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ABSTRACT

Asbestos is a fibrous silicate which is ubiquitous in modern living
because of its many useful qualities. However, its inhalation may be asso-
ciated with undesirable, even lethal, biological effects. A study of
the effect of exposure to asbestos on miners and mill workers was
carried out in the chrysotile industry of Quebec; subjects were studied by
questionnaire, radiological and pulmonary function studies at rest and
on exercise. The results of 1034 workers were related with the dust

and effort involved in the jobs of the men.

The analysis of the results was based on a definition of pulmonary
function profiles using five tests (residual volume, total lung capacity,
maximal breathing capacity, timed vital capacity and maximal mid-expiratory
flow rates): 44.37 of the subjects were found to lie in normal limits, 14.9%
showed a restrictive profile, 14.37 an obstructive one, and 26.57 a mixed
undifferentiated profile. These findings contrast with the conclusions of
other series in that the obstructive profile was much more prominent in the

present series.

The subjects in obstructive, normal and mixed undifferentiated profiles
had as many and often more symptoms and specific radiological changes compared

to the restrictive group.

When the subjects in these profile groups were compared in respect of
dust, effort and smoking, it was found that the obstructive group had been

exposed to more dust, effort and cigarette smoking than the restrictive one.

The differences in the lung function profiles developed by asbestos
exposed workers can be explained in theory at least by the dynamlic concept of
the resplratory system and the laws of deposition, retention and clearance

of particles and fibers.
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RESUME
L'amiante est une fibre 3@ base de silicates qui, & cause de ses

multiples qualités, est indispensable dans le monde moderne. Cependant,
1'inhalation de cette substance est associée 3 des effets blologiques indé-
sirables et souvent mortels. Une &étude des effets de la chrysotile chez

des travailleurs de 1l'industrie de 1l'amiante du Québec a &té faite. Les
travailleurs ont &té soumis 3 un questionnaire et ont passé une radiographie
ainsi que des tests de fonction respiratoire au repos et a l'exercice. Les
résultats des tests de 1034 travailleurs ont &té ensuite relis en degré

d'exposition & la poussi®re et & l'effort déployé durant leur travail.

L'analyse des résultats s'est basée sur la définition de profils de
fonction respiratoire utilisant cing tests (volume résiduel, capacité totale,
capacité respiratoire maximale, volume expiratoire maximal seégnde et débit
médian maximal): 44.3% des sujets se trouvaient dans des limites normales,
14.9% avalent un profil restrictif, 14.37 un profil obstructif; et 26.57%
un profil mixte non différenci&. Ces résultats contrastent avec les conclu-

sions des autres &tudes publides, en ce que le profil obstructif est plus

fréquent.

Les profils obstructif, normal et mixte non différenclé avaient
autant et souvent plus de symptOmes et de changements radiologiques spéei-
fiques que le groupe restrictif. Lorsque 1'association de ces profils a &té
faite avec la poussi&re, 1l'effort et la consommation quotidienne de cigarettes,
cette assoclation a &té plus marquée pour le profil obstructif que le res-—

trictif.

Ces résultats peuvent &tre expliqués par le concept dynamique du systéme
respiratolire et les lois de dépositionm, rétention et clearance des particules

et des fibres.
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1 — INTRODUCTION

Asbestos is the name given to a group of fibrous minerals composed
of the silicates of magnesium and iron. Its unique combination of pro-
perties, such as resistance to heat and chemicals and its non-conductivity
of electricity as well as modest cost, have resulted in this mineral being
increasingly widely-used throughout the world (Gilson, 1965). It is now
a common material of every day living and increasing quantities are being
produced. The present production is more than four million tons a year,
a remarkable increase compared to the three hundred tons of mineral produced

in 1879 (Brodeur, 1968).

However, the inhalation of asbestos dust is associated with
important undesirable biological effects which include impairment of pul-
monary function, asbestosis and cancer (Miner, 1965). As these effects are
so little amenable to therapy and can be incapacitating at an early age,
there have been many investigations such as the present one examining
the nature of this association so that diagnosis, prophylaxis and treat-
ment may be more efficient. Asbestosis is, of course, omne stage in
the natural history of subjects exposed to asbestos dust and more complete
data on the "pre or latent" asbestosis period is of great potential and

therapeutic importance. The present study also contributes to this area.

Furthermore, the question has been raised as to whether the different
types of asbestos have different biological effects, and to what extent
the process during which exposure occurs (i.e. mining, milling or manu-

facturing) determines the effects on man (Wright, 1969).



The asbestos industry of Quebec lends itself rather well to a
study of the effects of exposure during the mining and milling of
chrysotile asbestos. As shown in Figure 1-1, the industry is localized
to that part of Quebec found to the east of Montreal known as the
Eastern Townships, centered around the towns of Asbestos and Thetford-

Mines.

The largest known asbestos deposits outside the Soviet Union are
to be found in this area and are entirely chrysotile asbestos. Quebec
accounts for approximately one-third of the world's chrysotile asbestos

production which implies a reasonably large work force.

In the narrow belt stretching north-eastward from Asbestos to East
Broughton are ten mines, eight are of the open pit variety and two are
underground operations (Figures 1-2, 1-3, 1-4). The ore is processed locally
in millsand there are some manufacturing plants in the area. Thus, the re-
commendations of a Working Group on Asbestos and Cancer (UICC, 1965) to
coordinate epidemiological studies of primary and secondary industry could

be followed.

Asbestos has been mined in Quebec for almost 100 years (since 1878)
and the labor force has always been remarkably stable. Measurements of
health such as questionnaire, physical examination and radiographs and
measurements of dust exposure, such as dust concentrations and physical
effort, are available on a large number of exposed workers over a long

period of time.
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In 1966, an epidemiological survey was begun by the Department
of Epidemiology and Health of McGill University to study the effects
of asbestos exposure on the health of these Quebec workers. Exposure
was measured by dust counts and a detailed occupational history, and
several aspects of health were examined in relation to dust exposure.
Cohort studies examined the mortality rates attributable to respirato-
ry diseases, including lung cancer (McDonald et al, 1971). A review
of 11,000 chest radiographs on past and present workers described the
relationship of changes in the chest radiograph to dust exposure. In
a study of current workers, health was assessed by a questionnaire,
chest roentgenogram and tests of pulmonary function (Gibbs et al, 1971,
1972; Becklake et al, 1970, 1972; McDonald et al, 19723 Rossiter et al,
1972). This thesis describes the results of the pulmonary function tests
and examines their relationship with clinical findings, dust exposure

and smoking.
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1. GENERAL :

Historical Review:

The association between occupation and health has been observed
from very early times, for example, an Egyptian papyrus describes the
difficulties of those who must work (Sigerist, 1936) and the influence
of certain occupations on health was noted in the Greco-Roman world.
However, it was only in the late Middle Ages that the relationship was
systematically explored. Metal workers and miners were among the ear-
liest occupational groups to be studied because of economic and techno-
logical developments. In 1472, Ulrich Ellenbog, a physician of Augsburg,
was responsible for the first publication to deal with the hazards facing
an occupational group (Rosen, 1964). The purpose of his eight page bro-
éhure was to inform goldsmiths and others on how to avoid the poisonous

effects of metals such as mercury and lead (Koelsch and Zoepfl, 1927).

The increased volume of trade during the fifteenth century demanded
an expanding currency which could only be met by a greater supply of
gold and silver. The mines of Central Europe were deepened to meet this
need but the occupational hazards also increased, fostering the first
books on diseases and accidents of miners. The first such account is to
be found in a treatise on mining by Agricola in 1556 (Rosen, 1964).
Eleven years later, in 1567, the first monograph devoted exclusively to
the occupational diseases of mine and smelter workers appeared at Diblingen
in Germany. The etiology, pathogenesis, prevention, diagnosis, and the-
rapy were discussed by Paracelsus in it, and this had a stimulating

influence on occupational medicine.
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This trend, begun by Agricola and Paracelsus, resulted in Ramaz-
zini's comprehensive Discourse on the Diseases of Workers, published
in 1700. It is a synthesis of knowledge on occupational disease from
the earliest times to the eighteenth century and established a new branch

of medical study in which the patient's occupation was taken into account.

Ramazzini wrote: "It must be confessed that many arts are the cause
"of grave injury to those who practise them. Many an artisan has looked
"at his craft as a means to support life and raise a family, but all he has
oot from it is some deadly disease, with the result that he has departed
“ehis life cursing the craft to which he applied himself." (Wright, 1940).
He goes on to say that the lungs of miners are especially affected "since
“they take in with the air mineral spirits and are the first to be keenly
"aware of injury" and "Hence, the mortality of those who dig minerals in
"mines is very great, and women who marry men of this sort marry again
"and again". According to Agricola, at the mines in the Carpathian moun-

tains, women have been known to marry seven times (Ramazzini in Rosen, 1964).

Asbestos, the subject of this thesis, has been of increasing interest
to the medical professiom recently, but it is not a new material. Thousands
of years ago, asbestos was in everyday use by Stone Age men and consequently
they must have mined it or known where it could be obtained (Kiviluoto,
1965). About 4500 years ago, it was used in Finland as a cementing agent
in the preparation of clay pottery and such asbestos ceramics were used
over a period of 3000 years. However, at approximately 500 AD, their use
in Finland and its neighbburing countries slowly ceased and was only

reintroduced some 1000 years later (Meimander, 1954).
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Definition of Asbestosis

Exposure to asbestos is associated with a number of biological
effects. In 1907, Murray reported the first case of asbestosis, and
six years later, in 1913, Marchand and Fahr each presented to the Ham-
burg Medical Society a subject who died from this disease. Two autopsy
series were reported in 1918: that of Hoffmann with 13 cases and that of
Pancoast et al comprising 17 patients. Laboratory studies first appeared
in 1927 when Cooke described the radiological changes, and in 1929, when
Wood reported the first pulmonary function measurement, a fall in Vital
Capacity (VC) in one case of asbestosis. Stone confirmed this finding

11 years later in a further 13 patients (1940).

The present concensus concerning asbestosis may be summarized as
follows. The inhalation of asbestos fibers and dust over some ten to
twenty years can produce a pneumoconiosis known as asbestosis charac-
terised by pulmonary and pleural fibrosis. The gross pathology of
advanced asbestosis includes widespread pulmonary fibrosis and diffuse
pleural adhesions. Bullae are not infrequent and bronchiectasis may be
present (Heard et al, 1961, Leathart, 1965). The microscopic pathology
has been recently described as "a diffuse, nonnodular pulmonary fibrosis
"which affects alveolar walls, interlobular septums, and pleural
"surfaces." (Tepper and Radford, 1970). This is in contrast to earlier
reports (Vorwald et al, 1951) which described the early asbestotic lesion
as consisting of a dense peribronchiolar fibrosis with dust-containing
macrophages with, in some instances, a perivascular fibrosis as well as

an endarteritis with intimal hyperplasia (Lanza, 1963).
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The principal symptoms reported are dyspnea and cough which increase

in severity as the disease progresses (Murray, 1907; Wood et al, 1930;

Roemheld et al, 1940; Luton et al, 1946; Bastenier et al, 1953; Gernez-Rieux

et al, 1954;Wright, 1955; Sartorelli, 1957; Amsler, 1958; Leathart, 1960;
Williams et al, 1960; Scansetti et al, 1960; Bader et al 1961; Thomson et al,
1961; Bollinelli et al, 1963; De Rosa et al, 1964; Pellet et al, 19643 Vaeren-
berg 1964; Porin, 1965; Schaaning et al, 1965; Kleinfeld et al, 1966a; Gandevia,
1967; Hany et al, 1967; Ferris et al, 1971; Jodoin et al, 1971; Murphy et

al, 1971; Smyth et al, 1971). Thoracic pain has also been reported (De

Rosa et al, 1964; Pellet et al, 19643 Gracey et al, 1971).

The major recognised signs are limited chest expansion (Wood et al, 1930;

Stone, 1940; Roemheld et al, 1940; Luton et al 1946; Sartorelli, 1957; Leathart

1960; De Rosa et al, 1964), decreased breath sounds (Stone, 1940; Porin,

1965; Luton et al, 1946; Sartorelli, 1957; De Rosa et al, 1964; Kleinfeld

et al, 1966b; Gracey et al, 1971), basal crepitations(Wood, 1929; Stone,

1940; Roemheld et al, 1940; Bastenier et al, 1953; Gernez-Rieux et al, 1955;
Amsler, 1958; Leathart, 1960; Williams et al, 1960; Thomson et al, 1961;

De Rosa et al, 1964; Porin, 1965; Kleinfeld et al, 1966a; Hany et al, 1967
Harries, 1971; Murphy et al, 1971; Smyth et al, 1971), cyanosis (Wood, 1930;
Roemheld et al, 1940; Bastenier et al, 1955; Leathart, 1960; Williams et al,
1960; De Rosa et al, 1964; Porin, 1965), and clubbing (Wood, 1930; Gernez-Rieux

et al, 1954; Leathart, 1960; Williams et al, 1960; Bader et al, 1961;

Thomson et al, 1961; Porin, 1965; Kleinfeld et al, 1966a; Gracey et al, A
1971; Harries, 1971; Murphy et al, 1971; Regan et al, 1971). Cyanosis

and clubbing are usually restricted to the later stages in this disorder.
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The chest roentgenograph characteristically reveals the presence of fine
irregular opacities, diffusely distributed in the middle and lower lung
fields. Involvement of the pleura may be detected as diffuse thickening
or calcified pleural plaques and by the '"shaggy heart" and loss of defi-
nition of the diaphragm (Wood, 1930; Lanza, 1938; Wegelius, 1947;

Kiviluoto, 1960; BYhlig et al, 1970).

The associated changes in pulmonary function measurements will be

reviewed in detail later.

The sputum may contain asbestos or ferruginous bodies (Wood et al, 1930;

Clerens, 1950; Williams et al, 1960; Bader et al, 1961).

The definitive diagnosis of asbestosis is open to doubt in the
1living subject. Even the histology may not be diagnostic because dif-
fuse pulmonary fibrosis is not uncommon in all walks of life, and because
asbestos bodies are found in anywhere from 20% (Hourihane et al, 1966)
to 50% (Anjilvel et al, 1966) of random autopsies of adults regardless of their
occupation. No relationship was demonstrated by Gross et al (1971) between
the number of ferruginpus bodies, the number of naked fibers, and the
total amount of dust so that such bodies are of little clinical use.
McVittie (1964) of the Ministry of Pensions and National Insurance of
England lists the following criteria in order to make the diagnosis asbestosis
for compensation purposes: an adequate exposure to asbestos dust and two
positive findings from the following: presence of basal rales, finger club-
bing, radiological appearance and reduced transfer factor in pulmonary func-

tion studies.
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Asbestosis is frequently associated with chronic bronchitis and
emphysema. De Rosa et al (1964) noted chronic bronchitis and acute tra-
cheitis and tracheo-bronchitis in 35 of 85 asbestos workers, and 17 of
them were non-smokers. In 42 subjects with asbestosis, 38 had acute
tracheobronchitis. Pellet et al (1964)also reported similar findings in
their 19 subjects. Leathart (1968) stated that chronic bronchitis
is a feature of the later stage of asbestosis. The emphysema associlated
with asbestosis is thought by some to be of a localized rather than a
diffuse obstructive type (Heard et al, 1961), similar to the irregular
emphysema described by Heppleston (1969). Cor pulmonale is the major compli-
cation and the usual cause of death from the disease (Kleinfeld et al,
1966a). Finally, there is an increased incidence of carcinoma of the
lung, of mesothelioma, and of carcinoma of the digestive system in the
asbestos exposed individual (Selikoff et al, 1966 ; Enterline et al,

1967; McDonald et al, 1972).

The syndrome of latent or pre-asbestosis is of great interest
because in theory recognition of such a stage could lead to measures
which might prevent the overt form from developing. Once the clinical

picture of asbestosis has developed, only palliative therapy is possible.

Can a latent stage of asbestosis be recognized? The appearance of
radiological changes is probably too late, but some workers believe the
use of pulmonary function testing is promising. Thus, Williams et al
(1960) found a reduction of the diffusing capacity in three of six ex~
posed workers, none of whom showed definite radiological changes. Recent

reports suggest that impairment of gas exchange may indeed preceed
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radiological abnormalities when gas exchange is evaluated by the sensitive
measure of A-a oxygen difference (Wallace et al, 1971; Woitowitz, 1972).
Brasseur (1963) has shown this to be true for coalworker's pneumoconiosis.
Regan et al (1971) using the technique of principal component analysis
found that a decrease in Dj, followed by a decrease of VC has the greatest
power to measure the severity of asbestosis and obstructive disease, but
little power in distinguishing between them. The best indicators were
FEV1/FVC, phlegm, pleural thickening, cough and clubbing. Leathart

(1968) found basal crepitations before pulmonary function and radiological

changes manifested.fhemselves.

Although the recognition of latent asbestosis should help the worker
to avoid asbestosis, it must be admitted that the evidence is inconclusive
(Holmes, 1964; Hunt, 1965). Furthermore, Leathart in 1968 suggested that
loss of function is seldom arrested when the worker is transferred to

other work, and that it may deteriorate.

2. PULMONARY FUNCTION IN ASBESTOS WORKERS

In this section,~a comprehensive review of the literature of asbestos
workers 1s reported, carried out in order to group the subjects according i
to their profile of pulmonary function. A discussion of what constitutes
each profile is added. The review includes 375 individual cases repor—
ted in enough detail to allow them to be grouped in pulmonary function
syndromes (Table 2-1), and reference is made to the results of a further
2669 subjects reported by mean and standard deviation or range (Table 2-2,

page 28). Finally, reference is made to 777 subjects in whom some measu-



TABLE 2-1 - PULMONARY FUNCTION PROFILES IN INDIVIDUAL CASE REPORTS OF ASBESTOSIS
(Details in Appendix I, Tables I-1 to I-7 inclusively)

REFERENCES CASES RESTRICTION ALVEOLAR-
CAPILLARY
BLOCK

With

First Total Total Normal

Author Date reported classified Definite RV or TLC Probable

Wood 1929 16 1

Roemheld 1940 19 17

Baldwin 1949 39 1 1

Bastenler 1953 1 1 1

Gernez~Rieux 1954 3 3 2

Basteniexr 1955 9 8 1

Gaffuri 1957 30 30 7 1

Marks 1957 31 1

Sartorelli 1957 1 1

Read 1959 28 22 12 1

Leathart 1960 21 21

Williams 1960 40%* 18 4 1

Bader 1961 17 17 2 4 6

Heard 1961 6 6 1 1

Rubino - 1961 5 5 3

Thomson 1961 39 39 6 7 6

Bollinelli 1963 1 1 1

Bjure 1964 8 8 4 1

De Rosa 1964 85 42 28

Pellet 1964 28 28 2 1

Sartorelli 1964 18 17 5

Vaerenberg 1964 11 11 9

Vecchione 1964 16 16 14

Bader 1965 17 13

Kleinfeld 1966b 21 21 8 3 1

Hany 1967 8 8 1

Pogegi 1970 17 17 1

Gracey 1971 1 1

Smyth 1971 1 1

TOTAL 537 375 82 16 32 16

Percentage of e

Total 21.97 12.87% 4.37

% 22 already reported in 1959 by Read et al.



CASE REPORTS OF ASBESTOSIS
inclusively)

OBSTRUCTION

RESTRICTION ALVEOLAR- MIXED ASSOCIATED NORMAL INCOMPLETE
CAPILLARY DISEASES DATA
BLOCK
with
Normal Dominant
RV or TLC Probable Definite Probable Rest. Obst.
1
17
2 1
4 1
1 2 2 2 10 1 1
6 1
1
1 5 2 1 1
21
1 7 1 3 2
4 6 1 2 2
1 1 2 1
1 1
7 6 4 9 3 4
1 2 1
5 2 1 6
1 7 9 1 5 3
5 11 1
9 2
14 2
3 10
3 1 1 7 1
1 3 2 2
8 2 3 3
1
1
16 32 16 41 27 44 25 23 11 58
L____j____J
12.87% 4.37% 10.97 7.272 11.77 6.7% 6.17% 2.97% 15.57
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rements of specific pulmonary mechanics were carried out (Table 2-3,

page 29).

a) Profiles:

Restrictive Profile:

Robin in Harrison's Textbook of Internal Medicine (1970) defines
the restrictive disorders in terms of pathophysiology, namely a decreased
expansibility of the lung. The diseases responsible involve the chest
wall or the pleuropulmonary structures in such a way as to significantly
affect pulmonary compliance. Examples in which the chest wall is involved
are kyphoscoliosis, thoracoplasty, spondyloarthritis, neuromuscular disor-
ders, pain and phrenic nerve paralysis; examples involving the pleuropul-
monary structures are thickened pleura, pneumothorax, pleural effusions,
atelectasis, pneumonia and pulmonary fibrosis. He described the asso-
clated changes in lung function as a reduction in all volumes with minimal
evidence of airflow obstruction and an impairment in intrapulmonary gas

mixing.

For the purpose of the present review of the literature, one would have
prefered a definition of the restrictive profile more like that of Rubin
(1961) with detailed lung function criteria as follows: an increased venti-
lation () and frequency (f); decreased lung volumes (residual volume, RV
and total lung capacity, TLC); normal RV/TLC ratio, flows and distribution
(ME); normal or decreased Dj, and decreased static compliance (Cgt); increased

elastic recoil (Pgo] pax)3 and decreased arterial oxygen tension (PEOZ) and

carbon dioxide tension (PaCOZ) with a compensated respiratory alkalosis.
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However, a definition as detailed as this was impractical for two
reasons. When one is reviewing the earlier reports of pulmonary function
in asbestos workers, one must be content to diagnose a restrictive profile
on much less complete evidence, for example, on decreased lung volumes
with maintenance of normal RV/TLC ratio, and normal flow rates, eg the
ratio of forced expiratory volume as a percentage of vital capacity
(FEV1Z) and Maximum Breathing Capacity (MBC). Furthermore, in the pre-
sence of milder degrees of fibrosis, VC may even be normal. In addition, in
the present study the large number of individuals tested in a field laboratory

precluded the inclusion of such tests as compliance and arterial gases.

In accordance with the suggestions of Robin (1970), it was therefore
decided to classify asbestos workers as having the lung function profile

of restriction on the following criteria: RV and TLC decreased by 107

and FEV17Z over 70Z.

Eighty-two (82) of the reported cases reviewed were classified as
having a restrictive lung function profile (Table 2-1; details of each
case in Appendix I, Table I-1). In another 16 cases, certain key tests
were normal, such as RV, but a restrictive profile was suspected, based
on TLC and FEV;7 measurements (Table 2-1; Appendix I, Table I-2). J
A further 32 subjects were classified as having an incomplete restrictive

profile, largely because of missing data.

As mentioned previously, the restrictive syndrome may be the conse-

quence of pulmonary or pleural disease or a combination of the two. Since é
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Pleural and parenchymal diseases commonly coexist, it is not easy to
separate their respective contribution to the pulmonary function profile,
particularly in view of high prevalence of pleural disease (fibrosis,
plaques and calcification) following asbestos exposure. Among the cases
classified as restrictive in Table I-1, pleural changes alone were repor-
ted in only one case, and pleural changes associated with small irregular
opacities in 16 subjects of the 8l subjects in this group. All other cases
were thought to have some evidence of parenchymal disease on the chest ra-

diograph.

Leathart (1965) found no functional abnormality in five patients with
plaques, and he attributed the functional changes in the sixth to early
parenchymal disease. Worth et al (1968) confirmed this lack of func-
tional change with pleural plaques in 21 patients with asbestosis. Beck~
lake et al (1969) suggested that the non-descript pleural thickening had a
small but consistent effect on pulmonary function; in their study for any
degree of radiological change in pulmonary parenchyma, additional pleural
change was assoclated with a small but significant reduction in static and
dynamic lung function (Becklake et al, 1970). Zolov et al (1968) reported
also that radiologically evident plaques were associated with restrictive
syndrome. Woitowitz (1971) studied 11 asbestotic subjects without plaques
and 11 with plaques. He found a higher VC, a lower FEV1%, a higher RV and
RV/TLC ratio, a higher resistance and a lower Poy in subjects with plaques,

Table I-7).

In summary, one manifestation of asbestos exposure is the restrictive
syndrome. It was present in 82 (21,9%) of the 375 reviewed cases; another

48 (12.87) subjects have a probable restriction. Pleural changes were
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noted in about 207 of the cases with restrictive syndrome, usually in

association with parenchymal changes.

Alveolar—-capillary block profile:

The term alveolar-capillary block was introduced by Austrian et
al (1951) to describe a pattern of pulmonary dysfunction characterized
by " (1) reduced lung volumes, (2) maintenance of a large maximum breath-
"ing capacity, (3) hyperventilation at rest and during exercise, (4) normal
"or nearly normal arterial oxygen saturation at rest, but a marked reduction
"of the arterial oxygen saturation after exercise, (5) normal alveolar oxy-
"gen tension, (6) reduced oxygen diffusing capacity and (7) pulmonary
"hypertension". The diseases responsible for this syndrome had in
common diffuse finely dispersed pulmonary lesions in the alveolar-capillary
septa which were thought to alter the properties of the diffusing surface.
One of the diseases implicated was asbestosis (Baldwin et al, 1949; Tepper

and Radford, 1970).

Baldwin et al (1949) had previously reported 14 cases, including one
with asbestosis, which were comparable with Austrian's 12 cases in that the
mechanics of breathing were not altered and the distribution of gas was not
abnormal. They suggested that "alveolar respiratory insufficiency....results
"both from perfusion of large areas of fibrotic tissue which cannot be venti-
"lated and impairment of the adequate diffusion of respiratory gases across
"a greatly thickened alveolar septa, or reduction in the area of alveolar-

"ecapillary interface". j

t
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In the 12 cases of Austrian et al (1951), the mean VC (Z predicted) was

4373 RV, 67%; TLC, 48%; MBC, 91%; and DLCO 457. Oxygen saturation was 87%
at rest and 837 after exercise. They commented that '"the low diffusing
"capacity may either be due to a reduction of the total area of alveolar
"membrane which is available for the diffusion of gases, or to a reduction
"in the permeability of the membrane per unit area, or to both". They
concluded, however, that "the observation of rather widespread thickening
"of the alveolar-capillary septa suggests that the reduction in permeabi-
"lity per unit area is the major reason for the low diffusing capacity.
"Whether the area of alveolar-capillary interface is also reduced under

"resting conditions cannot be determined".

In 1957, Marks et al studied the pulmonary function of 31 patients
with diffuse fine parenchymal lesions on radiograph including one with
possible asbestosis and found that lung function was less affected than in
the cases of Austrian et al (1951). Thus, VC was on the average 807 of the
predicted value, RV 119%Z, TLC 91%, MBC 947 and FEV1Z 757%. Resting 02 satura-
tion was 93%Z; D1, for carbon monoxide, steady state method (DLCOSS) was 367
and DLgg single breath (DLgogg) was 56% of the value of the control group.
The decrease in Df, could not be fully explained by the diminution of the
surface area as suggested by Baldwin et al (1949), Thomson et al (1961),
and Becklake {1965). Marks et al also stressed the absence of obstruction

in their cases.

In 1959, Read et al, in a study of 17 subjects with apparently pure
interstitial diseases of the lung (13 with asbestosis) and 11 subjects
with interstitial disease complicated by cyst formation or probable emphy-

sema (9 with asbestosis), demonstrated that markedly uneven ventilation

.
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in presence of uniform blood flow was found in the former grouﬁ, and

both uneven ventilation and blood flow were common in the latter. Bjure
et al (1964) also attributed the decrease of P;oz in their cases to uneven
regional distribution of ventilation in relation to blood flow (V/Q), even

in those cases with advanced impairment of diffusion.

In the same year, the validity of the term alveolar-capillary block
was questioned by Bates and Christie who noted that "there is some doubt
"how far the observed lowering of arterial saturation or tension in these
"patients is ascribable to the lowered diffusing capacity and how far it
"is caused by ventilation-perfusion distribution abnormalities". They
referred to a paper by Finley et al (1962) which concluded that an increase
in the thickness of the alveolar-capillary membrane of six to eight—-fold

must occur before an increase in A-a difference of 1 mmHg would be observed.

In addition, the associated pathological changes support the concept
of V/Q disturbance rather than a mechanical alveolar-capillary block. Thus,

although Bader et al (1961) and Wright (1955) stated that the major anatomi-
cal change was thickening of the alveolar walls, others report that the
fibrous tissue 1s found first around the bronchioles (Vorwald et al, 1951)
and arterioles (Lanza, 1963), and that this fibrous tissue extends inter-
septally toward the periphery of the parenchyma. Furthermore, Scheepers
(1965) noted that fibrous tissue does not usually lie between capillaries
and alveoli, no fibrotic membrane has been found lining the alveolar sur-
face, except in terminal cases, and extensive alveolar epithelization has

rarely been observed.
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A review of the literature on asbestos workers has not revealed
a single subject with the alveolar-capillary block syndrome precisely
as defined by Austrian et al (1951). This was largely because evidence
of pulmonary hypertension or changes in some of the other tests were not

loocked for or at least not reported.

In view of this difficulty, it was decided that for the purpose of
this thesis, the term "alveolar-capillary block" would refer to those

cases with normal volumes, normal RV/TLC ratio and normal flow rates

but in whom there was evidence of impaired gas exchange eg. decreased

02 saturation or decreased diffusion. Table 2-1 refers to 16 such cases

in whom asbestos exposure ranged from 6 to 34 years, and radiological changes

were
JLeported in eleven of them, (Details in Table I-3).

In summary, none of the 375 cases reviewed individually were consi-

dered to have alveolar-capillary block as defined by Austrian et al (1951)

because measures of pulmonary hypertension were lacking, but 16 (4.3%)
who had normal volumes, RV/TLC ratio and flows, did show impairment of Dy,

and/or oxygen saturation.

Obstructive profile:

Although the profiles of restriction and of alveolar-capillary block
have been considered to be characteristic of asbestos exposure, there is

evidence that the obstructive profile may also be so related.

The concept of the obstructive profile has been recognized in one

s et e s



24

form or another for many years. La¥nnec, in his classical description

of emphysema notes the expiratory difficulty encountered in this disorder:
"Les poumons au cours de 1l'emphysé&me font saillie hors du thorax; il est
"difficile de les aplatir et de les rendre flasques." (1819). Rubin (1961)
defined the obstructive disorder as a functional disturbance caused by narrow-
ing of the airways. In the chronic state, such as emphysema, the TLC is
normal or increased, the two-stage VC may be greater than the one stage,

and the RV and RV/TLC ratio are increased. The FEV 7% is decreased as is

the MBC.

When one considers the reports on asbestos workers, there appears to be
considerable disagreement on the frequency of the obstructive profile with
asbestos exposure: German, Belgian, Italian and French have found it to be com~
mon whereas English workers with the exception of Leathart, and American wor-
kers consider it to be rare. Thus, Gernez-Rieux et al (1954), Basternier et
al (1955), Gaffuri et al (1957), Scansetti et al (1960), Pellet et al (1964),
Sartorelli et al (1964), Leathart (1965) and Worth et al (1968), all sub-
scribe to the former point of view, whereas Wright (1955), McGrath et al,

(1960), Williams et al (1960), Bader et al (1961) support the latter.

Furthermore, most workers consider the association to be coincidental
(Wright, 1966; Bader et al, 1965). For example, Pellet et al (1964) exa-
mined 18 subjects exposed to asbestos dust with a reticular pattern on
their radiograph and found nine with a predominantly obstructive profile.
Despite these findings and while admitting that the pathology of asbestosis
might well favor the obstructive syndrome, they concluded that the associa-
tion was accidental. The following year, in 1965, Pellet gave further details

of the function studies in the 18 subjects, eight of which had the obstructive
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syndrome, and a further five a mixed obstructive and restrictive profile.

From the pathologist's viewpoint, Gloyne (1933) stated that bullae
were occasionally seen at autopsy while Wegelius (1947) commented radio-
logical translucency of the upper zomes. Heard and Williams (1961) found
mild centrilobular emphysema in five cases and severe emphysema in‘the
sixth of their series, but concluded these were incidental findings to

asbestosis.

In the present review of the individual cases, the following criteria
were used to classify a subject as having the obstructive profile: an

increased RV, normal or increased TLC, and decreased FEV1Z and/or MBC.

Using these criteria, 41 subjects were considered to have a definite obs-
tructive profile with no evidence of other associated ones (Tables 2-1,
I-4). Another 27 subjects could only be classified as having incomplete
obstructive profile, mostly because of missing data. Six out of the 41
subjects in the obstructive group had pleural changes, and only one out

of 27 classified as having the incomplete obstructive profiie.
In summary, of the 375 case reports of asbestos workers reviewed,

68 (18.1%) with radiological and clinical symptoms of asbestosis have

definite
an obstructive pulmonary function profile,,in 41, suggestive in 27.

Mixed profile:

A certain number of the individually reported cases appeared to have

a mixed functional profile i.e. they were not clearly restrictive, alveolar-
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capillary block or obstructive in nature. The number of subjects falling
into this group is 67 (Tables 2-1, I-5) of which 44 were considered to show
a predominantly restrictive and 25 a predominantly obstructive profile. It
is interesting to note that 13 out of the 42 classified as having a mixed
restrictive profile have pleural as well as parenchymal changes, and 5 out

of the 25 classified as having a mixed obstructive profile.

Thus 44 (11.7%Z) of the 375 subjects reviewed had a mixed restrictive,

and 25 (6.7%) a mixed obstructive profile.

Normal function:

Only eleven case reports on workers exposed to asbestos (2.9% of the
cases reviewed) were found to have pulmonary volumes and flows within nor-
mal limits (Tables 2-1, I-6). Nine of these 11 workers had radiological
changes. This indicates that the prolonged exposure to asbestos may not
necessarily affect function; alternatively this type of pulmonary function
may represent a latent phase or the results of two disturbances acting in

opposite directions, i.e. restriction and obstruction.

