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Objectives This study is an update on the lung cancer risk of mild-steel welders with no asbestos exposure
using a cohort of nonwelders for comparison.

Methods The subjects came from three United States (US) plants that manufactured heavy equipment. The
follow-up was extended from 1988 to 1998. The welders were not exposed to asbestos (typical of shipyard
welders) or to chromium or nickel (present in stainless steel).

Results There were 108 lung cancer deaths among the welders and 128 such deaths among the nonwelders
(double the previous number of lung cancer deaths). The standardized mortality ratio (SMR) for lung cancer was
1.46 [95% confidence interval (95% CI 1.20-1.76] for the welders and 1.18 (95% CI 0.98-1.40) for the
nonwelders, both in comparison with the US general population. Direct comparison between the welders and
nonwelders yielded a rate ratio of 1.22 (95% CI 0.93-1.59). Analyses using a 15-year lag time did not differ
greatly from those of an unlagged analysis. There were no marked trends for lung cancer risk by duration of
exposure or latency. Evidence from cross-sectional data from a sample of the cohort indicated that the welders
smoked somewhat more than the US population and more than the nonwelders. An approximate adjustment of
the rate ratios for possible confounding by smoking suggested that smoking may have accounted for about half
of the excess lung cancer observed among the welders versus that of either reference population.

Conclusions These data provide suggestive but not conclusive evidence of a modest lung cancer risk from

mild-steel welding.

Key terms 1lung cancer, welding.

In 1991 my colleagues and I published our findings for
a cohort of 4459 mild-steel welders and a companion
cohort of 4286 other workers who were never welders
but who worked in the same three heavy equipment
plants (1). The welders were of interest because they had
not been exposed to asbestos (typical of shipyard weld-
ing) or nickel and chromium (present in stainless steel
welding). These agents were potentially responsible for
findings of excess lung cancer in other welder cohorts.
According to approximately 300 samples taken in 1974—
1987, the welders in our cohort were exposed to a dust
concentration of approximately 6 mg/m? and an iron
oxide concentration of 3 mg/m?. Sampling conducted in
the late 1980s for 28 nonwelders indicated that they were

exposed to these two substances at levels that were an
order of magnitude lower than the welders’ exposures.

Both the welder and nonwelder cohorts were restrict-
ed to those who had worked at least 2 years (2 years in
welding for the welders). The average duration of weld-
ing was 8.5 years for the welders. In the original study,
follow-up had been extended through 1988, and 12%
of the combined cohorts had died (N=1067). The aver-
age time since first welding exposure was 20 years for
the welders at the time of the first follow-up.

In 1991 the welders had a standardized mortality
ratio (SMR) of 1.07 [95% confidence interval (95% CI
0.76-1.46), 39 observed] for lung cancer, while the cor-
responding ratio for the nonwelders was 1.17 (95% CI

1 National Institute for Occupational Safety and Health (NIOSH), Cincinnati, Ohio, United States.
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0.92-1.47, 74 cases observed). A direct comparison of
the welders and nonwelders yielded a rate ratio of 0.90
(95% CI 0.60-1.36). For the welders, there were no
marked trends for either duration of welding or time
since welding (latency). Limited smoking data indicat-
ed that both cohorts smoked slightly more than the Unit-
ed States (US) population.

In the last 10 years there have been numerous pub-
lications regarding lung cancer and welding. Moulin (2)
summarized many of these in a meta-analysis of 36 stud-
ies, in which he concluded that welders have an approx-
imately 30-40% excess risk of lung cancer, which did
not appear to be concentrated among either shipyard
welders or stainless steel welders. Moulin estimated that
smoking differences were likely to account for an ex-
cess risk of approximately 20% in the cohort studies,
which were perhaps less subject to bias and more cer-
tain of exposure than the case-referent studies. Thus
there appeared to be a modest excess of lung cancer
above the effects of smoking, an excess which could not
be readily explained as being due either to asbestos or
to the nickel and chromium in stainless steel welding.

I have now updated the data on our own mild-steel
welding cohort with 10 years of further follow-up, re-
sulting in 1969 deaths (23% of the cohort), of which
there were 108 lung cancer deaths among the welders
and 128 lung cancer deaths among the nonwelders.

