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Rationale: Several occupational exposures adversely affect lung
function.

Objectives: This study reports the influence of continued occupa-
tional dust and fume exposures on the rate of decline of lung
function in participants with early chronic obstructive pulmonary
disease (COPD) studied in a population-based study.

Methods: Subjects consisted of 5,724 participants in the Lung Health
Study, a multicenter study of smoking cessation and anticholinergic
bronchodilator administration in smokers with early COPD (3,592
men; 2,132 women). Average post-bronchodilator FEV, at entry was
78.4% predicted for men and 78.2% predicted for women; all
participants had an FEV,/FVC ratio less than 0.70.

Measurements and Main Results: Participants underwent a baseline
evaluation and five annual follow-up assessments, including ques-
tionnaires and spirometry. The effect of ongoing dust or fume
exposure on FEV, in each follow-up year was statistically evaluated
with a mixed-effects regression model, which was adjusted for FEV,
at entry, age, airway responsiveness to methacholine, baseline
smoking intensity, and time-varying (yearly) smoking status during
each follow-up year. In men with early COPD, each year of continued
fume exposure was associated with a 0.25% predicted reduction in
post-bronchodilator FEV,% predicted. Continued smoking and
airway hyperresponsiveness were also associated with reduction in
FEV, during each year of follow-up in both men and women.
Statistically significant effects of dust exposure on the rate of decline
were not found, nor were effects of fume exposure noted in women.
Conclusions: These results suggest a need for secondary prevention
by controlling occupational fume exposures.
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Chronic obstructive pulmonary disease (COPD) is one of the
leading causes of mortality and morbidity (1-3). Although the
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Many studies of the influence of occupational exposure on
chronic obstructive pulmonary disease (COPD) have been
cross sectional. Few were based on groups of subjects with
early COPD.

What This Study Adds to the Field

This longitudinal study demonstrates that ongoing occupa-
tional exposure to fumes is associated with an increased
rate of decline of lung function in persons with COPD.

primary cause of COPD is tobacco smoking, increasing evi-
dence implicates occupational and environmental exposures as
additional etiologic factors (4, 5). Occupational exposures may
influence the course of COPD in several ways: (1) causing COPD;
(2) modifying the effect of tobacco smoke in causing COPD,
such as amplifying its adverse impact; (3) creating greater
disability by adding exposure-related impairment to that due
to tobacco smoking; and (4) accelerating the rate of decline of
respiratory function in persons with established COPD.

In this study, we investigated the impact of occupational ex-
posures upon the course of lung function change over 5 years in
persons with early COPD enrolled in the Lung Health Study (LHS).
The LHS is a large, multicenter trial of smoking cessation and bron-
chodilator administration in smokers with early COPD (6).

Both tobacco smoking and occupational exposures have
been associated with accelerated decline of lung function (7—
10). The unusually detailed and careful annual follow-up of
smoking, occupational exposures, and lung function assessments
of the LHS facilitate distinguishing the effects of both smoking
and occupational exposure.

It is generally believed that the effect of tobacco smoking is
greater than that of most occupational exposures, and because of
the overwhelming effect of tobacco smoking, it is often difficult to
discern additional effects of occupational exposure. Despite this,
many studies have shown that occupation has a significant
contributory role (4, 5, 11). In this article, we report analyses of
the impact of ongoing fume and dust exposure on the rate of
progression of COPD. Some of the results of these studies have
been previously reported in the form of an abstract (12).

METHODS

Participants

All participants had early COPD, which was defined by a post-
bronchodilator FEV/FVC ratio of less than 0.70 and an FEV, between
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55 and 90% of predicted. All participants were current smokers at the
time of entry. Participants were required to provide written informed
consent, approved by each clinical center’s human subjects review
board, before entry into the study. Participants were recruited in 10
study centers in the United States and Canada. The study participants
were 95.8% white, 3.8% African American, 0.1% Asian; 0.6% were
Hispanic, and are included in the white group (13). After screening to
determine eligibility, each participant underwent a baseline evaluation,
including spirometry, interview, and measurement of airway respon-
siveness by methacholine challenge testing (14-17). Participants were
then randomly assigned to usual care or to a special smoking cessation
intervention group (1,964 and 3,923 participants, respectively). In
addition, those in the special intervention group were also randomly
assigned to receive an inhaled anticholinergic bronchodilator or
a placebo inhaler (n = 1961 and 1962, respectively) (18, 19). Partic-
ipants underwent follow-up evaluation, including repeated question-
naires and spirometry, on an annual basis for 5 years.

