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Change in Prevalence of Asbestos-
Related Disease Among Sheet Metal
Workers 1986 to 2004*

Laura S. Welch, MD; Elizabeth Haile, MS; John Dement, PhD; and
David Michaels, PhD, MPH

In 1985, the Sheet Metal Workers International Association and the Sheet Metal and Air
Conditioning National Association formed The Sheet Metal Occupational Health Institute Trust
to examine the health hazards of the sheet metal industry in the United States and Canada.
Between 1986 and 2004, 18,211 individuals were examined. The mean age of this cohort was 57.9
years, and the participants had worked for a mean (� SD) duration of 32.9 � 6 years in the sheet
metal trade. Twenty-three percent of participants were current smokers, 49% were former
smokers, and 28% were never-smokers. A total of 9.6% of participants (1,745 participants) had
findings that were consistent with parenchymal disease (International Labor Organization [ILO]
score, > 1/0); 60% of those with an ILO score > 1/0 were classified as 1/0, 34% as 1/1 to 1/2, and
6% as > 2/1. A total of 21% of participants (3,827 participants) had pleural scarring. There was
a lower prevalence of nonmalignant asbestos-related disease among those who began to work
after 1970, when compared to workers who began to work before 1949; those who began to work
between 1950 and 1969 had a prevalence between the other two groups. The strongest predictor
of both parenchymal and pleural disease on a chest radiograph was the calendar year in which the
worker began sheet metal work; work in a shipyard was also an important risk. The results of this
study suggest that the efforts to reduce asbestos exposure in the 1980s through strengthened
Occupational Safety and Health Administration regulation have had a positive public health
impact. (CHEST 2007; 131:863–869)

Key words: asbestos; asbestosis; prevalence

Abbreviations: CI � confidence interval; f/cc � fibers per cubic centimeter of air; ILO � International Labor
Organization; NIOSH � National Institute for Occupational Safety and Health; OR � odds ratio; OSHA � Occupa-
tional Safety and Health Administration

N umerous studies1–5 have documented the health
effects of occupational exposure to asbestos. The

federal government placed a moratorium on the
production of many asbestos products in the early
1970s, and consequently experts have predicted a
reduction in asbestos-related disease for cohorts
beginning work after 1970.

Sheet metal work is one of the construction trades

with recognized exposure to asbestos.6,7 In 1985, the
Sheet Metal Workers International Association and
the Sheet Metal and Air Conditioning National
Association formed the Sheet Metal Occupational
Health Institute Trust to examine the health impact
of asbestos exposure in the sheet metal industry in
the United States and Canada. In a prior report8 on
this program, 32% of the participants examined
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between 1986 and 1990 were found to have either
pleural or parenchymal radiographic abnormalities
consistent with pneumoconiosis. Here, we present
an updated analysis of this cohort, with results for
18,211 sheet metal workers examined between 1986
and 2004, and look at change in the prevalence of
radiographic abnormalities for different decades of
work in the trade.

Materials and Methods

Starting in 1986, the Sheet Metal Occupational Health Insti-
tute Trust contracted with facilities in the United States and
Canada to offer a standardized screening program for sheet metal
workers who had first been employed in the industry at least 20
years earlier. The physicians agreed to complete standardized
reporting forms, to classify the chest radiographs using the
International Labor Organization (ILO) classification,9 and to
follow the American Thoracic Society standards for conducting
pulmonary function testing.10 A more detailed description of the
methods of the examination program can be found in prior
reports.8,11 The study was conducted in accord with the recom-
mendations of the Helsinki Declaration12 and was approved by
the Institutional Review Board of the Center to Protect Workers
Rights.

For the sheet metal program, each chest radiograph was
classified by one reader who was an A reader, a B reader, or a
physician with proficiency in the use of the ILO classification but
who was neither an A or B reader; this last group was combined
with the A readers for this analysis. National Institute for
Occupational Safety and Health (NIOSH) B reader approval is
granted to physicians who demonstrate proficiency in the classi-
fication of chest radiographs for pneumoconioses using the ILO
classification through testing; an A reader has attended the
American College of Radiology Symposium on Radiology of the
Pneumoconioses.13,14

Parenchymal abnormalities were considered to be present if
the radiograph was classified with a profusion of � 1/0. A
participant was considered to have pleural abnormalities if there
were any notations on the NIOSH/ILO coding form in sections
3A to 3D.

