu-
- ble par "out” cu mn. S1 vous hiisitez entre “oui”

non o,

;

N , A. Toussez-vous habituellement? (tenez corpte de
la toux en funant la premilre cigarette de la
) journée cu lors de la premilre sortie ) 1'ex~

- thrisur. Exclusz le nettoyage de la gorge).

l. ou 2. on __°

Simm:lpaﬂu'mx',pusez!laqluumc.

B. '!bussez-ﬂous habitusllement au moins 4 3 6 fois per
jour pendant 4 jours ou plus par semaine?-

D. Toussez-vous habituellement pendant le reste de la jour-
nie cu pandant la nuit?

. ol oed 2. non_

—81 avez répondu “oul” 3 au moins une des questions précé——
dgmu(-oif.h\. ,CND)Wauxqtmtiaumim
8{ non, pessez & la question 2A.

- E. Toussez-vous habituellement caane cela la plupart
dujanpuﬂantmmhumumudemudm

1. ocul 2. on ___

F. Depuis cambien d'améa}vez-wus cette towx?
.Nembre d° années




2. REXCIORKIIONS (crachats) S

A.

par semaine?

Ramenez-vous habitusllement des crachats qui viennent des

7 (Tenir compte des crachats en fumant la premidre
cigarette de la journfe cu lors de la premidre sortie 3
1'extérieur. NEgligez les crachats venant du nez. -Tenir
ocxmpte des crachats avalés)., .

l. i __ 2. nom

(i vous avez répondu “non”, passez 3 la question C.)

Ramenez-vous habituellement des crachats qui viennent des
poumlaumimzmupujourpudamchxsmplm

1. ot 2. non

Ramenez~vous habituellement des crachats qui viennent des
POUONS en vous levant ou et vous réveillant le matin?

1l ot 2. ncn___

Ramenez~vous habituellement des crachats qui viennent des
pouons pendant le reste de la journSe ou pendant la muit?

l. ol 2. nmon__
N .

i vOUS avezr répondu “oui” 3 au moins une des questions
dentas (-oitn.B C, ou D), répondez aux questions ‘suivantes.
ncn, passez 3 la queatimn. .

Ramenez~vous habituellement des crachats camme cela la
plupart des jours pendant au moins trois mois de suite
chaque annbe?

'd
1. od 2. non .

P. Depuis cambien d'annfes produisez=-vous ces crachats?

Navbee d'anfes

3. mmmmmmams

A.

Avez-vous 36jX eu des pfriodes ou des &pisodes et
de crachats (audfflentss*) d'unduréedetroisseu:tm

plus chaque arnfe?

* (pour les persomnes qui habituellement toussent et/ou
raminent des crachats de leurs pourons). - -

«

-

1. Od 2. non

r———Gl “oui” & la question &
Paﬂmtcuhtmd‘améesavez-meuaumhmmtelépuode

par année?
Narbre q'annfes

3



-

~ B. Parfois, mimw lorsque vous n'avez pas de rhume?’
’ 1, oud __ 2, non__ . .

-

4. SOTLDENT ONG LIS POUCNS (Raspiration sifflante)

" Vous'axrive-t-il parfois en respirant Q&.'untm:ln des sifflements
ou des “eilemants” dans vos pourons?.
A. lorsque vous avez un rhune?

1. oui 2. non__

[ 4

C. la plupart des jours cu des nuits?'
l 1. oul Z.Vnm'___ .

€ .
el “oui” 1 '4A, B, OU C e : o
D. Depuis copbien d’anndes cela vous arrive-t-il?