Associated diseases:

In 23 of the case reports reviewed, associated diseases were present

which might well have influenced pulmonary function (Tables 2-1, 1I-6). These

included bronchiectasis (Thomson et al, 1961; Poggl et al, 1971); pulmonary
tuberculosis (Pellet et al, 1964); mitral stenosis (Read et al, 1959; Heard

et al, 1961); lung cancer, (Williams et al, 1960; Bader et al, 1961; Hany,
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1967; Poggl et al, 1970); cancer of the stomach (Bader et al, 1961);
cancer of the breast (Thomson et al, 1961); obesity (Thomson et al,
1961) ; mesothelioma (Thomson et al, 1961; Gracey et al, 1971); pleural
effusion (Thomson et al, 1961; Gracey et al, 1971); lung resection and
lobectomy (Pellet et al, 1964; Poggi et al, 1970). Other cases not
reported in this table had hypertension (Thomson et al, 1961, patient

A24) and coronary artery disease (Bader et al, 1965, subjects 12 and 13).

Incomplete data:

In 58 of the case reports reviewed, data was incomplete and they
could not be classified (Tables 2-1, I-6). Many of these cases were reported
before 1950. Others studied primarily to elucidate diffusion were usually

found to have a lowered oxygen saturation.

Group studies:

A further 2669 subjects have been reported in epidemiologic studies
with mean values or range being given (Tables 2-2, I-7). Subjects were usu-

ally grouped according to radiological changes (Wright, 1955; Gregoire et

al, 1958; Scansetti et al, 1960; Teirstein et al, 1960; Kleinfeld et al,
1966b; Leathart, 1965; Smither, 1969; Regan et al, 1970; Harries, 1971;

Jodoin et al, 1971; Woitowitz, 1971); by job and exposure (Ferris et al,

1971; Harries, 1971; Murphy et al, 1971); by age (Sluis—Cremer, 1970);

by pulmonary function (Hunt, 1965; Bader et al, 1970); and also by cli-

nical features based on exposure, questionnaire, radiology and pulmonary




TABLE 2-3

SPECIFIC MECHANICS IN ASBESTOS WORKERS
(Details in Table I-8)

CRITERIA STATIC DYNAMIC RESISTANCE

COMPLIANCE COMPLIANCE Inspiratory Expiratory Total

No. L/cmHy0 No. L/cmH20 No. cmH20 No. cmH20 No. cmH20

Subj. ... Subj. Subj./LPS Subj./LPS Subj./LPS
No small 28 .133 41 .090 23 2.0 46 1.0
irregular to to to
opacities .310 .662 10.0
With small 3 .130 56 .018 5 4.1 5 2.3 23 1.0
irregular to to to to to
opacities .313 .192 8.2 3.6 9.0

BN |
Without .11 3.0
pleural o +
Changes 1.0
With 11 3.5
pleural +
changes 2.8
Miscella- 10 .055 46 .020 6 1.5 6 3.0 466 1.8
neous ‘to to to to to
.100 .270 8.0 12.0 9.0



TABLE 2-2 -

PULMONARY FUNCTION PROFILES IN ASBESTOS WORKERS: REPORTS OF GROUPS
(Details in Appendix I, Table II-7)

REFERENCES - . "‘CASES RESTRICTION ALVEOLAR- OBSTRUCTION
CAPILLARY
BLOCK

First

Author Date Total Total Definite Probable . Definite Probab

reported classified.

Stone 1940 148 13

Wright 1955 57 57

Grégoire 1958 35 12

Leathart 1960 23

Scansetti 1960 34 34 14

Teirstein 1960 10 10

Eliseo 1964 28 24

Hunt 1965 450 450 110

Leathart 1965 78 78

Schaaning 1965 11 11 11

Thomson 1965 28 28

Kleinfeld 1966a 56 56 56

Gandevia 1967 41 41

Ardalan 1968 22 18

Smither 1969 53 32

Bader 1970 598 598 172 29 7

Sluis~Cremer 1970 179 179

Ferris 1971 185 185 185

Jodoin 1971 24 24 24

Harries 1971 369 369

Murphy 1971 195 195 195

Regan 1971 210 210 53 44

Woitowitz 1971 22 22

TOTAL 2847 2669 215 605 - 73 7




!KERS: REPORTS OF GROUPS
ON ALVEOLAR- OBSTRUCTION MIXED INDERTERMI- NORMAL INCOMPLETE
CAPILLARY NATE SYN- DATA
BLOCK DROME
vable . Definite Probable Predominant
Rest. Obst.
13
57
12
23
12 8
10
24
340
78
28
41
18
32
72 29 7 390
179
35
369
35
53 44 104
11 11
J5 - 73 7 11 24 735 920 70
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function (Bader et al, 1970). Results will, of course, depend on how

the sample was chosen. Nevertheless, it is of interest that some groups

have a restrictive profile (Scansetti et al, 1960, group 3; Gandevia,

1967; Jodoin et al, 1971, group 2) and others possibly have a restrictive
profile, but some data are incomplete (Wright, 1955; Teirstein et al,

1960; Schaaning et al, 1965; Kleinfeld et al, 1966a; Jodoin et al, 1971,
group l; Woitowitz, 1971, group 1; Murphy et al, 1971; Ferris et al, 1971).
Several groups have a mixed profile (Gregoire et al, 1958; Scansetti et al,
1960, groups 1 and 2; Thomson et al, 1965; Leathart, 1968; Harries, 1971).
Certain groups seem to be within normal limits (Sluis-Cremer, 1970; Bader

et al, 1970; Woitowitz, 1971, group 2). Finally, incomplete data do not
permit any conclusion in some surveys (Stone, 1940; Eliseo et al, 1964;
Leathart, 1965; Ardalan, 1968; Smither, 1969). In other words, the conclu-
sions are in accord with those reached on the basis of analysis of individual
case reports. It should also be noted that most individual and group reports
refer to workers in the secondary industries; only those of Grégoire et

al (1958) on workers in open chrysotile mines and those referred to by
Sluis—Cremer (1970) on crocidolite miners, deal with exposures in the

primary processing.

Specific mechanics:

To complete this review of the pulmonary function in asbestos workers,
reference will be made to reports on lung mechanics (Tables 2-3, I-8).
The range of values for static compliance was large and was not different
in the presence or absence of small irregular opacities; lower values were

found in the miscellaneous group. Dynamic compliance was on the whole lower
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in presence of small irregular opacities than in their presence or in
the miscellaneous group. Different degrees of resistance were found

in the different groups. Woitowitz (1971) and Jodoin et al (1971} found
resistance significantly increased with higher dust exposure even in

absence of radiological changes.

b) Profiles in Quebec asbestos workers:

Because the present study is concerned with Quebec workers, previous
reports on this working population by Gregoire et al (1952) and Wright
(1955) were reviewed. They described the respiratory function of 57 men
who had had a long exposure in the mines of Quebec, and radiographic evi-
dence of advanced asbestosis. They were found to have reduced lung volu-
mes with relative preservation of ventilatory efficiency. Alveolo-arterial
differences in oxygen pressure (A-aQ;) were usually increased at rest, and
always on exercise, indicating an impairment of gas exchange. This pattern

differs little from that described elsewhere.

It should be pointed out that Quebec asbestos workers in the present
study are unusual in that they are almost all engaged in primary industry
whereas most other reports of the effects of exposure are in secondary
industries. This difference in exposure has generally been considered
of little importance. However, Wright (1969) underlines the differences
between chrysotile and the five amphiboles, and suggests they may have
different biological effects: "In view of the great variation of chemical
"and physical properties, it is most unsafe to predict that the biologic

"reactions of one variety of asbestos will be mimicked by another in terms
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"of either actual consequences or mechanisms. To interpret the biologic
“aetion of asbestos, it is imperative that the character of exposure in
"rorms of concentrations, size and types of fibers be known. This sort
"of data is scant or often inexistant at present with respect to exposure

"of humans."

The different physical and chemical characteristics of chrysotile
could perhaps explain why, in another study, Grégoire et al (1958) found
a mixed obstructive profile in the 12 subjects they studied. Chrysotile
is known to penetrate less deeply and be expelled faster (Timbrell et al,
1971). Moreover, Jodoin et al (1971) have demonstrated in chrysotile
workers small airways changes which support the concept of a limited dust
penetration. This thesis based on subjects working in chrysotile only
can possibly help to demonstrate if differences in biological effects

do indeed exist between the different types of asbestos.

c) Summary:

The general consensus of medical textbooks is that the pulmonary
function of asbestosis is that associated with fibrosis i.e. the restric-—
tive profile and/or alveolar-capillary block. The predominant features
are small lung volumes, decreased diffusing capacity and increased A-a
oxygen difference due to reduced surface area of the alveolar—capillary
membrane, thickening of this membrane and/or V—Q disturbance. The {

obstructive profile is considered to be coincidental.



32

Most of the published reports on the subject reach the same con-—
clusions as those in the textbooks. However, a detailed analysis of
375 workers whose results are reported individually (Table 2-1) revealed
a somewhat different picture. Thus, only 21.9% had a definite restrictive
profile and 12.87 a possible restrictive profile, 10.9% had a definite
obstructive and 7.27% a possible obstructive profile; 18.4% had a mixed
profile, only 4.3% an alveolar-capillary block, while 2.9% had normal
function and 6.17 associated diseases likely to have affected their lung
function. Fifteen percent (15.3%) could not be classified because of

incomplete data.

The data on 2669 workers reported as groups in epidemiological stu-
dies was less susceptible to this type of analysis by lung profile, both
because of the choice of population, and because the results were less

complete or impossible to classify.
It can therefore be concluded that restriction is often associated

with asbestos exposure, but that normal and obstructive function profiles

are also found in an important proportion of subjects.

3. RELATIONSHIP OF PULMONARY FUNCTION TO OTHER MEASUREMENTS OF HEALTH

AND TO ASSOCIATED AGENTS

A brief reference to reports on the relationships between pulmonary

function and other measurements of health i.e. symptoms, signs and
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chest radiography on one hand, and associated agents such as dust, ef-
fort and cigarettes on the other, will complete this review of the lite-

rature.

Clinical Findings and Pulmonary Function:

Wright (1955) and Bastenier et al (1955) concluded that symptoms

and signs did not correlate closely with pulmonary function changes.

Leathart (1960) showed some relation of dyspnea and tachypnea
to decreased dynamic compliance, but not to oxygen saturation. Bader
et al (1961) and Kleinfeld et al (1966a) described a poor correlation bet-
ween clinical and functional changes in their material. Nevertheless in
another report on the same material (1966b) they note that those with
dyspnea and lung crepitations had a significantly lower mean VC and TLC
than those in whom these findings were absent. The Dj was also lower in
the group with crepitations, but no relation could be established with
clubbing. Pellet et al (1964) noted the following paradox: oxygen satu-
ration on effort decreased in subjects with only dyspnea but not in

subjects with dyspnea, cough and sputum.

By contrast, Williams et al (1960) found a significant relationship
between the severity of dyspnea and grade of finger clubbing on the
one hand, and the standardized ventilation, the dyspneic index (ratio of

standardized ventilation to the maximum ventilatory capacity) and the
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reduction in Dy, on the other hand. Bader et al (1965) stated that in
half of their 17 cases, the progression of dyspnea on exertion correlated
well with the decreased VC. Hunt (1965) noted a good correlation between
lung function results and clinical findings in advanced cases. Harries
(1971) suggested that there is a relationship between dyspnea and values
for exercise ventilation, standardized ventilation and Dy. Murphy et al
(1971) in a study of shipyard workers demonstrated a relation between
dyspnea, rales and clubbing on the one hand and decreased VC on the other.

These were also related to duration of exposure.

Radiological Changes and Pulmonary Function:

In 1955, Wright concluded that in asbestosis one may find "(1)
"physiologic abnormality without definite roentgenologic abnormality,
"(2) roentgenologic abnormality plus Physiologic abnormality, and (3)

"roentgenologic abnormalities without any physiologic abnormality."

As Wright suggested in his first proposition, Bastenier et al (1955),
Amsler (1958) and Leathart (1960) suggested that physiological changes
may precede radiological changes; the last author suggested that a low
compliance and a decreased DL, with a history of asbestos exposure may sug-—

gest the diagnosis of asbestosis before any radiological change. Hunt

(1965) alsco concluded that asbestosis can be detected by lung function
before radiological changes. Bader et al (1970) showed that pulmonary

function abnormalities appear much earlier (5 to 9 years exposure) than
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extensive radiographic changes, 2 and 3 (20 years of exposure). They
do not comment on the relationship of pulmonary function changes and

early radiologic changes.

By contrast, Roemheld et al (1940) and Gaffuri et al (1957) showed
a relationship between loss of VC and the increase in radiological changes.
Bader et al (1961) found in general a relationship between physiological ab-
normalities and radiological changes when these became definite (grade 1
and 2 + ). Pellet et al (1964) found no significant pulmonary function
abnormalities if the radiogram was normal, but some changes if it was not.
Becklake et al (1970) on the same group of men reported in this thesis,
found a significantly decreased VC and FVC with doubtful (0/1) radio-
logical changes when compared to the men with normal radiogram (0/0).

VC was also progressively reduced in relation with the increase in radio-

logical changes, but DLcogg and DLgogg Were only affected when radiologic
change was marked. In men with no parenchymal changes (0/0), pleural chénges
were associated with minimal but significant reduction in RV, TLC, FEV7s5,
FEV1Z and VAgg. Similar small differences were seen with advancing paren-—
chymal involvement (0/1-), but without reaching significant levels. 1In

most measurements of lung volumes, flow rates and diffusion, values were
consistently lower in the presence of pleural changes. Another point

of interest was that the VC of workers with no parenchymal or pleural

changes on the chest radiograph was slightly lowexr than the mean VC in

many normal series. Harries (1971), in his study of shipyard workers,

came to the same conclusions as Becklake et al.

Finally, Williams et al (1960) showed a significant correlation between

reduction in diffusing capacity and radiological grade of mottling. Reduc-
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tion of inspiratory capacity and TLC were also related, but less closely
so, to radiological changes. Hunt (1965) found that at the more advanced
stages, the lung function results correlated very well with radiological
changes. Bader et al (1970) also stated that in men after 30 years of
exposure, the prevalences of function and radiologic abnormalities were

similar.

Dust Exposure and Pulmonary Function:

Wright (1955) commented that a gross correlation might be expected
between the intensity and duration of exposure and physiological changes,
but that some subjects do remain normal even with a prolonged and very
intense exposure. Bader et al (1961) agreed with this point. They could
find no correlation between the degree of functional impairment and the
number of years of exposure to asbestos, and this was also true for inti~-
macy of exposure. Kleinfeld et al (1966a) were also unable to demonstrate

a relationship between the duration of exposure and functional changes.

However, more recent studies have generally supported such a corre-
lation. Thus, in 1970, Bader et al, examining the relationship of VC and
FEV17 with exposure in 598 workers, showed a relation between the decrease

of function with an increase in exposure after five years of exposure.

The results of Harries's survey (1971), using an independant assess-

ment of lung function, also provide evidence of an association between
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the development of lung function abnormalities and the intensity of exposu-
re but not the duration of exposure. Jodoin et al (1971) demonstrated that
even before radiological changes, the intensity of exposure had an influen-
ce on respiratory function, as measured by increase in the static elastic
recoil and the upstream resistance. The data reported in this thesis was
also examined for such a relationship and it was found that IC and vC

(or FVC) decreased with increasing dust both in non-smokers and smokers,
and MMF and FEV1Z din high dust exposure (Becklake et al, 1972). 1In

addition, in non-smokers, D, dropped with increasing dust exposure.

Cigarettes and Pulmonary Function:

Although smoking is known to alter pulmonary function, its influence
has been assessed only infrequently in asbestos workers. One of the first re-
ports to do so was that Ferris et al (1971), who found a higher than
expected prevalence of breathlessness in Pipe coverers in general and espe—
cially in those who smoked more than 25 cigarettes per day. Likewise, VC
and Dcogy was lower in pipe coverers than in two other groups, but always
lower in the smokers in the three categories. In the measurement of total
resistance as well as the volume-~flow curves, no difference was shown

between smoking categories.

Jodoin et al (1971) studied 24 men in two categories of dust exposure
and found more upstream resistance in the higher dust category. On the
basis of the smoking history of their subjects, they concluded that the

increase could not be attributed to smoking. On the other hand, Harries
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(1971) found that VC and TLC, transfer factor and Dy were lower in smokers
than in non-smokers in his groups. He made the comment that the smoking
history is often not reliable, the subjects underestimating the number

of cigarettes during their working time.

McDonald et al (1972) anclvsed the smoking habits of the subjects
of the present study and found that smoking was related to cough and phlegm,
but not to breathlessness. On the same material, Becklake et al (1972)
showed that with increasing dust exposure VC and TLC decreased in both
smokers and non-smokers, RV increased in smokers; there was also a greater

decrease in MMF and FEVy% in smokers than in non-smokers whereas DcosS

on exercise dropped less in smokers than in non-smokers.

Summary :

In relating the clinical symptoms and signs with pulmonary function
changes, dyspnea and rales seem to correlate well with changes in VC,
exercise ventilation and transfer factor whereas clubbing and cyanosis
show only a poor correlation with functional changes. 1In early asbestosis,
the pulmonary function may be altered before the chest radiograph changes,
but as the disease advances, changes in pulmonary function parallel changes
in the radiograph. Lung function changes appear to relate to the intensity
rather than the duration of asbestos exposures while volume (VC, TLC) and
flow measurements (MMF, FEVy) are lower and RV higher in smokers than non-

smokers.

N e e e et e
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4. CONCLUSIONS

The review of the literature has shown that many reported cases
of asbestosis could not be classified into pulmonary function profiles,
data being incomplete or impossible to assess individually. However,
in 375 cases reported in sufficient detail to be classified, 2.97% were -
normal even in the presence of radiological changes, about 35% had a res-
trictive profile, 187 an obstructive profile, 187 a mixed one and 4.37
a possible alveolar-capillary block; some 157 could not be classified

or had other associated disease likely to have affected lung function.

In general, pulmonary function changes were related to dyspnea
and crepitations, advanced radiological changes, intensity of exposure
and smoking; the relationship was less evident with cyanosis and club-
bing, normal or early abnormal radiological changes and duration of

exposure.
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1. SELECTION OF SUBJECTS FOR TESTING:

The purpose of studying the current working population was to get
information on the relationship of asbestos exposure to health. To this
end, it was decided to draw a random sample, stratified for age, and
weighted towards the older men, who it was thought would be most likely

to show health effects of exposure because of their more lengthy exposure.

The subjects of the study were then chosen in the following way. A
complete list of all the current workers in the eight constituent companies
of the Quebec Asbestos Mining Association was made on 31 October 1966 and
contained 6180 male employees. These are grouped in Table 3-1 according
to their age in the employment records and to the company for which they
worked. The companies are designated by letters. There are nine letters
but only eight companies because the factory workers on one company, the

largest, are separated from those in its mine and mill.

The selection of the group continued with the exclusion of one hundred
and two men because they were under 21, and 37 because they were more than
65 years of age. From the 6,041 remaining, an age-stratified, random sample
was selected by dividing them into five-year age groups, and sampling so
far as possible in such a way that the ratio of subjects in each group as one
proceeded from youngest to oldest was 4:5:6:7:8:9:10:11:12. Thus, for
every four workers sampled from the age range 21-25 years, five were sam-
Pled from the age range 26-30, six from 31-35 and so on until 12 were in-
cluded in the group 61~65. This ensured that the sample included a relati-

vely higher proportion of older men with long exposure.



TABLE 3-1 -

MEN EMPLOYED AS OF 31 OCTOBER 1966, CLASSIFIED BY AGE

AND COMPANY AND MEN CALLED FOR PULMONARY FUNCTION TESTS

IN 1967, 1968%*

COMPANY
AGE .
Yrs A B C D E F G H I TOTAL
16~20 14 9 42 13 2 1 21 - - 102
21-25 82 56 153 24 34 - 45 19 7 420
a2 6 12 ® e - ® (& & (58
26-30 73 22 128 30 46 5 103 29 3 439
s M @ @ @ G @ () (3 (78
31-35 122 34 195 80 64 19 126 41 9 690
(18 (@ a8 (3 () (&) (12 (&) () (93
36-40 309 28 289 76 59 23 114 32 25 955
(21) (11 (21) (1) (11) @)) (14) @)) 7 (110)
41-45 372 37 425 - 70 49 29 100 27 33 1142
(24)  @12) (2% (12 (12) (8 (16 (8 (8 (124
46-50 264 48 370 54 25 31 58 19 27 896
27 a» @7 @3 a3 (@ 18 (9 (9 (138
51-55 226 33 294 37 29 24 35 6 8 692
(30) (15 (30) (15 (15) (10) (200 (6)  (8)  (149)
56-60 149 51 234 30 12 18 15 2 5 516
1967 (33) an (33) (17) (12) (11) (14) (2) (5) (144)
1968 (120)
61-65 78 30 132 22 11 5 4 2 7 291
1967] (36) (18) (36) (18 (A  (5) (& (D () (137)
1968 (121)
66 + - - 19 99 5 1 - - 3 37
TOTAL | 1689 348 2281 445 336 156 621 177 127 6180
1967 (216) (108) (216) (108) (96) (61) (116) (49) (57) (1027)
1968 ¢ 241)

% Number of men called for test in brackets under the number of men employed.

X Factory.
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The final aspect of the selection was to include in each age group
subjects'from all eight companies in such a way that comparison between
them could be facilitated since the characteristics of asbestos does
differ somewhat from mine to mine. The smaller companies were more fully
represented than the larger ones by selecting the subjects in proportion

to the square root of the total number of current male employees.

In theoxry, the random sample should have included 1,080 men but when
actual names were being selected, only 1,027 were included (Table 3-1 ).
For example, it was found that the actual age of some men differed from
that listed in the company records and they were actually over 65. Also,
in some companies there were not enough older men to complete the groups.
Finally, when the factory workers of one company were separated from those
of the mine and mill, there were not enough factory workers to fill all

age groups.

An additional survey was considered necessary when it was found that
only 71 (8%) of the original random sample had radiographic evidence of
small irregular opacities and only eight of these were placed in catego-
ries 2/1 of”greéter; Therefore, a second field study was carried out
in the summer of 1968 to increase the number of older men in the survey.
To this end all men, aged 60-65 in 1968, and not previously tested in A,

B, C, were invited to participate (Table 3-1).

2. SUBJECTS TESTED AND RESULTS ANALYSED

From this random sample of 1,027 men selected in 1966, 85 (8%) were



TABLE 3-2 -~ SAMPLE SELECTED, CALLED, TESTED AND ANALYSED

AGE ‘CURRENT SUBJECTS 'CHOSEN® ‘SUBJECTS TESTED* RESULTS ANALYSED
EMPLOYEES FOR TESTS

1967 1968 1967 1968 1967 1968
16-20 102 - - - - - -
21-25 420 58 - 40 - 40’ -
26-30 430 74 - 72 - 72 -
31-35 690 93 - 69 - 69 -
36-40 955- - 110 - 107 - . 107 -
41-45 1142 124 - 105 - 103 -
46~50 896 138 - 136 - 136 -
51-55 692 149 - 118 - 118 -
56-60 516 144 120 128 33 128 28
61-65 291 137 121 105 151 97 135
66 + 37 - - 5 - 2 -
TOTAL 6180 1027 241 885 184 871 163

1268 1069 1034

x classified as to age at the 1lst of October 1966.

* classified as to age at the time of testing.
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not available in 1967 when the testing was done because they had retired,
were sick, had died or were not given an appointment (clerical error); a
further 57 (6%) were unwilling to participate (Table 3-2). Finally,
only 871 sets of tests were actually analysed because 14 of the subjects
were unable to adequately perform all the tests required because they
could not tolerate the mouthpiece, could not follow the technician's di-

rectives, or were too tired.

With regard to the 1968 group, 241 were selected from A, B, C in-
dustries but only 184 were examined, 38 (16%) not being available and
19 (8%) declining the invitation to participate (Table 3-2). Only the
tests of 163 were actually analysed, as the other 21 subjects were unable
to complete all the tests for the same reasons as mentioned for the first

survey.

In summary, the total number selected, tested and analysed in both
surveys is shown in Table 3-2. From the 6180 current employees in 1966,
analysis of the results of pulmonary function tests on 1034 individuals

will be included in this thesis.

1
|
1
{
i
i
|
|
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1. GENERAL

Although the present report is more concerned with the methods of
collecting and analysing the pulmonary function data, this section in-
cludes a general description of the entire McGill survey of the Eastern

Townships asbestos worker and his environment. Emphasis will be given on

how information was obtained on the clinical aspects, dust exposure, anthropo-

logy and how the radiological classification of pulmonary abnormalities

was done.

2. PULMONARY FUNCTION

Laboratory:

The apparatus for testing pulmonary function was designed and
constructed for mobility. Within a few hours, it could be crated, moved
and reassembled elsewhere despite the complexity of circuits and number
of accessories. It was first assembled in Montreal in the winter of 1966—
1967 and moved to Thetford Mines in April, 1967. 1In September, the labora-
tory was transferred to Asbestos and in November returned to Montreal. Imn
June 1968, it was again installed in Asbestos, and the following month in

Thetford Mines.

The equipment was initially tested and calibrated over a three month
period in Montreal. When the laboratory was moved to Thetford Mines in
April 1967, a complete re-testing of circuits was done by the engineer and
technicians and the entire calibration was repeated. Each month, one full

day was taken for further calibration procedures. 1In addition, daily cali-




TABLE 4-1 -~

PULMONARY FUNCTION TESTS LISTED IN THE SEQUENCE PERFORMED

TEST CIRCUIT METHOD
HbCO Henderson Circult Rebreathing techniques,
Henderson and Apthorp, 1960
FRC
RV Collins Helium Circuit* Closed-circuit helium
and Rustrak Recorder#*#* Bates et al, 1962
M7 Goldman and Becklake, 1954
vC Expiratory and inspiratory VC
FVC Stead-Wells Spirometer* Forced vital capacity calculated
from the best of 3
FEV FEVQ .75 sec.
FEV1.0 sec.
MMF
DCOSB Collins Box-balloon#* Single breath technique
McGrath and Thompson, 1959
DCogg Pengelly-Bartlett cilrcuit | Steady-state technique
with analysis of expired
gases (C0-02-C02)**#*
1) rest End tidal sampling

2) exercise:
200, and
400 or

600 KgM/min.

Elema-Sch¥nander
Ergometer

Bates et al, 1955
Six minutes of exercises
Mostyn et al, 1963

* Warren E. Collins, Boston, Mass., U.S.A.

** R.O0.R. Associates, 21 Polack Drive, Scarborough, Ontario, Canada.

*%% Pengelly, D., Faculty of Medicine, Hamilton, Ontario, Canada.
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bration procedures were carried out and recorded before the first sub-
ject in the morning and before the first in the afternoon. These readings
were compared to the preceeding ones so that any deviation could be prompt-

ly investigated and corrected.

The personnel of the laboratory consisted of two research technicians
who performed all the tests and the daily and monthly calibrations, an
engineer who maintained the equipment, and three physicians who supervised
the techniques, checked the calculations and were present during the exer-

cise studies,

The tests were performed in the sequence given in Table 4-1. Stan-
dard techniques were used with the exception of the steady-state diffusing
capacity at rest and on exercise, which is described in detail in Appendix II.
Subjects were alternatively allocated to each technician during the survey,
so that any inter-technician differences would not bias any one group stu-

died.

Recording of Data:

The data on each subject was handled in the following manner to ensure
the greatest possible accuracy. The technician who performed the subject's
tests extracted raw data from her readings on the analyzers and entered
them on the raw data sheet (Fig. 4-1). One of the three physicians checked
the technician's work and completed the necessary calculations for the raw
data sheet. The sequence of calculations and how they were done is to be
found in Appendix II (Table II-1). Another physician, usually the author,

rechecked completely this transfer of data and the calculations, and ensured



FIGURE 4-1 - DATA SHEET FOR THE COMPUTOR

McGill University, Depart.

of Epidemiology and Experimental Medicine

Pulmonary Function Data Operators - please initial each cc.

Card No. 1 Card No. 2 Card No. 3 Card No. 4
1|Case no. l | I | I Case no. ’ l l ‘ | l 1|Case no. | l l I l 1|Case no. ‘ l I l
71Card no. Card no. 2| 7iCard no. 7!Card no.
8 |Surname 8|CO (rebreathe) L 8|Load kgm/10
14 |First name 10 |Heart rate
20 |Age yT. Temp. 1 11|FI-He 7 13|FA;CO units
22 |Ht. ins. PW for T 1 15 |FI-CO-units 15|FICO units
26 |Wt. lbs. ERV 1 19{VI 18|FECO units
30 | Day IC 23|Time 1 secs. 21iv 1
32 |Month VC (total) 26 |FA - He 7 26|V 2
34 \Year FEV 0.75 30 {FA - CO units 31|Time min.
36 |pB L FEV 1 32 sec.
40 |[Temp. (room) FVC 34(f
43 |PWw for temp. (room) MMF 36| FECO, 7
45 | CT 1 39| FEO, %
Questionnaire __149{Temp. 2 36 |FIO l | 43|Total time min.
50 |Cough (yes to Q5) |_|52|PW for T 2 40 Loag kgm/10 - rest
51 |Sputum (yes to Q10) F-H 71 42 |Heart rate 44 |Load kgm/10
52 |Chest illness(yes to Q21) F-He?7 2 45 |FA1CO units 46|Heart rate |
53 |Breathlessness (0-3) Temp. 3 47|FICO units 49| FA7CO units
54 |Other disease Switch diff. & 50 [FECO units 51|FICO units
55iNo. cigs./day 02 diff. i 53 |FA9CO units 54| FECO units
58 |Years of employment ERV 2 56|V 1 57|v 1
61 |X-ray v, 1l 611V 2 621V 2
Operators for __|79|Breaths to 907 66 [Time min. 67| Time min.
76 |HBCO || 67 sec. 68 sec.
77 |Flowrates = 69 |£ 70) £
78 |FRC || 71 |FECOy 7 73] FECO, 7
79 [pco sB 74 |FEO, % 76| FEO2 % L
80 |Dco SS 78 ITotal time min. 801 Total time min.

Ly



TABLE 4~2 -

FLOW-DIAGRAM OF DATA CALCULATION AND RECORDING

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Step 8 -

Raw data sheet.

Raw data cards and listing

Calculation and print out of results

Corrections of program and calculation

New program for 2nd, 3rd and 4th phase.

Calculation and listing of all results

Correction

Data prepared for analysis for
a) statistician

- cards:

1) Volumes and flows

2) Drgpgg rest, DLcogg

technicians
3) DLCOSS exercise
4) General data

- tape

b)

1st verification

2nd verification

3rd verification

4th verification

Physiologist
- cards:

1)
2)
3)
4)
5)
6)
)

8)

General data, technicians

Volumes, flows, (results)

Volumes, flows, (predicted)

DLCOSB - (results and
predicted)

DLcogg rest (results and
predicted)

DLcogg 200 (results and

predicted)

DLcogg 400 or 600 (results
and predicted)

7Z predicted

tape

Preparation of a 9nd card to facilitate analysis.
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that the raw data sheet was correct in every detail. The values were then
punched on four raw data cards to be processed on an IBM 360 computer using
a program calculating the pulmonary function results. A print-out of the
results were obtained from the computer, and after corrections, a print

and a card output were produced for use in the statistical analysis. The
flow diagram for the handling of the data prior to analysis is shown in

Table 4-2.

Control of Quality and Validity of the Results:

Inter-observer differences were studied by repeated sequential mea-
surements on two subjects. No significant difference was found between
the results of the two techniciéns testing the same subject, nor between
morning and afternoon testing (Table 4-3). From this it was concluded
that neither inter-observer nor within-subject variation was likely to

have been important in this study.

As the study conducted in two cities lasted several months, the in-
fluence of place, season, increasing experience of technicians agd the
state of the apparatus might all have contributed to the between-subject
variation. An overall check of the laboratory quality was obtained by
testing 31 men twice, once in Thetford Mines, once in Asbestos. The two
sets of results were cémpared (Table 4-4). ©No significant difference
was found in tests where cooperation was not required; a slight increase,
significant at the 0.05 level was found in tests such as VC and those
conducted during exercise where training could play a role (Fournier-Massey

et al, 1970).




