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Emphysema and occupational exposure
to industrial pollutants
by Helge Kjuus, MD,l Helge Istad, MD,2 Sverre Langard, MD, MSc 1

KJUUS H, ISTAD H, LANGARD S. Emphysema and occupational exposure to industrial
pollutants. Scand j work environ health 7 (1981) 290-297. In a case-referent study, the
possible association between the development of emphysema and occupational exposure
to industrial pollutants has been studied. Based on complete work histories from the
participants, the number of years of employment in a polluted workplace was assessed
for 36 patients with emphysema and 72 referents, matched for age (± 2 a) and
smoking habits. Analyzed as matched triplets, the estimated risk ratio for the exposed
(:2:: 10 a in polluted workplaces) subjects developing emphysema in comparison to the
nonexposed « 10 a in polluted workplaces) was 3.0, a value statistically significant.
Estimated risk ratios according to the number of years employed in a polluted work­
place did not show any significant trend towards a dose-response relationship. Only
one of the emphysema patients had never smoked. In the further study of the relation­
ship between emphysema and occupational exposure, the interaction between cigarette
smoke and different occupational exposures seems to be of particular interest.
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Pulmonary emphysema is defined in
pathological terms as an increase in the
size of air spaces distal to the terminal
bronchioles, with destruction of their walls
(7). The disease is associated with chronic
airflow obstruction and is often associated
with chronic bronchitis. The rare homo­
zygous alphacantitrypsin deficiency pre­
disposes to basal panlobular emphysema,
while cigarette smoking may lead to the
more common centrilobular form (28).
Cigarette smoking has been established as
a major causative factor in the develop­
ment of pulmonary emphysema (1).

The role of occupational exposures in
relation to the development of emphysema
has been debated for many years. Excess
mortality from pulmonary emphysema has
been reported for workers in a variety of
occupations, among them foundry workers
(11), metal molders (30), aluminum work­
ers (27), and welders (26). Cadmium expo-

1 Department of Occupational Medicine, Tele­
mark Sentralsjukehus, Porsgrunn, Norway.

2 Department of Internal Medicine, Telemark
Sentralsjukehus, Porsgrunn, Norway.

Reprint requests to: Dr H Kjuus, Department
of Occupational Medicine, Telemark Sentral­
sjukehus, Olavsgt 26, N-3900 Porsgrunn, Nor­
way.

0355-3140/81/040290-8

sure (14, 33), coal mining (31), air pollution
(17), and exposure to nitrous fumes (19)
have all been associated with emphysema.
In animal experiments phosgene (8) and
low levels of nitrogen dioxide (13) have
been shown to produce the disease.
Furthermore, a variety of industrial
pollutants have direct toxic effects on
pulmonary alveolar macrophages (36).
These cells seem to play an important role
in the development of emphysema (16).

However, the dominant effect of smok­
ing as risk factor, together with varying
diagnostic criteria applied to the term em­
physema (14, 34, 35), make it difficult to
evaluate many of the associations pre­
viously reported. The question of whether
or not chronic exposure to cadmium pro­
duces emphysema is still unsettled (34).
Chronic bronchitis related to continued
inhalation of coal dust over a long period
does not seem to be accompanied by em­
physema in nonsmokers (29). Except for
the association with pneumoconiosis (31),
the role of occupational exposures in the
development of emphysema still remains
unclear.

As most workers are exposed to a
variety of occupational pollutants, it



seems of interest to try to evaluate the
total impact of these exposures, in parti­
cular in relation to the development of
pulmonary diseases. In approaching this
problem, the present case-referent study
aims to assess whether emphysema occur­
ring among patients in a county hospital
is related to occupational exposures at
polluted workplaces.

Material and methods

The study is a prevalence type of case­
referent study based on emphysema
patients admitted to the medical depart­
ment of a county hospital. The number of
years of employment in a polluted work­
place was assessed for each case and for
a reference group of nonemphysematous
patients in the same department.

Source of subjects

Male patients below 75 a of age admitted
to the medical department of the Telemark
County Hospital, Porsgrunn, Norway, dur­
ing a 2-a period from 1 March 1978 to 1
March 1980 were the source of the subjects
for study. The hospital is located in a
heavy industry area, with a predominance
of chemical industries. To avoid selection
with respect to cases referred to the hospi­
tal, we did not inform the general prac­
titioners and industrial physicians in the
area about the study. Subjects with
physical handicaps or mental conditions
which would have precluded employment
in heavy industry were excluded.