’

Nombre d'annfes -

(Sl “oui” 3 Sh

€ ¢
o N
’ ‘ .
5. A. Avez—vous dfj2 eu une crise de sifflements (silements) qui
vous ait essouffls?
-l 6 ___ 2. non . ! 1
’ P

i

B. Quel“ige aviez-vous lors de la premidre crise?
M__; . .

) 1. oud 2. rm___ ¢
. D. Avezr-vous 3§j3 eu besoin de médicaments ou de traitements
gour catts (ces) crise(s)?
1. cui 2. non ___ -

%
\J

. \c. knz-vous djl eu plus d'une crise? 1

&z
5




¢ ®

ESSOUFFLEMENT

S1i vous Stes handicapé par une condition autre que cardiaque ou
pulzonaire qui vous uv!dudemrdnrnomlmt, décrivez-~la,

Nature de¢ la condition

A. Devenez-vous essoufflé quand vous vous dépichez sur un terrain
plat ou quand vous montez une pents l&gire?

l. oud 2. ncn

(Bl “otii™ A 1a Question 6k

B. Wmﬂuplmlmtamtmlesmdew&:&pm
mtminphtyamq\ammumfné?

1. oul 2. o ,

— —

C. Vous arrive-t-il de vous arr@tesr pour reprendre votre souffle
quand vous marchez 3 votre rythms sur un terrain plat?

l.od __ 2. nem =~

D. Vous arrive-t-il de vous arr@ter pour reprendre votre souffio
aprds avoir marchd environ 100 verges (300 pieds) (ou aprds
quelques minutes) s un terrain plat?

l, oud 2. nm

—— S——

E. Mt:q:esamfﬂéponxqmttarlamismmdmm
- déshahillant?

essoufflf en wous hablllant ou en vous
1o 2, noo

. Depuis conbien d'afmfes Stes-vous essoufflé comme cela?
Novbrs d'annfes ' o

7

-——-—Sj.'aﬂ. lm
c. Avmzamédescrad\ats de vos pourcns lors de 1'une ou

RHMES DE POITRIDE ET MALADIES PULMONAIRES
Id
Locague vous attrapez un rhume, s'agit-il la plupart du temps
d''mn rdxme de oitrine? (La plupart du terps veut dire ici plus
de-la moitif du temps) .

1. ol __ 2. nom __ 8.. jen'al jamais de rhume ___

B. M coms des trois dernidres annfes, Avez-vous eu une maladie
des pouns qui vous ait empéché de travailler ou cbligé A restar
3 la maison ou au lir?

1. o 2. nom

1'avtre de ces maladtes pulmonaires?
1. od ___ 2, mm

D. Au cours des trois dernidres annfes, combien de ces maladies,
avec e quantité des crachats augmentés, ont duré une semaine

ou plus? /
Nosbre de maladies = Aucune maladie

L3

du burcny

y -



AP

;g?néf:,‘ e S T P + - . -
e - TN \

. .

M .o . NMENO 8

: ; R ’ -

g ans?,

‘ (? L 1. ol ___ 2. non__

- 9. A, Avez-vous Gfj seuffert de bronchite aigie?
¢ 10 Qlt 2. m__

~ & Avez-vous souffert de maladie(s) des poumns avant 1'Sge da seize

‘ 61 “oul™ -9k

B. Un xidecin wous a-t-il dit que vos aviez cetts maladis?
N ) 1. oul 2. nmon___

[ S L Me_,

C. A quesl Sge remcnts votre premi2re bronchite aigie? © o

-

’ 10. A. Avez—vous 36jd souffert de pneuncnie? (inclure les
, broncho-pneuronies),

' 1, oud 2, nm___

AN
A
X

—£1 "oui” 3 10—
B. In mSdecin wus a-t-i1 dit que vous aviez cetts maladie?

. .ot 2. nmn_, -

1) cmm—

C. A quel Sge avez-vois ey votre premidre meumcnie?
#_

£

u. A md&jinﬂ&tdatiﬁvredafom?
l. oud ___ 2. nm___ '

———81 “oul” & 1l -
B. (n m&decin vous rt-uditqmvuxéaviwcettamladu?
1 ooul _ 2. mm__ '

C. ‘Aqml;&gemmnélm sovffrix?
Mo __

=

22 T3




-~

12. A

_—61
B.

c.