Interview Data

Several questions concerning employment were incorporated into the
baseline interview. These included: (7) employment status (not work-
ing, employed full time, employed part time); (2) current/most recent
job (title, industry, and field); (3) usual job (job held longest: title,
industry, and field); (4) self-reported “dust exposure,” “fume expo-
sure,” or “mask use” for current job. Tobacco use questions included
intensity of smoking at entry (expressed as cigarettes/d) and age at
which smoking began.

During the five annual follow-up visits, the questions about
employment status and self-reported exposures (dust exposure, fume
exposure, and mask use) were repeated. In addition, smoking status
was ascertained by questionnaire and verified by end-expired CO and
salivary cotinine measurements. Spirometry testing was performed at
each of the annual follow-up visits.

Spirometry, using standardized techniques, was performed before
and after inhalation of a short-acting bronchodilator (200 pg iso-
proterenol) (14). Results are expressed as percentage of the predicted
value using the equations of Crapo and colleagues (20) to be consistent
with prior publications concerning the LHS. Predicted values for
African Americans were calculated by multiplying the corresponding
predicted value for white participants by 0.88. Spirometry results are
expressed as percentage of the predicted value, rather than as an
absolute value, to scale for body size and to track an individual’s course
over time, even if height changed. Intensity of smoking at baseline
(cigarettes/d) was selected as the major baseline measure of smoking,
because earlier analyses of the LHS have shown this to be an important
predictor of subsequent rate of decline of FEV; (21).

Airway responsiveness was determined by methacholine challenge
using a modification of the Chai protocol (22). Airway responsiveness
was expressed by the slope of methacholine dose-FEV; relationship
(methacholine challenge test slope [SMCT]). The SMCT was calcu-
lated as: (final FEV; — baseline FEV;)/(cumulative concentration of
methacholine attained). An increasingly negative SMCT implies
greater airway responsiveness.

Using a general, linear, mixed-effects model, post-bronchodilator
FEV, % predicted at each follow-up year was regressed on both baseline
characteristics and time-varying characteristics. Baseline characteristics
included age, airway responsiveness determined from methacholine
challenge testing at entry (as SMCT), baseline FEV,% predicted, and
a measure of baseline occupational exposure. Time-dependent variables
included self-reported occupational exposure and self-reported smoking
(smoking status, cigarettes/d, or smoking intensity as a categorical vari-
able). Self-reported occupational exposure to dust and fume at baseline
and each follow-up year were used as indicators of occupational
exposure. Dust and fume exposure were used in separate models.
Persons who were not working were considered not occupationally
exposed. The model also included year of study and incorporated a first-
order autoregressive covariance structure (23).

Smoking intensity at baseline was expressed as cigarettes per day.
Smoking during the follow-up years was expressed in several alterna-
tive ways: smoking status (smoking, not smoking); smoking category
(using six categories defined by cigarettes/d: 0, 1-15, 16-25, 26-35, 36—
45, = 45); and cigarettes/day.
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Separate models were used for dust exposure and for fume ex-
posure; all analyses were stratified by gender. Several combinations of
methods expressing exposure and smoking were used. Similar analyses
were conducted for FVC% predicted (pre- and post-bronchodilator)
and for prebronchodilator FEV;% predicted.

Hypothesis testing was conducted assuming that each regression
model was independent. There was no explicit adjustment of hypoth-
esis testing P values for the multiple comparisons consequent to the use
of multiple models; each model’s p value was calculated independently.

RESULTS

The study included 3,592 men and 2,132 women who partici-
pated in the LHS and who did not have missing data. Re-
cruitment began in October 1986. Table 1 summarizes the
characteristics of the participants. The average age at baseline
was 48.4 and 48.5 years for men and women, respectively (age
range, 34-66 yr for men and 35-67 yr for women). Participants
had an average of 5.6 annual visits, including the initial survey
(78.4% had all five follow-up visits); 5,334 were still participat-
ing at Year 5. All were smokers at the initiation of the study.
The average prebronchodilator FEV; for men at baseline was
75.2% of predicted, with a range of 48.2-92.4%, whereas
average prebronchodilator FEV; for women at baseline was
75.1% of predicted, with a range of 51.8-95.7%. The average
airway responsiveness was —9.5 ml/mg (SD = 19.4) in men and
—18.2 ml/mg (SD = 28.1) in women at baseline. Figure 1 shows
the progression of the post-bronchodilator FEV; and the FEV,/
FVC ratio over the course of the study.