Selection of cases

The cases were patients admitted to the
medical department who were diagnosed
as having emphysema. All patients with
chronic obstructive lung disease were
evaluated as potential cases, irrespective of
the previous diagnostic term applied to
their condition. The majority of patients
had previously been admitted to the hospi­
tal however with the diagnosis "chronic
bronchitis," "emphysema," "bronchial
asthma," or "asthmatic bronchitis." Ac­
cepted as cases were patients who met the
following criteria:

1. Clinical symptoms and sign:

A history of progressive shortness of
breath

Presence of at least four out of eight of the
following signs:

Shortness of breath, at rest or during light
exertion (walking on level ground at an
ordinary pace)

Prolonged expiration

Hyperresonant percussion note of the chest

Distant or absent breath sounds

Cardiac dulness impaired or absent

Distant heart sounds

Low diaphragm with minimal excursion

Increased anteroposterior diameter of the
thoracic cage

2. Lung function tests: More than a 2-SD
reduction in the predicted forced expirato­
ry volume in 1 s (FEVl.o) in the highest of
at least two satisfactory recordings at the
end of the hospital stay.

Radiological signs of emphysema were
evaluated for all patients from 35-by-35-cm
chest radiographs. As only a proportion of
even severe emphysema is recognized ra­
diologically (35), the presence of obvious
radiological signs of emphysema was not
required for the acceptance of a case. Thus,
if a patient fulfilled the clinical and spiro­
metric criteria, he was accepted as a case,
even with a radiological description of
"clear lung fields." Subjects with radio­
logical signs of pneumoconiosis or other
lung diseases were excluded from the
study.

The ventilatory tests were performed on
a Godart Expirograph (model 16000), which
is used for routine spirometry in the
medical department. The tests were per­
formed by an experienced nurse, with the
patient sitting and wearing a nose clip.
Vital capacity (VC) and FEVl.O were ob­
tained from two satisfactory recordings.
All volumes were recorded at body tem­
perature and saturated pressure (BTPS).
The predicted normal values for FEVl.o
and the lower limit of the normal values
(mean value - 2 SD) according to age and
height were obtained from the data pre­
sented by Berglund et al (2).
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Selection of referents

Table 1. Diagnoses of patients in the reference
group.

Potential cases were subjected to a de­
tailed medical examination of the chest,
heart and airways, with special emphasis
on the aforementioned clinical signs. A
modified Medical Research Council (MRC)
questionnaire (21) was used in a personal
interview to record respiratory symptoms,
past history of chest diseases, and smoking
habits.

Male patients at the same department
without evident lung disease were the
source of the reference group. For each
patient with emphysema two referents
matched for age and smoking habits were
selected.

In practice, the procedure was as fol­
lows: Every morning one of us (HI) receiv­
ed a list of new patients admitted to the
medical department during the last 24 h.
After the identification of a case, the first
two patients on the list who matched for
age were examined for smoking habits.
The subsequent diagnostic procedures
were the same as for the emphysema ca­
ses, except for a simplified ventilatory test
in which peak expiratory flow (PEF) was
measured with a Wright's Peak Flow

A complete work history was obtained
from all the participants by personal inter­
view. The interview was carried out at
the patient's bedside and the interviewer
(HK) was not informed beforehand wheth­
er the interviewee was a case or referent.
No questionnaire was used, and the
participants were informed that many
patients in the ward, with a variety of

Meter. As smokers without evident lung
disease have a greater decline in lung
function with age than nonsmokers, a nor­
mal PEF (lower limit: 90 Ufo of mean
value) according to age and smoking habits
(12) was the requirement for being a refer­
ent. In addition, the referents had to have
normal chest radiographs and no signs of
obstructive lung disease, judged from the
clinical examination and the MRC ques­
tionnaire. However, morning cough and
sporadic phlegm were accepted.

Several potential referents were reject­
ed because of abnormal PEF values due to
nonrespiratory diseases, eg, cardiac failure
referents, who were not accepted due to
or poor general health. Some potential
referents, who were not accepted due to
abnormal PEF values, were evaluated as
potential cases, but none of them fulfilled
the criteria for being a case. The diagno­
ses of the patients in the reference group
are shown in table 1.