D.

Avaz-vous d3X souffert de bronchite chroniqua?
1. od ___ 2. non .- )

“oul” } 12—~
n souffrez-vous toujours?
1- Gll “20 non °

tn nﬁdacﬁ.a vous a~-t-il dit vous aviez cette maladie?
1. ol __ 2. non

A qual Sge avez-vous camencé A en souffrir?
/m‘_

S—T |

'&B.

c.

D.

Avez-vous d6j3 souffert d'emphysime?
1. cui __ 2. non

“oui” 3 13
En souffrez-~vous toujours?

1. ol __ 2. nmon

Un pidecin vous a~-t-il dit que vous aviez cette maladie?
1. ol ___ 2. non ‘

—
[

A.quel 3gs avez-vous camenct 3 en souffrir?
Age

1‘ L L

51

c.

F.

©

D.

Avezr-vous d8j3.souffert d'asthme?
1. od 2. non

“oui” § A ,ﬂ
En souffrez-vous toujours? .
1, oud 2. non

—— — .

Un pidecin wous a-t-il dit que vous aviez cette maladie?

H)
@1. oud, 2. nmy

A quel Sge avezr-vous cammenc 2 en souffrir?
Age ___ .

. S1vous n'en suffrez plus, 3 quel 8ge votre asthme a-t-il cessé?

”-

Avez-vous actuvellement besoin de traitements ou de mé&dicaments
pour 1'astime?

lL.od___ 2. nom___

M T

39730




<
° l ;«::'

%

Amajamzmd-mmmr 4

15. A
1. oud __ 2. nen ’ -
AN
], “OUd” A 1S
B. Un midecin vous a-t-i1 dit qus vous aviez cette maladie?
1. oud __ 2. non___ :
C. Aq.nl!gu;wzwmdlmmtnﬂ
Mo
D. Quelle sarts de traitement avez—vous suivi?
.1, aucm '
v 2." midicanents -
3. cplration
4. avtres (spicifiez) 3
i
E. Gnlhl&llachieduhn.}tmt?
s 1. Enmois
% 1]
16. A. Avez-vous 3553 souffert de pleurésis? *

c.

“oul” 3 16A

l.lou.i.__ 2. mon

Un mSdecin vous a-t-il dit que wous aviez cette maladie?
1. oul 2. mn___

.\qml&éeam—vmseuvomprmuéreple\x&ie?

e ___ \ #
L/

17. A

el “Qui” A 17A

B.

Ca

r’
Ammdijasodfer;deuubludesamm? /

1. oul 2. mn___

3
th nfdecin vous a-t-il dit que vous aviez cette maladie?
1l ou 2, mon__

Aq'ml!glmmunﬁam souffrir?
m‘— ‘ -

IR ]

I 2

55 58




18. Avez-vous dbji: ) 7 e
A. R d'autres maladies des pourons?
1. oud 2. non

84 oul, spécifiez

MAe
rd
B. &biunopénumalaapoitrhnoumpmm?
1, ouix 2. nmon

stmi,sp‘ci!_iqz

Me
C. S&ubi des blessures-3 la poitrine?

1. ad 2. non

81 oui, spbcifiez N

Age o

b

19, A. mnﬁdednma-t-udﬁjaditqmmaviézdesmbla
* cardiaques?

1. od 2. nmn

=51 “oui” } 19—
B. Avez-vous &t8 wigﬂpourdeﬁtmxblec cardiaques au cours
des 10 derni2res annfes?

l.aat ___ 2. non
S “oul” spicifiez

20. A. mddadnma—r.-udﬁjadttqmmtmmal'hypar-
tansion? (haute pression)

1. ‘ot 2. non

r——GL'Gﬂ. lw
B. Avez-vous &b8 soigné pour de 1'hypertension (hauts pression)
au cours des 10 demidres années? \,\/

1. o 2. non

o
-3

v oy
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Pour l'usage 11
CIGARETTE ' ‘ ' |du bureay
21. A Avez-wus d6jd funk la cigarette? . ("non” signifie woine de ’

20 paquets da cigarettes ou 400 grammes de tabac au cours de
votre vis, ou moins d'une cigarstts paxr jour pendant wn an).