Figure 2 shows the smoking status of the participants at
baseline and during follow-up: 50.7% continued to smoke
throughout the follow-up visits; 19.8% were sustained quitters
(persons who did not report smoking at any of the follow-up
visits); and 29.5% were intermittent smokers, according to LHS
criteria. Figure 2 summarizes the smoking status and intensity
(cigarettes/d) throughout the study. Among those smoking, the
average number of cigarettes smoked per day was 31.7 at
baseline and 23.8 at Year 5 for men and 27.6 at baseline and
20.4 at Year 5 for women. At baseline, men had smoked 42.8
pack-years (SD = 20.1) and women had smoked 36.2 (SD =
16.5) pack-years. Overall, 50.7% continued to smoke through-
out the follow-up visits, 19.8% were sustained quitters, and
29.5% were intermittent smokers, according to LHS criteria.

TABLE 1. CHARACTERISTICS OF PARTICIPANTS

Characteristics Baseline Year 5
Men
No. of participants 3,592 3,343
Spirometry, pre-BD, mean (SD)
FEV;1% predicted 75.2 (8.8) 71.1 (12.3)
FVC% predicted 96.6 (10.6) 93.3 (12.0)
FEV/FVC ratio 62.7 (5.7) 60.7 (7.8)
Spirometry, post-BD, mean (SD)
FEV;% predicted 78.4 (9.2) 75.0 (12.0)
FVC% predicted 97.6 (10.6) 95.9 (11.7)
FEV-/FVC ratio 64.6 (6.2) 62.4 (8.0)
Women
No. of participants 2,132 1,992
Spirometry, pre-BD, mean (SD)
FEV;% predicted 75.1 (8.8) 70.6 (12.7)
FVC% predicted 97.3 (10.3) 93.3 (12.6)
FEV,/FVC ratio 63.3 (5.3) 61.0 (7.4)
Spirometry, post-BD, mean (SD)
FEV;% predicted 78.2 (9.0) 74.8 (12.3)
FVC% predicted 98.1 (10.4) 96.3 (11.8)
FEV,/FVC ratio 65.5 (5.9) 62.8 (7.9)

Definition of abbreviation: BD = bronchodilator.
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TABLE 2. EMPLOYMENT AND EXPOSURE STATUS

Baseline Year 5
Characteristics n (%) n (%)
Men
Employment
Yes 3,269 (91.0) 2,602 (77.8)
No 323 (9.0) 740 (22.1)
Unknown 0 (0.0) 1 (0.0)
Exposure
Dust only 287 (8.0) 268 (8.0)
Fume only 213 (5.9) 128 (3.8)
Both 499 (13.9) 690 (20.6)
Neither 2,593 (72.2) 2,257 (67.5)
Women
Employment
Yes 1,797 (84.3) 1,322 (66.4)
No 335 (15.7) 669 (33.6)
Unknown 0 (0.0) 1(0.1)
Exposure
Dust only 121 (5.7) 167 (8.4)
Fume only 85 (3.8) 50 (2.5)
Both 109 (5.1) 186 (9.3)
Neither 1,822 (85.5) 1,589 (79.8)

Table 2 summarizes the exposure status and employment
status for participants at baseline and at Year 5. Most remained
actively employed; 91% of participating men were employed at
baseline, and 78% were employed at the Year 5 follow-up. At
baseline and at each follow-up visit, men reported significantly
more dust and fume exposure than did women. For example, at
baseline, 19.8% of men and 8.9% of women reported occupa-
tional fume exposure (P < 0.0001 by Chi-square test). Part of this
difference was due to the higher proportion of men who were
actively employed; for example, at baseline, 91% of men and
84.3% of women were currently employed. However, even limit-
ing analysis to those currently employed, differences in exposure
between men and women were seen (at baseline, 21.8% of
employed men reported fume exposure, but only 8.9% of em-
ployed women did so).

