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Cigarette smoking and small irregular opacities

William Weiss*

Abstract
A survey of chemical workers by chest roent-
genograms was designed to determine whether
exposure to acrylic dust andlor cigarette
smoking was associated with diffuse abnor-
malities suggestive of pneumoconiosis. The
films were examined without knowledge ofdust
exposure or smoking habits. The International
Labour Office (ILO) classification andstandard
films were used. Workers with exposure to
asbestos were excluded. There was no relation
between prevalence of abnormalities and
exposure to dust. Among 181 workers 28 had s
and/or t small irregular opacities with
profusion of 0/1 (23), 1/0 (three), or 1/1 (two).
These findings were present in 20% of smokers
compared with 2-2% of non-smokers. The
prevalence increased with increasing age to
31-6% among smokers aged 50-64. Prevalence
was 10% among ex-smokers of cigarettes.
Among current cigarette smokers, prevalence
was 5 3% in those who smoked less than one
pack per day, 31-3% in heavier cigarette smok-
ers, and 52-9% in 17 heavy cigarette smokers
aged 50-64. Profusions of 0/1 and 1/0 are clas-
sified as "suspect" pneumoconiosis according
to the ILO guidelines. The data in this sudy
indicate that such abnormalities are directly
related to age and smoking habits among
workers not exposed to hazardous dust.

It is well established that cigarette smoke leads to
pathological evidence ofchronic inflammation, struc-
tural damage, and interstitial fibrosis in the lungs.
These abnormalities are reflected in symptoms,
physical signs, functional impairment, and radio-
graphic abnormalities. It is agreed that the abnor-
malities are manifest in moderate to severe
emphysema. The question as to whether diffuse
pulmonary fibrosis caused by cigarette smoking can
be detected radiographically has been debated in

recent years.'2 Unfortunately, there have been no
substantial systematic studies of radiographic-
pathological correlations in the same subjects who
are unexposed to fibrogenic dusts that could help to
settle the issue. This problem is of some importance,
in both the clinical and the medicolegal sense,
because any increase in the normal lung markings on
chest films may be interpreted as occupational dis-
ease, such as asbestosis, as a result of the substantial
interobserver variation in readings.3
The present study is reported because there have

been few radiographic investigations of people who
are unexposed to fibrogenic dusts by smoking habits
using the 1980 International Labour Office (ILO)
classification and standard films with the reader(s)
"blind" to smoking habits. The data are derived
from a controlled study in which 100 workers
exposed to acrylic dust were compared with 81
unexposed workers, all men matched by age, year
hired, and smoking habit after exclusion of any
workers with known exposure to asbestos. Sixteen
and 15 per cent of each group respectively had
"blind" reading classifications of s/t small irregular
opacities with profusion of 0/1 or greater so the
readings were examined by smoking habits.

Method
Routine periodic surveillance of workers in a
chemical plant included 14 x 17 inch postero-
anterior chest radiographs. Of 181 workers in this
study, complete smoking histories were available for
163 with respect to type of tobacco used, current or
previous cigarette smoking state, duration of
cigarette smoking, and number of cigarettes smoked
per day. Cigarette smokers were classified as ex-
smokers if they had not smoked for one year or more
at the time of the examination.

Chest x ray films were placed in alphabetical order
by last name with identification obscured. They were
read without any information regarding demogra-
phic characteristics, dust exposure, or smoking
habits by the author. A form similar to that published
by the National Institute of Occupational Safety and
Health for reading according to the 1980 ILO
classification4 was completed for each film using the
standard films for comparison.

Statistical significance was evaluated by x' analysis.
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Table 1 Distribution of 181 workers by age and smoking
habit

Non-smokers Smokers Total
Age No (%) No (%) No (%)

20-34 19 (41-3) 25 (18-5) 44 (24 3)
35-49 10 (21-7) 53 (39-3) 63 (34-8)
50-64 17(37-0) 57(42-2) 74(40-9)

Total 46 (100-0) 135 (100-0) 181 (100-0)

Results
Table 1 gives the distribution of the 181 workers by
age and smoking habit. Comparing smokers and non-
smokers by age showed differences that were statis-
tically significant (X' = 10-59, df = 2, p < 0-01).
Therefore, age specific rates are used to compare
smoking groups with regard to radiographic findings.

Film quality according to the ILO classification did
not differ significantly between smokers and non-

smokers (table 2) (X' = 0 23, df = 2, p > 0 50).
Among the 181 radiographs, 28 were classified as

type s and/or t with profusion of 0/1 or greater.
Twenty three were 0/1, three were 1/0, and two were

1/1. Only one (2-2%) of the 46 non-smokers but 27
(20%) of the smokers were classified 0/1 or greater
(table 3), a difference which was statistically highly
significant (X' = 8-34, df = 1, p < 0 005). All five
films with profusion of 1/0 or 1 / 1 occurred among the
smokers. The prevalence rate increased steadily with
increasing age among smokers to a maximum of32%
for those aged 50-64 (X' for trend = 9-57, df = 2,
p < 0-01).
The smokers were stratified into current cigarette

users, ex-smokers of cigarettes, and a miscellaneous
category including 12 cigarette smokers of unknown
amount and six pipe or cigar smokers (table 4). The
current cigarette smokers were further subdivided
into light (less than one pack per day) and heavy (one
pack or more per day). Because the mean age at which
cigarette smoking began in this population was 18-1
years among current light smokers and 16-4 years
among current heavy smokers, duration of current
cigarette smoking was not considered as a factor in
degree ofconsumption. In effect, age at the time ofthe
survey was a surrogate for duration of cigarette
smoking.