There were a total of 21, 865 examinations performed in the
program. Approximately 12% of participants were examined
more than once; this analysis includes only the last examination
for those workers who have had more than one examination.
After excluding the second examination and workers with missing
ILO sheets, missing or illogical dates, and missing pertinent
variables such as FVC and gender, our final sample consisted of
18,211 workers.

Statistical Analysis

Descriptive data are presented as number (%) or the mean
� SD. Continuous variables were compared using the Student t
test, dichotomous variables were compared with the �

2 test of
general association, and ordinal categoric data were compared
with the Cochran-Armitage test for trends or the Spearman
correlation test for variables compared with two or more catego-
ries. Logistic regression models were constructed to determine
predictors for the presence or absence of parenchymal or pleural
disease, and results are reported as prevalence odds ratios (ORs)
and 95% confidence intervals (CIs). The risk factors incorporated
in the models included the total number of years the participant
had worked in the sheet metal industry, the calendar year during

which the participant had entered the sheet metal industry, age,
smoking history (in pack-years), type of radiograph reader (ie, A
reader or B reader), and a dichotomous variable for any history of
shipyard work. The presence of multi-collinearity among the
independent variables was checked using diagnostics such as the
variation inflation factor and tolerance. Due to the small number
of women in these data, logistic models were restricted to men.
All statistical analyses were performed with a statistical software
package (SAS for Windows, version 9.1; SAS Institute; Cary,
NC).15 Tests of significance are presented only for the adjusted
analyses.

Results

Among these 18,211 individuals, the mean age was
57.9 years, and the median age was 57 years. The
participants had worked for a mean duration of
32.9 � 6 years in the sheet metal trade. About 50%
of participants were working at the time of the
examination, 38% were retired, 8% were unem-
ployed, and 3.6% were disabled. Only 17 participants
were women. Twenty-three percent of participants
were current smokers, 49% were former smokers,
and 28% were never-smokers. The mean number of
pack-years smoked among current smokers was
40.7 � 21.5, and among former smokers it was
27.6 � 21.4. Among the entire group screened,
1,745 (9.6%) had findings that were consistent with
parenchymal disease (ILO classification score, � 1/
0); 60% of those with an ILO classification score of
� 1/0 were classified as 1/0, 34% as 1/1 to 1/2, and
6% as � 2/1. A total of 21% of participants (3,827
participants) had pleural scarring.

Eighty four percent of the chest radiographs were
read by B readers, 11.8% by A readers, and no
reader classification was recorded for 4% of the
readings. A readers were more likely than B readers
to report parenchymal abnormalities (16.4% vs 7.8%,
respectively) and pleural abnormalities (32.3% vs
20.0%, respectively). Chest radiographs read in the
earlier years of the screening were more likely to
have been read by A readers; as a result, A reading
was correlated with shipyard work and with the
calendar year the participant had entered the trade.
A previous analysis11 of a subset of the B readers
found excellent specificity for abnormal radiograph
findings and good agreement in a � analysis.

Table 116 presents an overview of the characteris-
tics of the population, divided into the following
three groups: those examined between 1986 and
1990; those examined from 1991 to 2000; and those
examined from 2001 to 2004. The participants in the
second and third rounds were slightly older than the
ones examined in the first round, had worked for a
slightly long time (in years) in the trade, and were
more likely to be retired. The participants after 1991
were on the whole more likely to have normal lung
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function, more likely to be a life-long nonsmoker,
and more likely to have smoked less if they did
smoke, and less likely to have any asbestos-related
disease found on a chest radiograph.

To look at the relationship between the calendar
year that the participant began sheet metal work and
the prevalence of parenchymal and pleural disease,
we divided the population into the following three
groups: those who began work before 1949, a period
that included work in shipyards during World War
II; those who began work between 1950 and 1969, a
period in which asbestos use became more wide-
spread in the United States; and those who began
work after 1970, a decade in which asbestos use was
curtailed even if not completely controlled. In an
unadjusted analysis, participants who began work
before 1949 had more nonmalignant asbestos-re-
lated disease than those who began work between
1950 and 1969, and still more than those who began

work after 1970. Figure 1 shows this information in
a graphic form with stratification by age group.

Table 2 presents the prevalence of parenchymal
and pleural disease stratified by the duration of sheet
metal work. There is an increasing risk of both
parenchymal and pleural disease with the number of
years of work in the sheet metal trade. The number
of years worked in the sheet metal trade was in-
versely correlated with the year that sheet metal
work was begun, making separation of the effects of
these factors difficult. When these data were strati-
fied by the year entering the trade, the parenchymal
disease risk gradient with years of work in the trade
was diminished. The same is true for pleural disease
(data not shown).