TABLE 4-3 - REPEAT PULMONARY FUNCTION MEASUREMENTS ON TWO SUBJECTS
(BETWEEN MORNING AND AFTERNOON MEASUREMENTS) ANALYSED FOR
INTER-OBSERVER AND WITHIN SUBJECT VARTATION *%

SUBJECT A.S. - SUBJECT: R.K.

no mean within' S.E.' ' inter- no |- mean within S.E.' inter-

of subject of a observerj| of subject of a observer

tri4 - diff. single diff. tri— diff. single diff.

als obser- als obser-

vation vation

TEST
vC L. 23 4.70 - 0.05 0.09 + 0.01 15 5.99 - 0.05 0.15 - 0.13
FRC L. 23 2.46 - 0.10x 0.10 - 0.05 15 4.16 + 0.06 0.16 + 0.01
RV L. 23 0.81 - 0.02 0.10 - 0.04 15 1.66 + 0.07 0.03 + 0.00
TLC L. 23 5.63 - 0.02 0.12 - 0.01 {15 | 7.82 + 0.07 0.13 - 0.13
ME Z 23 63.40 - - 2.36 '9.91 - - 4.80 15 [ 57.90 - + 2.34 7.37 + 1.00
FEVy5 L. 23 3.73 - 0.04 '0.09 + 0.07 15 4.63 + 0.05 0.11 + 0.00
FEV1 L. 23 4,08 ~ 0.02 0.09 + 0.08 15 5.19 + 0.05 0.11 + 0.02
FVC L. 23 4.81 - 0.00 0.07 + 0.04 15 6.13 - 0.04 0.13- + 0.15
FEV1 7% 23 85.10 -1.28 2.24 + 1.76 15 86.00 - 0.90 2.36 ~ 0.22
MMF L/sec 23 |1 4.20 + 0.06 0.36 + 0.11 15 5.18 + 0.23 0.37 + 0.26
DLCOSB *% | 23 36.00-- + 5.78% 3.40 + 1.68 " {15 41,50 - + 2.26 - 3.40 + 5.22
Kco cc/min .| 23 5.93 + 0.94 0.54 + 0.21 15 5.19 + 0.12 0.61 + 0.59

DLCOSStest 22 13.84 + 0.30 1.62 + 0.38
200 22 20.13 + 2,13 1.78 + 1.40
600 22 26.05 + 2.75 1.95 + 0.05
Extco 7z
rest Z 22 39.60 - - 1.15 2.78 + 0.57 -
200 KMm 22 41.50 - 0.39 2.19 + 1.61

600 KMm | 22 33.90 © +0.76 ~1.63 + 1.04

Heart min
rest 22 84.20 + 8.83 10.00 - 0.87
200 KMm 22 |-97.60 +13.41 11.75 + 3,12
600 KMm 22 1139.10 + 6.25 9.88 + 2.82

VE L/min
rest 22 | 11.20 =-0.16 1.71 - 0.30
200 KMm |22 | 16.50 + 0.63 1.35 - 0.47
600 KMm-- 22 | 33.80 - 0.64 -2.80 - 1.59
Vop L/min
rest 22 0.31 + 0.02 0.02 + 0.04
200 KMm | 22 0.63 + 0.03 0.03 - 0.02
600 KMm 22 1.31 + 0.06 0.06 - 0.05

' S.E. Standard error
X P = 0.05

* Variance analysis

*¥*% ccCO/min/mm Hg



49

TABLE 4-4 - RESULTS OF 31 SUBJECTS TESTED AT THETFORD AND AT ASBESTOS
TEST No. of FIRST TEST CHANGE
Subjects Mean + S.D. Mean + S.D.

vC L. 31 3.99 0.71 + 0.16 0.29%
FRC L. 31 3.03 0.61 + 0.02 0.25
RV L. 31 1.64 0.36 - 0.06 0.26
TLC L. 31 5.97 0.88 + 0.08 0.23
ME Z 31 56.10 7.80 - 0.10 14.60
FEV75 L. 31 3.27 0.55 + 0.03 0.20
FVC L. 31 4,35 0.81 + 0.10 0.26
FEV1 4 31 83.40 7 .40 - 2.30 4, 80%
MMF L./sec. 31 4,02 1.18 - 0.14 0.60%*
DLCOSB ccCO/min/mmHg 30 34.00 8.70 - 0.90 4.80
K ccCO/min 30 5.57 1.63 - 0.18 0.64
VAgg L. 30 5.61 0.82 + 0.03 0.42
DLcogg ccCO/min/mmHg

rest 30 13.70 3.80 - 0.30 2.90

200 KMm 30 27.10 9.40 - 1.90 3.90%

400 KMm 6 27.00 5.40 - 3.90 1.90%

600 KMm 13 38.20 6.10 - 3.70 3.80%
Extco Z

rest 30 43.00 6.00 0.00 5.00

200 KMm 30 43.00 7.00 0.00 4.00

400 KMm 6 33.00 4.00 - 1.00 3.00

600 KMm 13 39.00 5.00 - 2.00 2.00
Heart min

rest 30 81 1 -3 9

200 KMm 30 102 2 - 4 11

400 KMm 6 121 6 -1 7
. 600 KMm 13 134 1 -3 9
VE L./min

rest 30 10.30 3.20 0.10 1.80

200 30 18.20 5.30 - 1.30 3.20

400 6 32.50 4,20 - 2.80 3.70

600 13 35.40 3.70 - 1.00 2.40
‘.702 L./min

rest 30 0.26 0.70 0.00 0.30

200 KMm 30 0.69 0.09 - 0.02 0.12

400 KMm 6 1.04 0.12 - 0.05 0.10

600 KMm 13 - 1.37 0.09 - 0.02 0.07

*# P <0.01 t-Test for paired values.




TABLE 4-5 ~ ASSIGNMENT OF CODES TO RESULTS OF THE FIVE TESTS USED

TO CLASSIFY PULMONARY FUNCTION PROFILES

TEST Z OF PREDICTED VALUE CODE
Volumes: RV and TLC <70 7
70 - 79 8
80 - 89 9
90 - 110 10
111 - 120 11
121 - 130 12
131 < 13
Flows: FEV75 and MMF < 70 N 13
70 - 79 lé
80 - 89 11
90 - 110 10
111 - 120 9
121 - 130 8
131 < 7
Flow-Volume: FEV1Z < 84 13
85 - 89 12
90 - 94 11
95 - 105 10
106 -~ 110 L9
111 - 115 8

116 > 7
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First Analysis of Results:

In oxrder to classify subjects according to their lung function profile,
comparison with expected values was necessary. Those of Goldman and Beck-
lake (1959) were used for the volumes; those of Needham (1954) and Bates et
al (1962) for mixing efficiency; those of Cotes et al (1966) for flow rates;
those of Cotes (1965) for DLcoggs those of Bates (1962) for DLcogg and Done-
van et al (1959) for that on exercise. The formula of these predicted values

are found in Appendix II, Table II-2.

The second step was to classify each subject by his pulmonary function
into restrictive, obstructive, a mixed or normal pulmonary function. The

third step was to group subjects with similar results together.

The lung function profiles were determined from the following five mea-

surements, each expressed as % expected: RV, TLC, FEV75, MMF and FEViZ. Codes

were assigned to each of these five tests (Table 4-5) in such a way that
when added, a low score indicated a restrictive profile and a high score an

obstructive one. The sum of the five codes gave scores ranging from 37 to

65 (Table 4-6).

Score 50 could be obtained by all five codes having a value of 10
(normal profile) or by a mathematical balance of codes under, equal to and
over 10 (undifferentiated profile). Score 49 and undér could result from
all five codes ranging from 7 to 10 inclusively (restrictive profile) or
codes ranging from 7 to 13 but predominantly under 10 (dominant restrictive
profile). In the same fashion, scores 51 and over could result from codes
for all tests lying between 10 and 13 (obstructive profile) or by the com-—

bination of codes from 7 to 13 with a predominance of codes over 10 (dominant
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TABLE 4-6 - LUNG FUNCTION TYPES BASED ON SCORING SYSTEM

TESTS AND CODES SCORES PROFILES

All tests have code 10 50 NORMAL

Tests have codes 7 to 10 incl. 38-49 . DEFINITE RESTRICTIVE
Tests have codes 10 to 13 incl. 51-65 DEFINITE OBSTRUCTIVE

Tests have codes 7 to 13 incl.

equally divided below & above 10 50 UNDIFFERENTIATED
most tests under 10 40-49 DOMINANT RESTRICTIVE
most tests over 10 51-58 DOMINANT OBSTRUCTIVE

It was impossible to have the scores 35 to 37, because 1f volumes are
decreased severely, flows usually drop, and the codes will then be under
10 for the volumes (small volumes) and over 10 for the flows (small flows)

giving a mixed profile.

Y et e e e e e e — =
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obstructive profile).

For example, a low score of 42 could result from the addition of
five low codes ( 8, 8, 8, 8, 9) or three low, one normal and one high
(7, 7, 7, 10, 11). The former would be classified as a definite res—
trictive profile and the latter as a dominant restrictive ome. Like-
wise, the score 58 could be given by the addition of one 10 and four
over 10 ( 11, 10, 13, 11, 13) or by the combination of one under 10,

one 10 and three over 10 ( 9, 10, 13, 13, 13).

The results of the 1034 men were separated in this way in six

profiles: mnormal or undifferentiated function, definite or dominant

restriction, and definite or dominant obstruction.

3. ASSOCIATED INFORMATION

The following additional information was obtained on each subject:

Anthropology:

Height, weight and arm span were measured when the subjects came

for thelr pulmonary function tests.
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Clinical Data:

Each subject, who presented himself for pulmonary function testing,
also answered a questionnaire in French or English. This was essentially
a modified form of British Medical Research Council questionnaire (Fletcher,
1966, Appendix IT ). Questions 1 to 31, dealing with cough, phlegm,
breathlessness, wheezing, effect of weather, nasal catarrh and history of

chest illnesses were used without any modification.

The occupational history was recorded in greater detail and five
questions were added on arthritic and rheumatic symptoms. These represent
diseases which could influence the pulmonary function at rest and on exer-
cise. Finally, questions were asked concerning trauma, pulmonary and

pleural problems.

Radiology:

The most recent chest radiograph taken within the previous 12 months
was assessed by an international panel of six readers: Dr. L.J. Bristol
(U.S.A.), Dr. J.C. Gilson (U.K.), Dr. J.K. Sluis—-Cremer (South Africa) and
Drs. P. Cartier, T.R. Grainger and J.C. McDonald from Canada. The classi-
fication used has been described previously (BShlig et al, 1970). It is
based essentially on the presence and profusion of small opacities, round
and/or irregular; it allows for comment on large opacities, pleural thic-
kening, poorly defined diaphragm and /or cardiac border, and pleural calci-
fication as illustrated in Figure 4-2., The profusion of the small opaci-
ties was graded by an expansion of the usual four point scale (0, 1, 2, 3)

to a 12 point scale (0/-, 0/0, 0/1, 1/0, 1/1, 1/2, 2/1, 2/2, 2/3, 3/2, 3/3,
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3/4) in the manner suggested by Liddell (1963). Each radiograph was
allocated to a category according to the second highest score of the

six readers.

Dust exposure and effort:

The influence of the working environment was assessed by develop-
ing indices based on the dust concentration and on the physical effort
involved in any job, using a method developed by Gibbs and already reported

in detail (Gibbs and Lachance, 1972).

The occupational history of each employee was obtained from the
cardex of every company where he had worked. The cardex provided the
date when he began and left each position and what he had done during

that time.

Each of these positions was rated for dust exposure and physical
effort involved. Dust measurements have been made in the Quebec As-
bestos industry for many years. A dust sampling engineer was appointed
by the Quebec Asbestos Mining Association about 1952, but some five years
prior to this date, the same individual began to carry out a number of
dust measurements in the industry while employed by the Quebec Government.
All these figures were available, and were arranged as to year and job
location. The dust concentration was classified into thirteen categories.
The physical effort of each job was assessed by designing a scale for
physical effort and physical application based on the number of pounds
lifted per hour, and points were assigned for each job. For those posi-
tions whose title had become obsolete, a correlation was made with existing

positions. For those positions which had disappeared, descriptions were
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obtained from personnel records and the older employees.

Three indices were calculated: one involving the dust exposure
only, the two others the dust exposure and the physical effort required
for each job. The dust index (Dust I) for each person was calculated
by adding together the product of time spent in each job, in years or
fraction of years, and the average estimated dust concentration in
millions particles per cubic foot (MPPCF). For example, a man who worked
for three years at 80 MﬂbF, seven at 10 MﬂéF and eight at 15 Mng would
be assigned an index of 430 (240 + 70 + 120). This procedure implies that
biological significance of a given dust index is essentially the same
whatever the combination of years and dust concentrations. Though the
method is commonly used because it gives a more quantitative evaluation
than the number of years of work in the industry, the underlying assump-

tion may not be wholly wvalid.

The accumulated dust exposure weighted for physical effort
was also calculated in a similar fashion as the accumulated sum of the
product of the physical factor (based on the number of pounds lifted per
hour) and the accumulated dust exposure for each individual job. A third
index took into account not only the rate of work, but also the duration
of effort. 1In this thesis, the third index was preferred to the second

2
one and will be referred né% as Dust II.

Smoking Habits:

From the Questionnaire mentioned previously (Fletcher, 1966), questions
on smoking were adapted in a very minor way to the local idiom. Smoking

histories were examined by a classification based on the number of ciga-
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rettes (or equivalent) currently smoked per day. Non-smokers were de-
fined as those who never smoked as much as one cigarette a day for as

long as one year.

As for the pulmonary function tests results, all data on the mea-

surements of health and the associated factors were transferred on cards

for subsequent analysis.

4., STATISTICAL ANALYSIS

Pulmonary function results were described by using the means and
standard deviations of the means for groups of individuals divided on
the basis of their lung function scores. Other measurements of health
and assoclated factors were related to function by determining prevalence

rates for different groups of individuals as defined above.

Principal component analysis was done in two steps: the first one
includes 18 principal variables in which the five tests used to separate
restrictive and obstructive profiles were included, and the second one
where they were omitted, leaving 13 variables. By this technique, those
factors, which apparently play a part in determining the pulmonary diseases,
could in theory be separated into those which are important and independant
and those which are less important. The initial set of correlated variables
was treated by linear transformation té give a new set of uncorrelated

components. Each component was then
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extracted in order of its contribution to the total variance of the
original variables: the nature of the variability which remains can be
ignored. The component score for each individual was then calculated
as a weighted sum of the values of the original variables after they
have been standardized by substracting the mean and dividing by the
standard deviation. When the individual scores are plotted against

the axis of the components, meaningful trends may emerge.

To evaluate the importance of each coding test in the definition

" of the profiles, a multivariate path or a dependance analysis was done.
This type of analysis, which is an extension of the multiple regression
coefficient analysis, defines the causal linkages of input variables

(five coding tests, plus 13 other ones) over dependant variables (code)

(Heise, 1969).
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5 - RESULTS

GENERAL.

PULMONARY FUNCTION IN RELATION TO ASBESTOS EXPOSURE.
Distribution of subjects by pulmonary function scores.
Pulmonary function in the subgroups classified by profile.

Pulmonary function profiles by decade.

ASSOCIATION OF PULMONARY FUNCTION PROFILES WITH QUESTIONNAIRE
AND RADIOGRAPH.
Questionnaire.

Radiology.

PULMONARY FUNCTION PROFILES IN RELATION TO:
Duration of work in the industry.

Dust exposure — Dust I and Dust II.
Cigarettes.

Dust II and cigarettes.

PRINCIPAL COMPONENT ANALYSIS.

Analysis with 18 variables including the five tests used to deter-—
mine profiles.

Analysis with 13 variables excluding the five tests used to determine

profiles.

SUMMARY.




TABLE 5-1 ~ DISTRIBUTION OF SUBJECTS BY PULMONARY FUNCTION SCORE
IN THE 1967 AND 1968 SURVEYS

DEFINITE PROFILES DOMINANT PROFILES
FUNCTION '
SCORES 1967 1968 Total 1967 1968 Total
38 1 - 1 D
39 4 - 4 0
M

R 40 9 2 11 IR 1 - 1
E 41 11 3 14 NE
S 42 25 1 26 AS
T 43 26 5 31 NT 9 1 10
R 44 33 1 34 TR 11 1 12
I I
c 45 35 3 38 cC 6 2 8
T 46 43 4 47 T 11 1 12
I 47 42 6 48 I 18 1 19
0 48 - 37 6 43 o 20 5 25
N 49 36 1 37 N 33 11 44
NOR~ 50 27 - 27 UN- 47 10 57
MAL DIFF.

51 22 3 25 D 29 9 38

52 27 3 30 0 26 6 32

53 30 6 36 M 15 11 26
(¢ 54 38 8 46 I0 12 5 17
B . 55 31 7 38 NB 13 1 14
S AS
T 56 29 6 35 NT 13 2 15
R 57 13 5 18 TR 7 1 8
U 58 19 9 28 U 5 1 6
c 59 21 2 23 C
T 60 7 4 11 T
I I
o 61 9 2 11 o
N 62 10 4 14 N

63 6 3 9

64 2 - 2

65 2 - 2
SUMMARY

38-49 302 32 334 109 22 131

50 27 - 27 47 10 57

51-65 265 63 328 121 36 157

TOTAL 594 95. 689 277 68 345
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1. GENERAL

Every worker examined had been exposed to asbestos; the results were
analysed so that three major questions could be answered:
1) Wwhat is the prevalence of lung function profiles
in these workers?
2) How are these profiles related to clinical or radio-
logical findings?
3) 1In what way are dust and cigarettes responsible for the

functional changes?

The answer to the first question was obtained by examining the
distribution of pulmonary function scores in the workers tested, and
analysing the results in terms of six main profiles. Tne second was
answered by correlating these profiles with clinical symptoms and ra-
diological findings, and the third one by assessing the influence of dust
exposure, physical effort and smoking, which have been implicated in the

pulmonary function alterations in asbestos workers.

2. PULMONARY FUNCTION IN RELATION TO ASBESTOS EXPOSURE:

Distribution of subjects by pulmonary function scores:

The distribution of subjects by pulmonary function scores (the
score derived from RV, TLC, FEV75, FEV1 and MMF as indicated above)

is shown in Table 5-1 (opposite Page). A score of 50 (i.e. indicating
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results + 10% of expected established the demarcation between the
decreasing scores of the restrictive profile and the increasing scores

of the obstructive one.

It will be seen that there are no men with scores indicating
marked restriction (below 37), because if volumes were markedly reduced,
flows were automatically decreased, and the subject would then be classi-

fied as having a dominant rather than a definite profile.

Only 27 subjects were found to have a score of 50 in the 1967 survey
and no one in 1968. However, 302 and 32 subjects (in 1967 and 1968 res-
pectively) had scores below 50, i.e. fell into the restrictive side, and
265 and 63 respectively scores above 50 in the obstructive area. In sub—
jects who were classified as having dominant patterns, (47 subjects in 1967
and 10 in 1968) had a score of 50 (i.e. undifferentiated abnormal pattern),
109 and 22 respectively fell below 50 (dominant restrictive), and 121 and

36 above 50 in the range indicating a dominant obstructive pattern.

Figure 5-1 indicates the contribution of each test to the score and
its relative importance in classifying the subjects, results of the 1967 .
and 1968 surveys being combined. In subjects classified as dominant, sco-

res also fell in the same ranges but had a much greater standard deviation.

An analysis of dependance was performed to define what tests were more

important in defining the codes, definite and dominant. The definite codes

depend primarily on MMF (correlation coefficient - 0.545), less on RV, FEV17
and FEVy5 (0.441, -0.351 and - 0.320) respectively, and very little on TLC
(0.086). The dominant codes were based more on RV (0.523), about equally

on MMF and FEV75 (- 0?453 and - 0f450) and less on TLC and FEV1Z (0.276 and



TABLE 5-2 - CLASSIFICATION OF SUBJECTS ACCORDING TO PULMONARY FUNCTION SCORE

SCORES " PROFILES SUBJECTS Age
Number Standardized
1967 . 1968. 1967-68 7z 7Z of
Total Total
38-44 RESTRICTIVE
Definite 109 12 121 11.7 12.8
Dominant 21 2 23 2.2 2.1
45-55 ""NORMAL"'
Normal 367 47 414 40.0 44,3
Undifferentiated. 231 62 293 - 28.3 26.5
56-65 OBSTRUCTIVE
Definite 118 36 154 14.9 12.2
Dominant 25 4 29 2.9 2.1
TOTAL Definite 594 95" 689 66.6 69.7
Dominant 277 68 345 33.4 30.3

TOTAL 871 163 1034 100.0 100.0
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- 0.226).

The analysis of the 45 groups according to pulmonary function scores
alone and with the measurements of health and associated factors would have
been difficult from a,practicai point of view. Results were first examined
with the subjects divided into 12 groups according to their lung function
score (7 definite and 5 dominaﬁt profiles); to further simplify the analysis,
sub-groups were then amalgamated, reducing the number to six profiles. As

this did not seem to modify the conclusions, results are so reported here.

Table .5-2 lists the number of subjects in each profile, in both
surveys, separately and combined. Three definite profiles are listed:
restrictive, normal and obstructive; and three dominant ones: restric—-
tive, undifferentiated and obstructive. More subjects were classified
into the definite obstructive profile (118 and 36 in 1967 and 1968 res-
pectivély, or 14.9%), than in the definite restrictivé profile (109 and
12 in 1967 and 1968 respectively, or 11.7%). Likewise, there were more
with a dominant obétructive profile, (25 and 4 in 1967 and 1968, respec-—
tively, or 2.9%), than with a dominant restrictive profile (21 and 2 in
1967 and 1968 respectively, or 2.2%). A normal profile was found in 367
subjects in 1967 and 47 in 1968, or 40.0Z. The undifferentiated abnormal
profile was present in 231 subjects in 1967 and 62 in 1968 or 28.3%. Fi-
nally, more subjects with definite as opposed to dominant profiles were
found in the 1967 survey than in the 1968, in the proportion of two-thirds

to one-third respectively.

The selection of subjects had included progressively more in the older

age groups (i.e. was age-stratified). 1In order to draw conclusions about



TABLE 5-3 -

MEANS AND STANDARD DEVIATIONS OF PULMONARY FUNCTION RESULTS IN

EACH DEFINITE AND DOMINANT PROFILE, COMBINED 1967-68 SURVEYS.

NORMAL UNDIFF. RESTRICTION OBSTRUCTION
PROFILE DEFINITE DOMINANT DEFINITE DOMINANT
MeantS.D. MeantS.D. Meant*S.D. Mean?S.D. Mean*S.D. Mean*S.D.
No Subj 414 293 121 23 154 29
Age yrs 46.3 12:1 - 49.6 12.4 46.1 12.3 48.7 12.4 53.2 10.2 55.0 8.4
Ht cm 169.1 6.7 167.3 6.4 169.8 5.6 169.2 6.8 166.8 6.1 168.7 7.3
Wt kgs 73.2 11.3 70.7 11.9 78.1 11.4 74.1 10.4 69.7 11.6 71.8 10.5
Tests chosen for definition of profiles
RV ZP 96.9 17.6 100.3 63.3 74.6 14.9 95.8 22.4 138.6 24.8 126.1 26.9
TLC 2P 98.3 8.3 96.6 16.5 90.0 10.3 99.5 18.5 109.3 11.1 100.3 22.3
FEV75 Z P ,101.8 11.7 - -99.5 19.1 113.5 14.2 121.4 25.0 79.1 16.7 79.6 29.5
FEV1Z %Z P 103.2 6.3 102.9 7.4 113.1 5.0 115.0 5.0 87.3 10.4 90.7 12.6
MMF ZP 92.7 18.9 87.6 61.7 133.7 20.2 145.7 36.2 49,1 18.5 52.9 19.7
Other tests
vC ZP 92.1 10.3 89.8 17.4 90.8 12.6 ° 95.6 21.0 86.8 13.9 79.0 23.8
FRC ZP 90.5 16.7 90.8 20.4 74.7 15.2 90.7 21.5 112.8 16.7 103.6 19.9
FEV YA 79.8 5.2 79.0 5.8 87.4 3.8 88.5 4.8 66.6 8.1 68.8 9.5
ME ZP 95.0 22.2 94.8 22.8 100.8 26.5 101.0 23.1 83.4 24.5 95.3 24.0
FVC oL 40 - 0:8 3.7 039 3.0 0:8 4,0 1.0 3.4 - 0.8 3.2 1.1
No subj 179 131 48 9 ~. 86 S I
DLCOSB * 30.0 7.7 25.3 6.6 28.4 6.3 27.6 7.2 25.6 7.1 25.4 7.1
Kco ' 4.9 1.0 - 4.6 1.0 5.1 0.9 - 4.3 1.1 - 4.2 0.9 4.2 1.0
VA L 5.7 0.8 5. 1.1 5.2 0.8 6.0 1.1 5.6 0.9 5.6 1.1
REST
No subj 410 290 120 23 152 ~ - . . 29
DLCOss * 12.8 4.3 11..6 4.2 13.9 5.1 12.6 3.2 10.8 4.1 10.3 4.0
Extco . ‘% 42.3 5.9 40.7.-6.5  42.5 6.5 42.9 7.9 39,0 7.7 38.7 6.3
\' + 9.4 2.3 9.5 2.6 10.2 2.6 9.7 3.2 9.6 2.5 9.7 2.0
Voo + 0.27 0.05 0.26 0.05 0.29 0.05 0.27 0.05 0.26 0.05 0.27 0.07
200KMm
No subj 363 248 110 18 130 24
DLGOgs * 23.6 5.5 22.0 6.1 24.3 6.8 24.0 5.3 20.6 6.6 19.1 4.5
Extco 7 40.4 5.3 38.8 6.0 40.7 5.7 41.6 5.2 37.0 6.6 36.2 5.8
\'] + 19.2 3.3, 19.6 3.3 19.8 3.6 18.9 3.1 20.0 4.4 20.6 4.0
VOZ + 0.73 0.13 0.72 0.12 0.74 0.13 0.72 0.11 0.70 0.14 0.73 0.11
400KMm
No subj 158 114 52 10 59 12
DLCOSS * 28.2 5.5 27.3 5.4 28.6 5.2 31.5 11.4 26.8 6.0 25.6 4.2
Extco % 35.9 4.5 35.1 4.8 36.1 A.S 39. 4.9 33.9 5.8 34.4 4.1
v + 30.3 4.3 30.8 4.6 31.0 4.6 28.0 3.4 32.3 6.5 30.8 5.6
Voz + 1.24.0.15. 1.22 0.17 1.24 0.15 1.24.0.14 1. 2.0.16 1. 6 0.11
600KMm
No subj 86 38 17 3 8 1
DLCOss * 35.8 5.6 36.7 6.6 37.9 9.2 36.6 9.3 37.1 5.0 26.3
Extco 7 37.0 3.8 37.2 4.5 40.2 5.7 41.3 7.0 38.6 4.9 35.0
\' +. 37,1 4.3, 37.2..5.1 33.8 3.5 31.4 3,9.‘435,3.,5,8 32.1
Vo2 + 1.63 0.22 1.64 0.17 1.65 0.17 1.59 0.08 1.64 0.14 1.03
' = cc/min  * - ccCO/min/mmHg "'+ - L/min
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the parent population of asbestos workers of the Eastern Townships the
age-standardized prevalence of the different lung function profiles was
calculated (Table 5-2); it can be seen that 12.8% of the subjects showed
a profile of restriction and 12.2% one of obstruction. The prevalence of
a normal profile 'was 44.37, of undifferentiated abnormal function 26.5Z
and of the dominant restriction and obstruction, 217 each. Thus in this
working population, the obstructive profile was observed as often as the

restrictive one, and mixed syndromes were found in 30% of the cases.

Pulmonary Function in the subgroups classified by profile:

Mean values of physical characteristics and pulmonary function tests
for subjects in the six profiles in the combined survey are given in Table
5-3. (The results of each survey separately and combined are included

in Appendix III, Table III-1).

Mean age was slightly higher in the obstructive and dominant obstruc—
tive profiles compared to the others. By contrast, the subjects with
restriction or dominant restriction were slightly taller and heavier than

those in the other groups.

Measurements not used to define the function profiles merit comment.
The subjects with a restrictive profile had the lowest values for FRC,
whereas those with obstruction and dominant obstruction had the lowest veC,
a lower Kco, lower DLcogg and extraction factor at rest and on most levels
of exercise. In general measurements in subjects with the dominant obstruc—
tive profile were more impaired than those in subjects with definite obstruc-
tion. Little difference between the profiles was found in ventilation and

oxygen consumption.



TABLE 5-4 -~ ©PREVALENCE Z IN EACH DECADE OF PULMONARY FUNCTION PROFILES

PREVALENCE OF PULMONARY FUNCTION PROFILES -

DECADES No. of NORMAL  UNDIFFE- RESTRICTION OBSTRUCTION
SUBJECTS . RENgIATED Definite Dominant Definite Dominant
21-30 112 48 26 16 3 7 -
31-40 175 52 26 13 2 5 1
41-50 239 45 25 o -12 1 15 .2
51~60 274 32 28 12 4 19 4

61 + 234 31 35 8 ‘1 21 4
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In summary, subjects were classified into one of six profiles of
pulmonary function, three definite and three dominant. The profile of
definite obstruction was more frequent than that of the definite restric-
tion; one third of subjects had dominant profiles, most of them in the
undifferentiated abnormal group. Subjects with the obstructive profile
showed in general more abnormal lung function than those with restrictive

profile, particularly in terms of VC, flows and Dj at rest and on exercise.

Pulmonary Function Profiles by Decade:

The prevalence 7 of subjects in each decade included in each pulmonary
function profile is shown in Table 5-4, It can be seen that the prevalence
of the restrictive profile decreased with age. Likewise, the prevalence
of the normal profile decreased from the younger subjects to the older
ones. By contrast, the obstructive profile increased in prevalence with
age. The prevalence of the dominant restrictive was low and variable from
decade to decade. There was a rather higher prevalence of subjects with
undifferentiated abnormal profile which, if anytﬁing increased with age.
Likewise, there was an increase in prevalence of the dominant obstructive

pattern with age.

The mean values for pulmonary function tests for each decade in each
profile are included in Tables III-2,3,4. These values shown graphically
in Fig. 5-2 are those tests on which the classification into function pro-
files was based. MMF and FEV]7Z in every decade separate restrictive, normal

and obstructive profiles better than FEV75, RV and TLC.
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In Fig. 5-3, are included the other principal measurements. It can
be seen that VC tended to be lower in obstruction than restriction in every
decade. FRC, which varied by more than 30% of expected values between
obstruction and restriction at all decades, increased only slightly from
21-30 to decade 61-. Mixing efficiency was normal in restriction and
decreased in obstruction. FEV1Z closely allied to the FEV75 which was
used in classifying the profiles, was in consequence over 857 of FVC in
restriction, less than 707 in the obstructive profile. There were less
impressive differences of diffusing capacity between profiles, Thus, for
DLCOSB the restrictive profile was associated with slightly lower values
in the decades 31-40 and 41-50, and slightly higher ones in the other decades,
while in the obstructive profile there were generally lower values for DLCOSS’

at rest and on exercise than in restriction.

In summary, when lung function profiles were examined by decade, the
obstructive profile was found to increase and the restrictive profile to
decrease in prevalence with age. In general, VC and Dj, were lower in that

profile compared to the others.
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TABLE 5-5 -

PREVALENCE % OF RESPIRATORY SYMPTOMS IN PULMONARY FUNCTION

PROFILES WITHOUT AND WITH AGE STANDARDIZATION FOR TOTAL

POPULATION
PULMONARY No. of COUGH PHLEGM COUGH & BREATHLESS— CHEST
FUNCTION SUBJECTS PHLEGM NESS ILLNESS
PROFILES 3 mo. 3 mo. 3 mo. (same age)
Z Z Z 4 7
NORMAL 407 49 45 34 16 13
(48) (33) (14)
UNDIFFE- 286 56 45 35 26 13
RENTIATED (53) (31) a7n
RESTRICTION
definite 120 36 37 21 18 12
(35)* (20) (16)
dominant 22 29 33 24 19 29
(14) (10) @)
OBSTRUCTION
definite 149 72 55 49 38 17
79 (44) (22)
dowinant 27 74 48 44 26 19
(47) (25) 39
% () Prevalence % age standardized for total population.

® r().IS‘L ,mo &b .

\
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3. ASSOCIATION OF PULMONARY FUNCTION WITH QUESTIONNAIRE AND RADIOGRAPH

The association of lung function profiles with other measures of
health i.e. questionnaire and radiology, was then examined. Although
examined for both surveys independently, only the conclusions for the

combined results will be considered here.

Questionnaire:

Some subjects who completed pulmonary function tests could not
answer the questionnaire adequately, so results on only 1011 out of 1034

are analyzed in Table 5-5.

The prevalence of cough, phlegm and breathlessness was higher amongst
those subjects showing definite or dominant obstructive profiles than in
those with the restrictive profiles. The prevalence of chest illness was

higher in the dominant restrictive group.

The selection of subjects could have influenced the prevalence of the
symptomatology in the profiles and not reflect the exact state in the total
population. When prevalence of symptoms was age-standardized for the total
population (Table 5-5), the group with definite obstruction showed the
highest prevalence for cough, while the group with dominant obstruction
showed a prevalence similar to the normal. Cough and phlegm were also more
frequent in the obstructive profile. For breathlessness, the dominant
obstructive profile had a higher prevalence followed by the obstructive one.
The undifferentiated, restrictive and normal profiles had about the same

prevalence. So even after standardization, the obstructive profile had a
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higher prevalence of symptoms in its subjects than most of the other omes.

When prevalence of symptoms was considered by decade (Fig. 5-4,
Table III-5), it was seen that for restriction, cough was similar in
each decade, whereas in obstruction it increased abruptly from the
decade 21-30 to the two following decades, and decreased slightly in
the last two decades. The prevalence of phlegm increased with age in the
three definite profiles particularly that of obstruction. Breathlessness
also increased with age in the three definite profiles, obstruction having

a higher prevalence except in the decade 21-30.

In the dominant profiles (Fig. 5-4) no trend was evident, perhaps
because of the limited number of subjects with restriction and obstruction.
The prevalence of cough, cough and phlegm and breathlessness was quite stable

with increasing age except for an increase in the last decade.

In summary, the prevalence of symptoms increased with age in all the
function profiles; din addition, there was in general a tendency towards
a higher prevalence of symptoms in subjects with the definite obstructive

profile.

Radiology:

The prevalence of radiological changes in subjects grouped according

to pulmonary function profiles is shown in Table 5-6. The prevalence




TABLE 5-6 -

PREVALENCE % OF RADIOLOGICAL CHANGES IN PULMONARY FUNCTION
PROFILES, WITHOUT AND WITH AGE STANDARDIZATION FOR TOTAL

POPULATION
PULMONARY NO OF NORMAL DIFF. IRR. PLEURAL DIFF. IRR. OPAC.
FUNCTION SUBJ . OPACITIES CHANGES AND PLEURAL
PROFILES ALONE ALONE CHANGES
1/0 + COMBINED
Z Z %
NORMAL 414 80 3 14 3
(78) (3 (12) @)
UNDIFFE~- 293 69 9 15 7
RENTIATED (78) (6) (12) C))
RESTRICTION
definite 121 84 4 7 5
(89)* (3) (6) (2)
dominant 23 92 4 4 -
(93) (2) ()]
OBSTRUCTION
definite 154 69 5 19 7
(78) (2) (16) 4)
dominant 29 38 14 31 17
(63) 9 (21) 7N

* ( ) Prevalence % age standardized

for the total population.
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of small irregular opacities was in general low; it was however higher

in the dominant obstructive profile but similar in the subgroups with the
restrictive and the obstructive profiles. However, a higher prevalence

of pleural changes and also of combined radiological changes on the same
radiograph was found in the obstructive profile groups. It was also evident
that any of the six function profiles may be associated with a normal chest

radiograph.

As discussed above, the prevalence of radiological changes in
the profiles could have been influenced by the selection of subjects. When
age-standardized for the total population (Table 5-6), the prevalence of
small irregular opacities alone was greater in the undifferentiated and
dominant obstructive profiles, the definite restriction having a slightly
higher prevalence than the definite obstruction. The dominant and definite
obstruction had more pleural changes alone. For the combined radiological
changes on the same radiograph, the dominant obstruction and the normal
profiles had the higher prevalence, the definite obstruction having more

changes than the definite restriction.

As aiready mentioned, general conclusions about overall working po-
pulation must also be related to age to define the progression of the
abnormalities. Thus, the radiological changes by pulmonary function pro-
files were compared by decades (Fig. 5-4, Table III-6): an increasing
prevalence was found with increasing age in each profile. More pleural
changes were found in the normal, obstructive and undifferentiated profiles;
small irregulaf opacities alone occured in about equal proportion in each
‘profile group. There was also a tendency to a greater prevalence of ra-

diological changes in subjects over 51 years.
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In summary, the overall prevalence of radiological changes was
greater in the subjects with obstruction than those with restriction
or normal function. Radiological changes were found to increase with

age in every subgroup.