The analyses of the impact of self-reported dust and fume
exposure among men is summarized in Table 3. Four outcome
variables were assessed (all are % predicted, which, by defini-
tion, are adjusted for age, height, gender, and race): FEV;
prebronchodilator; FEV; post-bronchodilator; FVC prebron-
chodilator; and FVC post-bronchodilator (the latter two are not
shown in the table). All models include baseline lung function
as a covariate; therefore, the regression coefficients express the
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influence of predictor variables upon the annual rate of decline
of lung function.

Fume exposure in men was associated with a reduction of the
post-bronchodilator FEV,% predicted. This was observed con-
sistently in several models using alternative methods of adjust-
ment for smoking. The magnitude of effect of fume exposure was
consistent across the models with post-bronchodilator FEV,
and represents a rate of decline in FEV; of approximately
0.25% predicted per year of fume exposure. This was a smaller
effect than the effect of continued smoking, which was approx-
imately 1.2-1.9% predicted.

Baseline airway responsiveness was strongly associated with
FEV; in every model. Additional models (not shown) that did
not include a measure of airway responsiveness (SMCT)
showed similar results for the effects of fume exposure to those
that included airway responsiveness as a covariate.

Fume exposure was not associated with the rate of decline in
prebronchodilator FEV,. Likewise, continuing fume exposure
was not associated with the rate of decline in the FVC, either
pre- or post-bronchodilator (data not shown). Results of FVC
models not including airway responsiveness were not different
from those using the SMCT.

Analyses of data for women did not demonstrate statistically
significant relationships between fume exposure and the rate of
decline in FEVy, nor were there consistent trends. Analyses of
dust exposure did not show statistically significant relationships
between dust exposure and the rate of decline of either FEV; or
FVC during follow-up in either men or women. In women, there
was a nonstatistically significant trend for dust exposure to be
associated with lower prebronchodilator FEV.

DISCUSSION

This study examined the influence of occupational exposure to
dust and fume on respiratory function in individuals with early
chronic obstructive pulmonary disease COPD. A significant ef-
fect of fume exposure on the rate of lung function decline over
5 years of follow-up was demonstrated in men. Fume exposure
was associated with significant decrements of post-bronchodi-
lator FEV1, suggesting that ongoing occupational fume expo-
sure may be particularly adverse for individuals with early
COPD. A comparable effect was not shown for the prebron-
chodilator FEV;.

Fume exposure affected the rate of decline of lung function
even when adjusted for baseline lung function. The mixed-
effects model allows the differentiation of the effect of ongoing
(time-variant) exposure from that of cumulative exposures that

TABLE 3. EFFECT OF EXPOSURE AND OTHER CHARACTERISTICS ON POST-BRONCHODILATOR FEV; (MEN)

Exposure Effect Smoking
Baseline Follow-Up Follow-Up Baseline Characteristics
Baseline

Model Dust Fume Dust Fume (Cigs/d) Status Intensity Age AR
1 — — —0.143 (NS) — —0.006 (NS) —1.986 (<0.0001) — —0.103 (<0.0001) 0.032 (<0.0001)
2 — — —0.132 (NS) — 0.005 (NS) —1.248 (<0.0001) —0.353 (<0.0001) —0.7105 (<0.0001) 0.032 (<0.00071)
3 0.185 (NS) — —0.126 (NS) — —0.006 (NS) —1.985 (<0.0001) — —0.103 (<0.0001) 0.032 (<0.00071)
4 0.154 (NS) — —0.118 (NS) — 0.005 (NS) —1.248 (<0.0001) —0.352 (<0.0001) —0.106 (<0.0001) 0.032 (<0.0001)
5 — — — —0.263 (0.011) —0.006 (NS) —1.986 (<0.0001) — —0.103 (<0.0001) 0.032 (<0.00071)
6 — — — —0.25 (0.015)  0.005 (NS) —1.249 (<0.0001) —0.352 (< 0.0001) —0.106 (<0.0001) 0.032 (<0.0001)
7 — 0.376 (NS) — —0.228 (0.03) —0.006 (NS) —1.983 (<0.0001) — —0.104 (<0.0001) 0.031 (<0.0001)
8 — 0.354 (NS) — —0.218 (0.038)  0.005 (NS) —1.249 (<0.0001) —0.351 (<0.0001) —0.107 (<0.0001) 0.032 (<0.00071)

Definition of abbreviations: AR = airway responsiveness; Cigs = cigarettes; NS = not significant.