Tables 3 and 4 present ORs from the logistic
regression models, including covariates for age,
number of years worked, shipyard work (yes/no),
reader classification (A reader vs B reader), number

Table 1—Worker Demographics and Pulmonary Outcomes by Examination Period Among Sheet Metal Workers
Examined From 1986 to 2004*

Variables
1986–1990
(n � 7,865)

1991–1999
(n � 5,719)

2000–2004
(n � 2,237) p Value

Age, yr 57.18 � 8.12 58.64 � 9.26 58.57 � 9.29 � 0.01†
Median (minimum to maximum) 57 (23–83) 58 (25–88) 57 (40–88)
Male gender 7,856 (99.99) 5,714 (99.91) 2,234 (99.87) 0.99‡
Female gender 9 (0.11) 5 (0.09) 3 (0.13)

FVC, % predicted 88.66 � 16.06 89.20 � 16.14 92.03 � 16.69 � 0.01†
Normal lung function§ 4,812 (61.18) 3,730 (65.22) 1,530 (68.40) � 0.01†
Restrictive lung function§ 937 (11.91) 695 (12.15) 228 (10.19)
Obstructive lung function§ 1,525 (19.39) 934 (16.33) 371 (16.58)
Mixed lung function§ 591 (7.51) 360 (6.29) 108 (4.83)
Current smoker 2,231 (28.37) 1,214 (21.23) 368 (16.45) � 0.01†
Ex-smoker 3,776 (48.01) 2,922 (51.09) 1,111 (49.66)
Never-smoker 1,858 (23.62) 1,583 (27.68) 758 (33.88)

Current smoker, pack-yr 42.56 � 22.02 40.37 � 20.74 36.61 � 19.66 � 0.01†
Ex-smoker, pack-yr 30.31 � 22.99 27.25 � 20.53 23.46 � 19.22 � 0.01†
Smoking history, pack-yr 34.86 � 23.39 31.10 � 21.44 26.74 � 20.14 � 0.01†
Pleural disease present 2,098 (26.68) 1,329 (23.24) 239 (10.68) � 0.01‡
Parenchymal disease present (ILO score � 1/0) 1,079 (13.72) 499 (8.73) 132 (5.90) � 0.01‡
Parenchymal disease, based on ILO scores � 0.01†

0/0–0/1 6,786 (86.28) 5,220 (91.27) 2,105 (94.10)
1/0 640 (8.14) 316 (5.53) 75 (3.35)
1/1–1/2 374 (4.76) 161 (2.82) 46 (2.06)
� 2/1 65 (0.83) 22 (0.38) 11 (0.49)

Duration of work in sheet metal trade, yr
Mean (�SD) 32.89 � 6.57 33.02 � 6.79 33.22 � 6.24 0.06†
Median (minimum to maximum) 33 (15–63) 33 (15–59) 33 (15–54)

Work status at time of examination
Working 4,015 (55.08) 2,582 (45.27) 1,161 (51.95) � 0.01†
Retired 2,350 (32.24) 2,449 (42.94) 900 (40.27)
Unemployed 681 (9.34) 409 (7.17) 107 (4.79)
Disabled 244 (3.35) 263 (4.61) 67 (3.00)

*Values are given as the mean � SD or No. (%), unless otherwise indicated. Date of radiograph was missing for 2,390 patients, who were excluded
from the study; therefore, the total sample was 15,821.

†Spearman correlation.
‡Cochran-Armitage trend test.
§Lung function was defined based on Beta-Carotene and Retinol Efficacy Trial.16
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of pack-years smoked, and calendar year entering the
sheet metal trade (three groups). Those who began
work in earlier years had more disease seen on chest
radiographs than those who began work in a later
decade. For example, Tables 3 and 4 show that sheet
metal workers who began work before 1949 had an
OR of 2.43 for parenchymal disease and 2.55 for
pleural disease when compared to those who began
work after 1970. Age, having ever worked in a
shipyard, having a radiograph read by an A reader,
and number of pack-years of smoking were also
significant predictors of radiograph findings in the
models, while the number of years of sheet metal
work was not a significant predictor. As in our prior
analysis,8 we found that work in a shipyard was a
strong predictor of asbestos-related disease seen on a
chest radiograph. Those participants who began
work before 1949 were more likely to have worked in
a shipyard; 13% of those who began work before

1949 had done so, compared to 3.6% of those
beginning work from 1950 to 1969, and 2% of those
beginning work in or after 1970 (p � 0.01 for trend).