- 1. m‘_ 2. m___
- *

P -r—-——-&"oui"lﬂ:f -

B, Wactmuaxmtlacigaretumammtuim ~

un zois?
° - 1. o __ 2. mm___ '

e

c. inagawm:mmmmdlf\mh
cigaretts régulidrement? J

Age .
q : w® T
D. stmmmnwmtms“datmhciganm.g;l
&gnavmnq\mﬂ.mmmiu?
Mp

Cochez si vous fumez toujours
. W

E. Coublen de cigarettes furez-vous par jour actuellement?
» - .
de ‘cigarettes par jour ___ _

had -5 M -
r. mmmthhspsqmmsmz_tm;!,mdcdgr,

rettes funiez-vous par jour en moyenna? :

par jox

~ *cagmm@- - 7 ¢

¥
E‘
i
¥ -
g
[4
[

.
L)

G. zst-aqnm:spmzourespiriezlatmée? .

~ 1. pesdo tout ,
: 2.” pau N . .
§ 4. w__ o
k : mmhmq\nmmttmﬁhcigaretu,m- }
Ez_ . miez~vous des bouts filtres? K
i .
¢ . ¥ 0. jamis ___ - , : C
o 1. woins que la modtid du tenpe - I
:' 2.’ hlﬂ.ﬂ‘dﬂtﬂp‘ ) ’
¢ ‘ 3. - plis que 1a xoitiS du temps 1y |
! 4. toujoms « ‘ '.
!
& ~ ! .
: b & P&tmhtmqmmammmciguetu,qtﬂh
) f sorte fimiez—vous Ja plupart du temps?
? , 1. réulier . "
) G\ ' : . 2. nmdn-_ ',\ -7‘
3. roulense {roulfe 3 la main)

r o



NUMERD D2 CARIE
PIPE .
22.- A, Avez-vous 4633 furS la pipe régulidrement?

(“ouli” signifie plus de 400 grammes ou 8 blagues de tabac
durant wtre vis).

1. o 2. non

v

N 1 "outi” 2 22 Y

B. Pumez-vous actuellement la pipe -cu 1'avez-vous funbe depuls
un mois?

1. o 2. mm

a— ammase

. Co Quel Sge aviez=vous lorsque vous avez commencs A fumer la pipe
régulidremant? - .

Me ____

D. stmmcimpntmmt;ceu&dsfmnrh'pip..qnllgu
avisaz-vous quand vous avez arr@t§? .
A ___ Cochez si vous furez toujours la pipe

'E. Combien de tabac fimez-vous par semaine actuellement?

___(blague(s) par semaine (e blagus de tabac contient
50 grasmes). ;

4
14

' ‘ ’ /
! . Pendant tout le temps que vous avez funf la pips, quelle
quantité de tabac fimiez-vous par ssmaine en moyenne?

blaque(s) smaine (une blague de tabac contient
—c E“ .

G. Est-ce qus vous respirez ou respiriez la fumSe de pipe?
l, pssdatout

2. peu

T I8

19 7%




S
!kafzn I

CIGARE/CIGARELLO _

23. A. Avez~vous 3§jd fund le cigare cu le cigarello régulidrement?

© Ce

D.

r.

G.

—t1 “cul” 3 22

(“oul” signifie plus d'un cigare ou cigarello par samaine,
pendant un ).

1. ol 2. non __

q—

Fumi-vous actusllement le cigare ou 1'avez-vous funé depuis
un pois? N

1. ot 2. o _

gulaqommrqmmamm&lfmh
cigare régulidrement?