The table shows results of analyses for men. Each row represents an individual analysis (model); em-dashes indicate variables not included in the model; the regression
coefficients in FEV; % predicted per year and P values (in parentheses) are shown. Effects of exposure to dust and to fume are shown for baseline and for follow-up years.
Baseline smoking is described as cigarettes per day; smoking at follow-up years by smoking status (yes/no) and/or smoking intensity category (see MetHoDs).
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occurred before the onset of the longitudinal study follow-up.
Thus, these analyses largely reflect the influence of ongoing
exposures during the course of the longitudinal follow-up,
because the models are adjusted for the effect of previous and
baseline exposure on the baseline level of lung function. In
addition to the effect of long-term cumulative exposures, ongo-
ing exposure has an additional adverse impact.

Several cross-sectional and longitudinal studies have shown
that occupational dust exposure affects the level and the rate
of decline of lung function. Many of these studies were
conducted within a single industry or job category (such as
mining [24-26]), or were related to a single exposure (e.g., coal
dust, silica, carbon black, silicon carbide) (24, 26-30). Other
studies were conducted in community-based cohorts with
a variety of occupational exposures (2, 27, 31-35). Nearly all
of the foregoing studies focused on determining the effect of
dust exposures on persons without known lung disease or on
the role of dust in initiation of COPD. The current study did
not demonstrate an effect of ongoing dust exposure upon rate
of decline of lung function. One study of persons with
established COPD showed that prior exposure to “
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gas, dust, or fumes” was associated with increased symptoms
over a 1-year follow-up (36).

The current study addresses different questions: (/) does
ongoing exposure affect the course of existing COPD? (2) How
do exposures affect lung function in persons who are developing
COPD, recognizing that persons with early obstructive disease
may differ from the general population with regard to suscep-
tibility to adverse effects of exposure (1, 37).

“Fume” describes a variety of exposures. In a technical sense,
fume is defined as an “airborne particulate formed by the
condensation of solid particles from the gaseous state. Usually. . .
from ... combustion ... or ... melting process” (38). However,
our study participants may have used this term to describe a great
variety of agents, such as smoke and perhaps strong odors or
vapors of volatile liquids. The overall distribution of jobs in the
study population suggests that “fume” was interpreted by partic-
ipants in a broad sense, not strictly limited to solid aerosols
related to combustion (39).

The effect of fume exposure demonstrated in this longitudi-
nal analysis is consistent with the impact of fume exposure
noted in a cross-sectional analysis of this population (12, 40).

Figure 2. Smoking category at baseline and each follow-
up year. The figure shows the proportion of subjects in
each smoking intensity category at baseline (B) and each
follow-up year. The lower segment of each bar (no fill)
represents the % of nonsmokers (solid black segment). The
segments above sequentially represent smoking category
by cigarettes/day: 1-15 (horizontal bars); 16-25 (dots);
26-35 (vertical bars); 36-45 (dense horizontal bars); 46 or
more (solid black).
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In the latter analysis, fume exposure was described both by
participants’ self-reports and by estimates based upon an expert
panel, job-derived exposure matrix. The experts used the term
fume in its technically correct sense (“fine condensation-related
solid aerosol”); results based upon self-report and by expert
ratings were the same. Therefore, the results in this article are
unlikely to represent an artifact due to misinterpretation by
participants of the term fume. Work categories in which a high
proportion of participants reported fume exposure include
agriculture, metal products, construction, and personal appear-
ance workers (41).

Baseline FEV,, which was included as a covariate, reflects
the influence of prior exposures; any residual effect of prior ex-
posures not adjusted by baseline FEV, is likely to be statisti-
cally overshadowed by that of ongoing exposure. Therefore,
the absence of demonstrated statistically significant coeffi-
cients for baseline exposures in the analyses reported here
does not imply that such prior exposure is unimportant.
Indeed, in our cross-sectional analysis of the baseline LHS
data with regard to prior cumulative exposure, we found that
fume exposure was closely associated with reductions in FEV;
(12). The effect of including baseline FEV, as a covariate is
illustrated in Table 3 by the baseline smoking intensity
coefficients. Despite the well known influence of smoking on
the rate of lung function decline (21), no coefficients for
smoking intensity at baseline are statistically related to longi-
tudinal change, because the effect of baseline smoking in-
tensity is similarly overadjusted by including it in the baseline
FEV, covariate. Furthermore, age was a baseline covariate in
the regression analyses, as the rate of decline may be influ-
enced by age; the correlation of age and cumulative exposure
might overadjust and reduce the likelihood of detecting an
effect of prior exposures.