Table 2 Distribution of 181 workers by chest film quality
and smoking habit

Non-smokers Smokers Total
Film quality No (%) No (%) No (%)

1 31 (67 4) 87 (64-4) 118 (65-2)
2 13 (28 3) 43 (31-9) 56 (30 9)
3 2 (4-3) 5 (3 7) 7 (3-9)

Total 46 (100-0) 135 (100-0) 181(100-0)

Table 3 Prevalence of small irregular opacities
(SIO > 0/1) among 181 workers by age and smoking habit

Non-smokers Smokers

No in SIO No in SIO
Age group No (%) group No (%)

20-34 19 0 (-) 25 1 (4 0)
35-49 10 1 (10 0) 53 8 (15-1)
50-64 17 0 (-) 57 18 (31-6)
Total 46 1 (2-2) 135 27* (20 0)

*Includes three with profusion of 1/0 and two with profusion
of 1/1.
Note: % not calculated when denominator is less than 10.

Among current cigarette smokers, only one (5%)
of 19 light smokers but 15 (31%) of48 heavy smokers
had profusion of 0/1 or greater. Among the heavy
smokers prevalence increased with increasing age
and reached 53% among 17 men aged 50-64. Ex-
smokers of cigarettes had a low prevalence (10%)
whereas the miscellaneous group had a high
prevalence similar to that of the heavy current
cigarette smokers.

Discussion
It has been recognised for decades that chronic
bronchitis, most of which is caused by cigarette
smoking, is associated with diffuse lung abnormalities
on chest roentgenograms. In a cohort study of
chronic bronchitis begun in 1958, Bates et al 5
included a chest x ray film classification "c" defined as
"dirty" chest or increase of peripheral markings.
Ninety nine per cent of the 216 men were smokers
and all but 10 of the smokers had used cigarettes;
17 9% of the films were classified as "c". General
accentuation of linear markings throughout the lungs
in both chronic bronchitis and emphysema was also
described by Fraser and Pare in their 1970 text book.6

In 1973 Morgan et al 7 noted that as people age
chest x ray film abnormalities develop that may be
confused with those ofpneumoconiosis, especially in
heavy smokers. It seems likely that the increased
frequency of these changes with aging in smokers
may be a function of cumulative smoke exposure.
The guidelines for the use ofthe ILO classification

of radiographs for pneumoconiosis4 indicate that the
classification should be applied if any parenchymal
appearances are consistent with pneumoconiosis.
Although the standard films thatgo with the classifica-
tion were chosen to represent midpoints of the major
profusion categories, profusion may be classified into
12 minor categories. The guidelines say that a
profusion of 0/1 means a choice of the 0 category but
category 1 was seriously considered whereas a
profusion of 1/0 means a choice of category 1 but
category 0 was seriously considered. They further
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Table 4 Prevalence of small irregular opacities (SIO > 0/1) among 135 smokers by age and detailed smoking habits

Current cigarette smokers
Unknown amount and

< I pack I1 packs Ex-smokers of cigarettes other smokers

No in SIO No in SIO No in SIO No in SIO
Age group No (%) group No (%) group No (%) group No (%)

20-34 6 O(-) 10 1 (100) 6 O(-) 3 0(-)
35-49 6 0(-) 21 5(238) 21 0(00) 5 3(-)*
50-64 7 1 (-) 17 9 (52 9)* 23 5 (22-7)t 10 3 (30-0)
Total 19 1(5-3) 48 15 (31-3) 50 5(10-0) 18t 6(33-0)

*Includes one reading of 1/0 and one of 1/1.
tIncludes one reading of 1/0.
Includes six pipe/cigar smokers, three of whom had readings of 0/1.
Note: % not calculated when denominator is less than 10.

state that categories 0/1 and 1/0 may represent
"suspect" pneumoconiosis (see4 note 8, page 14).