4. PULMONARY FUNCTION PROFILES IN RELATION TO WORK, DUST AND CIGARETTES

In the hope of drawing some conclusions about association and, by
inference etiology, two associated factors were specially studied in
this survey: namely, work including dust exposure, and cigarette smoking,
both factors known to influence pulmonary function. For reasons outlined
above, the analysis was.done by decades; however, analysis for the pro-
files without and with age adjustment for total population are shown
for Dust Index I, II and smoking separately, and for Dust II and smoking

combined (Tables III-7-8).

Duration of Work in the Industry

The mean years at work in each decade is essentilally similar in
each profile except in the 61 and over where the subjects with obstruction

have had the longest work service (Fig. 5-5, Tables III-9-10).

Dust Exposure: Dust I and II

Two dust categories have been studied, below 200 dust-years and
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above. The value of 200 dust-years is equivalent to five million

particles per cubic foot (5 MPPCF) for 40 years or its equivalent i.e.

more dust in a shorter time or vice versa. Notefg&MPPCF was the Thr,_gshold
Limit Value of the American Hygiene Society, based on Dreessen's study (1938)
until recently. New threshold levels based on the number of fibers per cc,

were discussed and adopted in 1968 (Lane et al ) but are not yet evaluated.

The prevalence of subjects with high dust exposure (Dust I 200 +)
in each pulmonary function subgroup increased with age (Fig. 5-5;
Table IIT-10), and tended to be slightly higher in the subgréups classi-
fied as undifferentiated abnormal function as well as in the obstructive

and dominant obstructive subgroups.

In the index taking into account the physical effort (Dust I1),
the distribution of high dust indices in the pulmonary function subgroups

was similar to that described above.

Cigarettes

Four categories of smokers were analyzed and the results can be
found in Tables III-7-11. 1In Fig. 5-5 are illustrated results for non-
smokers, smokers of 1-20 cigarettes daily, and smokers of more than

20 cigarettes daily. There were more non-smokers in the subgroups with

dominant restriction and restriction, and less in the subgroups with
obstructive, dominant obstructive and undifferentiated profiles, and a
similar trend was found in the category of smoking 1 to 20 cigarettes
per day. By contrast, the prevalence of heavy smokers (21 cigarettes

or more per day) was lower in the subgroups showing a dominant restrictiocn
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and restriction, and the highest in subgroup with the definite obstruc-
tion. The prevalence of smoking patterns was surprisingly similar from
one decade to another. Caution must be observed in interpreting this
data because it cannot be standardized for age-differences between the

subgroups with different lung function profiles.

Dust IT and cigarettes

In an attempt to look at the interrelation of dust, effort (Dust II)
and smoking in relation to function profiles, the data in Fig. 5-6 were
broken down according to smoking habits. The prevalence of non-smokers
was higher, and the prevalence of heavy smokers lower in the dominant
restrictive and the restrictive profiles with less dust and physical ap-
plication, whefeas the prevalence of smokers is higher in the normal and
undifferentiated profiles, the restrictive and obstructive ones having

about the same prevalence.
But in the higher dust category, the prevalence of smokers is higher
in the dominant obstructive and the obstructive profiles and lowest in

the restrictive, dominant restrictive and normal profiles.

Caution must also be observed in interpreting thesedata for the

reasons given above.

5. PRINCIPAL COMPONENT ANALYSIS

The many variables studied for this large group of men produced a

wealth of data in which trends could be easily hidden. Furthermore,




TABLE 5-7 - RELATIVE POWER OF EIGHTEEN PULMONARY FUNCTION, CLINICAL
RADIOLOGICAL AND ASSOCIATED VARIABLES TO EVALUATE LUNG
DISEASE AND TO SEPARATE RESTRICTION FROM OBSTRUCTION IN
996 ASBESTOS WORKERS. (RELATIVE POWER OF VARIABLES ARE
EXPRESSED IN STANDARDIZED WEIGHTINGS)

COMPONENT I COMPONENT II1 COMPONENT III
(32.877% TV)* (12.287% TV ) (7.78Z2 TV )
(Health - disease) (Restriction - obstruction) (Clinical picture
- exposure)
lo FEVy5 -.920% RV +.774 Phlegm +.681
20 VC ~-.845 TLC +.747 Cough +.668
30 MMF -.794 FEVy -.658 Cig. +.327
4o Age +.776 Ht +.431 Dyspnea +.268
50 Dust i +.665 MMF -.359 Dust I -.264
60 DLCOSS -.647 Cig. +.328 Dust IT -.255
70 Dusf ITI  +.615 vC +.308 Age -.199
8o Ht -.571 SIO -.175 DLcogg ~ —-187
90 TLC -.566 Cough +.173 RV -.180
100 Extco ~.547 Phlegm +.108 Extco -.174
1lo FEVy -.474 Age +.102 FEVys5 +.085
120 Dyspnea  +.429 DLCOSS +.083 MMF +.084
130 PC +.384 PC -.072 S1IO +.083
140 SIO +.381 FEV75 -.056 FEVy +.081
150 RV +.342 ~ Dust I -.040 TLC -.059
160 Cough +.280 Extgo ~.039 VG +.038
170 Phlegm +.187 Dust ITI -.018 Ht -.031
180 Cig. +.092 Dyspnea +.012 PC +.015
*# TV : Total Variance

x Standardized weighting
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it would seem reasonable that certain of the variables would prove
more important than others in determining the results found. To cla-

rify these points, principal component analysis was done.

Analysis with 18 variables including the five tests used to determine

profiles

Nine hundred and ninety six (996) of the 1034 workers had data on
all of the 18 variables selected for analysis (Table 5-7). The first
three components so derived account for 52.9% of the total wvariance (TV)
and the 15 remaining seem unworthy of further consideration. The Table
5-7 gives the standardized weightings in decreasing order of magnitude

for components I, IT and III.

The first component is probably concerned with differentiating
health and disease of the respiratory system. The important variables
in this differentiation are FEV75, VC, MMF and DLCOSS as well as age
and dust exposure. Component II is probably concerned with differentiating
restriction and obstruction, and RV, TLC, FEVi are primary responsible
for this separation. Component III relates symptoms more to cigarettes than
dust, even for dyspnea. In Fig. 5-7 in Part A, the plot of 996 individuals
using the scores of component I on the horizontal axis and those of com-
ponent II on the vertical axis, and in part B, the scores of component I
on the horizontal axis and those of component III on the vertical one.
Each subject was identified by his pulmonary function profile. To simplify
the figures, only the extreme boundaries of each profile were drawn. The
variables were added on the basic graphs to show visually their relative
importance in the determination of the components (reducing by 8 times the

value of their correlation coefficient).
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FIG. 5-7
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TABLE 5-8 ~— PRINCIPAL COMPONENT ANALYSIS BY DECADES TO ELIMINATE
SELECTION BIAS IN COMPONENT I

COMPONENT I (Health - disease)

21-30 yrs 31-40 yrs 41-50 yrs 51-60 yrs 61+ yrs
(109 subjects) (174 subjects) (224 subjects) (266 subjects) (233 subjects)
(19.5Z2 TV) (19.7% TV) (22.7% TV) (21.7% TV) (25.6% TV)

lo FEV75 =-.877 TLC +.891 FEV75 -.887 FEV75 +.870 FEV75 +.847
20 TLC -.761 VC +.866 VC -.793 VC +.795 VC +.838
30 VC -.733 FEV75 +.770 MMF -.672 MMF +.688 DLcogg +.652
4o Ht -.671 Ht +.714 TLC -.648 DLCOSS +.573 TLC +.636
50 MMF -.610 RV +.514 Ht -.586 Dust I -.501 MMF +.622
60 Age +.461 DLCOss +.483 DLcogg -.535 TLC +.495 Dust I ~-.559
70 DLgpgg —-385 MMF +.343 Dust I +.432 Dust II -.479 Ht +.549
8o RV -.373 Dust I ~-.294 Extco -.410 Ht +.467 Extgg +.543
90 Dyspnea+.331 Extco +.274 Dust II +.373 Extco +.461 Dust II -.513
100 Dust I +.243 Dust II -.262 FEV;Z -.365 FEV1Z +.379 SIO -.453
1lo FEV1% =-.236 Age +.150 PC +.350 Cough -.344 PC -.369
120 Dust II+.198 FEV1iZ -.131 Cough +.335 Dyspnea -.310 Dyspnea -.348
130 Cough +.141 Dyspnea -.077 Age +.321 PC —-.242 Phlegm ~-.348
l4o Cig. +.100 PC -.051 Dyspnea +.319 Phlegnm -.239 Cough -.308
150 Phlegm +.072 Phlegm -.042 S8IO +.281 Age -.198 TFEVL +.306
160 SIO -.010 Cig. -.031 Phlegm +.157 SIO -.180 RV +.115
170 Extgo -.009 SIO -.029 RV -.051 Cig. -.105 Age -.101
180 PC -.005 Cough -.027 Cig. .000 RV -.093 Cig. -.050
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The less exposed subjects with good functional, clinical and radio-
logical findings are at the extreme left side of the X axis and the more
exposed ones, with altered function and more clinical and radiological
findings on the extreme right side. The restrictive profiles, definite
(open circle) and dominant (closed circle) are in the lower left quadrant
obstructive (definite, open triangle; dominant, closed triangle)
are in the upper right one. Thus the Component I differentiated between
health and -small exposure on one hand and disease with heavier exposure
on the other. The Component IIL disfinguished the restriction from the
obstruction. The Component III on part B of the figure related the impor-
tance of clinical findings, cough and sputum as well as dyspnea with smoking
more than with dust. It was, however, less well defined than the first two

components.

The FEV75, VC, MMF and DLgogg appeared to be the more important tests q
to differentiate between health and disease, whereas RV, TLC, FEV] and MMF
determine restriction or obstruction. Phlegm and cough were related to

smoking, and dyspnea to smoking and dust.

The age factor had a high weighting in Component I and is in fact
related to most of the pulmonary function measurements. To evaluate if
the first component was not simply an age axis, the principal component
analysis was redone by decades. As shown in Table 5-8, the age variable

which was fourth rank in the total study (Table 5-7), progressively lost

importance from the first to the last decade. Thus, the Component I is
not based only on age but more on the deterioration of the pulmonary

function, reflecting the concept Health-Disease.



TABLE 5-9 =~

PRINCIPAL COMPONENT ANALYSIS EXCLUDING THE FIVE SCORING TESTS

(996 Subjects —~ 13 variables)

A ANALYSIS ON THE TOTAL SURVEY
COMPONENT I COMPONENT TII COMPONENT III
(31.38% TV) (10.997 TV) (9.152 1IV)
(Health-disease) (Clinical picture (Pollution-Radiology)
Pollution)
lo VC -.812 Cough _ +.689 Dust II +.594
20 Age +.749 Phlegm +.682 Dust I +.550
30 Dust I +.726 Cig. +.471 DLcogg +.409
4o DLcog -.682 Dust I -.249 Ht +.318 -
50 Dust iI +.680 Dyspnea +.242 Extco +.314
60 Extco -.610 Dust II -.236 Cig. +.245
70 Ht -.576 Age -.156 PC -.217
80 Dyspnea +.462 Extco -.137 Cough +.138
90 SIO +.433 Ht +.130 Phlegm +.134
100 PC +.404 vVC +.122 vC +.133
1llo Cough +.296 DLcogg -.116 SIO -.067
120 Phlegm +.209 PC -.049 Dyspnea -.020
130 Cig +.078 SIo -.016 Age -.006
B - ANALYSIS BY DECADES
COMPONENT I (Health - disease)
21-30 yrs 31-40 yrs 41-50 yrs 51-60 yrs 61+ yrs
(15.87 TV) (18.27 TV) (21.0% TV) (21.37 TV) (25.7% TV)
lo Age +.614 Dust I +.712 VC -.716 VC +.692 VC +.743
20 VC -.612 Dust II +. 693 DLCO -.638 DLCOS +.668 DLCOS +.685
30 Ht ~.555 VC 2583 DuseS? -.616 Dust’® -.610 Dust 'l -.638
4o Dust I +.534 Extco ~-.495 Dust II -.568 Dust 11 -.589 Extco +.637
50 Dust II +.459 Ht -.492 Extcp -.550 Extco +.568 Dust II -.594
6o DLcogg +.374 ’DLCOSS -.472 Ht ~.544 Cough -.439 Ht +,527
70 Cig. +.344 Age +.443 PC -.350 Ht +.426 SIO -.512
8o Dyspnea +.298 Dyspnea +.288 Dyspnea -.336 Dyspnea -.376 Dyspnea -.417
90 PC +.229 Cig. +.132 Age -.295 Phlegm -.336 PC -.376
100 Extco ~.209 Cough +.101 SIO -.285 SIO -.239 Phlegm -.373
1llo SIO -.172 Phlegm +.098 Cough -.278 PC -.233 Cough -.364
120 Cough +.150 PC +.071 Phlegm -.179 Age -.232 Age -.133
130 Phlegm -.054 SIO +.031 Cig. -.027 Cig. -.076 Cig. -.089
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Analysis with 13 variables excluding the five tests used to determine

profiles

In an attempt to verify if the tests chosen for coding were really
adequate to separate restriction from obstruction, a second analysis was
done on the same subjects excluding the five tests used to define the

lung function profiles.

The first three components account for 51.57 of the total variance.
The other components were discarded after analysis because again they did

not show a consistant trend.

The Table 5-9A gives the standardized weightings in decreasing order
of magnitude for the Components I, II and III. Fig 5-8 plots the 996
individuals in the same way as the study with 18 variables. The Component
II (restriction - obstruction) has disappeared as illustrated by the posi-~
tions of the profiles on the figure. However, this Component II sorts out
the usual clinical picture of obstruction having cough, phlegm and smoking

with the higher weightings.

Again, as the age factor is important, the amalysis by decade was
completed (Table 5-9B). Age has now the highest weighting in the first
decade, but loses rapidly its importance with increasing age. Pulmonary
function tests and dust exposure continue to define this health~disease

Component, radiological changes and clinical picture having less importance.




FIG.

76

5-8 PULMONARY FUNCTION PROFILES IN RELATION WITH COMPONENTS |, Il and I,

SCORING TESTS BEING OMITED

a
[ ]
+361
¢ C
+1.81
-
z
w
z
-
2-0.3~ HEALTH -
z
o »
v
DISEASE
EAEch Y A
.37.
-
-6.9 -45 -27 -05 ~27 4.5 *6.9
COMPONENT I
No |
g Un&?f‘g
Restriction
o def.
@ dom,
+a264 Obstruction
36 & def.
a dorvh
Z 18]
z (]
w
4
)
-9
E
© -0.3qHIAtTH DISEASE
o
[ ]
L]
-1.91
-37
-6.9 -45 -27 ' .27 45 +69

..5
COMPONENT )

.- - N S IR S H e

|




77
6. SUMMARY

The results of pulmonary function tests of a random group of asbestos
and MMF), were divided into six pulmonary function profiles, three
definite ones: restrictive, normal and obstructive; and three dominant
ones: restrictive, undifferentiated abnormal function and obstructive.
The principal component analysis supported the choice of the coding tests
as appropriate for classifying subjects into lung function profiles.

It also suggests that the conventional use of VC and DLco to separate

restriction from obstruction may not be justified.

More subjects showed a definite (154) or dominant (29) obstructive
profile compared to the restrictive (121) or dominant restrictive (23)
profile. 1In the obstructive profile, the VC was lower, the FRC higher,
the DLCOSS at rest and on exercise lower than in the restrictive. 1In
this group with obstruction, there is a greater prevalence of cough,
cough and sputum, breathlessness and chest illness, and also of small
irregular opacities and pleural changes alone or combined on the chest ra&io—

graph.

When results were analysed with the subjects divided by decades, the
prevalence of restriction was higher in the younger decades and obstruction
in the older men. The prevalence of symptoms increased with age and was
more marked in those with the obstructive profiles compared to those with
a restrictive one. The same trend was found for the radiological changes,
except in the men 61 years old or more where a lower prevalence of small
irregular opacities and pleural changes was found. In men with the undif-
ferentiated abnormal profile and dominant obstructive profiles, there was

a higher prevalence of radiological changes compared to the other patterns.
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With regard to associated factors, men with the obstructive profile
had had the same years of service, greater dust exposure, and also had
worked in jobs demanding a greater level of effort. There were also more

smokers in this group compared to the restrictive one.

The principal component analysis indicated that the restrictive group
was younger than the obstructive one, even when the five coding tests were
omitted. It also confirmed that the subjects with obstruction had lower VG,
DLCOss’ more symptoms and radiological changes, higher dust exposure and
cigarettes consumption. These findings suggest either a natural selection
of the subjects, (the restrictive ones leaving the industry earlier than

those with obstruction), or another form of pulmonary function disturbance

caused by high dust and/or association of dust and cigarette smoke.
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6 - DISCUSSION

1. PULMONARY FUNCTION PROFILES
General
Influence of methods on the study
Sampling
Function testing
Predicted values
Nature of the classification

Significance of the findings

2. PULMONARY FUNCTION PROFILES IN RELATION TO OTHER PARAMETERS OF HEALTH
Function profiles and clinical aspects

Function profiles and radiological aspects

3. PULMONARY FUNCTION PROFILES IN RELATION TO DUST, EFFORT AND SMOKING
Function profiles in relation to dust exposure
Function profiles in relation to smoking

Function profiles in relation to dust exposure combined with
smoking

Theoretical analysis of the depth of penetration, deposition

and clearance of particles and fibres as important factors in
the development of the pulmonary function profiles

4. REVIEW ON PERTINENT PUBLISHED DATA ON PULMONARY FUNCTION PROFILES
IN RELATION TO DUST EXPOSURE
Harries (1971)
Murphy (1971), Ferris et al (1971)
Regan et al (1971)

Muldoon and Turner-Warwick (1972)
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1. PULMONARY FUNCTION PROFILES

General

In this study five pulmonary function tests have been used as the
basis of a score by which the function of a population of asbestos exposed
individuals has been classified into six profiles - normal, undifferentiated,
definite and dominant restriction, definite and dominant obstruction (Table
5-2). In the population studied, 44.3% had a normal profile (i.e. all five
tests within 20%Z of expected values), a further 26.57 had an undifferentia—
ted profile. The definite and dominant restrictive profiles were shown in
12.8% and 2.1% respectively, while the values for the definite and dominant
obstructive profiles were respectively 12.27 and 2.1%Z. Clearly, in this po-
pulation, the functional change associated with exposure to asbestos was not
exclusively that of a restrictive profile, but an obstructive profile was

as common.

These findings, although in keeping with the present author's cases
review (see Chap. 2), are nevertheless at variance with the conventional
teaching of textbooks that asbestos exposure leads to a pulmonary disease
characterised by fibrosis (i.e. asbestosis) and that the associated lung
function profile is restrictive or one of alveolar-capillary block (Tepper

and Radford, 1970).

Influence of methods on the study

In view of the importance of these findings, the conduct of the trial

and the method of analysis must be carefully reviewed to determine if any
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factor might have influenced the distribution of subjects in the different

profiles.

Sampling

Only current workers were selected, those retired or compensated
being excluded. This, of course, would be expected to bias the sample
towards those who remain well enough to work, but to what extent cannot
be said. Within the currently working population, the sampling was weighted
towards the older individuals. Thus, there were subjects awaiting compen-
sation or near retirement giving a good picture of every stage of exposure.
In addition, age standardization of the reported prevalence values was done.
The results suggest that sampling had a negligeable influence in distribution

of subjects into profiles (Table 5-2).

Function tests.

The choice of function tests for the survey was made with a view
to evaluating the health risk in relation to dust dosage (Becklake, 1972),
and included the measurement of as many aspects of function as possible.
Limiting factors were the time allowed for each subject, about 45 to 60
minutes, and the need that the tests be simple and without discomfort.

Thus, measurements of compliance and blood gases were excluded.

The technical aspect of the survey has been already discussed and
it was shown that very little intersubject variation could be attributed

to apparatus, technicians, time in the day or change of season.

Predicted wvalues

A control group of nonexposed individuals would have been useful for
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reference, but in practice, difficult to choose. Holt et al (1964) de-
monstrated how easy it is for animals in a room adjoining asbestos expe-—
rimentation to become affected, and Murphy et al (1971) found 467 of
their "control" group to have abnormal function. Because of these dif-
ficulties, results of most of the tests were related to expected (predic-
ted values). This could theoretically introduce bias if they were
consistently inappropriate to one subgroup and not to another e.g. to

smokers, not to non-smokers.

For volumes and flows Becklake et al (1970) compared accepted
predicted values in the literature with the means of the results of
function studies in those present subjects without radiological change,
and found general agreement. The VC and FVC were slightly lower but
they did not contribute to the code for determining lung function profile.
More important, the values for the flows were comparable except perhaps
for MMF which was lower in this study. This test is used in the code and
could thus have increased the number of subjects classified in the obstruc-
tive profile. However, pulmonary function changes can occur in the absence
of radiological change, and Jodoin et al (1971) have suggested that as-
bestos affects the small alrways at an early stage. Thus, the low MMF may
reflect early changes in these radiologically normal subjects. Ia the
absence of a control group, the use of predicted values for volumes and

flows chosen in the analysis was considered acceptable.

With regard to the diffusing capacity, Fournier-Massey et al (1972)
pointed out that the absolute values of DLCOss rest in a small group of

French-Canadians did differ significantly from predicted values based on
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other ethnic groups. As the majority of the workers in the present study
belong to this ethnic group, the use of predicted values could only have
introduced a bias for this test in terms of absolute values, but not

in terms of comparison of decades.

Nature of Classification

The definition of profiles was done using the results of five tests:
RV and TLC which reflected the size of the lungs; FEV75 and MMF which re-
flected two anatomical levels of airway resistance, (the former being more
dependant on the patency of large bronchi and to some extent of effort,
the latter being less effort-dependant and more influenced by the state
of the small airways); and finally FEV1Z which permits one to assess the
interrelationship of volumes and flow. Five tests were used instead of
three, as employed in the literature review, in the hope of achieving a
more precise differentiation of the reétrictive and obstructive profiles,

and of delineating more accurately the mixed profiles.

It was of some interest to see to what extent this classification
into three main function profiles, which is traditional practice amongst
chest physicians, 1s in line with the findings in the essentially statistical
principal component analysis. The principal component analysis of the
present data, including the five coding tests (Fig. 5-17) clearly separated
restriction from obstruction with the superposition of the dominant pro-
files on the definite ones. The normal and undifferentiated profiles
were found between the obstructive and restrictive profiles with some over-
lapping, possibly due to large variation in the age of the selected subjects.
Age and dust seem to be the elements which place the restrictive profile
more on the left and the obstructive more on the right of the X axis.

When the five tests are removed from the principal component analysis,




TABLE 6-1 - PREVALENCE 7 OF HIGHER, NORMAL AND LOWER THAN PREDICTED
VALUES FOR THE TESTS USED TO CODE RESULTS OF 1034 ASBESTOS
WORKERS INTO. FUNCTION PROFILES

TESTS . : . REDUCED NORMAL INCREASED
USED VALUE VALUE VALUE

IN . (7972 %) (80-120%) (12172=)
SCORES % subjects 7Z subjects 7Z subjects
RV 21 © 57 22

TLC 7 87 6
FEV1/FVC 11 72 17
FEV75 12 . 73 - 15

MMFR 40 46 14
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restrictive and obstructive profiles overlap markedly (Fig. 5-8). This
suggests that the tests used to develop the codes in this thesis were valid

in separating restriction from obstructiomn.

Significance of the findings

The first point of interest is the low percentage of subjects with
a normal profile (44.3%). Perhaps this can be explained, at least in part,
by the selection of the subjects which was weighted towards the older age
group (Table 5-4) since the prevalence of normal function profiles drops
to about 30% in the last two decades. However, MMF was strictly within
normal limits (+ 207 predicted value) in only 46% of the subjects (Table 6-1)
which is compatible with the possibility that many otherwise normal subjects
have early changes in the small airways, either obstruction (40%) or restric-
tion (14%), a finding in keeping with the study of Jodoin et al (1971) in-
dicating that early disease manifested itself at that level. In addition,
it must be remembered that this was a working population exposed to asbestos.
The second and more important finding is that among those with abnormal
profiles, obstruction is as frequent as restriction, and that one quarter
of all subjects have a mixed restrictive and obstructive profile. Thus,
asbestos exposure in these subjects, at least, appeared to be associated
with any type of functional disturbance and not exclusively with the
restrictive profile. This conclusion is furthermore in keeping with a
detailed review of the literature (Tables 2-1 and 2-2) but does not accord

with the generally stated conclusions of various investigators.

2. PULMONARY FUNCTION PROFILES IN RELATION TO OTHER HEALTH PARAMETERS

With this new concept of the pulmonary function changes following
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asbestos exposure a reexamination of the clinical and radiological
parameters is indicated with a view to developing a more logical under-

standing of the syndrome of asbestosis and its natural history.

Pulmonary Function Profiles and Clinical Aspects

Most workers suggest that asbestosis is manifested clinically by
dyspnea, with cough and phlegm being less frequently present (Wright, 1955;
Leathart, 1960; Kleinfeld et al, 1966a; Tepper et al, 1970; Ferris et
al, 1971). The present findings are in agreement. Thus, cough and phlegm
were related to age and smoking habits, and perhaps also to dust exposure
in non-smokers and light smokers (McDonald et al, 1972). By contrast,
breathlessness on exercise was related to age and dust exposure but not

to smoking.

As regards the different function profiles, the symptomatology
was twice as frequent in those with obstruction compared to those with
restriction, even when results were age standardized for total population
(Table 5-5). 1In every decade, more cough, and more cough with phlegm was
found in the subjects with profiles of obstruction and dominant obstruction
(Fig. 5-4). Dyspnea was also found more frequently from 31 years of age
onwards in these profiles. The higher prevalence of breathlessness in the
dominant obstructive profile may reflect a restrictive component compounding

the ventilation: perfusion inequality.

Contrary to expectation, the prevalence of Symptoms was comparable
in subjects with normal function and in those with the undifferentiated
but abnormal function profile. This observation is in keeping with the

possibility that current prediction values underestimate function in the
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manual worker, and that their "normal" values in fact represent a
deterioration from previously "higher than normal" values. Moreover,

even after symptoms developed , it is possible that the system of pulmonary
defense could delay changes in pulmonary function by increasing clearance

(see below).

Pulmonary Function Profiles and Radiological Changes

Exposure to asbestos may result in radiological changes in pleura
as well as parenchyma (BYhlig et al, 1971) and these form a major basis

for diagnosis and compensation.

The estimation of pulmonary function changes from pulmonary radio-
logy has not proven very successful, and after asbestos exposure functional
changes may occur earlier than radiological ones (Thomson et al, 1965;
Leathart 1968; Bader et al, 1971; Becklake et al, 1970). However advanced
radiological changes appear to relate better to pulmonary function changes

than early ones (Bader et al, 1971).

In this study, the normal profile was associated with a prevalence of
radiological change in 14 to 39% depending on the decade (Table II1-6). Of

those with abnormal profiles 30 to 100%Z had normal radiographs.

The discrepancy between radiology and function is not too surprising
if one considers that the former measures what will be important enough
at parenchymal level to be seen on the radiograph, whereas the second tech-
nique reflects the sum of functional disturbances of the thorax, the bron-

chial tree, the parenchyma as well as of the pulmonary and bronchial eircu-
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lation and sometimes the heart.

When both functional and radiological changes are present, it is
expected that these will be primarily of the restrictive type (Tepper et al,
1970). But in this survey, of the 12.8% and 2.17 with definite and dominant
restriction respectively, only those with radiological changes would have
had the fully developed clinical picture of asbestosis, i.e. under 10% or
15 subjects. On the other hand, in the subjects with definite and domin;nt
obstruction, (12.2 and 2.17%, respectively) some 25% or 45 subjects had
radiological changes, and in those with the undifferentiated profile (26.3%)
227 or 90 subjects. Thus, this survey has shown that many cases with asbes-—
tos induced biological effects would have been missed if the criteria used
were radiological changes associated with a purely restrictive functional

profile.

An interesting point was the higher prevalence of pleural changes in
the obstructive and normal function profiles, leading to a possible expla-
nation of the development of the functional changes. Normally the thorax
and tﬁe parenchyma have opposing forces, the first tending to expand and
the second to retract. These opposing forces equilibrate at the end of

a normal expiration.

This point of equilibration can vary, for example, heavy workers
have greater VC and TLC. It may also be different in disease. Usually,
when fibrosis occurs in the parenchyma, contraction occurs increasing the
lung recoil. If the thoracic cage and diaphragm are free, they will
then follow the shrinking lung and a restrictive profile is found. However,

if pleural thickening and calcification come early, as demonstrated in this

survey (Table III-6), the thoracic walls or/and the diaphragm might resist
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the increased recoil of the parenchyma, and compensatory or irregular
emphysema may develop. Functionally, these pathdlégical changes could
result in normal, undifferentiated or obstructive profiles depending

on the initial pathology.

3. PULMONARY FUNCTION PROFILES IN RELATION TO DUST, EFFORT AND SMOKING

Pulmonary function Profiles in relation to Dust Exposure

There have been a number of studies of an epidemiologic nature having
as their objective an evaluation of the health risks of asbestos exposure
in relation to dust dosage (Bader et al, 1960, 1970; Harries, 1971; Ferris
et al, 1971; Murphy et al, 1971; Becklake et al, 1972). In terms of pulmo-
nary function, this has usually been done for individual function measurements.
Thus three studies (Harries, 1971; Woitowitz, 1972; and one based on the
present material, Becklake et al, 1972) have led to the conclusion that
a dust-dose relationship exists in terms of VC or IC, but not in respect
of gas exchange measurements. In a fourth study (Bader et al, 1970), a
dust~dose relationship to function impairment was found; this was consi-
dered to be present when VC was less than 75% predicted and FEV] less than

70%Z of VC.

Definition of dust exposure has always been a problem: vyears of
exposure, as used by Bader et al (1970) takes no account of exposure
differences between jobs. Exposure estimated from current or principal
job over the period of exposure, as used by Harries (1971) does not allow
for changes in jobs or improvements in industrial hygiene. An index

based on accumulated dust-—time calculations, as used here, and by



TABLE 6-2 — PREVALENCE % OF SUBJECTS IN EACH PULMONARY FUNCTION
PROFILE FOR DUST I AND DUST II CATEGORIES
(age standardized for the total population)

DUST I NO.OF NORMAL UNDIFF. RESTRICTIVE OBSTRUCTIVE
SUBJ Definite Dominant Definite Dominant
A 7 % 7 A yA
> 10 91 52.8 27.0 12.4 2.2 5.6 -
10-100 453 43.7 25.6 13.8 2.9 12.5 2.0
100-200 158 38.3 30.5 10.4 2.6 17.5 0.7
200-400 133 39.7 27.8 13.5 - 11.1 7.9
400-800 109 30.6 32.4 4.6 2.8 25.0 4.6
800- 67 23.8 36.5 11.1 - 23.8 4.8
DUST II
7 10 248 47.6 26.4 10.5 2.4 8.5 0.4
10-100 418 43.8 25.6 10.8 2.6 14.8 2.4
100-200 150 31.7 34.4 14.2 1.4 14.9 3.4
200-400 114 32.3 26.6 11.4 1.9 20.0 7.6
400-800 62 26.2 39.3 8.2 - 19.7 6.6

800- 19 22.2 33.3 - 5.6 38.9 -
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Woitowitz (1972) does not examine the influence of exposure patterns and
dust storage in the lung; thus a given index may be the consequence of a
heavy remote exposure with little thereaftez, or a continuous prolonged

exposure to the present, or any combination of these.

In the present study of a quite stable population, the mean number
of years of work was similar in each profile except in the 61- decade
where the subjects with obstruction had worked longer (Fig. 5-6). However,
high dust exposure had already occurred by the 31-40 decade; and there
was a greater prevalence of heavy dust exposure in the dominant restrictive,
the obstructive and in the undifferentiated profiles groups. The same trend
was noted when dust exposure was expressed by an index which took physical
application into account i.e. the level of exercise applied to the number

of hours when it was done.

In an attempt to facilitate comparison with previous reports, pre-
valence of function profiles in dust categories was calculated (Table 6-2).
Prevalence of normal function profiles diminished as Dust I and Dust IT
indices increaséd; restrictive profiles stayed almost stable. Undiffe-—
rentiated abnormal function profile increased slightly with high dust years
whereas the obstructive profiles attain almost a four fold increase in pre-
valence. It thus seems that for same years of work, high dust and heavy
effort lead to a higher prevalence of undifferentiated and obstructive

function profiles than of restrictive ones.
The pulmonary effects of asbestos dust (both in terms of fibrosis

and small airway disease) are generally thought to be related to the

amount of dust retained in the lung i.e. dust exposure less dust clea-~
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rance. A small change in the balance between these two processes will,

in the course of time, result in very considerable differences in dust
retention., All the indices cited above consider only exposure, and indeed
there are at present no practical ways to measure long term clearance in man.
However, there is enough experimental work, some of which will be discussed
in more detail later to indicate that penetration on the one hand, and clea-
rance rates on the other, can be markedly influenced by factors such as
depth and frequency of breathing, and by ciliary reaction and small airway

narrowing which may occur in response to dust and cigarette smoke.

Pulmonary Function Profiles in Relation to Smoking

Smoking is known to be related to chronic bronchitis (Ferris, 1968;
Bates et al, 1971) and to produce pulmonary function changes such as a drop
in FEV75 (Wilson et al, 1960; Read et al, 1961; Zamel et al, 1963; Dawson,
1966) in VC and RV (Whitfield et al, 1951) and in Dpgg (Martt, 1962;

Rankin et al, 1965; Krumholz et al, 1964). 1In asbestos workers, some studies
have suggested that smoking is the primary factor accounting for cough,
phlegm, increased RV and decreased flows. (Harries, 1971; Becklake et al,

1972; Ferris, 1971).