Subjects and methods

A full description of the welder and nonwelder cohorts
is given in our earlier publication (1). Briefly, the weld-
ers had >2 years of welding experience welding heavy
equipment at three plants in the midwestern United
States. The nonwelders worked in the same plants and
were assemblers, inspectors, packers, janitors, or elec-
tric forklift drivers. The nonwelders were required to
have worked >2 years. All three plants began operation
in the 1950s. All cohort members were male, and 90%
were white.

I conducted the new follow-up from 1989-1998 us-
ing death tapes of the Social Security Administration
and data from the National Death Index (NDI). Deaths
were coded into the ICD (International Classification of
Disease) revision at the time of death. Person-years at
risk ended in 1998 for all those known to have been alive
in 1979 when the NDI became available, or else at the
date of death, or at the date last observed for those lost
to follow-up prior to 1979. I relied on cause-of-death
information from the NDI (NDI-Plus), and did not ob-
tain new death certificates for this follow-up extension.

Analyses comparing welders and nonwelders to the
US population were conducted using the life-table anal-
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ysis system of the National Institute for Occupational
Safety and Health (3), adjusted for age (5-year catego-
ries), race (white or nonwhite), and calendar time (5-
year categories). Direct comparisons between the weld-
ers and nonwelders, adjusted for age (5-year categories),
race, and calendar time (5-year categories) were con-
ducted via Poisson regression (4).

Results

Table 1 presents the results for a variety of causes for
the welders and nonwelders in comparison with the US
population. The welders showed an increase in lung can-
cer rate when compared with that of the earlier follow-
up, with a standardized mortality ratio of 1.46, while the
nonwelders had approximately the same ratio as before,
1.18. Overall mortality was unremarkable for both
cohorts, as was that for heart disease and nonmalig-
nant respiratory disease. Both kidney cancer and
bladder cancer were in excess among the welders but
not among the nonwelders, although the numbers
were relatively small. Emphysema was markedly in-
creased for both groups and therefore suggested a
possible effect of smoking among these blue-collar
workers when compared with the US population. In con-
trast, larynx cancer and esophageal cancer, two other
diseases strongly related to smoking, did not show
marked increases, although small numbers limited pre-
cision for these outcomes. Furthermore, the category
“other nonmalignant respiratory disease”, most of which
was nonspecific chronic obstructive pulmonary disease,
which is also highly related to smoking, did not show
an excess.

No deaths from asbestosis or nonspecific pneumo-
coniosis occurred in either the welder or the nonwelder
cohort; this finding tends to confirm the lack of asbes-
tos exposure. One death from mesothelioma occurred
in a welder (as reported in our prior study of this co-
hort, follow-up through 1988). This man had 20 years
of prior employment in a brewery, an industry with po-
tential asbestos exposure. Because I did not obtain death
certificates for the workers covered by my new follow-
up, but instead relied on cause-of-death information
from the NDI, and because mesothelioma does not have
its own specific ICD code, I was not able to review death
certificates for the occurrence of mesothelioma in the
new follow-up. There were no deaths from cancer of the
pleura or peritoneum — two categories that sometimes
include mesotheliomas — in either the welder or non-
welder cohort.

A direct comparison of the welders and non-
welders via Poisson regression yielded a rate ratio
of 1.22 (95% CI 0.93-1.59) for lung cancer. Direct
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Table 1. Mortality from selected causes for the welders and nonwelders in comparison with that of the United States population. (SMR

= standardized mortality ratio, 95% Cl = 95% confidence interval)

Cause? Welders Nonwelders
Deaths SMR 95% Cl Deaths SMR 95% Cl

All cancers 258 1.25 1.09-1.41 326 1.07 0.96-1.19
Lung cancer (162) 108 1.46 1.20-1.76 128 1.18 0.98-1.40
Esophageal cancer (150) 4 0.61 0.16-1.55 5 0.60 0.19-1.40
Laryngeal cancer (161) 4 1.42 0.39-3.62 5 1.26 0.40-2.94
Prostate cancer (185) 12 0.96 0.49-1.68 36 1.57 1.10-2.17
Colon cancer (152-153) 19 1.12 0.67-1.75 22 0.83 0.51-1.25
Kidney cancer (189.0-189.2) 10 1.84 0.88-3.38 6 0.77 0.28-1.68
Bladder cancer (188, 189.3-189.9) 7 1.71 0.69-3.53 9 1.21 0.55-2.30
Ischemic heart disease (410-414) 203 0.99 0.86-1.14 323 0.92 0.82-1.03