Unfortunately, inter and intraobserver variation
complicates the application of the ILO classification.
Morgan et al 'postulated a substantial overlap in the
readings of normal films and of those with
pneumoconiosis on the ILO scale of profusion. The
extent of interobserver variation has been docu-
mented in a number of studies37-11 and it increases
with decreasing proficiency of the readers.8 In the
"B" reader examination 71% of successful candi-
dates had a corrected reading error for small opacity
profusion ofmore than one minor category and 100%
of unsuccessful candidates had such errors.8

In 1986 the American Thoracic Society adopted
the criterion of a profusion of 1/1 or greater for the
diagnosis of asbestosis." This serves to minimise
both the problem of observer variation in the
dichotomy ofnormal or abnormal and the difficulty of
distinguishing between smoking related abnor-
malities and asbestosis. The present study of
chemical workers was carried out with one reader so
it does not take into account reader variation.
Although there is good histological evidence show-

ing that interstitial pulmonary fibrosis and bron-
chiolar wall fibrosis are part of the effect of cigarette
smoking,' 3 a major issue is the question as to what
pathological abnormalities are represented by the
diffuse radiographic changes in smokers referred to as
"dirty" chest or borderline classifications (0/1 and
1/0) of small irregular opacities (SIO).
Radiographic-pathological correlation studies are

required to answer this question but few have been
done. Feigin and Abraham"5 published an abstract of
a small study and concluded that increased markings
on chest x ray films appear to represent oedema,
infiltration, and possibly fibrosis in the perivenous
connective tissue but a complete report has not been
published. Cockroft et al6 found that in 16 men SIO
were associated with histological scores of both
emphysema and of interstitial fibrosis. The evidence
is limited. More and larger studies are needed.

Blanc and Gamsu'7 have recently considered
whether cigarette smoking causes radiographic
opacities consistent with pneumoconiosis. They res-
tricted their review to published studies using the
ILO classification because it promotes better com-
parisons between different investigations despite
observer variability, lack of specificity, and its
semiquantitative nature. As a result of five studies
cited, they concluded that cigarette smoking alone is
not associated with radiographic opacities consistent
with pneumoconiosis.
They cited a report by Castellan et al' as the most

convincing study. These investigators surveyed 1422
blue collar workers who had had no exposure to
known respiratory hazards. The chest x ray films were
evaluated independently by three "B" readers and
the readings were "blind" to the characteristics ofthe
workers, including their smoking habits. The median
reading of profusion was the summary reading for
small opacities. SIO of profusion 0/1 or greater were
statistically associated with age, sex, and pack-years
of smoking based on eight cases. As there was only
one subject with a profusion of 1/0, they concluded
that using the median of three independent readings
should rarely result in an interpretation of chest
radiographs as "positive" for pneumoconiosis. Two
problems ensue, however, with this conclusion.
Firstly, 82% ofthe surveyed people were less than 45
years old (RM Castellan, personal communication,
10 June 1985). Secondly, of the seven people with
median readings of 0/1, three had a higher reading of
1/0 and one had a higher reading of 1/1. Thus if films
are examined by only a single reader, the usual case in
practice, the results might be different. It should be
noted that seven ofthe eight people with profusion of
0/1 or greater were cigarette smokers.

Blanc and Gamsu'7 also cited Kilbum et al,'9
Cooper and Sargent,"' Crosbie," and Epstein et al "
as favouring their conclusion. Kilburn et al 9 studied
a random sample of the Michigan population and a
census tract in Long Beach, California, but the
results were not stratified by smoking habit. The
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investigation by Cooper and Sargent'o was a survey of
152 perlite workers of whom 14 had small opacities
with profusion of 0/1 but no association with smok-
ing habits was examined because smoking informa-
tion was incomplete (WC Cooper, personal com-
munication, 1 May 1986). Crosbie2" examined chest x
ray films of 935 workers in 11 plants with exposure to
carbon black; only six had readings of 1/0 to 1/2 but
most of the workers had been volunteers for the
examination and no smoking information or age
stratification in relation to the results was provided.
Epstein et al 22 studied the chest x ray films of 200
admissions to an urban university hospital without
known industrial exposure and 27 (13-5%) had SIO
with profusion of 1/0 or greater; unfortunately,
smoking habits were obtained only for those with
SIO and not those without SIO. It appears that the
evidence cited by Blanc and Gamsul7 was limited in
several ways.
A further report, by Peilian et al,23 used a method

similar to that in the present paper. They examined
140 cotton textile workers in China who had worked
in the preparatory area of mills for at least 20 years
and 140 healthy controls with no dust exposure,
matched by age, sex, and smoking history. They used
the ILO classification "blindly" and abnormal find-
ings were defined as profusion of 1/0 or greater. No
statistically significant difference was found between
cotton workers and controls so they combined both
groups to examine the results in relation to smoking
habit. There was a highly significant difference in the
prevalence of radiographic abnormalities; 33-3% of
96 smokers compared with 6-5% of non-smokers.
Among the controls alone the figures were 27-2% of
48 smokers compared with 4-3% of 92 non-smokers.
These results are similar to those in table 3 but are
based on higher levels of profusion, perhaps due to
interobserver variation between Peilian et al 23 and
myself.

Limited studies suggest that a diffuse x ray abnor-
mality exists in some smokers that is similar to SIO
and may be interpreted as pneumoconiosis. This
abnormality occurs in low profusion with a
prevalence that is dose related to cigarette smoking.
As well as the ILO classification, further investigation
of this issue should be based if possible on "blind"
readings by multiple readers, should include a sub-
stantial number of people over age 45, and should
include profusion readings of 0/1 and the range in
readings if more than one observer is used so that
some approximation of reality can be realised.

I am grateful to Lester De Fonso, BS, statistician,
Rohm and Haas Co, for assistance in this study.
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