As expected, most subjects with obstruction in this survey are
smokers of 21 cigarettes or more per day (Fig. 5-7); by contrast, more non-
smokers and light smokers were found in the restrictive and dominant
restrictive profiles. Age standardization for total population (Table III-7)
did not modify significantly these findings except by diminishing appre-
ciably the calculated prevalence of non-smokers in the dominant restriction

group.
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The principal component analysis related dust and smoking to cough
and sputum, whereas dust was also related to dyspnea and both to the
obstructive profiles. McDonald et al (1972) had also shown the rela-

tionship between symptoms and these associated factors.

Pulmonary Function in Relation to Dust Exposure Combined with Smoking

Although light dust alone was related more often to the restrictive
profile, light and heavy dust associated with light or heavy smoking led
to an obstructive profile (Fig. 5-8). It is difficult to reach any

conclusion on the dominant groups because they are relatively small.

When age standardization for the total population was done (Table III-8),
light dust alone or with light smoking was associated with an increase in
the prevalence of the normal and restrictive profile whereas light dust
and heavy smoking with an increase in the prevalence of obstruction. Heavy
dust without smoking was too rare to be analyzed, but heavy dust with light

or heavy smoking appeared to cause more obstruction.

It seems then that dust can affect different levels of the respi-
ratory system, depending on the quantity of dust alone or whether it 1is
associated with smoking; this would modify the laws of penetration, depo-
sition and clearance in the airways, essential parts in the defense system

of the lungs.
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Theoretical Analysis of the Depth of Penetration, Deposition and Clearance

of Particles and Fibers as Important Factors in the Development of Pulmonary

Function Profiles

The respiratory system is well designed to provide the 02 and eliminate
the CO02 necessary for aerobic metabolism of the body. It may be considered
as five major functional parts: the gas pump and its control, the airways,
the gas exchanger, the pulmonary circulation and its pump the heart, and
finally the blood. The system as a whole adapts itself to multiple exogenous
and endogenous stresses. The airways, with their properties of handling
gas and foreign material, are the front line of defense and probably consti-
tute the major host factor in the development of the pulmonary function
profiles. A review of these properties may facilitate understanding of

the effects of dust and smoking.

The airways were considered as a complicated system of tubes conducting
gases to and from the gas exchanger during which time laminar and turbulent
flows contributed to resistance. Recently, this concept has been modified
in two ways. Firstly, air probably flows only to the 10th generation of
bronchi and diffuses from that point on to the alveoli (Wilson et al, 1970).
In other words, the med?nism of gas transport changes at the point of zero
differential pressure, and movement of molecules proceeds no longer by dif-
ferences in pressure but by differences in concentration. With increased
ventilation, this zero point moves more and more towards the periphery as

VT approaches VC.

Secondly, the anatomical configuration of the bronchi, in which they
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split into daughters of smaller calibre results in a system of non-uniform
tubing. Turbulent flow probably occurs at high respiratory rates, although
the transformation from linear to turbulent flow is progressive. The flow
regime can usually be described as laminar but distorted in type (Jaeger et
al, 1970; Sudlow et al, 1971). From this dynamic concept of gas movement
follows the conclusion that the depth of penetration of particles or fibers

into the airways, their deposition and their clearance must be variablc.

Besides variability in the host factor, a second major factor affecting
the penetration, deposition and retention of foreign material is the beha-
viour by the particles themselves both in the normal bronchial tree, and in
one altered by smoking. Finally, chrysotile asbestos is a fiber with im-

portant and distinct physical as well as chemical characteristics.

Penetration of particles appears to be largely dependent upon their
size. Those larger than 5.0 microns do not penetrate very deeply and are
removed by the defensive mucociliary blanket and cough (Gernez-Rieux et al,
1961). Particles under 0.5 microns probably enter the acini only to be
carried out to the atmosphere again, and it is particles of a rather limited
range of sizes only that reach and remain in the distal conducting tubes and
acini. Should hyperventilation occur, such particles probably reach the
smaller airways. The size of the particles also plays a role in their depo-
sition. In a study of regional deposition of inhaled aeroscls in normal man,
Lippman et al (1971) found that particles bigger than 2 microns were deposited
in the larger airways by impaction, whereas smaller ones sedimented on the
mucus escalator of small sized airways. Their deposition varied greatly
from subject to subject, but each individual has a characteristic size vs

deposition relationship, possibly due to individual properties of
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the airways.

Deposition may also be influenced by the breathing rate (Dennis, 1971),
for example, the increased respiratory rate of exercise augments the percen-
tage of deposition. Variations in deposition could then be due to different

breathing patterns.

Inhalation rate has also a marked effect on the clearance which is
faster at faster inhalation rates, possibly because shorter time of exposure

does not permit sedimentation (Cammner et al, 1971), so less deposition.

A more complicated situation arises when the host is a smoker. Lippman
et al (1971) demonstrated that tracheobronchial deposition of particles 1 to
5 microns was very much greater in smokers than in non-smokers but less than
in bronchitic patients. Moreover, Sanchis et al (1971) stressed the impor-
tance of ventilation distribution differences in smokers as well as non-
smokers because these differences can modify not only the depth of particles
deposition but also the clearance . In fact, Camner et al (1971) have shown
that clearance is faster if subjects have an acute exposure to tobacco smoke
which seems first to stimulate mucociliary transport and later inhibit it if

the dose increases beyond a certain limit.

Albert et al (1971) have paid a particular attention to this point,
trying to establish the sequence of changes produced by smoking. They
found that the average clearance time for smokers was increased only at the
90-100% level of bronchial deposition, and non-smokers differed little from
this, whereas significantly increased clearance time was found in bronchitiecs.

The paradoxical finding of abnormal clearance patterns without substantial
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differences in bronchial clearance time between smokers and non-smokers can

be explained by (1) the wide inter—-subject variability in clearance regardless
of smoking habits, (2) differences in individual susceptibility to the effects
of smoking and (3) the predominance of smoking effects in the trachea and the

upper bronchi where clearance impairment has relatively 1little effect on

total clearance times.

Trying to explain the pathogenesis of bronchitis, Albert et al (1971)
divided the effect of smoking into three stages. In Stage 1, the early
effects of smoking are reversible and include a) increased mucus production
which tends to accelerate lower bronchial clearance, b) bronchial constric-
tion which tends to increase bronchial deposition and shifts particle de-
position to the more proximal parts of the bronchial tree, causing an ap-
parent acceleration of the overall lung clearance, c) a ciliostatic effect
which is greater in the trachea and larger bronchi than in the smaller omnes,
slowing upper bronchial clearance. In Stage 2, there is moderateiy advanced
cigarette smoking injury, or mild chronic bronchitis resulting in excess
mucus production combined with upper airways damage to the ciliated mucosa,
and in stasis and refluxing of mucus into the large airways and increased
coughing. At this stage, cigarettes have an expectorant action facilitating
clearance. In Stage 3, with the severe chronic bronchitis associated with
exertional dyspnea, the changes described in Stage 2 increase in severity
and extend into the smaller airways, producing airflow obstruction. 5o

the combined effect of smoking and dust exposure could favor a higher

retention of particles at the level of the bronchial tree.

How do these findings help in interpreting the observations in this

thesis? Do these events apply to asbestos? The workers in this survey
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were exposed mainly to particles of rock and to fibers although other
substances do occur. When asbestos is deposited, are the specific cha-
racteristics of chrysotile asbestos important in any subsequent tissue

effects?

Asbestos is composed of fibers whose size varies from over 100 microns
to that where they can be seen only by electron microscope. Gibbs (1971)
commented that the longer the chrysotile fiber, the more curved it is.
However, the weathering factor which increases the harshness of the fiber

tends to make it less curved.

The important factor in penetration of fibers is the diameter whereas
fiber length is a major one in retention as shown by Timbrell et al (1971).

So the wide range of lengths and possibly the curved configuration of

chrysotile which will increase the sedimentation and the impaction on the
walls, make it likely that deposition of the fibers occurs more in the

airways than in the alveoli, whereas penetration, a diameter dependant

phenomen, will allow some fibers to reach alveoli as well as pleura. It
3
musﬂf%e forgotten that chrysotile is also the only type of asbestos which

has an electric charge and that this might favor the clustering of fibers.

At the deposition site, the high cytotoxicity of chrysotile (Robock et al,
1971) could perhaps produce an inflammatory reaction of the bronchiolar wall

and prevent a deeper penetration of the other fibers.

In the light of this review of the laws of penetration, deposition and
clearance or retention of fibers and the effect of smoking, an attempt will

be made to answer the question: to what extent can they explain the deve-

lopment of the different lung function profiles?
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Some subjects have a normal pulmonary profile. Perhaps in these indivi-
duals, rate of deposition and clearance of foreign substances is adequate
to defend them against such pollutants. In addition, the cross-sectional
nature of the study must be born in mind, i.e. tests were done at one moment
of the subjects' existence and results compared to predicted values. Many of
these subjects were heavy physical workers who might have had unusually
large VCs, small RVs and accelerated flows and when exposure to asbestos
modified their function their results could fall within normal limits
when they were tested. Only a longitudinal study could show the progression

of their pulmonary function to one or other profile.

The restrictive profile is probably related, at least in part, to
straight harsh dust entering normal airways and settling at the terminal
bronchioles and in the acini, and in due course causing a fine fibrosis.

This fibrosis is the basis of the restrictive syndrome and/or alveolar-
capillary block. Dust exposure while exercising would be expected to

result in increased tidal air and more uniform distribution of particles

and the resultant fibrosis might be more uniform and severe. 1In the present
survey, a restrictive profile was more frequent in the first three decades,
i.e. in those subjects with lower dust exposure and little or no smoking, and

also in non-smokers with high dust concentration.

Many factors may have interreacted to cause the obstructive profile.
Increasing age with its associated decrease elasticity, and hence elastic
recoil and bronchial support, could favor the development of obstructive
syn&rome in the older worker, and in this study the prevalence of obstruc-

tion did indeed increase with age.

Turning now to the influence of the particles themselves on the
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development of the obstructive syndrome, it seems reasonable to conclude

that as the concentration of fibers in the inspired air rises, more would im-
pact in the major bronchi and more would sediment in the small airways,
leading to an increased prevalence of bronchitis with attendant bronchial
obstruction. Such obstruction could limit the penetration of the fibers

into the airways, and at the same time, accentuate the bronchitis and
bronchiolitis. 1In the presence of yet another irritant substance, such

as cigarette smoke, which also leads to bronchitis, asbestos dust might not
penetrate so deeply (blocked by the mucus secretation and the spasm) and
hence its influence might be more evident at the level of the large and

small bronchi than the alveolar level.

Chrysotile, the only type of asbestos mined in Quebec, could by virtue
of its physical characteristics perhaps also predispose to obstruction. Thus
its curly configuration when fibers 30 microns and more are oriented parallel

to the axis of the airways, makes impaction in bigger bronchioles more likely.

It is evident that many of the possible factors operative in the deve-
lopment of the obstructive syndrome could be interrelated, for example, the
relationship of dust exposure and effort to the age of the worker. The dust
exposure levels have changed considerably since the beginning of the century
in the asbestos industry of the Eastern Townships. Thus, older subjects have
had a greater dust exposure, possibly to longer fibers and under conditions
of heavier physical work than the subjects who started in 1950. Such older
men have possibly smoked fewer cigarettes or at least started at an older
age th.a current younger workers. These temporal changes may well have
influenced the age prevalence of the different lung function profiles; thus

there was more obstruction in the last three decades, but no great differences

in total number of years worked were observed between the obstruction and the
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restrictive profiles.

Mixed pulmonary function profiles are present in at least 307 of the

workers in this survey. The dominant profiles (both restrictive and obstruc-
tive) appeared to be uninfluenced by age, but since numbers were few conclu-—
sions should remain guarded. Age did appear to related more to the undif-
ferentiated abnormal function which was found to increase with age. As in
the obstruction, the changes in concentrations of dust throughout the years,
the fact that many of these workers were doing heavy work not only in the
industry but on their farms, and the fact that their smoking habits may have
started at an older age, could have lead to this mixed undifferentiated
function profile which reflects perhaps the equilibrium between the restric-

tive and obstructive forces.

In conclusion, differences in the function profiles which individuals
develop in relation to dust éxposure may well be related to individual dif-
ferences in the clearance characteristics of airways and of parenchyma,
individual differences in the penetration and deposition of chrysotile and
dust, and the associated effects of effort and smoking on these processes.
In theory, at least, different combinations of these factors could result

in normal restrictive, obstructive and mixed pulmonary function profiles.

4. REVIEW OF PERTINENT PUBLISHED DATA ON LUNG FUNCTION PROFILES IN RELATION

TO ASBESTOS EXPOSURE.

Various aspects of the data in the present study have appeared in dif-
ferent presentations and publications: lung function and radiological appea-
rance (McDonald et al, 1968; Becklake et al, 1969, 1970); lung function and

dust (Becklake et al, 1972); 1lung function and respiratory symptoms (Fournier-

T T s s e e e e e —————
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Massey et al, 1970); respiratory symptoms and dust (McDonald et al, 1972);
and dust concentrations (Gibbs et al, 1972). As these have included data
from similar investigations for comparison purposes, only points directly
related to pulmonary function profiles will be reviewed in this last part

of the discussion.

Harries (1971)

The first study that falls into this category is that of Harries (1971).
A basic difference is the type of exposure - his study, also cross-sectional
in nature, was conducted in a secondary industry on workers involved in the
shipbuilding and refitting whereas the Present survey was concerned with

workers in the primary industry i.e. asbestos getting and milling.

He reported that 74% of his 369 workers had normal lung function,
about 97 with restricted TLC, 7% with a transfer defect alone, 47 with
diminished Ty, and TLC combined, only 3% with obstruction and 5% with
doubtful function defects. Although it is difficult to compare Harries'
categories with the profiles of this series, it would seem that these
working in the primary industry have more functional changes than those
in the secondary one and that, in addition, more obstruction is to be
found i.e. 147 as opposed to 3%. About the same amount of restriction

was found in the two series.

As in the present studies, normal radiographs could be present in
any of his lung function categories. In contrast to the Present results,
where parenchymal changes were present in every profile subgroup, he did
not find any in his obstructive categories. Our findings showed the pre-

valence of parenchymal changes in the obstructive group to be comparable

T

i
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with that in the restrictive group.

Light dust exposure in Harries' series did not alter function very
much (82.5% fell in the normal category), but heavy exposure led to 547
abnormal function mostly characterised by a restricted transfer factor
and/or a reduced TLC. 1In the present series, heavy exposure alone or

with effort led to more obstructive or undifferentiated profiles.

Although he did not specifically examine the relation of smoking
to lung function categories, an examination of the mean results of the
tests in each of his smoking categories reveals that Ty and FEV1Z are
decreased in the heavy smoking group suggesting obstruction. The same

trend was found in the present study.

A few other interesting findings in his study that correlate well
with the present one are:
a) the longer exposure, the higher RV (corrected for age and height)
b) the FEV1/FVC 7 1s also lower in the men with heavy exposure
c) RV is higher when pleural changes are present in radiological cate-
gories 0/0, 0/1, and 2 and slightly lower in category 1, whereas

FEV1/FVC % is lower in every category.

Murphy et al (1971), Ferris et al (1971)

Murphy et al (1971) and Ferris et al (1971) also compared shipyard
workers directly exposed to asbestos with a reference group less exposed
to asbestos. Pulmonary function tests (Murphy et al, 1971) included FVC

and its components, FEV1/FVC Z, Peak Flow, DLcogg and DLcogg exercise,
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airways resistance, ventilation, CO2 tension and Vp. Since the individual
results were not available, a direct comparison with the profiles of the
present study is not possible. However, they found the same frequency of
obstructive disease by physiological evidence in both the exposed and the
control groups, but the former had more important obstruction. The two
groups also had the same proportion of clinical chronic obstructive res—
piratory disease, though the pipe coverers had more symptoms. The two
groups, matched for age, duration of work in the industry and smoking
habits, differed in the severity of chronic obstructive respiratory di-
sease, perhaps an effect of superimposed dust exposure in pipe coverers.
These results were confirmed by Ferris et al (1971) who compared these
Pipe coverers to groups of pipe-fitters and welders exposed only intermit-

tantly to asbestos.

Regan et al (1971)

Turning now to the study of Regan et al (1971), her subjects are
similar to those in the present study in that they also manipulated raw
asbestos. Though these workers did not define primarily the function pro-
files, interesting conclusions can be found in their principal component
analysis. Exposure, in terms of number of years since the first exposition
to asbestos, was relatively important in differentiating health from disease,
but smoking was not. They also report the surprising finding that exposure
and smoking have also a very low power in the differentiation between '"asbes-
tosis" and obstructive disease, and in fact, these variables are located in
the obstructive side of the second component (obstruction - asbestosis); this
observation perhaps confirms the suggestion that asbestos exposure can lead
equally to obstruction as well as to restriction; or in fact to any func-

tional profile.
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Muldoon et al (1972)

The last paper to be considered is that of Muldoon an& Turner~-Warwick
(1972), a report on 60 male and female subjects referred to the Pneumoconiosis
Board, who were divided on the basis of specific conductance and TLC into four
groups which correspond to the following profiles of this study: normal,
undifferentiated, restriction and obstruction. With the workers in their
series being referred for compensation, it is not surprising to find only
167 falling into the normal category (as compared to 44.37 in the present
study). The other profiles were as follows: 4.0% undifferentiated (26.5%
in this series), 42.77% restriction (14.9%) and finally 17.37 obstruction
(14.3%). TUnlike the present series where the obstructive profile had a
higher prevalence of cough and sputum, no significant difference was found

between their groups possibly because they have more advanced disease.

Eighty-five (85%) of the entire group had radiological changes which
was considerably higher than in the present series. The normal, restrictive
and obstructive groups had about the same percentage of pleural and paren-
chymal changes, (83%, 88% and 857 respectively) but the obstructive group
had the highest prevalence of parenchymal changes (77% as opposed to 677 and
697 for the normal and restrictive groups respectively) and the restrictive
group the highest prevalence for pleural changes (19% as opposed to 87 for
the other two groups). However, the parenchymal changes were less extensive
in their obstructive group probably because hyperinflation is more advanced.
These findings further confirm the conclusions of the present study that
radiological asbestosis may be associated with any type of profile even

obstruction.
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As in the present study duration of exposure played little part in
the differentiation of the profiles. Unlike this present series, no signi-
ficant difference could be demonstrated in smoking habits between the

groups.

In summary, the conclusions of the present study were compared to
four recent investigations; only that of Regan dealt with the primary
industry. All of these studies support the present one in concluding
that asbestos exposure can lead to more than one type of pulmonary
function profile. Furthermore, the obstructive syndrome is as frequent as
the restrictive in those working in the primary industry, and although
sometimes reported as less frequent in the secondary industry, it is still

much more important than previously thought.

There is good agreement that the radiological changes parallel the
alteration in pulmonary function only in the advanced stages of the diseases.
However, no agreement was found on the frequency of parenchymal changes
in the different profiles. In both the present study and that of Muldoon

et al (1972), they were more frequent in the obstructive profile.

Clinical symptoms were more common in the obstructive syndrome in
the present survey, less so in the other investigations,With regard to
the influence of dust concentration and duration of exposure, effort and
amount of smoking, little agreement was found on their relationship to
function profiles. These factors were associated with increases in the
prevalence of obstruction in the present study whereas perhaps only

smoking appeared to be important in other studies.
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7. CONCLUSIONS

One thousand and thirty-four (1034) chrysotile asbestos workers,
selected from 21 to 65 years of age in the Eastern Township Industry in
Quebec, were studied by questionnaire, radiograph and pulmonary function
tests at rest and on exercise. Their industrial history was given in terms
of years of work, years of dust exposure alone and corrected for physical

effort.

The analysis of the results was based on the definition of six (6)
pulmonary function profiles: normal and undifferentiated abnormal function,
definite and dominant restriction, and definite and dominant obstruction.
The overall prevalence, age standardized, of these profiles in the working

population was respectively 44.3% and 26.5%, 12.2 and 2.1, and 12.8 and 2.27

Cough, sputum and dyspnea were associated more frequently with the
obstructive profiles, but present also in the normal, undifferentiated and

restrictive ones.

There was a comparable prevalence of normal radiographs in dll of the
profile groups; likewise the prevalence of small irregular opacities and
Pleural changes was similar in all groups; the restrictive profiles had
a lower prevalence of changes compared to the normal, obstructive and

undifferentiated ones. J

For a comparable number of years at work in the asbestos industry,
more dust exposure, and more dust exposure and effort were found in the

undifferentiated and obstructive profiles. A greater proportion of non-
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smokers had a restrictive profile while most of the subjects with obstruc-
tion were heavy smokers. Non-smokers having a light dust exposure had
proportionately more restriction, whereas association of heavy dust expo-

sure and smoking led to more obstruction.

The laws of penetration, deposition and clearance of particles and
fibers, the physical and chemical properties of chrysotile, and the dynamic
concept of the respiratory system provide some explanation for the diffe-
rences in response to chrysotile exposure and for the finding of not only
restrictive pulmonary function profiles but of normal, undifferentiated

and, more surprising, obstructive profiles.
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Thomson et a) 1963 h 7 108 ” 101 18 7 83 H 45 168 42 1.94)|~ -~ - 11 -
h 17 99 9?2 98 23 1 56 M LS 173 57 169 e « 2 o 9 .
h 20 105 93 10 21 n 59 M 45 170 79 1.91]~ ~ = z 11 -
h 29 99 9 97 30 72 n M 55 170 85 2.0)|- - - - 16 -
- 216 115 116 30 1 83 R 65 168 49 1.56)¢ ¢ 1 - o 1 2
h 38 112 118 114 32 16 59 M S0 173 59 .71 |v el - o | % .-
* Pellet L al 1965 | 203 3.6 100 1.5 200 5.1 160 29 82 97 92 N 33 -
Kleinfcld & al 19C6 12 . 9 98 88 32 79 20.4 45 - - - 18 .o

* ccCO/min/arily
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TARL T = & = RIVIEW OF THE OMSTRUCTIVE SYNDROME IN ASBESTOS WORKERS
- PULMONARY FUNCTION AXTIROPOLOCY VESTIONN. [EXrosvre RADIULOCY
Author yeaxr JSudbg. | £ v vc 4 e RV/  HBC FEV) Dre Sat 0, 078 |sex ARe Ht We B§A F P B Cy Cr Nork bust|sto PC SO
no. R E L X p 3 L 2 TC L/m 2 2 L] 2 | S yrs  cm kg He lyrs re
OBSTRUCTIVE (no = 41 .
Bastenter & a1 1955 6137 7.1 70 202 102 48 62 [13 92 K S8 175 811.97 3
7142 22 33 202 94 53 66 66 128 K 61 164 70 1.77 »
Caffuri & al 1957 1 3.9 209 1.6 103 5.5 103 33 79 68 37 171 6% 1.6 1
H] 3.9 212 3.6 236 7.5 150 48 70 59 36 168 65 1.74 1
9 4.0 105 1.7 100 5.7 102 29 $O 66 52 176 1) 1.88 1
10 2.0 59 2.9 272 4,9 110 £3 25 59 47 163 50 1.52 2
14 2.5 72 2.3 15% 4.8 95 48 31 32 61 163 65 1.70 2
N 3.0 88 1.4 96 4.4 91 3 58 (3] €2 165 61 1.67 3
Sartorelly 1987 1§2410.8 47 76 pE31 93 42 65 9% & 37 3 7
Read & al 1959 j11 2 49 1.6 2.9 4.5 63 s ¥ L 18,61 M 39 3 v [14 14
(Williams & al, 1500) 3 40 1.8 2.5 4.0 62 36 67 8.7 3 18.2 1 N 46 4 ve |22 13
6 46 3.2 1.9 5.1 r s 46 12.4 43 7.6 M 45 2 .- |22 P33
? 7.5 34 3.6 2.8 6.3 43 92 69 12.8 53 431 n ss 3 e J2¢ 4
9] 10.8 21 2.8 2.7 5.5 49 72 66 18.4 67 36| N oS4 2 ve ]2 &
Villiams & a2 2960 o 2.0 36 3.0 1.7 4.7 6 ss 55 21.6 n 59 2 e 8 1
22 9.7 21 3.8 24 3.9 33 9 64 22,8 74 M 43 1] - |16
26) 10.0 29 4.0 2.4 s.8 42 81 58 20.3 73 H A1 [ L3}
28] 11.5 38 3.8 1.7 5.1 N 62 29.3 100 M 43 4] -123
29 9.5 30 2.7 2.6 5.2 49 so 66 19.2 69 d N 48 1 v 113
30f 23.3 39 3.3 2.2 6.0 46 30 3 n.0 1 K 33 3 17 3
40 42 2.3 2.7 3.2 32 3 46 18.8 K 63 2 . 4 -
Rubtno 4 al 1962 ) 4.3 103 2.3 6.3 b 71 60 25.6 43 1.64
Thomson & al 191 1A 18 113 172 127 32 62 24.3 &5 M A0 183 65 1.86{¢ ¢ 1 = = é
A 19 104 161 18 32 6% 23,9 83 K 43 183 4 1.95(---= - |26
A 26 3.4 221.9 11585.2 99 34 18.8 &0 1O ¥ 1.72
A 39 74 133 2 4 35 17.8 83 H 50 168 39 1.68[e e =~ £ |30
Bjute & al 1964 7[3621.7 4.3 91 2.0 6.5 2 €6 11.8 92 94 M 51 172 .
1128 9.5 25 3.9 87 2.7 6.6 42 38 9.4 98 N 48 180 14
De 2o0s & al 1964 11 10 3.2 8516 4.8 » 30 232 44 17 b 3
a8 3.7 95 1.8 5.2 28 73 20 32 2 1
22 3.4 851.6 5.0 32 60 &4 49 12 1
28 1.2 22 2.8 4.0 70 40 53 5 1n 1
S DY 2.6 72 2.9 5.7 31 52 63 54 10 2
Pallet & 8 1964 235 1.3 74 2,2 228 3,5 130 6) 20 r 6o
311 2.1 66 3.0 335 5,1 110 $3 S5 N oSS *
187 4.9 J.1 86 1.5 150 4.6 100 32 32 9 95 X 239 -
1 1.8 69 2.0 124 3.2 90 $1 43 97 98 7 53 1
604 4.1 104 1.4 108 5.5 100 25 n 99 9 H 3s -
:: 2.: ‘93 1.8 146 5.4 100 33 66 X 39
*6 113 2.2 159 6.8 120 M -
Kleiofeld & sl 1966 15 01 s 102 22 22 134 ® 9 u ;g N A 13 he
STRUCTIVE - INCOMPLETE DATA (no = 27)
Cernex-Rieux & &1195¢) 211618.0 36 2.8 78 2.8 5.9 47 78 9 85 H 43 1 13
Caffuri & al 1852 17 3.1 672.01795.1 9 40 33 174 % 1.89 2
18 2.1 571.5127 3.6 91 33 42 165 26 1.8 2
Rader & 21 1561 1 5.8 9 102 21 112 27 87 $8 95 67 o= 11 deee daq
Sartorelld 1964 2 82 28 61 20.2 90 H 55 1
3 69 3 59 19.8 97 M A9 1
[ 61 b o 50 25.4 97 M 52 1
8 22 33 37 221 9% K &9 2
9 61 » 39 20.3 96 N 39 2
10 70 47 57 2.4 98 N 67 2
n 5 40 33 10.6 94 K 59 2
1 49 39 30 12.0 97 H 22 |2
15 59 Rl 62 14,0 9?2 K 3 b4
17 41 54 47 9.1 9l M 39 3
18 44 49 32 8.2 a8 L 3] b
Vaerenberg & al 1564 7 66 43 &4 60 7.5 35 90
8 9 25 54 69 8.0
Vecchione & a) 1964 cr [ 1] 32 66 64 28,1 34 8 1
0 91 n 68 60 18.3 43 4 2
Poggt & al 1970 2 2.3 36 32.0 . 11 ?
. 4 66 } Z 4o o [¥) 1
5 ey p Y] . 1 ?
6 82 ¢ 4 . . 12 ]
? % 2 4 4 ¢ ¢ 20 1
8 sy f 4 4.0 * + 20 1
] ’ %0 2 . 32 1
10 L 4 ' + 22 b}

*  ccCO/nin/erdly
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TABLE T = 3 - REVIFW OF MINID SYNDR(SIE 1N ASBESTOS WOKKIRS
PULMONARY FUNCTIO® ANTHROPCLOCY QUESTIONN. JEXPOSURE jrADIOLOGY |'CC
Author yosr ] Sudj.| € ) vc =V TC RV/ MK FEV) Dico 3at O, W/Q [Sex Age lix ¥t BSA | ¢ P 3 Cy Cef<ork bust|sio r¢ sic
0o, * £ L X L 2 L 2t MCL/m I 2 ez 3 5 yte cam kg M yzs re
BIXED — PREDOMINANTLY RESTEICTIVE  (no = 43)
Bastenier & al 1958 3 6.6 50 120 67 30 32 87 93 F 53 168 1) 1.70f *
4 6.2 31 59 160 8L 47 39 n 9N P S? 164 64 1,70 -
812 5.4 &8 145 7% 52 38 63 94 P 53 162 7) 1.79) -
940 6.8 22 62 181 9 49 42 n” 90 T 52 136 54 1,52 -
Caffuri & a1 1957 16 3.1 95 2.} 62 5.2 85 22 54 ss 51 167 S4 1.63 2
[ n 2.8 61 1.7 118 3.5 15 37 53 (5S) 49 179 91 2.12 3
Yarks & al 1957t 9 4.2 7% 137 82 3% 69 90 13.3( 9) 9% K 43 1.250 ¢ oo 13 .
2ead & oal 108¢ 1 6.8 3y 2.4 .1 &.5 37 62 7119 49 9.8] 4 59
1 24373 1.5 B 3.8 60 67 83 6.4 30 9.9 N &8 4 e |12 h2 13
Beder & al 1981 u 5.1 14 68 131 92 3s 81 93 94 48 e . 13 e e
17 4.0 9 70 115 6% 41 13 95 95 BT S 8 g e
Hesrd & al 1642 3 41 m 65 €2 32 67 8.7 35 85 M 46 . 4 12 .
Thocson & al 1551 | 1c 133 63 95 22 51 97 M 60 16363 1.71fe e 2 - o |12 .
A 13 8o 1S $s 37 72 66 B 35 16335 1.62e 2 - & 118 -
A 2 100 88 95 27 8 83 M S5 168 66 1.76]e » 2 ~ e | 19 2
A N " 105 % 39 (3 9 M S0 163 70 1.8Cle e~ ¢ 1S
A7 % 109 2 N 68 (1) ® A5 168 64 1.7 -~ T |18
A 0 80 108 87 3 57 68 B 60 183 72 1.94e =3 & {12 [
AN 63 [T €8 29 (1] b1 ? 40 152 77 1.32|-+ 2~ 18 .
A X 78 [ 13 3 64 -2} X 533 168 63 1.71fe s 1 = ¢ [ -
A 36 92 723 38 k7 66 ¥ SO 17563 1.22few 1 o |23 -
De Roea & a1 1954 | 133 4.0301 1.3 5.3 25 PEE H &6 8 3
1 6 2.6 66 2.0 4.6 &3 33 16 se 13 2
Pallet & 2 1964 129 3.2 9% 1.4 8246 S0 30 40 K S9
26 2.1 79 1.4 8035 E0 M 49 F 36
232 2.3 92 2.5 82 3.8 99 39 47 7 60
198 1.2 54 1.5 93 3.&4 66 &S 1 2 2 n 62
201 2.5750 2.4 175 3.9 S0 €2 83 5 98 r n -
2cs 1.3 76 6.8 99 3.1 83 33 69 89 87 r 43 -
217 1.3 40 1.7 9% 3.0 60 S7 40 89 o8 N 66 *
222 2.0 35 1.9 1C8 3.3 22 48 &R N 29 K 33 s
451 2.5 70 €.9 77 3.3 &G 27 (2] 9 92 n so
Klefafeld & al 1966Y 2 68 85 1 36 83 8.3 n - - 4 . |55 3
) n 130 81 &1 85 41.4 39 - - « |38 3 o
9 n 107 8% && 65 19.6 A0 - - =] b3
10 26 103 9 43 62 17.6 57 - - e |3 3
I E1 114 89 36 87 28.4 s2 - - )2 1
18 66 82 n 48 68 13.0 63 - o 4 ]3 1 N
i 2 45 8 60 S8 58 11.6 61 - + & |3 3
Ravy & sl 1967 2 1.4 7706 2.0 38 39 33 29 & 6 163 39 [T BT -+
3 1.4 70 0.7 2.1 33 33 30 8% 27 46 370 76 e v o sae |20 + {r
. s 3.5 515 5.0 75 30 “ 9% 96 39 179 7 D | 8 - Ix
Pogst & al 1970 1 3.6 1.0 3.0 4.0 k2] 83 aese o 125 2
14 1.2 2.2 3.4 65 22 30 . o k)Y 2
JAXED = PREDOMINANILY OFSTPLCTIVE (nc = 25)
Bastentler & al 1935 2 3.7 22 6 209 110 &8 427 70 r 36 133 56 1.34 -
Caffurs & al 1957 2 - 4.8 107 1.8 153 6.6 117 26 11C ” 33 176 11 1.86 1
3 5.0 112 2.0 34) 7.0 420 29 105 69 A4 174 e2 2.0) 1
4 4.6 5B 1.9 154 6.5 110 29 125 90 29 174 73 1.83 1
[ 3.6 97 2.2192 5.8121 3% 8) 76 48 176 S5 1.67 1
7 £.4 131 2.3 186 8.7 129 3% 115 87 46 172 €€ 1.80 1
] 4.3 9% 1.8 153 6.1 165 29 118 1] 28 176 66 1.52 1
1 2.9 98 2.9 215 5.8 135 50 67 76 $6 155 51 1.48 2
13 3.2 93 2.81826.0123 &6 18 e2 55 171 57 1.66 2
19 2.7 61 2.6 201 5.3 9% 49 56 70 49 154 92 1.9% 2
25 1.6 47 2.1 1403.7 20 61 25 50 59 154 211.70 3
Uilltazs & a2 1960 35 43 2.5 2.0 4.5 & 63 68 15.7 36 3 e |27 1
Bader & al 1961 3 53 i 26 &4 81 95 &3 335 - 4% 11 e 44
7] 6.017 n 162 112 3 nm % %0 8 62 " sw 10 ee Jo
Heard & al 1561 2 s 118 82 S1 25 36 8s ] + 5 12 .
4 4s n1 107 62 88 69 12.8 53 H S o 34 o+ |2 .
Thoason & al 1961 A 1 72 1146 e3 38 (3 64 F 40 36842 1.45jee1 - & | & +
A3 7% 137 37 34 69 &9 M 45 273 69 1.83]- -1 - 4¢ 116 .
A0S 85 95 68 33 63 92 K 60 168 67 1.772|a ¢ 1 - & {1) +
Bjure & al 1964 9{28 9.0 &.0 74 3.0 7.0 43 82 12.3 9? 40 188 -
De kosa & al 1964 | I1 12 3.3 €81.7 5.0 3% 53 s8 42 12 2
Pellct & sl 1964 an 96 124 130 28 7% r 48
Kletiafeld & al 1966 13 42 140 n 67 68 30.5 3 «=-2 s v
Hapy & 8l 1567 6 4.1 59 1.6 $.7 9 28 (1] 95 96 46 173 70 « -168 .
8 4.4 59 1.9 3 715 39 46 N 8 59 150 &0 e 4 4 |30 *