All nonmalignant respiratory disease

(460466, 470-478, 480-487, 490-519) 58 1.12 0.85-1.44 87 0.97 0.77-1.20
Emphysema (492) 13 1.94 1.03-3.32 23 1.74 1.10-2.61
Bronchitis 2 1.27 0.19-2.67 5 1.95 0.63-4.56
Other nonmalignant respiratory diseases
(470-478, 494-519) 28 1.12 0.75-1.62 44 1.03 0.74-1.38

All causes 808 0.95 0.88-1.01 1161 0.94 0.88-0.99

2 Codes of the International Classification of Diseases, 9th revision, in parenthesis.

Table 2. Standardized mortality ratios (SMR) and standardized rate ratios (SRR) for lung cancer among the welders and nonwelders.

(US=United States, 95% Cl = 95% confidence interval)

Welders versus US population

Nonwelders versus US population

Welders versus nonwelders

Deaths SMR 95% Cl Deaths SMR 95% Cl SRR 95% Cl
(N) (N)
Lung cancer mortality 108 1.46 1.20-1.76 128 1.18 0.90-1.40 1.22 0.93-1.59
Duration of exposure
2-5 years 32 1.55 1.06-2.19 21 1.25 0.77-1.91 1.26 0.71-2.21
5-10 years 22 1.34 0.84-2.03 21 1.60 0.99-2.45 0.88 0.47-1.66
10-15 years 24 1.91 1.22-2.84 16 1.03 0.59-1.67 1.47 0.75-2.86
15-20 years 15 1.29 0.72-2.13 23 1.02 0.65-1.53 1.22 0.63-2.38
>20 years 15 1.19 0.67-1.96 47 1.16 0.85-1.54 1.06 0.59-1.90
Latency
<20 years 22 0.86-2.09 27 0.98 0.65-1.43 1.26 0.70-2.27
>20 years 86 1.18-1.83 101 1.25 1.11-1.52 1.21 -0.90-1.63

welder to nonwelder comparisons for emphysema and
other nonmalignant respiratory disease (primarily
nonspecific chronic obstructive pulmonary disease)
yielded standardized rate ratios of 1.09 (0.54-2.18) and
1.16 (0.71-1.90), respectively.

Table 2 gives more detailed results for lung cancer
for both standardized mortality ratios (comparing weld-
ers and nonwelders to the U.S. population) and stand-
ardized rate ratios (comparing welders to nonwelders).
There was no positive trend indicating an increased risk
of lung cancer with increased duration of exposure for
the welders, for either the standardized mortality ratios
or the standardized rate ratios. There was some inaccu-
racy involved in the duration results and latency because
I did not update the work histories of the workers who

were currently employed at the time of the data collec-
tion in the mid-1980s (14% of the cohort). There was
little suggestion of any increase among the welders with
a longer latency, when either standardized mortality ra-
tios or standardized rate ratios were considered.

The data were also analyzed with a 15-year lag time
(table 3). The results did not change markedly. There
was a suggestion of a trend with duration for the stand-
ardized rate ratios when the welders and nonwelders
were compared. However, the category with the long-
est exposure did not show an elevated rate ratio. A test
for trend in the internal analyses via Poisson regression,
using either years of exposure (P=0.33) or the log of
years of exposure (P=0.17) as a continuous variable, did
not indicate a strong positive trend.
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Table 3. Standardized mortality ratios (SMR) and standardized rate ratios (SRR) for lung cancer among the welders and nonwelders,
15 year lag time. (US = United States, 95% Cl=95% confidence interval)

Welders versus US population

Nonwelders versus US population

Welders versus nonwelders

Deaths SMR 95% Cl Deaths SMR 95% Gl SRR 95% Cl
(N) (N)
Total mortality 972 1.47 1.19-1.79 114* 1.18 0.90-1.40 1.22 0.93-1.59
Duration of exposure
2-5 years 34 1.39 0.96-1.94 32 1.30 0.89-1.89 1.10 0.67-1.81
5-10 years 23 1.30 0.82-1.95 26 1.33 0.87-1.95 0.89 0.49-1.59
10-15 years 23 1.94 1.23-2.91 20 1.09 0.66-1.68 1.69 0.92-3.11
15-20 years 12 1.65 0.85-2.88 15 0.97 0.54-1.60 1.63 0.75-3.51
>20 years 15 1.02 0.57-1.68 21 1.33 0.82-2.07 0.77 0.29-2.05
Latency 2
<20 years 66 1.39 1.07-1.77 77 1.11 0.88-1.39 1.20 0.88-1.64
>20 years 31 1.66 1.23-2.36 37 1.52 1.07-2.10 1.10 0.67-1.79

a2 Eleven welders and 14 nonwelders were lagged out in this analysis and not included in table 3.