M

¢

81 vous avez corpldtement cessé de fumer le cigare, quel 3ge
aviszwvous quand vous avez arr8ts?

s __ Cochez si vous fumez toujours le cigare

m&mmwmmmlﬁum
Nczbre de clgares

Pendant tout le terpd”que vous avez fumd le cigare, combien
chcigampa:mimfuniaz—vmsmmym\e?

Nubre de cigares

m-aqnmmpmmmapuiezlafm'éeducigan?
1. pas du tout

2. pm__

3. nodlréeent

4. profondfaent

-

Mmtwuthwwqmmmfuﬁhdgan,qtﬂh
sucts fumiez-vous la plupart du tenps? . .
1. nini (grandeur cigarette) ____k

2. petit (ciqarello) ___ ¢

3. grand (vrai cigare) __

four 1'usage

B U )

% 7

-

i O

13



14

‘ | Pour 1'unage
du bureau
ANTECEDENTS FAMILIALIX .
24." la mSdecin a-t-1l 36j3 dit X un membre de votre famille qu'il
souffrait d'une maladie pulmmaire chronique telle que: -
| Pire Kere Fréres & Soeurs
1. oul l. out 1. oul
A 2. mn 2. nen 2. non
3. ne sais 3. nmesaiz 3. ne sais pes
pas pas
A. Brorchite - ”
’ ' —_— e 1
B-W .
‘ - TR H
C. Asthme ) . ’
) A R 3 Y
D. Cancer de pousrons .
ﬂ)ww_zg
E. Tubsrculces
®ATTH
F. Autres maladies .
i ‘ ~ | w
G. Bc2fm ou urticaire SE—
+ H., Fi2vre des foins -
‘ P HR Y
r (/
25. Vos parents sont-ils toujours en vie?
Rre Hire
- e
looul l.oul ___
2. mon 2. non ___ -
3. nesaispas __ J. ne saispas . " S
26. Sl vos parents sont moxts, veuillez spécifier la cause de leur décls.
Pire
“60 "ol
Mire
- 2e
27. Yeuillez spicifier 1'Sge actual de vos parents cu de leur dics.
Fire
° 84765
Mire
. ~68 87

b
1



~

MUMERO DE CARTE

HISTOIRE PROFESSICNNELLE

28. A,

c.

D.

6l “oul” A 26

s

Avez-vous d6j3 travaillé A plein tearps« (30 heures par semine
oy plus pendant 6 mois ou plus)?

1. out 2. non L

mm— —— ’ .
7

s

1. Avumd!jlt:ava.in&dammueumum&mt
mmouplu?

l.'ow __ 2. non

Spicifiez la travail et l'industris

3. 'lhbnd'mamvau__

L
4. L'eqosition 3 la poussidre §tait-elle

1. l5gdre ___ 2. modérée 3. sévire

—
1

1. Avez-vous 3832 &t6 exposé A des gaz ou des fumSes chimiques
!vomtravaﬂ

1.oui~ 2. non ___

2. Spicifiez le travail et 1'industrie

3. Nembre d'annfes de travail _

4. L'exposition Etait-elle
1. légdre ___ 2. modérée 3, sévire _ .

Qualle &tait votre professicn habituelle, celle qus vous avez

‘e hpl}n longterps?

1. Profession

2. Nombre d'amnfes de travail dans cette profession
3. Poste et titre da 1'eplol °

.

3, Domine ou industrie




-
R

£. Gusl est votre mv.@tml ou votre travail le plus récent?

N
.

e

s /
+ ! -

/

”

\ﬁhbu:uu

c-pahhd' :ipaﬂnmmzm;? / -

x * 1. Profession "
* 2, MNonbre d'annfes de travail dans catte profession 2
L 3
* 3. Fosts et/ou titis de l'emploli
4. Domaine ou industrie
5, Exsrcez~vous toujours cette profession?
1. nn :
s L} Pl
- 2. Gﬂ.. b w pl‘in
3 oud, 2 tenps partiel ¢
6. Si vous n'exercez plus cette profession, quel &ge aviez-vous
au moment ol vus 1'avez quittée?
L n——
) 4
29. qua vous avez carplété ce qmst.tamm seriez-vous

dy

16



Questionnaire sur la dyspnée (MDI).