Assessment of exposure

Classification of smoking habits

From the MRC questionnaire the total
number of cigarettes smoked in a lifetime
was estimated. For noncigarette smokers
one pack of tobacco (50 g) was estimated
to be equal to 50 cigarettes. The cases and
referents were matched according to three
groups: (i) never smoked, '(ii) light smoker
« 150,000 cigarettes, equals less than 10
cigarettes a day for 40 a), and (iii) heavy
smoker (> 150,000 cigarettes, equals more
than 10 cigarettes a day for 40 a).

By this procedure 36 cases and 72
referents were accepted for study. The
ages of the emphysema patients ranged
from 48 to 74 a (median 62 a). Among the
emphysema patients 29 were classified as
heavy smokers, 6 as light smokers, and
only 1 had never smoked.

15
12
6
4
3
4
1
2
2
1
1
1
1
1
2
6
2
2
1
4
1

72

NumberDiagnosis

Total

Myocardial infarction
Angina pectoris
Cardiac arythmia
Other heart disease
Hypertension
Stroke
Deep vein thrombosis
Peptic ulcer
Ulcerative colitis
Gastrointestinal bleeding
Cholelithiasis
Hepatitis
Acute pancreatitis
Acute glomerUlonephritis
Pyelonephritis
Diabetes mellitus
Anemia
Polyneuropathy
Rheumatoid arthritis
Low-back disorders
Tendinitis
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diseases, were asked for the same informa­
tion. The purpose of the study was not
given. The interview was performed in the
last period of the hospital stay, to avoid
identification of cases or referents by their
acute symptoms at admission. For the
same reason interviews in the coronary
care unit were avoided. The average
length of an interview was 20 min.

Based on the information obtained, all
jobs in the subject's work history were
classified as either "polluted" or "clean,"
and the total number of years employed in
a polluted workplace was calculated for
each subject. A polluted workplace was
defined as a place where a subject was
regularly exposed to inhaled dust, vapors,
or aerosols in his daily work. The classifi­
cation was made in accordance with a
previously prepared job-classification
scheme with the most common job types
classified into polluted or clean. Examples
of the classification are given in table 2.
In many instances, however, a detailed
description of the workplace and the actual
work done was necessary before classifi-

cation could be made. Electricians and
carpenters employed in house construction
were classified as "clean," while those
working in the chemical industry were
classified as "polluted." If a job consisted
of different tasks, the proportion of time
spent in each work type was estimated. If
a construction worker spent half his time
digging ditches and half operating a ma­
chine drill for 10 a, the job was classified
as "polluted" for 5 a.

Ten or more years in a "polluted" work­
place was characterized as "exposed,"
while less than 10 a in a polluted work­
place was characterized as "nonexposed."
In each triplet the number of years in
polluted jobs was counted up to the year
in which the case stopped working or, if
he was still employed, up to 31 December
1977.

Statistical methods

The statistical analyses of the data are
based on procedures suggested by Mietti-

Table 2. Examples of the job classification divided into "polluted" and "clean" occupations.

Polluted

Based upon occupation or workplace

Miner
Tunnel worker
Welder
Plumber
Motor mechanic
Insulation worker
Worker in:

Chemical industry
Iron and steel industry
Foundry
Shipyard
Cement industry
Roofing felt industry
Mechanical engineering

Sheet metal worker
Baker
Smith

Based upon. actual work performed

Seaman (machine worker)
Painter (indoors)
Warehouse worker, cement factory
Crane driver, foundry
Wood processing worker, planning and cutting
Construction worker, drilling and blasting in

work, dusty stone work
Bricklayer's helper, cement mixer
Driver (tankers)

Clean

Farmer
Lumberjack
Fisherman
White-collar worker
Gardener
Teacher
Hotel and restaurant worker
Railway worker (rail mender)
Watchmaker
Electrician
Carpenter and joiner

Seaman (deck hand)
Painter (outdoors)
Warehouse worker, shoe factory
Crane driver, cargo
Sawmill worker, transport of timber
Construction worker, ditch digging and earth

moving
Bricklayer
Driver (not tankers)
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nen for the calculation of p-values (22),
and for the estimation of risk ratios (23),
together with a method for calculating the
approximate confidence interval of the
risk ratio (25). The effect of retention of
the matching as compared to dissolving the
matching was evaluated as the quotient
of the risk ratios in the unmatched to the
matched material {24}. In the calculation
of the chi-square for trend, "doses" of
Xl = 0, X2 = 1 and X3 = 2 were assigned
to the three exposure levels (5).