We investigated alternative logistic models in an
effort to better understand the interrelationship
between the number of years of sheet metal work
and the time periods in which the work was done.
We distributed the years of work for each worker
into years before 1950, years between 1950 and
1969, and years in 1970 or later. In logistic models
adjusted for age and smoking, years of sheet metal
work before 1950 (OR, 1.023; 95% CI, 1.009 to
1.038) and between 1950 and 1969 (OR, 1.045; 95%
CI, 1.033 to 1.058) were found to be significant
predictors of parenchymal disease risk. Similar pat-
terns were observed for pleural disease. Years of
work after 1970 was not found to be a significant
predictor of parenchymal or pleural disease risk;
however, the number of disease cases after 1970
resulted in limited statistical power to detect trends
by work duration for this time period.

Discussion

This analysis documents a decreasing prevalence
of nonmalignant asbestos-related disease among
sheet metal workers who began work after 1970,
when those workers are compared to sheet metal
workers who began work before 1949; those who
began work between 1950 and 1969 generally had a
prevalence and severity of nonmalignant asbestos-

Figure 1. Prevalence of parenchymal abnormalities among 18,211 sheet metal workers who were
examined from 1986 to 2004 by calendar year when they entered the trade and age.

Table 2—Prevalence of Parenchymal and Pleural
Disease by Years of Trade Work Among Sheet Metal

Workers Examined From 1986 to 2004*

Duration of
Sheet Metal Work

Prevalence of
Parenchymal Disease

(Profusion � 1/0)
Prevalence of

Pleural Disease

� 30 yr 437 (7.5) 874 (15.0)
30–39 yr 895 (9.7) 2,042 (22.1)
� 40 yr 413 (13.2) 911 (29.2)

Total 1,745 3,827

*Values are given as No. (%).
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related disease that was between the other two
groups. The results of this study suggest that reduced
asbestos exposure in the 1980s through strengthened
Occupational Safety and Health Administration
(OSHA) regulation has had a positive public health
impact. The strongest predictor of both parenchymal
and pleural disease seen on a chest radiograph is the
calendar year in which the worker began sheet metal
work, with having worked in a shipyard also being an
important risk.

In the United States from 1940 to 1979, 27.5
million workers were occupationally exposed to as-
bestos in shipyards, manufacturing operations, con-
struction work, and a wide range of other industries
and occupations; 18.8 million of these workers were
thought to have had high levels of exposure.17 Expo-
sures for some of these workers regularly exceeded
20 to 40 fibers per cubic centimeter of air (f/cc),
levels that are 200 to 400 times the current OSHA
standard of 0.1 f/cc18; exposures of several months
resulted in an increased risk of mesothelioma and

lung cancer.19 Exposure to asbestos began to be
regulated in the 1970s. New York City banned
sprayed-on asbestos in 1972, and the Environmental
Protection Agency followed suit with a national ban
on sprayed-on asbestos in 1973. A permissible expo-
sure limit of 12 f/cc for asbestos was included in the
initial promulgation of OSHA standards in 1971 and
was reduced the same year with an emergency
temporary standard to 5 f/cc. OSHA subsequently
reduced the permissible exposure limit to 2 f/cc in
1976, to 0.5 f/cc in 1983, to 0.2 f/cc in 1986, and to
0.1 f/cc in 1994. Figure 2 shows a steady decline in
mean exposures measured by OSHA and the Mine
Safety and Health Administration since 1979. Due to
the long delay between the exposure to asbestos and
the onset of most asbestos-related diseases, many of
the cases of asbestos-related disease today are occur-
ring among workers who were first exposed between
1940 and 1970.

Few reliable data are available in the United States
on trends in nonmalignant disease. The 2002 Work

Table 3—Multivariable Logistic Regression Model for Parenchymal Disease Among Sheet Metal Workers Examined
From 1986 to 2004*

Risk Factors and Contrasts Prevalence OR 95% CI p Value

Calendar year entered sheet metal trade
Worked before 1949 vs worked after 1970 2.43 2.03–2.90 � 0.01
Worked 1950–1969 vs worked after 1970 1.32 1.14–1.53 � 0.01
Worked before 1949 vs worked 1950–1969 1.84 1.55–2.18 � 0.01

Duration of sheet metal work
Worked � 29 yr vs worked � 40 yr 1.25 1.13–1.39 � 0.01
Worked 30–39 yr vs worked � 40 yr 0.99 0.91–1.07 0.73
Worked � 29 yr vs worked 30–39 yr 1.27 1.09–1.48 � 0.01

Age in yr 1.023 1.015–1.032 � 0.01
Shipyard work (yes vs no) 1.97 1.61–2.40 � 0.01
A Reader (vs B reader) 1.88 1.62–2.18 � 0.01
Smoking in pack-yr 1.012 1.010–1.015 � 0.01

*n � 14,530.