® ¢cCO/win/realy
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TARLE T = 6 - REVIUW OF MISCELLANIONS PULNONARY FUSCTION TN ASCLSTOS WORKEKS 1

. PULHONARY FUNCTION ANTUROPOLOCY QUESTIONN. JEXPOSUKE § PADICLOGY |G
Author yoar Sobylf v ve RV TLC R/ MBC FEV) Drgg Sac Oy 9/Q {Sex Age Mt Wt BSA [C P & Cy CriWork Duaty SI10 I'C S10; ur
no. R € L 2 L 2 L X TLC L/a X H . X R E yre cm ¥ n yrs PC 'ALD,
x
NopsL  (ao = 11)
Cafturt 8 a1 1957 20 3.7 89 1.4 109 5.1 94 27 8% 76 49 178 71 1.88 2
Read & al 195941 3] 10.0 ¢2 3.5 2.4 5.9 40 91 72 5.4 40 7.1 6 2 e n s n
(Willisus & al, 156C)
Williams & ol 1808 { 23| 10.0 3 4.0 1.8 5.8 32 109 75 26.4
2s 8.7 28 3.0 2.0 5.0 40 83 74 22,1
Bubino & a1 1963 2 2.9 91 1.8 4.7 a8 9% 71 37.0 9 60 1.5 1
De Ross 1964 [1 6 4.6 112 2.0 6.6 0 9 7 35 9 1
9 3.3 921.8 4.8 n 13 12 4s % 1
11 4.8 110 2.0 6.8 29 88 18 38 s 1
16 4.4 110 2.1 6.5 32 a3 86 41 9 1
23 3.0 B85 3.8 4.5 3 60 73 50 18 1
kr 3 5.0 108 2.0 2.0 28 0 73 .3 [ 2
ASSOCIATED DISFASES (no = 2)
Read & al 1959 [f1 8 9.8 59 1.9 3.6 5.5 €6 46 K4 56 1.3 K s2 5 w2 us
(Willdacs & al, 1960)
Villlsss & a1 1960 | 36 2.2 2.1 4.3 49 72 82 18.0 N 45 2 <] 2 2
37 11.4 40 2.9 1.4 4.3 33 69 73 12,1 1 6 3 e 2o 12
3 . 2.6 5.4 A7 84 74 12.6 N 47 1 o 21 -
Heatd & al 1961 1 43 65 52 46 4B 75 11.2 ¥ S0 [ 18
Thonson & al 1961 [a 6 67 63 66 29 79 40 F S0 152 64 ce3- Slas
A9 63 59 59 25 83 61 ¥ S0 168 57 c-2- w26
A2 104 82 87 26 72 80 ” SO 170 95 ~--= o] 9 -
X2 ss 132 83 35 54 57 M 40 265 54 1.61~ +3 - of 2
Pallet & al 1964 | 25 2.2 623.0 244 5.2 110 87 28 96 95 ¥ S3 +
450 6.9 31 (1] o4 F 49
497 2.4 62 1.7 125 4.1 120 &2 77 96 94 3] - TLLR
:g gg 9; 3.7 117 4.8 100 35 77 ¥ 47 M
+3 121 2.2 167 7,5 13Q 2 8 . .
Bader 8 a1 1965 | 4 72 T e L B % . T,
s 63 92 9% 82 N 42 2 1 jeata
6
66 89 - - X 67 2 by
Haoy & al 1967 1 70 4.3 85 B 65 7% 95 93 48 172 92 v e . 30
4 60 2.5 49 3% 28 60 95 4 55 174 72 + e 4 fib
Poggl & al 1970 | 12 ? 2.0 1.2 3.1 3s 47 - 0 + (9 Lo
13 - an ca
17 134 r . ¢ 15.0 . - 20 + . trc
Cracey et a1 1971 1 3.1 633.21096.3 80 50 65 33 73 14.0 4k n & prye
x Cole: Bre: Bronciifcctasis; Ca: Cancer; Ca3d: Breast Cancer; Cal: Lung Carcer; €aS: Stomach Cancer; Lo: Lobectony; LR: Lung Recection;
. Me: HNusothelloca; P3: idtrol Stenosis; O: Obesity; PE: Plcural Effusion; TL: Tubcrculosis.
INCCHWLETE DATA (no - 57)
7 e +
Wood 1929 b 1.6 uose v e
Roccheld 1940 1l 137 1 27 M 67 15767 b 1n ;
2026 12.4 0.8 16 F 62 1;2 6’3 :g 3
e e
371008 15 170 H % 60 18 s . - 22 3
s e 27 v 49 15384 . . 19 273
R 4 ¥ st 162 75 r e % 273
H R .t ¥ 52 16248 . - 10 23
a1 100 29 r 40 158 £1 PO 13 273
823 15,8 1.0 3 T 40 e M I+ YH
a6 'a:5 20 104 3 ® 58 116 70 . . 10 2/3
1036 5.3 20 1.2 ¥ 33 le20 c o, 10 !
1118 5.4 60 2.7 2 corr | 2
1223 8.1 64 1.9 s? F 57 15379 2
1320 10.5 52 1.4 32 ; :2 :gf g';‘ s v : i; H
1 . . 1 4 . r e
i’; ix 2.2 ‘0 :; i: F 30 160 61 . v 8 1{:
12115 4.1 76 2.4 67 K 36 162 67 v . ?
¥ 40 163 67 + e 12 1
1818 4.2 40 1.9 47 LA
Catfurt ¢ al 1957 | 30 1.8 66 . X 3 1.2 s R
Leashaze e B 1’6 ph S ou 07| u & s3] 3 2
2/33 1. R . . .
3«0 2.6 56 2.3 90 0.8/ H 60 i:g 2.5 ;
4 1.4 33 4.4 8 o8l ¥ sS4 1.8 s 2
sfas 1.6 57 10.8 92 1.0 ¥ S 1.i9 4 2
6|27 1.9 33 0.4 90 o0.8{ » 53 . !
7]29 2.2 64 8.7 9% 0.8{ u 33 1.75 3 2
834 2.2 62 7.7 9% 0.8 x st :.:: ; H
9{26 1.6 33 5.3 92 0| ¢ 52 . 3 3
10{3t 1.7 23 8.1 €9 0.9} F 48 1.40
nin 3.2 72 3.4 90 0.9 ¥ 64 ::: ‘;':
121y 2.0 84 10.3 91 0.8 H 63 1.9 %
13{24 2.3 76 12.9 95 0.8] u 62 135 L
1 {30 3.4 115 12.9 o.8] ® 352 . 1
1516 2.7 16 16,7 o.8| » 4«9 1.98
1626 3.2 96 18.4 0.7 u 48 1.20 4
134 15.9 o.8] n 46 1.64 29
1alis 3 Py 1.7 12
1818 3.8 106 6.9 0.7 X é 117 12
19128 2.9 89 1.9 3.0l % 1.e 0
20| 7 4.8 124 15.3 ¥ 39 . H
2120 3.7 104 13.0 2.0l % 35 1.62 .
Pelict & ol 1964 | 299 1.8 91 97 9% F S6
&2 1.3 s2 63 r
555 97 20 ; 22 N
Sartorelld 1564 1 9 2? 70 k13 9g “ . :
Bader & a1 1965 1 43 €5 9 H 2 .
2 3% 62 87 65 43 3 4
3 37 €S 2 ¢4 35 2 H
7 56 9 es 91 62 ‘ h
] 81 72 9% 92 46 H
g 70 79 97 o1 36 0 2
1 81 89 9% 9% 51 g H
3 2 s s % @ ° 3
13 8
15 2 2 96 92 38 N ? . c;x
Poggt & al 1970 11 * N 16.0 . : 3
3] 4 3 P 29 +
16 o1 + 12.2 x & . o 2
Scyth & al 1911 4 ¢ 13

* ccCO/usn/islig



TABLE I - 7 = RIVILM OF CEOUP FUNCTIQU STUDLES IN ASBESTOS WOIKLES

127

N PULKCNARY FUNCTION ANTHROPOLOGY | QUESTIONN. |EXPOSURE |RADICLOCY
Author yeav |fo. 4 v ve RV TLC RV/ | 1 FEVY OLco Sac 02 V/Q [Sex Age Kt Wt BSH C P B Cy Cr(~ork Dust [S10 PC 510
Subj. R r L X L % L X TLCLNM X 2 * I r R yrs ca Xg M yra rc
CROUP STLULES (no = 2069)
Stone 19803 13 s0to L 3
75
Vright wsst stz 2 I1 4 » L ¢ H
Cregoire & al 1958 12 6.7 20 70 138 88 3 s 65 . gxsgo 94 92 N
h P 2 1.9 2 .02 -
Leatharg wee 1 22 02 15.3 38 0
Scansetts &4 al 1960 S4to 73t029to0 &41to H &0to - Sto 1
108 121 60 106 60 16
12 43to 59to2lto I9zo 64 Ito +* o 7to 2
90 130 59 85 6r 73 27
14 40to 44t032¢t0 It M 4Sto . 15 to 3
70 82 46 2 er 72 32
Tetrstein & al 1560 10 50co 82co |
90 124
Lliseo & al 1964 | 17| 9.0 48 28to 2¢to 1
52 17
7] 9.4 42 3 to 6to 2
55 15
st 1505 | 3¢ [w ¥ 5 L] ¥y M<20to Teo
;Z 132 *-; : >60 5C
<
Leathart 1565 n 5Cto 1l.0¢te M c e - - 0o ©
123 32.6
41 J.8t0
10 12.8 tre o . -
[ 75t0 8.0to -—em - -
125, 37.3 . b
Schaantog & al 1965 | 11 2.9 1.9 4.6 38 97 70 M S2to 1to
=, s 24 227 7 20 36
Thomson & #1  1965 | 19 2.0 to 250 22t02.5t0 52 168 24 1(8)
3.2 & 82 19.0 209)
. 3(2)
9 3.0 ed 30c0 40014 ,Oto 11 b0} 0(6)
3.9 48 75 21.5 1(3)
Klesafeld & o3 1966e| 56 2 97 8 a12% 77 240 32t0 18) (9 (1) | 14+ 1(2)
1 - 2 2 21 1.0 77 2(9)
. i)
20 _ag 10; 53 l'lzx 36 ;;.g 2;“ () () ‘lgzo 0
16 n 33 zz 13:‘ Zs ix.o :9» (8) (&) (5)] 13¢co -
2 2 22 312 3 18
Cacdevia 1967 | 12 36 .Jg :.g .ﬁ s (91¢9) 15to
-8 2. 2 =
29 33 :: .;‘s, é (19)(19) .:
Ardalan 1568 | 18 i £(6)% (6) 2 -
AP
Saltder 1969 12 13 10to 60to ¥ Jd8to dont
S 35| se 2
- i S E - [¢1) jee (25 (21)
¥ J2to 1to
) 2
Bader & al 1970 | s58
5 . N # <20t0 0-8 ( 26)0-1(408)
x{an + L&l 5-9 ( 66)2-3
of 20 ‘ u 1oy (453 €37)(8)
N H bt 3 hc-19(271)
o I M e io-:o( 83
x ho=3p (212
$luis-Cracar 1970 64 M x 0= (45
. M 20t0 00 o
8 x . 29
41 81to " gg"’ oo e
126 B K &0to o0 o
[ ] x 49
®n S0co
Ferris & a} 1971 | 61 2.8 39 ce e
o e 78 21.8 N 350 171 82 1 Q12)
. 2+ (1C,
7 32" ¥ S0 122 85 Y ¢(7))
6 4.0 % 23,8 " M s0 1707 HE R
Harzies 1971 | 369 13 2¢( 5]
1.6t 0.6t . )
oS8 6.4 Fertadi ote Beo 28to8.6t0 M 1Btol3sto ito  Junioniw
spr] so 27 1.7t 1.0t0  3.0te  Sieo Z;‘:;‘-gt 70 193 %} )
. n,;: :,;“ ;'2‘ ;: 62 88 e1.0 o H ;sgm:g;:o (1:11:.-)13)(23)L§m () (16)¢e)
. 6to «Eto 12co0
.| o t386.) 32 0 60 AP B 3elsdee  (7X2nuc)an) dee 103D G27) €5)
tosd 12%° g-zn g-ﬁto 17to 4€216,0t0 M 18tol52 ORIM) (e 'i 4
e 176 13150 0u7t0 ddre 9 i heied 63 18 S
: 5 . -Ato to 29¢09.0t0 5
Jotota s a1 2971 | 1 to33 b bl B8 08 58120 g0 4800 B Leeldseo  lznaun @y o f@ G
1 41 931l 26 6.0 9 2 : 3o s0ss B4 a2 e s Q) gy a3 lo o
rrphy £ a2 1971 |01 3.9 9 > 138 303 ;; 32.0 % 17.0 = ® 43 17182 {138 (oFr10 |o o o
H 42 273 26 (2590353230 17 wes- | 303D)
2(9)
9% 4.3 103 . 3¢ &)
& K 41 126 79 {(5X23X23) (s5) b7 o 1(19)
Pegan & al 1921 {210 a2 . )
Voltowits 191 [ n ‘3. 2.5 4 169
i :2 ;: ;.: :1 7 80 63 169 77 8 1
X . 3 2 7 X 8 169 70 b3 (u)l

® ccCo/mtn/axntg € )1 Nuaber of subjects x 2 prodicted value

€ ) no of subjects
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TABLE I-8 - REVIEW OF SPECIFIC MECHANICS IN ASBESTOS WORKERS
(exposed as range or mean and standard deviation).

FIRST YEAR|NO. 1 OTHER Cst Cdyn RESISTANCE
AUTHOR SURJy CRITERIA insp. exp. total
SEX L/ cmH20 L/ cmH20 cmH20/LPS
Small irregular opacities - absence
Leathart 1960| 10 .115 -.662
Leathart 1965| 31M .090 -.290
Gandevia 1967 5M .133 -.310
Woitowitz 1970 27M 1.0 -10.0
19F 1.5 - 6.5
Jodoin 1971} 12 |< 110Dy .245 +.020 2.1 +0.2
11 |» 110Dy .157 +.010 1.9 +0.2
Small irregular opacities — presence
Leathart 1969 10 .025 -.064
Rubins 1961 5 .055 -.148 4.1 -8.2 2.3 -3.6
hypervent. .032 -.105
Leathart 1965 41M .130 -.313
Woitowitz 1970| 16M 1.8 - 9.0
7F 1.0 - 8.5
Pleural changes — absence
Woltowitz 1971t 11 | 3.0 + 1.0
Pleural changes — presence
Woltowitz 1971] 11 | 3.5+ 2.8
Miscellaneous
Leathart 1960 6 U
Telrstein 1960] 10M .023 ~.095
Vaerenbergl964| 10 6M - 4F .055 -.100
Bader 1965| 21M .020 -.270
Hany 1967 6M .030 -.170 1.5-8.0 3.0-12.0
Ardelan 1968 9 .058 +.026
Woitowitz 1970| 46M [<40yr W<lyr 2.1
65M <10 2.3
41M 210 2,2%
31M [y 40 <lyr 3.1
61M <10 2.4
70M 210 2.8%
23F |<40 <lyr 1.9
33F <10 2.7
16F 210 2,7%
13F [>40 <1 2.5
38F <10 3.5
28F 210 3.4%
21 |FEV1/FVC78 5.4(1.8-9.0)
10 " 75 4.7(1.8-7.5)

* P<0.05
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APPENDIX II : METHODS

PULMONARY FUNCTION LABORATORY

The laboratory contained the following pulmonary function equipment:
a Collins closed helium circuit modified for recording mixing efficiency
and measuring DLCOSS; a Stead Wells spirometer; a HbCO circuit; a DLCOSS
circuit with a recorder, an 02 and CO2 analyser trolley; two current sta-
bilizers; and a balance with height scale; chemicals, disposable items

and test gases were purchased in one lot.

Disposable plastic mouthpieces were used at rest and on exercise for
obvious reasons in such a large survey. They have been shown to be the
equivalent of reusable mouthpieces (Fournier-Massey and Massey, 1971).
However, for the expiratory flow-rates the Collins 11" cardboard ones were
chosen.

Measurements

The following measurements were made in this sequence:
1) HbCO was measured by the Henderson and Apthorp technique (1960). Each
seated subject, connected to the circuit by a disposable mouthpiece, washed
the nitrogen from his lungs by breathing 100% 02 from a simple open circuit
(Fig. II - 1) for three minutes. At the end of this time, he was instructed
to take a maximum inspiration and hold his breath. A three-way tap was then

turned and he exhaled through a CO; absorber, previously washed out with 02,

into an empty bag and re-breathed from this bag for a further three minutes.

At the end of the second three minutes, the patient was asked to expire

fully into the same bag and then the tap was closed.
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FIGURE II-1-CIRCUIT FOR MEASURING CARBOXYHEMOGLOBIN
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The contents of the bag were analysed for CO using an infra-red meter,
and for 02. The initial HbCO7Z was then calculated using Dahlstrom's
(1955) equation:

HbBCOZ = M x 100 x Pgo
Poy + (M x Pco)

where M = 231 and Pgo and PQy are the partial pressures of CO and 02
in the equilibrated bag. The 02 content of the gas (Fop) in the equi-
librated bag which the subject rebreathed was assumed to be 927 as
suggested by Henderson & Apthorp (1960). Being done at the onset of

the experiment, this correction was applied to the DLCOSB'

Backpressure of CO for the resting Dco measurement was calculated
. from the recorded uptake of CO up to the midpoint of the measurement i.e.

three minutes from the start of the test which last six minutes.

CO uptake during resting Dco = UV (FIgo - FEgo) ¥ time
where V - minute ventilation
FIco - inspired CO fractional conc.

FEgo - expired CO fractional comnec.
CO Hb after 3 minutes breathing= (CO uptake)/2)/1.34
Sco (Z Hb combined with CO) = CO Hb/Total Hb
= CO Hb/(Wt. in Kgs x 1.017%)
= CO'Hb/(Wt. in Kgs x .0101)

VD = Vr (FEgco — FAco)
(Fico - FAco)

FAOZ = FE02 v - FIOZ VD
Vr - Vp
.. Pag, = PB - 47) Fags

1. Beckman Oxygen Analyser. Beckman Instruments, Montreal, Quebec.
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and it is assumed PAOZ = Pap2

Pc'go at end of resting = PA02 x Sco
210 x (100~Sco)

This value for Ppgg was subtracted from the denominator of the equation

for Dco.

The calculation for the back pressure of CO for exercise Dco is as
follows:

CO uptake during the exercise Dco V (Figo —~ FEco) x time

CO Hb

CO uptake during rest + (CO uptake)/1.34
2

Sco CO Hb/ (Wt in Kgs x .0101)
If we assume PAOz on exercise = 100 mm Hg

then PG'co = 100 x SCo

210 x(100-Sco)

2) The FRC was measured using a Collinsl nine liter Closed Helium Circuit
modified to enable an index of mixing efficiency to be calculated at the

same time.

The circuit consisted of a nine liter spirometer with an electrically
driven kymograph, an external CO2 absorption canister and a blower, all
mounted on a two-shelf trolley. The blower circulated gas in the circuit at
approximately 60 liters/min. The three-way tap at the mouthpiece enabled
the subject to breathe either to the room or into the circuit. The central

core of the splrometer was sealed off to reduce circuit dead space. From

1. W.E. Collins, Boston, Mass., U.S.A.
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the main circuit, a by-pass line carried gas across the katharometer at
about 100 cc/min. The readings of the katharometer were recorded on a
Rustrakl recorder with the speed so chosen as to be able to superimpose
its recording paper on that of the Collins paper. A three-way stopcock
permitted He to be introduced in the circuit and a two-way stopcock served
the same function for 02. A thermometer was mounted in the tubing just
beyond the spirometer. A counterweight was placed on the bell to balance

it when the blower was working. The dead space of the circult was 3.5 L.

The katharometer was always left on but the blower was started only
15 minutes before the first subject. The circult was rinsed with room air
by raising and lowering the bell several times and one liter of air was
left in the bell. The test voltage to the katharometer was adjusted. The
katharometer was then set to read zero,and 200 cc of 02 and 700 cc of He
were added to the circuit, producing an indicator reading of about 137Z. The
initial temperature was read. The same switch started the kymograph and

the recorder.

The seated patient, breathing through a disposable mouthpiece, was then
switched into the circuit at the end of a quiet expiration, and asked to
breathe normally. When the concentration of He was stable between his lungs
and the circuit, he was asked to empty his lungs completely and after to con-
tinue to breathe normally for one more minute. This last procedure was to
ensure that complete equilibrium was attained. The switch was then closed,
the subject disconnected, but the kymograph left running for another minute to

verify the absence of leaks on the circuit.

1. Rustrak, Manchester, N.H., U.S.A.
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3) The VC was then measured on a Stead-Wells spirometer. The standing
subject,using a plastic 3/4" disposable mouthpiece, breathed normally into
the 02 filled spirometer equipped with a CO2 absorbent canister. After
two or three minutes, when the baseline was steady, he performed a maximal
inspiration followed by a maximal expiration, breathed quietly for one
minute, and then performed a maximal expiration followed by a maximal

inspiration.

The plastic mouthpiece was replaced by the cardboard 1" disposable
Collins mouthpiece, the by-pass valve was turned and three forced wvital

capacities were done.

4) The subject then performed a DLgogp on the modified Collins Helium

circuit.

A 30 liter bag-box unii was connected to the spirometer by corrugated
tubing and a five-way valve. Air containing about 0.3%Z CO and 10% He was
put in the bag in the morning after three rinses. The initial FI was
measured before the first subject in the morning and in the afternoon.
If the Figg and Fiye were different from expected values, the bag was
emptied, rinsed and refilled and/or circuit checked. The He was analysed
on the katharometer! and CO on an infra-red analyserz. Sodalime and Drierite

were put on the sampling line to protect the analysers from CO2 and humidity.

The subject was attached to the circuit through a disposable plastic

mouthpiece. While breathing room air through a three-way valve, he was

1. Katharometer, W.E. Collins, Boston, Mass., U.S.A.
2. CO analyser, Beckman Instruments, Montreal, Quebec.
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instructed to do a maximal expiration and to hold his breath. At that

point the valve was turned to permit a maximal inspiration of the bag

mixture and the kymograph automatically started at the speed 32 mm/sec..

The subject then took a maximal inspiration, held it for 10 seconds during
which the valve was turned to the expiratory line, and then slowly performed

a maximal expiration into the box. When about 750 ml. entered the expiratory
line, the valve was turned to collect about 1000 ml. in a 1 liter rubber bag
attached to the five-way tap. The valve was then turned back to th: expira-
tory line to record the end of the expiration. The subject was detached from
the circuit and the expiratory sample analysed in the same way as the inspira-

tory sample.

5) The subject then performed a DLgogg at rest and at two levels of exercise
on a Pengelly-Bartlettl circuit which consists of two trolleys, the first one
or the diffusion circuit equipped with a dry gas meter, a pneumatic damping
system, a sampling circuit and a CO analyser; the second one, or analyser-
recorder circuit, with 02 and CO2 analyser and Weelco recorder. The gas was
delivered through a high flow, low resistance Elder demand valve directly
from the tank.

Diffusion circuit (Fig. II-2)

Inspired volume was measured using a Parkinson and Cowan dry gas meter,
type CD 4, with a pointer resolution of 36 degrees/L.. This had been connec-
ted to a Sanborn bellows to provide a form of flow change integration first
suggested by McKerrow (1953)5 The improvement in dynamic behavior of the
volume measurement system prévided by this technique increases the accuracy

of the volume measurementl-and reduces the total effective airflow resistance.

1. Pengelly, D., School of Medicine, Hamilton, Ont., Canada.
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Because of the unidirectional gas flow through the inspired system,
an average negative pressure is created within the system during steady
ventilation which is less than the negative pressure peaks that would other-
wise be produced without the "damping" effect of the bellows. This negative
pressure increases from zero at the start of a run to some constant value at
the end of a run with the result that the bellows become somewhat compressed
and the circuit volume of the measurement system is different from that at

the start by the amount the bellows is compressed.

To overcome this difficulty, a spring return system aided the return
of the bellows to the static position by applying a practically uniform
small force over the full range of the bellows travel. At the static
or end position of the bellows, a switch was activated, which causes
the green "end" light to be illuminated on the control panel. Thus
volume readings taken when this light was illuminated would not suffer

from inaccuracy due to bellows compression.

Since the bellows oscillated at the respiratory frequency, a velocity/
force transducer has been incorporated in the spring return mechanism which
activates a switch when the respiratory cycle reverses phase. This switch
activates an electromagnetic digital VeederRoot counter which was energised

only when ventilation was being measured. The counter could be reset to zero.

Respiratory valves used were the 120 degree valve made by H.W. Creager
modified with an aluminium core which had the lowest resistance in all po-
sitions. All piping was either 3.1 cm. dia. copper or 3.2 cm. dia. flexible
plastic, wire reinforced. This plastic tubing has a resistance of 0.2 cmH0/L/

sec/metre. The plastic mouthpiece valve had an effective dead space of
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20-30 ml. owing to the divider in the central portion, and had an inspiratory

and expiratory resistance of 0.35 cmH20/L/sec.

It has been found experimentally that a baffle-plate type of mixing
box was a most effective method of integrating the fluctuations in Fg
within tidal excursions. Tests on this box at tidal volumes of 0.3 L
to 3.0 L show that it would perform this function adequately at rest
and on exercise. It was preferred to the propeller type because of its

simplicity.

In order to produce a constant volume of end-tidal sample per cycle,
a modified Rahn—-Otis sampler has been used. Driving pressure for the sample
container was produced by the sampling pump and switched by electromagnetic
valves controlled from the respiration counter switch. This has the advan-
tage of a sufficiently large constant~volume sample without the added cost

and complication of an electronic time-delay unit.

The respiratory circuit contained only three respiratory valves, la-
belled A, B, C. (Fig. II-2). Valve A allowed the selection of unmeasured
(for volume) inspired test gas or alternatively test gas which has passed
through the volume measurement system. Valve B allowed the inspired gas
to the subject to be either from room (ambient) air or from the test gas
(60 1bs/pi2) supply. Valve C allowed the mixed expired gas to exhaust to

ambient, or to a collection bag attached to one outlet of the valves.

The sampling system (Fig. II-2) was controlled by electromagnetic valves.
These were actuated by a manually operated program selector, which eilther

activated them directly, or through an automatic system for end tidal
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samﬁling. There were six positions of the selector:

1. Off: the whole sampling system was inactivated.

2. Air Samﬁling ~ ambient air was admitted to the inlet manifold of
the analyser through Valve 5, which was energised (open).

Valves 2, 4 and 1 were energised, opening the pump outlet to ambient,
connecting the samﬁler to negative pressure and allowing negative pres-
sure to be apblied to the analyser outlet.

3. Zero (CO2 correction) - mixed expired air was admitted to the inlet
manifold through Valve 6. Valves 2, 4 and 1 were energised, as they
were in all positions except 1 and 6.

4. Inspired - inspired gas was sampled from the inspired side of the
mouthpiece valve. Valve 7 was energised.

5. Mixed expired -~ same as position 3.

6. End Tidal - Valve 3 was obened, allowing the analyser to exhaust
to ambient. During expiration Valve 1 was opened, allowing the pump
to suck from Valve 3 and ambient. Valve 2 was closed, and all avai-
lable positive pressure was diverted through Valve 4 to empty the
samﬁler through its one-way valve to the inlet manifold. During
insbiration, Valve 1 was closed, and negative pressure was diverted
through Valve 4. The pump exhausted through Valve 2. Valve 3 re-
mained open. The sampler sucked through its one-way valve from the

expiratory side of the mouthpiece valve.

The respiratory counter could be used in positions 5 and 6 of the
selector. It was automatically activated upon rotation of manual tap A
to the volume measurement fosition, and re-activated when in the other
position. The counter light was energised with the counter during expi-

ration.
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The "measure volume' light was energised in positions 2 through

6 when the "end" switch was operated at the limit of bellows descent.

This system was completed by a recorder—analyser circuit on a second
trolley and comnsisted of one 02l and C021 analysers, and a Wheelco2 recorder.
A pump with a circulation of some 150 ml/min. drew inspired, expired and
alveolar samples through the two analysers where the 02 and CO2 were
directly measured. The volume, CO2, CO, and 02 concentrations were recor-
ded on the Weelco four-point recorder.

Diffusion Test:

The test at rest or on exercise lasted six minutes.

The seated subject was connected to the circuit and during the first
minute, while he was breathing ambient air, the minute volume and the
content of CO, 02 and CO2 in the expired air was recorded. The subject
then breathed a .13% CO mixture in air for three minutes and the inspired

CO was recorded.

During the fifth and the sixth minutes, the subject was switched into
the volume measuring circuit and the FECO and FACO were recorded. The pulse

was counted during the last minute.

The subject was disconnected from the circuit at the end of the sixth
minute. The volume reading was taken only when the rubber bellow was com-

pletely down as indicated by a green light on the central line. Respirations

1. Beckman, Instruments, Montreal, Canada.

2. Barber Coleman, Montreal, Canada.
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were read on the counter. The technicians subtracted one from this number,

one respiration being counted when the valve was turned on.

The subject then exercised on a bicycle ergometer at 200 KMm. The

procedure was the same as at rest except that FA was not measured.

A second exercise was done at 600 KMm for the subjects between 20
and 40 years of age, and 400 KMm for the subjects over 40 years. If the
pulse on the first exercise was over 120 beats per minute, the second
exercise was cancelled. This was based on Holmgren's evidence that the
maximal stroke volume (and probably maximal Dgp is obtained when the

heart beats at 120/min. (1965).

CALCULATIONS

The calculations were done in the following sequence: from the
Stead-Wells spirometer tracings ERV and IC were calculated and transfer-
red to the raw data sheet where the addition of the two values gave VC.

of the 3

The highest FVC:was then chosen. A correction was done to determine
the starting point for the calculations and a perpendicular line was placed
between the upper and lower horizontal lines delineating the height of the
FVC. (Kory et al, 1961). From this line, the FEVys5, FEV; and MMF 25-75
were found, either by using the mask especially prepared for this or by
a simple ruler, and the values were entered on the raw data sheet. This
section was completed by adding the circuit temperature and the water vapour

pressure for that temperature.

The next step in calculations was the FRC. The initial and the final

temperature and helium concentrations having been recorded during the per-
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formance of the test itself, the switch difference, the oxygen difference

and the ERV were calculated. The Rustrak paper its recording of the

decrease in helium concentration during the test was attached to the Collins

paper and directly aligned with the ventilation tracing. From this tracing,
907 of the decline in helium concentration and the number of breaths to
achieve it were calculated. The tidal air was estimated by putting two
parallel lines at the inspiratory and expiratory limits of the first 10 or

15 breaths.

The DLCOSB was recorded on the same chart paper as that of the helium
test. The IV was calculated from the point where the subject was turned
into the circuit to the highest point where he started to hold his breath.
The time in seconds was calculated from the point delineating half the
inspiration time to the point delineating 2/3 of the expiratory time in the

bag. These values were transferred to the raw data sheet.

The three DLCOSS’ rest and exercise, were then calculated. First
the volume was checked on the paper recording and then values for CO2
and 02 were calculated for the last minute of the test. If the six or
seven points were not strictly in line, a mean of the slope was taken.
The values of Figg, FEgg and FAgp recorded on the Wheelco paper were compared
with those read by the technicians. In those very few cases where six points
of the alveolar CO were not in a stable line, a mean was substituted for the

value read on the analyser.

Calculations were done by computer and program for the IBM 360-50
using Fortran language is listed in Table II-l. The formulae used for

predicting normal (i.e. expected) values are listed in Table II-2.
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TABLE II - 1 - COMPUTOR PROGRAM FOR PULMONARY FUNCTION CALCULATIONS

NG

e\

PuiCH kunN | uCT NOV

Lon

0 3IaFTL PULeFN

N
.