Results

in polluted workplaces) was 3.0 (table 3)
(X2 = 5.6 P = 0.02, two-tailed). When the
matching was dissolved, a risk ratio of 3.1
was found. An exposed/nonexposed dichot­
omy at 5 and 15 a of exposure gave a
risk ratio of 4.0 and 2.9, respectively. As
the quotient of the risk ratios in the un­
matched to the matched material was 1.0,
dissolving the matching seemed acceptable
for the further analysis. Estimates of risk
ratios according to the number of years
employed in a polluted workplace did not
show any significant trend towards a dose­
response relationship (table 4).

Table 3. Distribution of exposured (2 10 a in a
polluted workplace) and nonexposed « 10 a in
a polluted workplace) subjects in 36 triplets.

The number of years in polluted work­
places ranged from 0 to 46 in the emphy­
sema group {median 22 a}, and from 0 to
47 a in the reference group (median 17 a).
In all, 81 Ofo of the cases and 57 Ofo of the
referents had been employed in polluted
workplaces for ten or more years. Analyz­
ed as matched triplets, the estimated risk
ratio for the exposed (:2: 10 a in polluted
workplaces) subjects developing emphy­
sema compared to the nonexposed « 10 a

Number of referents
with exposure

Point estimate of risk ratio: 3.0
95 % confidence interval: 1.2-7.5
X2 (1) = 5.6 P = 0.02 (two-tailed)

Discussion

As pulmonary emphysema is generally de­
fined anatomically, the clinical diagnosis
"emphysema" will always be one of un­
certainty. This situation applies particular­
ly to our case series, drawn from a county
hospital setting without access to advanced
diagnostic procedures. Therefore, the non­
specificity in the diagnosis of the disease
under study must be considered. As the
incidence of emphysema is low, the chance
of emphysema patients being included in
the reference series was small. However,
the occurrence of false-positives in the
case series cannot be ruled out. The effect
of their inclusion would, however, be one
of dilution, with the possibility of masking
a real difference between the two groups.
Nonemphysematous patients in the case
group would influence the estimated risk
ratio in a conservative direction and would
not explain the actual difference found.

A potential source of selection bias in a
study of occupational exposure to in-

5
1

o

15
4

2

9
2

Exposed
Nonexposed

Emphysema patients

Table 4. Number of cases and referents, according to length of stay in a polluted workplace,
and estimates of risk ratio.a

Number of years
in a polluted Cases Referents Total
workplace

<10

10-24
>25

7

12
17

31

13
28

38

25
45

95% P (two-
Risk ratio x2 confidence tailed)interval

1.0 (reference
class)

4.1 6.8 1.4--11.8 0.01
2.7 1.1 0.4--17.3 0.29

Total 36 72 108

a Test for trend: X2 (1) = 3.2 P (two-tailed) = 0.07
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dustrial pollutants is the difference be­
tween the groups in recruitment from dif­
ferent geographic areas. As all the patients
at the hospital are recruited from the same
area, without any known selection of par­
ticular diagnostic categories, selection bias
from urban/rural differences is not likely
to have occurred. Furthermore, as the
doctors in the area did not know about the
study, selection bias due to the exposure­
related referral of cases to the hospital was
expected to be avoided.

Although combined exposures are com­
mon in the workplace, little work has
been done in the field of occupational
health epidemiology on assessing the ef­
fects of a multiplicity of exposures (10).
Good definition and quantitation of the
constituents of a combined exposure are
highly desirable, but are in most instances
impossible to obtain.

Regarding the present study, the dichot­
omous division of all job types into "pol­
luted" and "clean" does in fact simplify the
variety of occupational exposures to the
individual worker, and one can always
dispute which jobs should be classified as
"polluted" and which jobs as "clean."
More serious, however, is the possibility of
introducing systematic errors into the
process of assessing the exposure.