P

v
<

Numéro d identification

\

. Numéro de visite

Intervieweur

L)

LI 4

Date

APPENDIX

-

2

5}
0 ‘
25 26 27 28 29
I
30 .31 A
32 33 34
35 36 3738 39
t(année) (mois) \(jo

p
L




a . X .
1- INCAPACITE FONCTIONNELLE AU TRAVAIL
4, Les questions suivantes concernent vos activités
au travail. - - b
A.Avez-vous une incapacite physique autre oue
l1'essoufflement, vous limitant dans vos =zctivités
au.travail? ! 41
1-oui__ 2~-non
- ~si OUT & 1A £ -
Veuillez inscrire la nature de\if conditaon
limitante et passez A 2A:
. .
/
\ - )
, ¢,
B. Travaillez-vous présentement? h
' ' . 2
t-oui____ 2-non .
t ~
A
> P )
e -
- ?\:‘»
o - 5
) %
) ‘ .



\

si NON a 1B

C.Avez-vous cesseé de travailler ou pris votre

retraite prématurée & cause d’essoufflement?
4

1. oui passez 4 2A
7. non donnez l& raison pour laquelle vcus

avez quitté le travail et passez ensuite & 2A

7

-

E.

Fi OUI a 1B

Etes-vous capable d'accomplir vos activites
habituelles au travail sans essouffiement?

a

4,0ui passez 4 2A, si "non" passez 4 IE
—

»
Avez-vaus & cause d'un probléme d’essouf-
flement da@ modifier vos activités au travail?
(par exemple, devez-vous faire une de vos
taches réguliéres plus lentement qJ’avant’)
3. oui___ passez 4 ZA,\si “non” passez & [¥

Avez-vous & cause d'un problém
d “essoufflement : ‘
(t)abandonné une partie de votre travail, ou

(2)changé pour un travail moins difficile.ou
{(3J)diminué le nombre d'heures de travail gar

semaine. .
2. oui passez & 2A, si "pon" passez & 16 .

Avez-vous une incapacité dans vos activités

au travail sans qu’'il vous soit cependant posgi-
ble de spécifier 4 quel degra? '

8. oul___ggasFez«é 2A

9. je ne sais’pas




‘ .
“ - , ‘ °
t - -~ L
2. INCAPACITE FONCTIONNELLE A LA MAISON
Les question.suivantes concernent vos acti~
vité 4 la maison
/ .o
A. Avez-vous une incapacité physique (autre que
1’essoufflement) limitant vos activités a la
maison. \
{.oui 2.n0n__ .
- i pa
. . "“*
- si QUI & 2A =
¢ W . -
Veuillez inscrire la nature de la condition N
limitante et cessez le questionnaire: )
- ' - . ) 4
* ) "
Q \- , ,
o o .
®
] B N
‘ . "
-/ ) . s
. - ‘o e
7 ’ . s .
- ) ‘

aw

™

=
L.
e |
LT

e

Lo
T e SR e bty



¢

“ 8

Pouvez-vous toujours faire vos activités
habituelles & la maison 4 votre rythme mormal

sans étre essoufflé?

4, oui___ passez a 3A ;

Fe

! 9.je ne sais pas

‘possibile de spécifier a quel degré?

si NON & 2B

Avez~-vous d@ abandonner toutés ou la plu-
part de vos activités habituelles & cause
d'essoufflement? .

(par exemple @tes-vous dépendant d’'une zutre
persanne pour accomplir des taches tell=s
que le magasinage, la cuisine, 1‘entretzen
ménager ou avezrvous besoin d‘aide pour vous
yétir ou méme vous laver?) '
l.oui____ passez & 3A, s1 "non" passez & 3D

a
‘v

Votre essoufflement vous a-t-il obligé = absn-
donner plusieurs..{mais non toutes) de vos
actyvités habituelles ou devez-vous far—e
presque toutes vos activités plus lentewent.