[\
(V1]

5GC0
1¢
5C¢G2

50C4

5C0o6

2C
50¢Cs8

531C

FURTRAN SUURCE LIST 03/03/68

SOURLE STATEARRNT

C----’--"-“""““"'r"‘“‘“““““‘"‘“"""""*"""‘“‘ ----- ———==PULMIC]lQ
' , PULMOCL]

. : PULMI0OL 2

MUDEFIED VDECK ~ VALID FUR AFTER MAY 1, 1967 PULMOGL S
CALILRATILN CUKVE FOR OCT ANU NUV INSERTED PULMOCLG

PULMU238C  CHAKGEL TG REAU GU TU 420 PULMOCLT
——————————————————— —— — —-==PULM0OOD20

LCGICAL 2ERCL3) : , PULMOC50

DATA ZEKC / 3% FALSE. / , PULKMGGHO

DIMENSIULN CARDD (L) PULMCLOO

DIMENSICAN NOUWCAT(Z) . . PULKMOLLO

ASSIGN 66C TG L ’ PULMOLL 2

CALL ECF(5,L) PULMOL114

REAU(S,50C0) CARDD : PULMGL20

FOKIGAT(L240) : : : ’ PULMCL30

CALL GEICAY{nNCADAT) . . PULMC1l40

CALL GETIME(NULWTIM) ' . . PULMOL150

[PALE = ¢ PULMOLISS

tine=0 PULMCl60

WRITE(O,4500C2) LARDD . PULMCLTO

FGRMAT(1H ,13A6) . PULMC180

LPAGE = [PAGE + 1 _ PULMC1BS

WRITE(G,5004) NULNLAT,NONTIM,I PAGE PULNMN1GO

FURMAT ( TonlPULMULNARY FUNCTICN STUDLES - GAHA SURVEY UF THE EASTEPUL 0200
LRN TOWNSHIPS CF QUEBEC 20X 3 2064 5X1 A6y 6X 34HP AGE, 13 ) PULKC210

N =0 PULMC22D

PRINT 5CCo PULMC 230

FGRMAT( 124l NO. NAME AGE vC FRC RV TLC MX FEVT5PUL G250
1 FEVL FVL FEVl WMME CIFFUSING CAPACITY AT REST AND EXERC IPULMC 260
2SE / PuULKMCZTC
3 132H HT Wi : : pPULMC280
4 -Fve SB=~R K VASB SS- EXT PACU VCO RATE VE PULMN29D
Sv02 VT 4 9RIGHLATE, 0L 4HLEAD 14X, 6HIPDCO ) »SH (V) /7)

READ 50CE, '-'\icl'MCA}\UIyNAMbﬁlNAMCC,A‘&DE1?1]"lngi'10YyMMTH1MYR1P51 TENP:VULMC:}‘;O
1Pwe Cly 245 €3, C4y W5, L6, SERV 1XRAYy UL 4U2,y 03,04, 05 PULMC40O
CkURMAT (Ao.xl.on,Fa.n.qu.1.312.F4.1.F3.1.F2.o. 5Xy 511, I3, PULMD430
1 F3elsllolaX,511) PULMG44D
KEAD 501C,y MiiCZ,MCARU2, T1ls Puly, ERVL, VIC, vC, FEV7S, FEV1l, FVC, PULMC450
1 AMMF,12, Pn2, FHEl, FHE2, T3, Snby G20y ERVZ, VT1l, BRSO PULMC 400
CFLRAAT ( A6, 11, 6X, F3.1, £2.0, 3F3.2y 4F3.2y TAs F34ly F2.G, PULMCETC
lZF‘QQZ' F3.1, 2roe 2y Fae3, F4.3y F2,0 ) PULMOD &8O

Hi = HT % 2.54 : - PULMO4SO
wil = WT * 0,4536 X PULMOS5CO

PFEVVC = ( PFEVL / PEVC )} = 100. PULIMCSLO

PVC 2 Co064%HT = 0 031%¥AGE - 5,335 PULMCS20

PERC =0.051 * HT -~ 5,18 ) PULMDS30

PILC = 0ed94%HT =0.015%ACE- 9.167 . PULMOS40

PRV = PILC - pvC - PULMDS50

PFEVID = 1{31,2 =1.78%AGE + 1.G05% HT) 0.838) /7 40. - PULMOS560

PrEvl = Ge005 * HT = N.033%AGE =— 1.12 PULMOSTD

PEVC 2eQ5U8 * HI - 0,032 % AGE - 3.02 PLLMN550

PFVCP = 15635 = 0.1069 * AGE ‘ PULMOSYN

PMMF = 2401b - 04C41%AGE ¢ 0.32 = HI . PULMCECD

Mxp = 65 = { AGE = 30,) /2. PULMCOL G
MEATR 2 B2.085 = De34l % AGE = 0,322 %= oI/ 2.54 PULMCL2D
POLOSE = 84457 % HT =~ 0,299% ALE =~ 38e1 PULMCG4 G
PR = = Cel13y % AGLE + 5,78 PULNMCOLS50
CRT1 = 3lGe / { 2734 + T1) PULMIb60
CRTZ = (273e ¢ 12) / ( 273. + T3) PULKMOGTO
CKP1 = Pob = Pul ) /7 ( P8 = 47.) PULMOU6G30
ChPT1 =  (KPLl ¢« CKT] PULMC6LYO
FEVTS = FFEVTS = ChPT1 PULMCBTO
Fevl = FLVl = CRPTL PULMCBBO
Fve = FVC * CRAPT] ) PULHMOBSO

XMisk = XMAF % LRPTI PULMOS0O
MFEVIP = ( FEVL /FVL) % 100, PULMOGL O

MEVC P = PFVCH - PULMOY20

..
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143
144

145

146

151

155

156
157
lol
162
1¢3
loa
lebd
1u6
le?
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ERV a ERV1 * CRPT1 % 0.9548 PULMOTGCO
vIC - o= VIC * CKIT]1 % 0.9948 . PULMO710
Vi = ERV + viC PULMOT720
IEIFHELeEweOe) LU TL 63
6C Fhi 3l ¢4 ¥® ( FHEL = FHEZ2 » CRT2 ) +020* FHE2%* CRT2 )/ PULMOT6Q
LFHEZ )} + 3au = 0.03 PULMOGTT70
Erve = ERVZ % 0.9926 PULMOT80
FRC = FRC % CRPTL
Rv = FRC = EKVZ %= CRPT] . PULMOBOO
IF(VL.NELOL) LL 10 51 *
TLC=0, ' : ’
GU TU 61
5L IF(FVL.GTlavL) GU TG 52
TLC=KRv+ VO
GC TO €1
52 TLL=RV+FVC
61 V1l = Vil * 0.9920
- = ( FRC /7  FrC + VT 1#CRPT1)) * ((5e43 - VT1*CRPT1 )/5.3)PULMOB3C
" = ALLCG 1GC (W) PULMOBLO
PERIC = =le / w PULMOB50
[F(BRID«NE.Oa)} GU TO 62
MX=0 L.
SC JU 64
€2 Mx = PE2ROO / | BRI) = 1o ) % 125.
60 1G &4
€3 FRC=C.C
Rv=0.C0
TLL=Z..20
MX=0,CC : .
64 MAGL=AGE
MHT = HI1 PULMOS40
PRINT 5C12, 4NOl, NANMESy MAGE, PVCPFRCyPRV,LPTLC, PULMCSSHO0
1L MXP, PFEVTS, PFEVY,y PFVLC, MFVCP, PMMFE, PULMOSTO
2 PuCCSub ., PK,y MEXTP
5012 FURHAT { 2AT, 16y Fbe2y 3Fb.2 v 14y F9¢2y Fba2y F5e2¢ 15,PULMICL1O
1 FS.Z' l"bol' F5.21 11")
N = M+l PULM1040
CREEXFERPEXEEFFRERR YL BEF LR : PULM11C0
JIMENSICA LCAD(3)y RATE(3), FALCGC(3), FILU{(3}, FECO(3), PULML110
1 Vi(3), vél(3), Ft3), THUN(3), TSC(3), FECO2(3), PULMLI120
2 FEO2(3), VENT(3)y TIMN(3), TIME(3)y TTIME(3), PULMLL30
3 VSTPLI3) s VLTPS(3), VUL2(3), vCCi 3), MEXT(3), VT(3), PULM1l1l40
4 FMING3) Yy vU(D), ULOSS{3)y APACU(3)y YPACU(3),y XPCCU(3), PULMLL5D
5 MuTPST3),y, MRATEL3) o POLCUEL3) PULMLIl00
6y PVU2(3), PLCLHSIT3) r XLCAD(3)
CREAD b0Ol4, MNUZ, MLARU3, FCOHY FIHE, FICOSB, PULML130
1 vi, TIMEL, FAHE, FACDSB FIC2, PULML2CO
2 LCAC(1l)y KATE(L)y FALIU(L), FICG(L), FECULL1)y FAZCO, PULM1210Q
.3 vitl), vail), TMNLL) T5C(l), F(LY PULML1220
4 FECC2(1), FEUZ(L), TTHN(L) PuULMY2 30
S50140FURMAT  ( Abe 11, F3els Fael2y Faely PULM1200
1 Faas3d,y F3el, Faely F3ele 33Xy Fbe2 PULML270
é 12y F3.04F2el, 3F 3.1, 2F542¢ Fla.0y F2.0, F2.CPULML280
31 F3.2y Faely Fl.0 ) PULML1290
RLAU 5016, MINU& MCARDSG, . PULM]L310
1 LOAC{2)y RATE(Z)y FALLG(Z2), FICU(2), FECO(2), vVi(2), PLLMLI3Z2D
2 v2(2i, TIN(2) 15C(21}, F(z2), FECO2(2), FEQ2(Z2), PULM1350
3 TTHNE2) : . PULM1340
4 LCAU(3)y RATE(3), FALCU(3), FICOL3), FECG(3), PULM1350
5 Vit(3), va(3), Tein(3 ), TSC(3), F(3), PULM1360
) FeCCi3),y FLUL2(3), T1TMN(3) . PULML3T7Q
5016 FORMAL ( AL,y 1l ¢ F3.0, F2el, 2F3el, 2F5.2, F1l.0, PULM1390
1 2F<e0y F3e2 Fae2, Fl.0, 12, F3.0, F2414PULMNL40Q
2 2F3.l, 25420 FleQy F2e0:F3e01F3e2, Fbde2y Fle0)PULM14]1C
VU 140 NLCG=1,3 PULM1420
140 LERUINLLG) = JFALSE. PuLM1l430
CsTPO = { 273+ / ( 273. + T1 ) ) « { ( PB =PW1l) / 760.) PULM1400
1=0 PULM14TC-
flve = FIC2 7/ 10C.
Ve 32¢ J=1,3 PULM1480
1 =1 ¢« 1 PULM1490
LUADL( ) = LLAC(T) * 1C PULM1S00
Tiste (1) = THN(I) + 1SC{1)/60C, PULM1S510



/‘.ﬂ

o170 VENT (L) = (V201) = vI(Ll) 7 TIME(ID) PULMLS20
171 FriNOL) = FUI) 7 TIMEC(]) N PULMLS30
172 vOT1PuLl) = VENT(T) & (STPD PULMLS9O
173 vaTesSil) = VENTUIL) & CRPTL PULMLGL1S
174 vidl) = VBIPSUL) /7 FMIN(I) * PULKLG620
175 1F { FEC2(I) o EGe 0.0 ) GO TO 149 X '
200 FECUZ(I) = FELOZ2(I) 7 1cO. . PULM1640
201 FEU2(L) =  FEO02(1) / 100. o PULHL650
202 vJU2U1) = VvSTPUL1) % FlU2 ~ vSTPU(I} * (€ 1.0 =“FI02) / { le -

2 FELU2(I) = FEL2(1) )) = FECG2(1)
203 vl TO 150
éG4 T 1as vu2ll) = C.0 . . -
2CH 156 ALCAL(1) = LGAU(I)™ . :
C lay XLuau(l) = LUAD(I)
C 1F ( LULA(1) o EVe 0 ) GO Ta 190
200 Pvu2(1) ’ = 0410 + 0,0023 % XLUAOD(IL)
207 | oC 10 ¢2cC¢C
210 190 pPvO2(1}) = 9.c0
211 2C€GC CUNTINLE . _PULM184Q
212 UF C FICC(I) JLT. 5.CC ) ZERO(I) = «TRUE.
Zls IF U FICC(I) +GE. 61.8 «ANUse FICU(l)e LTe 1C0.0 ) GO TU 220
220 [F ( FICC(L) 4GEWL42.3 «Alus FICU(I)e LT. 61,80 ) GO TO 230
223 IF ( FICC(I) «GELG.CO eANe FICO(Il)e LT. 42.30 ) GO TO 240
226 220 FICO(I) = (FICULI) - 9,0 ) ¥ 0.C001581
1 /1c.
227 60 Tu 20C
230 23C FICU(L) = ( FICC{1) = 4,0 ) * 0.0001538
1 /10, . . .
231 el Tu 26C
232 , 240 FLCu(l) = FICO(L) * 0.,G001395
1 /10,
223 20C FECU(I) = FECO(I) - FALCO(L) PULM2020
234 IF { FECC(I1) oLTe 5.000) ZERDUI) = .TRUE,
237 IF  FECCUI) «LEe 0loB oARJs FECO(I)e LT. 1¢0.0 ) GO TO 270
242 LE { FELC(L) +GEe42e3 oANUS FECO({I). LTe 61.80 ) GO TO 280
245 IF ( FECLUL) WGEeU00 JANJS FECU(I)e LTe 42430 ) GG TO 290
250 270 FECU(]) = (FECOGLUI) - 9.6 ) =+ (0,0001581 :
1 /1C, -
251 oC TO 310
252 28C FECUO(I) = { FECC(L) - 4,0 ) * 0.,0001538
1 /1C.
253 GL Tu 310 .
254 29C +ECU(I]) = FECC(I) ¥ 0.0001395
L /10.
255 31C MeXxT(i) = ( (FICO(1) -FECO(I) ) / FICO(L) )} ¢ 100. PULM2140G
25¢ * MRALE(l) = RATE(I) PULM2150
57 320 CCNIINUE PULM2200
é6l FA2LU = FA2(0 - FALCU (1) PULMZ210
262 IF | FA2CU «LT. 15.00) LERI(1) = ,TRUE. :
2¢5 IfF (razce *GEs 6148 ARU. FA2CU , LT. 1¢9.0 ) GO TO 330
270 I¥ ( FA2CLOD eLEe4243 JANDe FAZ2C0 o LT 6l.30 ) GO TO 340
273 I¥  FAZCU +GEeDeCO JARU. FAZ2LD & LTe 92.30 } GO TO 350
cl6 330 FA2CUL = (FAzCC - 9.0 ) ¥ 0.0001581
1 /10.
277 wGC TO 37¢C )
300 34C FA2LU = { Fa2L0 = 4,0 )} % 0.,0001538 -
’ 1 /1c.
acl s Tu 37C
ace 350 Fa2CU e FA2LO * 0.0061395%
1 /10,
ac3 376 CCNTINUE PULM2340
3Caq It { FACCSS +EG. 0. ) U TO 420 PULM2330
3C7 IF { FACCSB  JGEe 6148 «AND. FACOSB . LT. 100.0 } GO YO 320
312 LF ( FALUSY  olBe4243  LANU. FACUSSE « LT. 61.80 ) GO TO 390
als LE 0 FACLOSE  oLEeU.00 LANJU. FACOSOL . L¥. 42.30 ) GO TC 400
220 38C FALUSE = (FALUSE =~ 9,0 ) ¥ 0.0001581
i 710.
321 60 TO 420 B b -
2é2 39C FALOSH = { FACLCSH - 4.0 ) * 0.0001538
1 /13, )
323 LU Tu 42C
324 4CC FACUSL C.0001395

1 /16,

145
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325
326

327
332
333
334
335
336
337
349
341
344
345
340

347

‘359
ast
382
33
394
355
35¢
357
300
361
262

3¢e3

2¢4
365
366
367

3710

371
372
373

374
315
376
317

499

4C
qLs5
406
407

419

411
412
413
410
417
420
421
“«l2
“23

aoon

oo
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OIFFUSING CAPACITY - SINGLE UREATH
©2C CGHBSB = FCOHB * 0.0001395
1 /10.
«5C FvCO = C0HBSB * 130. / S2.
IF{FACCSEhE.O) GU TC 470
46C CLITINLE
OLG050=0.
SuK=J.
vibdol=0.
viSu=0.
ol TO 519
47C CCNTINLE
I+ € vI o+ GE. 1e5) GO TU 480
voss = 0e1¢5 + 0.N38% VI
GLC TQ 49C
485 vVUSY = Oelb + 0.06 * VI
450 FAHE = FARE * 0,95
FALUSE = FALUSL * 0.95
vi=vI®*¥J.962¢€
visg=vI%CRPI1
5CC VASY = ( vl ® CRAPT1 =~ 0.07 ~vDSB) * FIHE /FAHE
VASBl=VvASB+VDSH
VASu = VAdSL ¥ J.8b606 * ([ {P3 - 47. ) /7 T760. )
FILUSL=(LFICL3IE8~5.C) % Q.01N01581/1C,
FLCO = (FILOSB * FAHE / FIRE ) -~ FVCO
SBK - = ( 6Us / TlIMcl) * ALUG ( FOUCU /(FACUSSE -~ FvCO ) }
oL USy = { VvASS * 1000. * SBK } /2 (P8 -~ 47. )
510 PRINT HCly, MHAT, wis vCy FRCy RV, TLC, MK, FEV75, FEV1, FVC,
2 MEEVLIP g xMiar pULUSB ,SBK,VASDL ,VvISH
5010 FURNMAT ( 1lly Fouely Flle2y 3F542y 14y F9.2y Fb6ae2y F5¢25 15, FS5.2
1 2FOelsF5e29F5:292H (oF4e291iH) )
GIFFLSING CAPACITY AT REST
I =1 :
Xveo =vSTPUILI*FICG(L) = (VSTPD(1) ~({0.2%vD2(I1)})I%FECOLL}
veoln) = XVLC * 1000
cong = { ( 210. ® 100. * COHBSB) /7 ( 0,92 + 210. * COHBSB )}
1 % 0.,C01C1 % a1l =],

1

1

COHBL = (VCLOIIXTTENIL) )/ 1a 3a

COrivl = CCno GM3 AT START

Cutibl = CCn3 INUKEASE DURING DCU AT REST

COHvZ = CLHE HALFWAY THRU

CLHO3 = CUho SATURATICN PER CENT  HALFWAY THRU
CCrd2= COH3+CUNBL/2.

Cuns3 = LCHBZ /lU.0101 # wT=10. )
FCLO3 = ( ( L0Ce / { PB~ 47+ ) ) * CUHB3 ) /
( 21¢C. # ( 16C. =-CUHG3) )
XPCCC(I)= FCLUs * (PL - &7.)
XPACGLL) = (FAZCO *= ( PB =~ 47. ) ) = XPCCu(I)
DLUSSI)= vel(l) /7 xpPACO(D)
POLUSS(i) = ((13.05 = 06279 % AGE + Q4185 %= ( HT / 2.54 1))
¥ 273. / 310. ) y
IF { oNUle LekO(1) )3 GO TO 520
vCeull)=C.0

ASACOLI)=CWU
DLESSLT =G0
MEXTLT) = 0
PUCUSSI(T) = N.0

CUNTINULE

DIFFUSING CAPALITY ON EFFCRT — STEADY STATE

UL 640 J=1,2

I =1+ 1

IF ( LUAD(L) «NEe O ) w0 TO 570
uCusSS L) = 0.

MEXT (L) =0

veotll = Q.

KPacuil) = e

MRATLLT) =0

MBIPSll) =0

PULH2550
PULM2500
PULM257C

.
PULM2640

PULM2450
PULM266G
PULNMZOLTC
PULM2680
PULM2690

PULM2T700 .

PULM2710

PULM2720
PULM2730
PULM2740
PULM2750
PULM2760
PULM2T7TC

PULM2780
PULM2790
PULMZBL1O
PULM2B20
PULHM2840

PULM2B90
PULM2S00
PULM2920
PLLMZ2S80
PULM29%0
PULM3C40
PULM3050
PLLM3120
PULM3130
PULM3140
PULM3150
PULM3160
PULM3170
PULM321C
PULM322C
PULM3240
PULM3250
PULM3260
PULM3270
PULM3280
PULMZ300

PULM3320

PULM3330
PULM3340
PULM3350
PULM3300
PULM3400

PULM3410
PULM3415
PULM342C
PULM3425

PULM3430
PULM3440
PULM3450
PULM3460
PULM34T0

PULM3430

PULM3490
PULM3S0O0
PULM3S1O0
PULK3520
PULM3S30
PULM3540
PULM3550



&

424
4s5

.4lo

4et
439
431
a34
437
44¢
441
442

445

L hhaa

447
456
asl
4b2

453
454
455
“450
457
460
46l

4¢2
4¢3
4o4
405
4606
41t
412
473

4

415
470
417
5900
503

510

511

5L6

517

52%

57

529
531
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vu2(l) = 0.
vieD) =0,
vull) = 0.
PULUSSIL) = 0.0 ,
LG TG 63C

50G 1F ( FICLIL) o EG o O, ) GU TO 623
275 IF(VTI(I) .GEe. 1e5 ) GO TC 580

vull) = Dall2b + 008 *» VI(I) + 0.07

GU Tu 5¢C
280 vull) = 015 + 0.Cb * VT(I) + 0.07
59C veULL) = VSIPLIL) & ¢ FICULI) - FECUCII * 1000.

YPACULI)=(( VT(I) & FECO(I) - VOUL) * FICULL))/ (VT(L) =-vo(I11}))

1 » (P35 - 67, ) .

IFl vecls2) GG TQ 610

CUM3EL =  vCOUI) = TTMNCI) ) / le34

CLH3L2 = CLHB + CCHBL + LLHBEL 7 2.

CLHBE3 = LUhBEZ 7/ ( OeClUl * WT * 10. )

FCCOES = ( ( 1C0. 7/ ( Py - 47« ) ) % COHBE3 ) ¢/

1 { 21C. & ( 1CU. - CUNBE3 ) )

XPLCULT) = FLCLLS % ( Py - 4T. )

XKPALGIIL) = YPACLOLL) - XPCLoLI)

vl TU o02C
619 CLEEL = (ViL(L) = TTMNGL)Y ) /7 l.34 N

COEEZ= LCHY + (CHbl + CUHBEL + CUEEL / 2.
CUEE3 = CCttl / ( GuGLCL %* w[ # 10, )
FLUCES = ( ( 1CCe / { bB - 7. ) ) * CUEE3 ) ¢/
1 ( 210. * { 100. - CUEE3 1)
APCCLIT)= FCUEES % { Py - 47. )
APACULCL) = YPALC(L) - XPCCL (L)
©20 UCLSS(T) = VLCLLl) 7 ( XxPacCO(l) )
621 PuluSs( S 35.C = 0.497 # AGE + G946 * PVO2(1)
IF ( o5 ¢ERUCLY ) GO TO 625
23 veulr)
XPACULL
JLUSH(
WeXT (1)
PULLLSUL) = 0.C
025 LLUITEANGE
630 CUNTINUE
IF(JeEGal) GU TC 640
ARITE(0,502C) MUY yMMTHMYR,
{ LOAC(L), POLUSSIL)y LCUSSIL), MEXT(L), XPACU(L), VCO(L},
MKATE(L),
VBTPSIL), VC2U{L), VT{L},y L=1,1)
$220 FUKMAT(?!,BIB,I&?,
4x,lH(.F«.l.lH).Fb.1,
. IQ'FS.Z.FG.Z,l#,FS.loF5.2,F5.2)
WRITE(o,5C22) SERVy ARAY y GOy
{ Lcac(u), POCULSS (L), DCUSS(L), MEXT(L), XPACO(L), VCO(L},
FRATE(L),
- VBTPS(L), vL2(L), vi{L), L=2,2)
5022 FGRMAT(FIZ.L.IZ.IB'
‘00'9X11H(yFQolylH)nFs.ly
143 F5¢21F 6021 14yF5.1,F5.2,F5.2)

1)
Cle.
=C.0
1)=C.0
11=0.0
=0

NN en -

N

WRITE(6,5C24)
( LLag(Ly, PUCCSS (L), LCUSS(LYy MEAT(L), XPACO(L), vCO(L),
MHATE(L ), .
VOTES(L),y VC2(L}, vI(L), L=3,2)
5024 FORMAT(IE3,
1 “A,lh(gFQ-ltlH).FS-lt
2 I#.FS.Z,FO-ZvI4nF5-lyF5oZyF5.2)

[ VI I N

640 CCONTINJE
wrlTel(n,5C028)
5026 FLRMAT(1F+ )
LE { (MNCleEwesNU2) o AKU. (MNDLoEQ.MNU3) JAND. (MNU1.EQ.MNO4)
1L cAhU. (HLARDL.EC.L) *ANDe (MCARUD2.EG.2) JAND. {MCAKD3.EQe3)
2 eAille (WCARLG EQe%) ) OU TC 6>C
WRITL(L,35226) MNJI:VCAKUI,HNUZ'MLANUZ'MNU3,MLAKU3|hN04vMCAR04

5328 FURMATL 10X, 35HIGENT IFLICATIUN GR SEWUENCE EXKRUR — ’
3Kehoe 15, 3 ( /40X A64 1S ) )
GU 10 10

050 CLNTINUE
LINE=LINEL
TECLINE L Q.5 ) GU Tu 10
¢l 1U 20

oel WwRITE(0,5002) CAKDD
sSiuP
eND

PULM3b60
PULM3S /0
PULM3540

PULM3590
PULM359)
PULI3392

.PULM36l0

PULM3620
PuULM3630
PULM364C
PULM3650
PULM3e50
PULM367C
PULM3680
PULM3690
PULM3T750D
PULM3710
PULHM3720
PULM3T730
PULM3 740
PULM3T750
PULM3760
PULM3770
PULM3760
PULM37%0
PULM3800
PULM3ELO0
PULM3820
PULM3BSO

PULM3592
PULM3694
PULM38Y6
PULNM3897

PULM3898
PULM3900
PULM3540
PULM3950

PuLM39TO

PULM3930
PULM4000

PULM4020.
PULM4030
PULM40O4D
PULM4000

PULM40B0O

PULM4130

PULM414 0
PULM4150
FULMS 160
PULMG 6]
PULM4] G2
PULM4163
PULM4 o4
PULMGY S
PULMS4Llb O
PULM4LlOT
PULM&4lo B
PULM417D
PULM418O
PULM4lvO
PULM4LY S
PULMAY220
PULM4230



TABLE II-2

Ht cm

wt Kgs
FEVL/FVC 7%

vC L.
FRC L.
TLC L.

RV L.
FEV75 L/min
FEV] L.
FVC L.
FVCP

MMF L/sec
ME %
DLcogy  *

Kco ccCO/min

148

- REGRESSION EQUATIONS FOR PREDICTED VALUES OF PULMONARY

FUNCTION IN MEN

DLCOSSrest *

Extco

Z

DLCOSSexercise *

v02

L/min

* ccCO/min/mmHg

]

inches.

Ht (inches) x 2.54
Wt (1bs) x 0.4536

(PFEV1/PFVC) x 100

0.064 Ht -~ 0.031 Age - 5.335
0.051 Ht - 5.18
0.094 Ht ~ 0.015 Age - 9.167

TLC - VC

( (31.2 - 1.78 Age + 1.065 Ht) x 0.88)'/40
0.035 Ht - 0.033 Age - 1.12

0.508 Ht ~ 0.032 Age — 3.02

85.35 - 0.169 Age

2.018 -~ 0.041 Age + 0.02 Ht

65 - (Age - 30) /2

0.457 Ht - 0.299 Age - 38.1

-0.038 Age + 5.78

( (18.05 - 0.279 Age + 0.185 (Ht'/2.54) ) 273/310
82.085 -~ 0.341 Age - 0.322 ( Ht'/2.54)

35.0 - 0.497 Age + 9.946 Voo
0.410 + 0.0023 x load in KMm
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NO. DE L'ETUDE:

QUZ3EC ASBESTOS STUDY - r JESTIONNAIRE

jour

149

mois année

S

Date de l'entrevue

Date de naissance

NOM o.n.cooo--occc---o-co-onolcn-oo--n-o..

(Nom de famille)

M F

Sexe S
(Prénoms)
' Grandeur
(& # pouce moins) A
F, A. Autres
Langue maternelle . Envergure
(@ # pouce moins) /4
Pesanteur ,
Nom de 1'enqu@teur ....c.ceeeeecscnenes (@ 3 livre) l4

Posez chaque question tel que redigée. Inscrivez un X dans la case correspondante
aprés chaque question. Dans le doute inazrivez 'NON'.

INTRODUCTION Je vais vous poser que}ques questions prircipalement sur votre thorax.

TOUX
1.

Veuillez s'il vous plait attendre que j'ale posé la question compléte.
J'aimerais que vous répcadiez par 'OUI' ou par 'NON' toutes les fois

que ce sera possible.

A n'importe quel moment de votre réveil juagu’3 ce que vous
sortiez, habituellement toussez-vous deux fcis ou plus 1'hiver?
Tenez compte de la toux en fumont la premiére cigurette, ou lors
de la premiére sortie. Excluez lz rettoyage de gorge ou une
simple toux.

Tounssez-vous habituellement pandant la journZe - ou la nuit -
en hiver?
Ne pas tenir compte d'une touxr occosioneclle.

S§i 'Non' aux questions 1 et 3 passen & la question 6.

Si '"Oui' & 1 ou 3:

Toussez-vous comme ¢a presque tous les jours (toutes les nuits*)
pendant trois mois ou plus chaque année?

* Pour les sujets qui travaillent la nuit.

[y -

Oui Non

I I

Oui Non

| I

Oui Non N.A.
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Page 2

" SECRETIONS PULMONAIRES
-6, A n'importe quel moment de votre réveil jusqu'ad ce que vous

_ sortiez, avez-vous habituellerent des crachats qui viennent
des brorches 1'hiver?

. Tenez compte des séerétions qui viennent des bronches seulement.
Comptez les sécrétions en fumant la premiére cigarette ou lors
de la premiére sortie. Comptez les sécrétions avalées.

150

1 3

Oui Non

8. En hiver, le jour ou la nuit avez-vous habituellement des crachats?tj D

Acceptez deux ou plus.
Si 'Non' aqux questions 6 et 8 passez @ la question 12a.
St 'Cui' a 6 ou 8:

10. Pendant trois mois ou plus chaque annde continuez-vous & avoir
ces crachats presque tcus les jours (les nuits¥)?
% Pour les sujets qui travaillent la nuit.

12a. Pendant les trois dernilres amnmées, y a-t-il eu une période au
cours de laqueile vous avez souffert d'une toux et des crachats,
(plus que d'habitude*) qui ont durés trois semaines ou plus?
8L ‘Nen' & la question 12a passez d la question 13.
Si '0u4i" @ la question 12a:

% Pour les sujets qui ont habituellement des sécrétions.

Oui Non

I

Oui Non

Non

Oul - une fois

12b/c Avez-vous eu pius d'uve telle péricde?

Oui - deux fois

ou plus

13. Avez-vous d&3j3d crach® Ju sang?
Si 'Non' d la queston 13 passez d la question 14a. Non

Si 'oui' & la question 13.
13a. Est-ce que c'Etait au cours de l'année derni&re? Oui - l1l'année
: derniére
Oui - mais non
1'année derniére

DIFFICULTE DZE LA _RISPIRATION

14a. Avez-vous de la difficulté & respirer guand vous vous

dépéchez sur un terrain p'at ou quand vous marchez sur une " Incapacité#*

pente légére? .
Si '"Won® & la question lda passez d la question 15a.
Si 'oui' & la question 14a:

14b. Avez--vous de 1z dirficultd & respirer quand vous marchez avec
d'autres perscommnes de votre Zge sur un terrain plat?
Si 'Won' & la question 14b passez @ la question 15a.
Si '0ui' & la question 14b:

‘14c. Etes-vous obligé de wvous arréter pour prendre votre respiration

quand vous marchez d'un pas régulier sur un terrain plat?
*  Imeapacité de marcher causées povr toutes autres raisons sauf
celles du cocur et des poumons.

Non - a.

Non -~ b.

Non - c.

Oul -~ c.

T
g .

no0o0oo O

[

U
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RESPIRATION SIFFLANTE

151

15a. Est-ce que vous observez un sifflement ou une sibilance dans Non f___l
votre thorax? . ' .
St 'Non' & la question 15a passez d la question 1bA
8% '"0ui' @ la question 15a. '
15b. Est-ce que ce sifflement ou cette sibilance survient presque Oui, mais [:]
tous les.jours - toutes les nuits? pas presque tous
les jours (les nuits)
Oui, presque tous {:
les jours (les nuits)
16a. Avez-vous déja eu la respiration coupde en méme temps
qu'un sifflement? Non D
Si 'Non' @ la question 16a passez & la question 17.
5% '0ui' & la question 16a:
16b. Votre respiration est~elle absolument normale entre les attaques? Non (:]
out []
CONDITIONS ATMOSPHERIQUES ) i
17. Les conditions atmosph8riques affectent~elles votre thorax? Non [:I
Inserivez 'Oui' seulement si le mauvais temps affecte
réguliérement le thorax. »
Si 'Non’' @ la question 17 passez & la question 18.
5t '"Oui' @ la question 17:
17a. Les conditions atmosph&riques vous coupent-elles le souffle? Oui E:l
Non [ ]
17b. Spécifiez quelles conditions atmosphéiiques, e.g. la brume,
1'humidité, le froid, la chaleur, autres Ceesecerercesssescesatsassetcenssnnanes
CATARRHE
18.  Avez-vous le nez bouché ou le catarrhe, ou des sécrétions D (:I
habituellement 1'hiver? Oui Non
19. cCela vous arrive-t-il 1'&t&?
‘ Si 'Non' aux juestions 18 et 19 passez & la question 21. 13
5% 'Oui' 4@ la question 18 ou 19: Oui Non
20. Est-ce que cela vous arrive presque tous les jours, pendant

trois mols ou plus, par année? D l_—l_. E

Oui Non N.A.
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21.

21a.

21b.

AVEZ

DOBU THORAN 152

e
AR i

Durant les trois derniires anndes avez-vous cu des maladies du
thorax qui vous oat cmpdclhé de remplir votre travail rigulier Non
pondant uno sermoine oa plus?

.51 'Won' & la quession 21 passcz & la qusstion 22.

St 'Oui' & la question 21:

o]

An cours d'une de ces maladies avaz-vous eu plus de craciats Non
que d'habitude?
S 'Wow' & lu quesiion 2la pascez d la question 22.
St 'Out' @ la quastion 2la:
1 maladie
Combien de maladies de ce gente avez—vous cu2s au cours des ;
trois dernidres années? 2 ou pius
maladies
VOouUS DEJA EU:

22.

23.

24

25.

26.

&4
*

Un traumatisme, un accideunt oo 27. Tuberenlose pulmonaire? ........
une opération au thorax? .......

J

e e s s e e s s e n s s se s 00 s

N 8 6 @4 s e vt e s s e 0e et 0B eI e e s e e e a P s e as s a s e ss e s O seReB LSO

Maiadie de cocur/angine/douleurs 28, L'asthma bronchique? ...cccvceen
4 la poitrince causfes par un
effOort? ..ciiiiernrie e ncenan

]

RN I A A R R AR AR LA B A A

e 8 v e a8 e s ss BB ESR et O ERSBSCSCN

6 9 @ s % 8 0 e s s e 0 e e TEs eI

PR R W N N R NN RN R X R

Bronchite? ..veiceesecceaasconse 29. EnphyS8meE? .vieeecsoccscsccorons

et eeanecrareiarrasaresreeanas | P* R T R
PRreumonie? ... ciceseenconnannne 30. Bronchectasie? .(.cceecesssscccces
T ] i R T
Pleur8s5ie? ...ceececerasconananos 31. D'autres troubles pulmonaires?