Despite comparable analytic methods, adverse effects in
women were not demonstrated in this study. Although this may
reflect a fundamental difference in responsiveness of women to
occupational fume exposure, it is more likely that the smaller
number of women in the study, and the smaller proportion with
exposure, significantly reduced the statistical power. In addition,
exposures for women may differ qualitatively and quantitatively
from reported exposures for men, such that reported women’s
exposures might be less intense than those reported by men.
Also, airway hyperresponsiveness was more common in women
than in men (15), and those hyperresponsive women who are
particularly prone to irritative effects of fume may have changed
occupations well before the onset of the study.

Implications

These results have several important implications. First, they
indicate that continuing occupational exposure to fume after
onset of COPD adversely affects lung function. Although the
average magnitude of this effect on the rate of decline (0.25% of
predicted FEV,/yr) is smaller than the average effect of
continued cigarette smoking (1.2-1.9% predicted/yr), this can
lead to a significant functional loss over a prolonged period of
time, particularly when added to the loss due to smoking per se.
Furthermore, some sensitive individuals may experience a sig-
nificantly greater effect than the average effect estimated by
the regression coefficients. Finally, the metric of self-reported
exposure to fume was relatively crude, so that the regression
coefficient may underestimate the actual effect (i.e., any mis-
classification error is likely to bias toward the null).

Second, the data suggest the possibility that materials that
participants subjectively identify as fume (whether because of
odor or due to direct mucosal irritation) may have a particular
propensity to induce inflammatory responses. Thus, materials

referred to as fume may be more likely to produce an impact on
lung function than those reflected in the term “dust” (39).

Third, although there is a specific effect of fume, the precise
meaning of this term is ambiguous in common parlance. In the
past, many epidemiologic studies have focused on dust, and
included fume only in conjunction with other exposure terms in
the same question (e.g., “exposure to fumes, vapors, and gases”).
Future studies should inquire explicitly about fume per se to
define which aspect of fume is associated with reduction of lung
function.

Fourth, there is a clear implication for secondary screening
and secondary prevention. Persons with early COPD should be
very cautious about ongoing, uncontrolled occupational fume
exposure. Particularly because they already have existing lung
damage and typically have an accelerated lung function decline
over time in comparison with normal persons, any additional
lung function loss due to fume exposure is likely to be more
significant. Clinicians should ask patients with COPD about oc-
cupational factors and recommend methods to limit exposures,
particularly those capable of irritating airways or inducing air-
rogate indicator of exposure to materials with particular risk.

Fifth, patients with COPD may be more sensitive to fume
exposure than are members of the general population. In broad,
community-based populations, dust has a more prominent ef-
fect on lung function than does fume (2, 5, 26, 27, 35, 42, 43). In
light of these previous findings, the findings from the current
study may indicate that persons with COPD are peculiarly
sensitive to fume.

Because all participants had early COPD, this study cannot
directly determine if a similar effect would be seen among persons
without COPD. It is possible that similar personal genetic factors
predispose some individuals to the adverse pulmonary effects of
both tobacco smoke and occupational exposures. Most LHS
participants were middle aged, and it is also possible that the
effect observed might be different at other ages. COPD is
a disorder that progresses over a prolonged period, and it is
therefore likely that the adverse effect of occupational fume
exposure is not limited to the 5 years of follow-up in the LHS.

Because this study depends on self-report, it is possible that
there may be a recall bias. However the results, showing a
particular effect of fume exposure, are consistent with those of
the cross-sectional analysis of baseline data that we performed
(12). The latter study included “expert” exposure assessments
that are not subject to recall bias.

The analyses did not include explicit adjustment of signifi-
cance tests for multiple comparisons. It is therefore possible
that the observed effect of fume exposure may represent type I
error. However, the results were observed in a consistent
fashion across several of the analytic approaches. The analyses
were conducted based upon explicit a priori hypotheses de-
veloped before conducting the actual analysis.

Conclusions

This study shows an adverse effect of ongoing fume exposure on
the rate of decline in lung function in men with early COPD.
These findings suggest that fume exposure may have a particu-
larly adverse effect on persons with COPD. These results
support the need and opportunity for secondary prevention of
COPD by controlling occupational exposures to fume for per-
sons with early COPD.
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