Table 4—Multivariable Logistic Regression Model for Pleural Disease Among Sheet Metal Workers Examined From
1986 to 2004*

Risk Factors and Contrasts Prevalence OR 95% CI p Value

Calendar year entered sheet metal trade
Worked before 1949 vs worked after 1970 2.55 2.26–2.88 � 0.01
Worked 1950–1969 vs worked after 1970 1.39 1.26–1.53 � 0.01
Worked before 1949 vs worked 1950–1969 1.84 1.63–2.07 � 0.01

Duration of sheet metal work
Worked � 29 yr vs worked � 40 yr 1.07 0.99–1.15 0.08
Worked 30–39 yr vs worked � 40 yr 1.03 0.97–1.09 0.28
Worked � 29 yr vs worked 30–39 yr 1.04 0.93–1.15 0.52

Age in yr 1.027 1.021–1.033 � 0.01
Shipyard work (yes vs no) 1.85 1.57–2.17 � 0.01
A Reader (vs B reader) 1.56 1.39–1.75 � 0.01
Smoking in pack-yr 1.006 1.004–1.008 � 0.01

*n � 14,530.
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Related Lung Disease report from NIOSH20 shows
that the mortality rate from asbestosis increased
between 1990 and 1999, with a median age of 77
years at death. The estimated number of hospital
discharges with a diagnosis of asbestosis increased
from 5,000 in 1990 to 20,000 in 2000. This is not
inconsistent with our results; even though workers
who began work after 1970 may have a lower
prevalence of disease, the workers who began work
before 1970 are aging, and the prevalence of lung
disease increases with increasing latency. We can
expect to see hospitalizations and deaths from asbes-
tosis remain significant, and even continue to in-
crease, as these cohorts age.

We found the presence of parenchymal disease to
be a function of both the year of first work in the
sheet metal trades and the duration of work, with a
stronger relationship with the year of first work in
the sheet metal trades. Due to the requirement of 20
years of sheet metal work for inclusion in the
screening program, our reference cell for the OR
analyses is composed of workers with significant
exposure, limiting our ability to detect the true effect
of work duration

Ohar et al21 reported that among 3,383 workers
who were referred for an independent medical
examination, asbestos-related disease diagnosed in
this decade is characterized by longer latency than
what was reported in studies from the 1980s. The
latency for the group with an ILO score of � 1/1
with or without plaque was 40.5 years, and the
latency for the group with an ILO score of � 1/1 was
45.8 years. The longer latency period seen with the

higher disease rating could be due either to higher
exposures 45 years ago than 40 years ago, or to the
fact that the disease takes longer to become manifest
after relatively lower exposures to asbestos.

Among our workers, latency and the number of
years worked are highly correlated (r � 0.54). The
results presented here do not allow the separation of
the effects of latency and cumulative exposure, and,
in fact, such a separation is not likely to be possible.
In the past, for many occupations and industries, the
number of years worked served as a surrogate for
exposure to asbestos; a qualitative judgment could be
made on cumulative exposure received during those
years based on sparse knowledge from industrial
hygiene measurements, job-exposure matrices, and
population-based epidemiology. One can say that
insulators as a group had higher exposures to asbes-
tos than did sheet metal workers, but one cannot
assign a cumulative exposure to each worker. While
the intensity of exposure for some tasks has been
characterized, the distribution of those tasks among
individual workers or groups of workers is not
known. The decrease in exposure over the past 3
decades means that workers with longer latency also
had higher cumulative exposures in their early years
of work.

Because of this complex relationship among cu-
mulative exposure, age, and latency, it is likely that
additional disease among workers who began work in
the 1960s and 1970s will be manifested in future
years. The mean latency period for those workers
with ILO scores of 1/0 for chest radiographs re-
ported by Ohar et al21 was 40 years; if such a long

Figure 2. Geometric mean exposures by major industry division, Mine Safety and Health Adminis-
tration and OSHA samples, from 1979 to 1999.
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latency period is the case for our population, we will
see an increasing prevalence of asbestos-related dis-
ease in these sheet metal workers for at least another
decade. Continued follow-up of this at-risk group
will allow us to address this question.
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