Code: O-non; 1-une fois; 2-2 fois; ....... 9-9 fois ou plus.
Code O0-non; 1--out.

Donnez les renseignements pertinents cprés chaque réponse affirmotive.

INTRODUCTION Je vais maintenant vous poser gquelques questions d'ordre général.

33a.

33b.

334.

34,

B

G U

oo U

INCAPACITE

Avez-vous déjA souffert des douleurs dans lzs articulations? : | i
Cui Non

Au réveil ressentaz-—vons des raideurs ou des courbatures dans
les muscles ou lec articulations? [::] 1
Si 'Oui' & la question 33b: Oui Non
Est-ce que votre condition change 3 mesure que la journée et 1
progresse? Non Mieux Pire
Avez-vous déja eu les articulations enflées? (Excepté@ les cas l i 4
d'enflure provenant de blessures ou d'accidents.) Qui MNon
Avez-vous d&ji souffert d'arthrite, de rhumatisme ou d'autres [::] i I
maladies de ce genre? Oui Non
Avez—vous cde la difficul=8d 3 mouvoir vos membres et/ou votre corps? l ! l |
Oui Non
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35a.

35b.

35c.

153

Avez-vous dé&ja fumé? 1
St 'Non' @ la question 35a passez d@ la question 38. Oui Non
Fumez-vous maintenant? l ) ] |
St 'Non' q la question 35b passez d la question 35c. Oui Non

A quel 3ge avez-vous commencé 3 fumer régulidrement? cetsceeecsnenaan

(2ge)

Combien de cigarettes fumez-vous habituellement? Jour de travail .............
Fin de semaine .............

Combien de tabac & pipe fumez-vous habituellement par livres

semaine? essesseascsss ONCES

paquets

Combien de cigares fumez-vous habituellement par semaine?
Spéeifiez gros (G) ou petit (P) ceeistencacsannan
Passez d la question 38.

Avez-vous jamais fumé une seule cigarette ou plus par jour [::E [::]
(ou un once de tabac ou plus par mois) pendant un an? Oui Non
St 'Non' @ la question 35c passez d la question 38.
51 'Oui' d la gqrestion 35c.

A quel dge avez-vous commencéd i fumer régulidrement? Cessencsescnsnens
- (2ge)

A quel dge avez-vous cessé de fumer la dernidre fois? cessereersssacsns
' (age)

Option: Est-ce que c'@tait au cours du mois passé? [::] [::]

Oui Non

Combien de cigarettes fumiez-vous par jour quand vous avez cessé?
Jour de travail ...cceccecene

Fin de semaine ..cccsccecsses

Combien de tabac 3d pipe fumiez-vous par semaine quand vous livres
avez cessa? ccsessass.ONCES
’ paquets

A}

Combien de cigares fumiez--vous par semaine quand vous avez cessé&?
Spéeifiez gros (G) ou petit (P)

LR R R A A N A I B N B B A ]
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EMPLOT

38.

39.

40.

410

42,

Par quelle cempagnie d'amiante &tes-vous employé?

154

L R T T

R A T I R T T T S

Depuis combien de temps &tes—vcus 3 llemplci de cette compagnie? ......... années

Pour quelles autres compagnies d'amiante avez-vous travaillsd?

R R

NI STy

R )

e s e s

L I

ce cov o e

“ees s evees

cecs e e

Avez-vous d&j3d travaillé aillsurs?
St 'Non' @ la question 41 terminez 1'entrevue.

Avez-vous d

-

.

®e e s es s s e s e

L R I I N N )

€j& travaillé dans une mine de charbon?

dans une mine d'oxr?

dans une mine de cuivre?

dens quelqu'avtres compagnies
mniniéres?

Si 'Oui' spéeifien

avec des gaz irrifants ou des
émanations chimiques?

87 'Oui' spéeifiez

quelqu'autres emplois ou il y
avait de la poussiére?

51 'Oui' spécifiez

Aucune [::]

Dates

® 2 e e eceseccrsersssr e

®eeesesscecnsernen

I
Oui Non

Lt 1

Oui Non

T

Oui Non

L1 i1

OQui Non

L[]

Oui Non

L1 ]

Oui Non

R

OCui Non
Dates‘

sesecosaroe

C R R R

eeecoeesevss e

L R I I R A I I I A A A SP R

D R I R R R N I I A S I I S N NP ST S Sy

e o et

L A R A I I I N I I I I I I NN AT SRS



QUEBEC ASBESTOS STUDY —~ QUESTIONNAIRE

SURVEY NUMBER 7 day month year

Date of interview

Date of birth

NAME ..ceiiceesnoassossnsossansassnsssvccacs

(Surname)
MO F
Sex ——
(First name)
Standing height (in)
(to the #in. below) /4
Fr E 0
Mother tongue ! Span (in) ] _
ki (to the #in. below) /4
Weight (1bsj
(to the 31b.) /4

NAME OF ZIFERVIEWER ..cceascccancccsonnse

t

Use the actual wording of each question. Put X in appropriate square after each
question. When in doubt record 'NO’'.

PREAMBLE I am going to ask you some questions, mainly about your chest. I should
like you to amswer 'YES' or 'NO' whemever possible.

COoUuGH
1. Do you usually cough first thing in the morning (on getting up*) E:] l::]
in the winter? Yes No

Count a cough with first smoke or on first going out of doors.
Execlude clearing throat or a single cough.

3. Do you usually cough during the day - or at night - in the winter? [::] [::]
Ignore an occasional cough. Yes No
If 'No' to both questions 1 and 3, go to questicn 6.
If 'Yes' to either question 1 or 3:

5. Do you cough like this on most days (or nights*) for as much as ) 1t
three months each year? Yes No  N.A.
PHLEGM
6. Do you usually bring up any phlegm from your chest first thing in [::] [::]
the morning (on getting up*) in the winter? Yes No

Count phlegm with the first smoke or on first going out of doors.
Exclude phlegm from the nose. Count swallowed phlegm.

8. Do you usually bring up any phlegm from your chest during the day - E:] [::]
or at night -~ in the winter? Yes No
Accept twice or more.

If 'No' to both question 6 and 8, go to question Zza.
If 'Yes' to either question 6 or 8:

4 For subjects who work by night.
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10. Do you bring up phlegm like this on most days (or nights*) for as | |
much as three months each year? (* For subjects who work by night) Yes No

12a. In the past three years have you had a period of (increased*) cough

and phlegm lzsting for three weeks or more? No
If o' io question 12a, go to question 13.
If 'Yes' to guestion 12a: Yes - 1 period
12%/c.Have you had more than one such period? Yes - 2 or more
* For subjects who usually have phlegm. . periods
13. Have you ever coughed up blood? No
If 'Mo' to question i3, go to question 14a.
If 'Yes' to cuestion 13: Yes - in past year
13a. Was this in the past year? Yes - not in past year
BREATHLESSNESS

l4a. Are you troubled by shortness of breath when hurrying on
level ground or walking up a slight hill? Disabled*
If 'Ho' to question 14a, go to question 15a.
No - a.
If 'Yes' to question 14a:

14b. Do you get short of breath walking with other people of your
own age on level ground? No - b.
If 'No' to questiom 14b, go to question 15a.
If 'Yes' to question 14b:

l4c. Do you have to stop for breath when walking at your own pace No - c.
on level ground?
* Disabled from walking by any conditions other then heart or Yes ~ c.
lung disease.
WHEEZING
15a. Does your chest ever sound wheezing or whistling? No
If 'No' to quesiion 15a, go to question 16a.
If 'Yes' to question 15a: Yes, but not most
days (or nights)
15b. Do you get this most days - or nights? Yes, most days

(or nights)

16a. Have you ever had attacks of shortness of breath with wheezing? No attacks
If 'No' to question 16a, go to question 17.
If 'Yes' to question 16a:

16b. Is/was your breathing absolutely normal between attacks? No
Yes
WEATHER
17. Does the weather affect your chest?
Only record 'Yes' if adverse weather definitely and regularly No

causes chest symptoms.
If 'Wo' to question 17, go to question 18.
If 'Yes’ to question 17:
Yes
17a. Does the weather make you short of breath?
No

“
>

2l

200 000

Ut 0 00 000000 0 oo
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17b. Specify type of wcather, e.g. fog, damp, cold, heat, other....c.c.vvvuun...

NASAL CATARRH

18 Do you usually have a stuffy nose or catarrh at the back of [::] [::]
your nosc in the winter? Yes No
19. Do you have this in the summer? E::] E:]
If '"Wo' to beth questions 18 ar 19, go to question 21. Yes Mo
If 'Yes' to either question 18 or 19:
20. Do you have this on most days for as much as three months [::] [::] [::]
each year? - Yes No

CHEST ILLMESSES
21. During the past three years have you had any chest illness
which has kept vou from your usual activities for as much as
a week? No
Iy "Wo! to question 21, go to question 22.
If 'Yes' to question 21:

2la. Did you bzwnv up more palegm than usual in any of these illnesses? No
If 'Wo' to cuestion 2la, go to question 22.
If 'Yes' to guestion 2la:

21b. How many illnesses like this have you had in the past 1 illness
three years?

oo

2 or more

illnesses
HAVE YOU EVER HAD:
22. An injury or operatioa affecting 27. Pulmonary tuberculosis? ........
your chest? .....iiiviennnenneas & et eisscearses et rteeseassacacans [::P
23. Heart troublie/cngina/chest pain ] 28, Bronchial asthma? ...cceieeenesea
on exertion? ...i.i.iiiiiiiiiiaea, > Ceeeeeteeiiiiiiereaenaraaaeaans | P
24, Bronchitis? ... .....eeiiiiinnnan 29. Emphysema? .....coeevececsssanea
25. Pneumenia? .....iiierreceonanens 30. Bronchiectasis?..viieeeeeeeceens
26. Pleurisy? .....iiiieinnrncnnnae. 31. Other chest trouble? ...........

e, B T

%% Code: 0O-no; l-once; 2-twice ... 9-nine or more times.
* Code 0-.:: l-yes.
give relevant detcils after each positive answer.

PREAMBLE I am now going to ask you a few more general questions.
DISABILITY

33a. Have you ever had pain in any joint? [::]
Yes No

1

33b. Do you usually wake up witk stiffness or aching in your

joints or muscles? D [—_:]

Yes No
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If 'Yes! to 33b:
Docy yeour conditicu clicng2 ao che diy prolresced? ! ] f I i ]

No Better Worse

i
.

32z, Have you ever hal suclling of any jeoiuts, otber than as
the result of an injury?

g
o
]
Id
o

i

33d. MHave yeu ever had arthritis or rheumztisi or another disease
of that type?

1§
*11 &L

34. Have you any cifficuliy in moving your body and/or limbs fully?

o
1]
o

TOBACCO SHMOKIIIG
35a. Have you evar smoked?
IF 'FBo' tc cussiion Elz, go to guestion 38.

0 &[]
[ 8

35b. Do you smoke ncs?

If 'No' to quesiion 35k, go to question 35c. Yes No

How old were you vhen you gstarted sxoking regularly? Cecrerecnrnenene

' (age)

How many cigarattes do ycu usually suwclke per working day? esesssesccsssens

on weekends? ceevesestsscsans

_ pounds

How wach pine todbzrto dn ryou usually cacke per week? ceecsssess.0UNCES
pkts

How many cigars do you usualliy smoke per week? Geesecencneansne

Specify large (L) or small (S).
Go to quastion 38.

35c. Have you ever swmoked as wmuch as one cigarette z day (or one [::] [::3
ounce of tobacco 2 month) for as loag as a year? Yes No
If 'Mo' to question 35c, go to quzstion 38.
If 'Yes' to question 35c¢:

How old were yocu when ycu: started smoking regularly? ssesscessseasans
(age)
How old were vou when you last gave up smoking? cesesscrasseaans
(age)
Optional: Vas this within the last month? 1
' Yes No

How many cigarettes per day were you smoking before you gave up?

at weekends per working day
How much pipe totacco were you smoking per week before you pounds
gave up? eessescssses OUNCES
pkta

How many cigars per weak were you smciking before you gave up? cceececcccacscasnas
Specify largz (L) or small (S).
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TABLE ITII-I ~ MEANS AND STANDARD DEVIATIONS OF PULMONARY FUNCTION TESTS
FOR THE INDIVIDUAL AND COMBINED SURVEYS

! 1967 ' 1968 ! 196768

Mean + S.D. Mean Z* S.D. Mean £  S.D.

No.subjects 871 163 1034
Age yrs 46.1 11.6 62.0 1.4 48.6 12.2
Height cm 168.9 6.5 164.9 6.4 168.3 6.7
Weight kes 73.1 11.5 69.2 12.2 72.5 11.7
Tests chosen for profile definition:
RV Z P 101.9 43.6 105.9 25.3 102.6 41.3
TLC ZP 98.5 13.4 98.9 14.3 98.6 13.5
FEV75 %P 98.8 18.8 99.5 21.1 98.9 19.1
FEV1ZFVC %z P 102.3 10.4 99.5 10.9 101.8 10.5
MMF Zz P 92.4 45.3 74.6 32.5 89.6 44,0
Other tests:
vC Z P 90.5 14.2 88.7 15.2 90.2 14.4
FRC Z P 102.1 38.4 96.4 20.0 101.2 28.3
FEV1 %z FVC 79.1 8.3 74.3 8.2 78.4 8.4
ME zZ P 94.9 23.7 89.3 23.6 94,1 23.8
FVC L 3.9 0.9 3.1 0.7 3.8 0.9
No.subjects 308 159 467
DLcogp * 29.0 7.9 24.6 5.4 27.5 7.4
Kco cc/min 4.7 1.1 4.5 0.8 4.6 1.0
\/ L 5.6 0.9 5.1 1.0 5.5 0.9
REST
No.subjects 865 159 1024
DLcogg * 12.7 4.5 .6 2.7 12.2 4.3
Extco /4 42.0 6.4 37.2 6.4 41.3 6.6
v L/min 9.6 2.5 9.4 2.4 9.5 2.5
Vo, L/min 0.27 0.05 0.26 0.05 0.27 0.05
200KMm
No.subjects 766 128 894
DLcogg * 23.5 6.1 17.8 3.7 22.7 6.1
Extco Z 40.0 5.8 35.9 5.3 39.4 5.9
v L/min 19.6 3.6 19.1 3.0 19.5 3.5
Voo L/min 0.73 0.13 0.71 0.08 0.72 0.13
400KMm
No.subjects 368 37 405
DLcogg * 28.2 5.7 23.4 4.0 27.8 5.7
Extco Z 35.9 4.6 31.4 5.0 35.4 4.8

L/min 30.5 4.8 33.3 5.1 30.8 4.9
Voz ‘L/min 1.22 0.16 1.31 0.10 1.23 0.16
6 00KMm
No.subjects 153 - ' 153
DLcogg * 36.3 6.4 36.3 6.4
Extco 7 37.5 4.4 37.5 4.4
v L/min 36.5 4.6 36.5 4.6
Voa L/min 1.63 0.20 1.63  0.20

* ccCO/min/mmHg




21-30 yrs
Mean# S .I.

yrs

61+
Mean#S.D. -

51-60 yrs
‘Mean = S.D.

41-50 .yrs. .
Mean*'S.D. -

NORMAL

31-40 yrs.
Mean¥'S.D.

GROUPED IN DECADES

21-30 yrs
Mean * S.D.

- MEANS AND STANDARD DEVIATIONS OF PULMONARY FUNCTION TESTS IN NORMAL AM

TABLE III-2

o

N~ \O 1N

54

26.3 2.7
172.4 4.8 17

72,2 9.3
Tests chosen for profile definition:

RV

yrs
cm
Kgs

# subj.
Age
Ht
Wt

5.9 1.4
29
29
30.1 4.5
1.19 0.30

50
5.3 0.7

69

55

17
1.26 0.20

31.2 5.3

4
12

40
5.7 0.6
89
78
38
.2
24 0

0

3
1

98.3 8.6
37
5.6 0.7
105
88
65
30.3 3.8
1.23 0.15

ce/min

35
6.0 0.8
93
90
32
253 o'
44
37.5 4.5
1.59 0.27
.

+ L/min

52
42

17
6.3 0.6

1.28 0.11 .
1.67 0.15

31.1 6.1
36.7 4.0

ccCO/min/mmHg

TLC

FEVy7s

FEVlz

MMF

Other tests:
*



yrs
82

61+
Mean* S.D.

76

51-60 yrs
Mean = S.D.

59

41-50 yrs
Mean*S.D.

UNDIFFERENTIATED

31-40 yrs
Mean¥ S.D.

21-30 yrs
Mean# S.I.

yrs

61+
" Mean#*S.D.

UNCTION TESTS IN NORMAL AM) UNDIFFERENTAITED PROFILES SUBJECTS

NN~

NN
L)

4
9

1

60
4.7 1.0
81
56
20
6
1.25 0.

33.7

33
5.2 1.0
76
65
35
31.2 3.0
1.20 0.15

21
5.9 1.0
58
53
38
1.22 0.16

29.5 4.4

11
46
13
23

5.8 0.7
46

29.1 3.1
1.23 0.10

5.9 1.4
29
29
30.1 4.5
1.19 0.30
15

69
55
17

50
5.3 0.7

31.2 5.3
1.26 0.20



21-30 yx
Meant+ S.)

61+ yrs
Mean=+S.D.

51-60 yrs
‘Mean * S.D.

41-50 yrs
Mean £ S.D.

DEFINITE RESTRICTION

31-40 yrs

Mean* S.D.

21-30 yrs
Mean+ S.D.

TABLE III-3 - MEANS AND STANDARD DEVIATIONS OF PULMONARY FUNCTION TESTS IN RESTRICT:

N
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TABLE III-5 -~ PREVALENCEZ@F RESPIRATORY SYMPTOMS IN PULMONARY FUNCTION
PROFILES, SUBJECTS GROUPED BY DECADES

PULMONARY DECADES No. COUGH PHLEGM COUGH & BREATH- CHEST
FUNCTION yrs Subj. PHLEGM LESSNESS ILLNESS
PROFILE 3 months 3 months 3 months same age
NORMAL
21-30 54 35 35 26 10 6
31-40 93 38 45 31 9 8
41-50 102 52 41 34 12 15
51-60 87 61 58 39 22 16
61+ 71 54 52 40 27 18
UNDIFFER.
21-30 28 61 46 36 18 4
31-40 45 49 40 31 7 11
41-50 59 53 39 28 19 14
51-60 72 49 44 30 22 15
61+ 82 68 49 41 34 15
RESTRICTION
definite
21-30 17 38 19 13 13 0
31-40 23 26 48 17 4 9
41-50 29 38 34 21 21 17
51-60 33 36 39 21 21 15
61+ 18 44 39 33 28 17
dominant
21-30 3 33 0 0 0 0
31-40 3 0 33 0 (0} 33
41-50 2 0 0 0 0 0
51-60 11 40 50 40 20 30
61+ 3 33 33 33 67 67
OBSTRUCTION
definite
21-30 7 50 17 17 0 0
31-40 9 89 33 33 11 11
41-50 35 91 69 66 29 26
51-60 52 64 48 38 36 16
61- 46 67 44 56 42 15
dominant
21-30 - - - - - -
31~40 1 0 0 0 100 0
41~50 5 80 40 40 20 20
51-60 12 83 50 42 17 8
61+ 9 67 56 56 33 22



TABLE III-6
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— PREVALENCE 7 OF RADIOLOGICAL CHANGES IN PULMONARY
FUNCTION PROFILES, SUBJECTS GROUPED BY DECADES.

PULMONARY DECADES No. NORMAL SMALL IRRE- PLEURAL SMALL IRREG. OPAC. TOTAL
FUNCTION Subj. GULAR OPAC. CHANGES & PLEURAL CHANGES CHANGES
PROFILES yrs ALONE ALONE COMBINED
NORMALI
21-30 54 100 - - - -
31-40 93 86 4 10 - 14
41-50 107 82 5 11 2 18
51-60 89 73 1 20 6 27
61+ 72 61 3 28 8 39
UNDIFFER.
21-30 29 97 - 3 - 3
31-40 47 87 2 11 - 13
41-50 59 76 7 12 5 24
51-60 76 62 13 17 7 37
61+ 82 50 13 22 15 50
RESTRICTION
definite
21-30 18 100 - - - -
31-40 23 91 - 9 - 9
41-50 29 94 3 3 - 6
51-60 33 79 6 6 9 21
61+ 18 61 11 17 11 39
dominant
21-30 3 67 - 33 - 33
31-40 3 100 - - - -
41-50 3 100 - - - -
51-60 11 91 9 - - 9
61+ 3 100 - - - -
OBSTRUCTION
definite
21-30 8 100 - - - -
31-40 9 89 - 11 - 11
41-50 35 74 - 20 6 26
51-60 53 58 8 30 4 42
61+ 49 67 8 10 15 33
dominant
21-30 - ~ - - - -
31-40 1 100 - - - -
41-50 6 33 17 33 17 67
51-60 12 42 16 42 - 58
61+ 10 30 10 30 30 70
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TABLE III-7 - PREVALENCE OF MEN WITH DUST I 7200, DUST II > 200, AND
SMOKING WITHOUT AND WITH STANDARDIZATION FOR TOTAL PO-
PULATION. (Age standardization)

PULMONARY No. DUST I DUST II SMOKING
FUNCTION  Subj. Cigarettes/day
PROFILES 200 dy. 200 dy. 0 1-20 21+
7z A Z % A
NORMAL 407 25 14 12 30 58
(21)* (12) (11) (29) (60)
UNDIFFER. 286 33 19 8 32 59
(23) (10) (10 (29) (61)
RESTRICTION
definite 120 24 14 20 33 48
(20) (12) (19) (33) (48)
dominant 22 9 9 23 40 49
(3) 3 (12) (36) (41
OBSTRUCTION
definite 149 41 15 4 23 73
(25) (28) (4) (16) (80)
dominant 27 60 40 7 26 67
(39 (21) 3 (23) (75)

* () Prevalence % standardized for total population.
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TABLE III-8 - PREVALENCE Z OF MEN WITH DUST II AND SMOKING IN EACH
PROFILE, WITHOUT AND WITH STANDARDIZATION FOR TOTAL
POPULATION (Age standardization)
PULMONARY DUST II
FUNCTION No.
PROFILES Subj. < 200 dy. = 200 dy.
0 1l - 20 21 + 0 1 - 20 21+
Cig/day cig/day Cig/day Cig/day Cig/day Cig/day
% FA A A Z A
NORMAT, 407 10 33 43 1 7 6
(11)=* (33) (44) (.5) (6) (6)
UNDIFFER. 286 7 33 41 1 9 9
(10) (36) (45) (&) &) (6)
RESTRICTION
definite 120 18 33 36 2 6 6
(17) (34) (38) (1) (5 (6)
dominant 22 19 50 13 6 12 -
(6) (84) (4 (2) (4)
OBSTRUCTION
definite 149 6 19 48 - 14 13
(5) (18) (62) 16:)) (6
dominant 27 4 12 42 - 25 17
(.5) (12) (49) (13) (12)

* () Prevalence % standardized for total population.
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TABLE ITI-9 -~ DECADE DISTRIBUTED FUNCTION PROFILES CORRELATED WITH
DUST I AND DUST II — MEANS AND STANDARD DEVIATIONS
PULMONARY DECADES No. WORK DUST I DUST II
FUNCTION Subj.
PROFILES yrs yTs dy. dy-
Mean+* S.D. Mean* S.D. Mean* S.D.
NORMAL
21-30 54 4.1 3.5 11 11 5 5
31-40 93 12.9 5.7 96 161 59 119
41-50 103 18.1 7.5 162 240 88 116
51-60 90 24.3 8.1 274 348 173 277
61+ 72 30.1 8.8 328 474 220 422
UNDIFFER.
21-30 28 3.5 2.5 15 15 7 7
31~-40 46 11.8 6.3 87 117 38 45
41-50 59 17.7 6.7 133 166 83 98
51-60 75 25.1 10.2 296 355 162 245
61+ 81 31.5 8.8 530 704 315 524
RESTRICTION
definite 21~-30 17 5.1 2.8 18 13 5 5
31-40 23 13.7 8.9 55 56 45 57
41-50 29 16.3 7.0 162 242 103 143
51-60 33 26.3 10.2 310 413 153 154
61+ 17 30.9 8.9 193 105 83 5
dominant 21-30 3 1.5 1.6 10 15 2 3
31-40 3 15.0 4.4 75 46 42 44
41-50 3 18.3 4.5 105 39 102 81
51-60 11 22.3 14.4 161 238 162 245
61+ 3 28.3 9.6 261 267 363 441
OBSTRUCTION
definite 21-30 8 5.5 3.1 28 40 10 11
31-40 9 14.4 6.5 152 210 135 244
41-50 35 18.4 7.5 183 224 105 166
51-60 52 2.6 9.9 378 615 181 255
61+ 49 37.7 7.7 613 660 481 901
dominant 21-30 - - - -
31-40 1 7.2 14 14
41-50 6 22.5 5.5 354 196 277 133
51-60 12 25.2 9.7 318 280 179 220
61+ 9 3L.1 9.8 354 487 228 251
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TABLE ITI-10 - PREVALENCE % OF YEARS OF WORK WITH DUST T AND DUST IT
IN EACH PULMONARY FUNCTION PROFILE, SUBJECTS GROUPED
BY DECADES.

PULMONARY DECADES No. WORK DUST INDEX DUST INDEX II
FUNCTION Subj. Yrs Dust yrs Dust yrs
Yrs 0-1 1-10 10-30 30+ <200 > 200 <200 > 200
NORMAL
21-30 54 20 67 13 - 100 - 100 -
31-40 93 1 31 68 - 87 13 95 5
41-50 102 - 18 75 7 77 23 86 14
57-60 89 - 2 71 27 60 40 76 24
61+ 72 .- - 53 47 57 43 76 24
UNDIFFER.
21-30 28 14 86 - - 100 - 100 -
31-40 48 2 38 60 - 81 19 100 -
41-50 59 2 15 81 2 81 19 92 8
51-60 76 1 12 57 30 57 43 76 24
61+ 81 - - 42 58 46 54 59 41
RESTRICTION
Definite
-21-30 17 6 94 - - 100 - 100 -
31-40 23 - 39 57 4 100 - 96 4
41-50 29 - 17 83 - 72 28 86 14
51-60 33 - 12 52 36 61 39 70 30
61+ 17 - - 41 59 53 47 88 12
Dominant
21-30 3 67 33 - - 100 - 100 -
31-40 3 - - 100 - 100 - 100 -
41-50 3 - - 100 - 100 - 100 -
51-60 11 - 9 73 18 91 9 91 9
61+ 3 - - 33 67 67 33 67 33
OBSTRUCTION
Definite
21-30 8 - 88 12 - 100 - 100 -
31-40 9 - 22 78 - 78 22 89 11
41-50 35 - 11 83 6 74 26 86 14
51-60 52 - 4 67 29 63 37 73 27
61+ 49 - 2 33 65 35 65 53 47
Dominant
21-30 - - - - - - - - -
31-40 1 - 100 - - 100 - 100 -
41-50 6 - - 83 17 33 67 67 33
51-60 i3 - 8 46 46 31 69 62 38

61+ 10 - - 50 50 59 50 50 50



TABLE III-11 - PREVALENCE % OF SMOKERS IN EACH P
BY DECADE.

ULMONARY FUNCTION PROFILE
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PULMONARY DECADES No. SMOKERS EX~SMOKERS
FUNCTION Subj. 0 1-10 11-20 21+ Total 1-10 11-20 21+ Total
PROFILES yrs
NORMAL 21-30 54 15 4 28 53 85 2 2 7 11
31-40 93 16 7 22 55 84 1 2 6 9
41-50 102 9 6 18 67 91 2 1 6 9
51-60 87 6 10 23 61 94 2 2 9 13
61+ 71 14 14 21 51 86 8 3 15 26
Total 407 12 8 22 58 88 3 2 9 14
UNDIFFER. 21-30 28 25 4 14 57 75 - - - -
31-40 45 9 7 15 69 91 - 2 9 1
41-50 59 8 12 24 56 92 3 2 10 15
51-60 72 4 8 25 63 96 1 - 18 - 19
61+ 82 5 16 24 55 95 - 4 7 11
Total 286 8 10 22 59 92 1 2 - 10 13
RESTRICTION
Definite 21-30 17 24 24 4 47 76 - - 18 18
31-40 23 26 9 17 48 74 - 4 13 17
41-50 29 7 14 28 51 93 3 3 14 20
51-60 33 24 6 21 48 76 3 3 18 24
61+ 18 22 6 33 39 78 - 6 6 12
Total 120 20 11 22 48 80 2 3 14 19
Dominant 21-30 3 33 33 ~ 34 100 - - - -
31-40 3 - 33 - 67 100 33 - - 33
41-50 2 - 50 - 50 ‘100 - - - -
51-60 11 18 10 36 36 82 - 18 10 28
61+ 3 67 - - 33 33 - - - -
Total 22 23 18 18 41 77 5 9 5 19
OBSTRUCTION
Definite 21-30 7 14 - 14 72 86 - - - -
31-40 9 - - - 100 100 - - - -
41-50 35 - 3 26 71 100 - - 6 6
51-60 52 10 2 12 76 90 - - 8 8
61+ 46 - 9 26 65 100 2 - "13 15
Total 149 4 4 19 73 96 1 - 8 9
Dominant 21-30 - - - - - - - - - -
31-40 i - - - 100 100 - - - -
41-50 5 - 20 20 60 100 20 - 20 40
51-60 12 8 8 17 67 92 - - 17 17
61+ 9 11 - 22 67 89 - - 22 22
Total 27 7 7 19 67 93 4 - 19 23
TOTAL 1011 11 9 21 59 g9 2 2 10 14



DECADES DUST II CIG.

TABLE III = 12 = ASSOCIATIONS BEIWEEN ATNOSPHERIC POLLUTION (DUST,

SUBJ.

SUBJECTS GROUPED BY DECADES

NORMAL

CICARETTLS) ANT BIOLOGICAL PARAMETERS OF HEALTH (PULMONARY FUNCTION, X~RAYS AND SYMPTOMS)

oLT

UNDIFFERENTIATED RESTRICTIVE OBSTRUCTIVE
yos oy JoAY DEFINITE DOMINANT DEFINITE DOMIANT
No X-RAYS SYMPTOMS X-RAYS SYMPTOMS X-RAYS  SYMPTOMS X~-RAYS SYMPTOMS X-RAYS SYMPTONS X=PAYS SYMPTOMS
No SIO PC SI0 C P CP BriNo SIOPCSIO C P CP Br No SI0 PC SIO C P CP Br No SIO PC SIO C P CP Br fio SI0 FESI0 € P CP Br No SIO PC SI0 C P CP Br
$PC &PC apC 4PC :_$PC 8PC
21-30 -200 0 20 |8 131 8 3 32 3 - ‘ 1 -
1-10(10 | 3 2 4 211 111 - -
11-204 29 |19 6 6 3 1|, 2 6 ¢ 3 2f 2 11 - 1 -
21+ |49 {24 121310 2)12 8 8§ ¢ 2| 8 31 - 5 ¢ 223 11-
200¢ 0 -
1-10} -
11-20| =
214 -
31-40 =200 O 25 15 1 331 1|4 6 1. " 121 - - -
1-10§15 |8 2 2 4 ] 2 2 1 1 - -
11-20 | 42 {24 "2 3 913 8 2\ ] 6 6 6 25 1 24 2 1 1 111 -
A+ 186 W1 V2 211916 sl 1 2 1412 9 110 3§ 1 1|- 7 1 6 2 2 111 1
200+ 0 - |- - - - - -
1-10] 1 |1 1 - - - - -
1-201 3 |2 2 2 2 - - - 1 -
214 2 |2 111 - - - - -
©41-50 =200 0O 15 | 8 1 s 1 22 2 2|2 1 - - -
1-10 f 26 | ¢ 1 211213 22 2 4 2 3 12 1 1|1 3 2 323 21-
11-20155 |25 1 3 1310 8 2014 - 2 3 8 5 3 4if9 1 33 1 2~ 6 ] 6 4 4 2|1 11112
2+ 103 M8 3 5 2312119 8l 2 212 9 8 5i11 1 §4 4 2]- 19 3 181212 51 111
2006 0 1 {1 1] - - - - -
1-10] 3 |2 ©1 - 1 - [ - -
11-20 1 10 | 3 3 32 11 1 2 1 1] - 3 111 1 1 1
s |16 |8 2, 6 35 1]4 1222 1 1. - 2 1 22211 1
51-60 ~200 0 21 |4 1 2 22 1|2 2 11 7 1 1 1 2 1112 6 2 2 3 2]~
1-10423 h1 Y2 16 3 3 1]¢ 2 1 2 22 23 1 1 2 111111 1 b
11-20 | 50 his y 3 254 31 15 114 98 4l 1 - 121 113 1 7 ] 6§ 22 211 1 1 .
21+ 109 |38 9 126218 631 64 21011 ¢ 7| 8 42 1 1|2 1211 126 38 161211 66 1 43 2 1
200+ 0O 3 |- 2 ] 111 1 1111 - - -
1-101 9 |6 1 1 53 2 21 12 1 1 - - -
11-20 } 21 |6 45 4 3¢ 1 42 2 21 111 1 11 1 16 2 433 2[1 111
21+ 32 |9 1 1 76 5 4/9 3 1778 7 166 3 3}~ 6 1 1 ¢4 21 ¢l 1 1111
6le <200 O 15 |2 2 "3 3 2 4{2 1 111143 1 1 1
1-10 118 |9 1 1 341 1|7 1 2 ¢ 22 1f1 112 - L1 1111 1}-
11-20 | 44 |16 3 1 9107 2016 24 V11211 8 ¢l 5 1 22 2 2{- 17 4 3 4 31~
21+ 0 123 19 3191415 7|2 24 116972 7|6 12 43 3 1|- 3 11 Y101 9 7{2 1 122 2
200+ 0 713 1 111 2 1112|111 1 1 - [ -
1-10 {15 |3 2 1 12 10 32 29 8 8 5= - 1 111 1]
11-20 125 |5 2 322 2/8 24 275%52:2- 1 L1112 8 1 17227272 413 2 1
21+ B 17 1 § ¢ 4 4012 14 36435l 111 1}a 11 12 655 ¢ 3)2 222 2 2