2.0ul passez & 3A, si “non* passez = 28

\ o
3

-

Votre essoufflement vous a-t-il obligé # modi-
fier vos activités a la maison? épar er=nple;,
méme si vous n’avez pas, abandonné aucurn= de

de vos activités faites-vous ces nemes sctar~
vités plus lentement ou moins fréquemneTt a
cause de votre essoufflement?) :
3.0ui___passez & 3 A, si *non" passe= 'a 2F

Avez-vous une incapacité dans vos acty..tés
4 la maison sans qu’':l vous soit cepencznt.

8.oui___ passez a 3R n %

"



3.

3.o0ui___passez & 4A si “non* passez A JE

/

IMPORTANCE DE LA TACHE

Nous allons maintenant essayer de déterminer
les iaches qui vous essoufflent.

Devenez-vous essoufflé lorsque vous etes .
couché, assis ou que vous vous tenez debout?
0. oui___ passez 4 44, si "non” passez a 3B

Devenez-vous essoufflé lorsque vous voDus
habillez, vous vous lavez ou lorsque vous o
marchez pour Zaller 4 la salle de bair ou

que vous marchez sur un terrain plat a

pas lent.

{.oui __ passez & 4A, si 4 3C

*non®™ passex
Devenez-vous essoufflé lorsque vous faites
certaines activités coame transporter un
léger fardeau sur un terrain plat, mgrcher
vigoureusement sur un terrain plat, monter
une pente douce ou monter deux étages d’es-

calier?
2.0ui passez a 4A, si “non® passez.a 3D

Devenez-vous essoufflé lbrsque vous faites
certaines activités comme monter une vente
abrupte, monter plus de deux étages ¢ ‘esca-

lier ou transporter un lourd sac d'épacerie
sur un terrain plat?

Devenez-vous essoufflé seulene lors que Vvus///
faites certaines activités comae\ trarsporter
de lourds paquets sur.un terrainiplat, trans- ,
porter des paquets légers en montant des
escaliers ou en courant?

i

4,0ui-___ passez 4 4A N

L

7|

iy
el
Ty

I



A

«

cg" 4, IMPORTANCE DE L'EFFORT

-4
]

A. Etes-vous essoufflé au repos, assis ou couché.
0.oui___ terainez le questionnaire ici,
si "non* continuez ci-dessous.

Nous allons maintenant essayer de détersiner
la tache la plus difficile que vous étes
capable de faire pendant au moins 5 minutes,

Inscrivez ici

i

B. Diriez-vous que vous faites cette tache treés
Ientement et en vous arretant plusieurs -fois
avant de la terminer ou d’‘abandonner?
f.oui___ terminez le questionnaire ici,
si "non* passez 4 4C

C. Diriez-vous que vous faites cette tiche len-
tement avec une ou deux pauses pour reprendre
votre souffle avant de la terminer ou d’aban-
donner?
2.0u1___terminez le questionnaire ici,
si "non" passez a 4D .

{ " D. Diriez-vous que,vous faites cette tache len-
’ .tement mais sans pause pour reprandre votre
souffle? i
J.oui___ ternminez le questionnaire 1ci,
si “non" passez a A4E i

E. Diriez-vous que vous faites cette tache
vigoureusesment, sans devoir vous arreter
pour reprendre votre souffle ou sans
devoir ralentir pour vous reposer?
4.uui____terminsz le questionnaire ici.
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APPENDIX 3

‘ horg Scale

-

‘ b
Perception du niveau de difficulté de l'effort

é

non perceptible \

trés trés §a3i22~23 peine perceptible)
trés facile, ’

facile ;

dueiﬁue peu difficile

moyennement difficile

trés difficile

]

trés trés difficile (quasi maximum)

max imum