Plant-specific analyses were also conducted. Weld-
ers at plants 1, 2, and 3 had standardized mortality ra-
tios of 1.08 (95% CI 0.57-1.84, 13 deaths observed),
1.65 (95% CI 1.29-2.07, 74 deaths observed), and 1.24
(95% CI 0.77-1.90, 21 deaths observed), respectively,
for lung cancer, while the corresponding ratios for the
nonwelders were 1.12 (95% CI 0.76-1.59, 31 deaths
observed), 1.23 (95% CI 0.87-1.68, 39 deaths ob-
served), and 1.18 (95% CI 0.90-1.53, 58 deaths ob-
served). I found no explanation for the concentration of
welder excess in plant 2, especially since exposures
were considered similar at all three plants. However, the
confidence intervals were wide for the welders of plants
1 and 3, and therefore random error may have been re-
sponsible.

Discussion

Mortality from lung cancer among the welders, when
compared with that of the general population, increased
markedly when compared with the results of the earlier
follow-up (from a lung cancer SMR of 1.07 to an SMR
of 1.46), while the standardized mortality ratio for the
nonwelders remained virtually the same. A direct com-
parison between the welders and nonwelders yielded a
rate ratio of 1.22.

Both welders (N=891) and nonwelders (N=4731)
smoked more than the general population in a cross-
sectional survey in 1985; 22% of the welders and
21% of the nonwelders were never-smokers, com-
pared with 30% of the US population of the same age
and gender. More welders than nonwelders were cur-
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rent smokers (49% versus 42%) in 1985, and fewer were
former smokers (29% versus 37%). The correspond-
ing figures for current and former smokers in the
United States were 36% and 34%, respectively. A
calculation to estimate the likely effect of confound-
ing by smoking in a direct comparison of the weld-
ers to nonwelders (5), on the assumption of a rate ra-
tio of 15 for current smokers and 5 for former smokers,
indicated that the expected rate ratio between the weld-
ers and nonwelders would be approximately 1.08 due
to smoking differences alone, while the expected rate
ratio between the welders and the US population
would be 1.23. These rate ratios expected from smok-
ing differences alone should be compared with the
respective observed rate ratios of 1.22 for welders
versus nonwelders, and 1.46 for welders versus the
US population. Thus there appears to have been a
modest excess of lung cancer among the welders as
compared with either the nonwelders or the US popu-
lation, beyond what would be expected due to smok-
ing differences. However, the smoking data were
limited and did not provide a basis for solid inference
about the effects of smoking versus exposure on lung
cancer rates.

The trends for increased lung cancer risk for weld-
ers with increased duration or increased latency were
not pronounced or were inconsistent, although there
was a suggestion of a trend with duration for the
analysis with a 15-year lag time. It should be remem-
bered, however, that the duration of exposure may
not be well correlated with cumulative exposure to
welding fumes, the measure of interest. The degree of
this correlation depends on whether the intensity of ex-
posure changed over time or varied across different
kinds of welding jobs.



In conclusion, 10 additional years of follow-up have
brought these data more in line with other welder data
sets in showing some evidence of an excess of lung can-
cer among welders when compared with either the gen-
eral population or another population of nonwelders in
the same plants. These mild-steel welders did not have
occupational exposure to asbestos, nickel, or chromium,
and therefore these agents could not have been respon-
sible for any of the lung cancer excess. However, smok-
ing differences between the welders and the US popu-
lation, and between the welders and the nonwelders, are
likely to have accounted for at least part of the lung can-
cer excess found for the welders. The present data are
suggestive, but not conclusive, with regard to whether
mild-steel welding results in an increased risk of lung
cancer.

Steenland
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