Although quite detailed guidelines for
classification were given by the job clas­
sification scheme, an individually detailed
description of the workplace and the ac­
tual work performed was the basis for
some of the decisions. In this process,
systematic errors could be introduced at
several stages. Patients with emphysema,
with accompanying shortness of breath,
may have searched their memories more
thoroughly than the referents concerning
exposure to dust and other pollutants in
their past work career. The presence of a
"memory bias" cannot therefore be ruled
out. However, the participants were not
made aware of the purpose of the study,
and the classification of the great majority
of the jobs could be done according to the
job classification scheme, independent of
potential biased information from the par­
ticipants.

Although the interviewer was not in­
formed beforehand whether the inter­
viewee was a case or referent, some em­
physema patients with dyspnea at rest

were identified as possible cases during the
interview. Awareness of this possible bias,
however, may just as well have favored an
underestimation of the exposure as the
opposite. Moreover, the classification of
jobs was performed at the end of the
study, when previously identified cases had
been forgotten.

Another problem in this study relates
to the prevalence type of study design. The
insidious development of emphysema, to­
gether with its low incidence, made an in­
cidence-based approach unfeasible. As the
time of diagnosis could not be ascertained
exactly, we arbitrarily chose to register
possible exposure years within each triplet
up to the year the cases stopped working.
Alternatively, if 1970 had been chosen as
the last year for possible exposure, the
estimated risk ratio remained unchanged
(3.0).

However, there is still a possibility that
the exposure experience both among the
cases and the referents could have been in­
fluenced by their disease, even in the years
before 1970. If so, the possible change­
over to "cleaner" jobs is expected to be
more prominent among the cases, having a
chronic lung disease with progressive
shortness of breath, than among the refer­
ents with a variety of more or less acute
diseases. Moreover, patients with chronic
conditions which could have precluded
employment in heavy industry, such as
disabling rheumatoid arthritis or juvenile
diabetes, were not included in the study.

It is still difficult to evaluate the degree
to which insidious shortness of breath
changed the actual exposure experience
among the cases. No significant trend to­
wards a dose-response relationship was
found in this study (table 4). The lower
risk ratio found for long exposures could
be explained by a possible change to
cleaner jobs among the emphysema pa­
tients as their symptoms progressed. How­
ever, the estimated risk ratios have wide
confidence intervals, and in such a small
study random variation could explain this
finding just as well.

In the present study, 81 % of the cases
were heavy smokers and only one patient
had never smoked. The strong association
which exists between emphysema and
smoking makes the latter an important
potential confounding factor in this study.
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Although controlled by matching, there
might be a suspicion of some remaining
confounding effect from smoking within
the separate categories, as only three cate­
gories were chosen. However, as the aver­
age lifetime number of cigarettes smoked
was 209,000 among the cases and 214,000
among the referents, the result cannot be
explained by different smoking habits in
the two groups.

In regard to the pathogenesis of em­
physema, an excess release of elastase (4)
and an inactivation of alphal-antitrypsin
(18) have been described as responses to
cigarette-smoke exposure. The current
hypothesis proposes that the balance be­
tween elastase activity and its inhibition
is altered in cigarette smokers so that part
of the lungs is autodigested, with the
production of emphysema (18).

Nitrogen dioxide, which is a common
constituent of both cigarette-smoke and
many industrial pollutants, has been
shown to promote the release of protease
within the lung (20). The emphysema ob­
served in cadmium-exposed workers has
been related to inactivation of alphal-anti­
trypsin by cadmium (6), but this mecha­
nism has not been confirmed by others (3).
However, cadmium, as well as nickel,
manganese, chromium and vanadium, are
shown to be toxic to pulmonary alveolar
macrophages, with a possible release of
lysosomal enzymes (36).

In regard to the role of industrial pol­
lutants in the development of emphysema,
the combined effect of smoking and occu­
pational exposure could be of importance.
As smoking impairs long-term dust clear­
ance from the lung (9), the effect of other
toxic particles could be aggravated. Fur­
thermore, the synergistic effect of differ­
ent pollutants upon the lung (15, 32) may
make the lung tissue extremely vulnerable
to the combined effect of smoking and
pollutants in the work atmosphere.

The present study indicates that work­
ers employed in polluted workplaces in
this industrial area are more prone to
developing emphysema than workers em­
ployed in clean workplaces. In the further
study of the relationship between emphy­
sema and occupational exposure, the inter­
action between cigarette smoke and dif­
ferent occupational exposures seems to be
of particular interest.
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