Weight Gain and Longitudinal Changes
in Lung Function in Steel Workers*
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Associations among dust exposure, smoking habits, and demographic factors and longitudinal
changes of lung function were assessed among male steel workers. Cohort descriptive data
analysis was conducted in 541 steel workers who had performed spirometry at least twice
between 1982 and 1991 (mean follow-up, 6.1 years). The annual change (slope) in FVC, FEV/,
FEV,/FVC%, and in body weight was determined by simple linear regression. The Pearson
correlation coefficient between weight change and spirometry changes was calculated. Compar-
isons were also done in 75 pairs of steel workers matched by age, height, initial FEV,, and
smoking status, but whose FEV, declines differed by =60 mL/yr. The FEV, and FVC declined an
average of 44 and 50 mL/yr, respectively, for the cohort as a whole. The FEV, and FVC declined
52 and 54 mL/yr for current smokers, 43 and 53 mL/yr for ex-smokers, and 36 and 43 mL/yr for
nonsmokers, respectively. Increasing weight was highly correlated with accelerated decline in
lung function (p<0.0001). In the matched pairs, mean slopes for FVC, FEV,, and FEV,/FVC ratio
were —96 mL/yr, —95 mL/yr, and —0.40%/yr for the rapid decliners; and +5 mL/yr, +10 mL/yr,
and +0.10%/yr for their partners (p<0.0001). Matched pair comparisons showed that the rapid
decliners averaged a 4.313 kg weight gain, while their partners gained 1.044 kg during the
follow-up period. The slope of weight gain was 0.708 kg/yr for rapid decliners and 0.191 kg/yr for
comparison workers (p<0.0036). Weight gain, in addition to aging and cigarette smoking, was
found to be associated with the longitudinal rate of decline in FVC, FEV,, and FEV,/FVC ratio.

Abbreviation: BMI=body mass index
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Longitudinal studies of ventilatory function have

demonstrated that increasing age, dust exposure,
and cigarette smoking are associated with greater
rates of decline in function.! However, large unex-
plained differences in the rates of decline commonly
exist among individual members in any given popu-
lation. Multiple linear regression models developed
to address the rate of lung function decline over time
in a population showed that parameters such as
gender, aging, smoking, and dust exposure explain
only about 6 to 12% of the differences in the rates of
decline among the members of the group (variance
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or R?).27 The reasons why some workers have an
exaggerated rate of decline in lung function remain
largely unexplained.

Obesity is associated with reduced lung vol-
umes.*'2 Several reports have evaluated weight gain
and lung function over time, but not in dust-exposed
cohorts (to our knowledge).!>14 We analyzed the
annual rate of change by simple linear regression in
FVC, FEV,, and FEV /FVC ratio, and demographic
factors in 541 steel workers who had performed
spirometry at least twice over a 5-year period be-
tween 1982 and 1991. The association among demo-
graphic parameters, smoking habits, years worked in
dusty jobs, weight gain, and lung function decline
was investigated using both cohort and matched pair
analyses.

MATERIALS AND METHODS

Cohort Data Analysis

Subject selection, spirometry procedures, and dust exposure
assessment have been described in detail elsewhere.” Briefly,
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subjects were chosen from a total cohort of 1,171 medical records
of steel mill workers obtained from the medical department of a
steel company. These workers had participated in spirometry
tests at least once from 1980 to 1991, and in some instances, as
many as 12 times. Spirometry was performed with the subject in
the standing position in the workplace by registered nurses who
had completed a National Institute for Occupational Safety and
Health-approved spirometry course. From the start of this study
in April 1982 to its completion in September 1991, a water-filled
survey spirometer with microprocessor (Eagle One; W.E. Collins;
Braintree, Mass) was used and volume-time curves, accompanied
by a computer printout of spirometry test values, were available.
Curves from 3,587 spirometry tests were reviewed by at least two
physicians for acceptability of effort, satisfactory start of test,
presence of cough, air leak, or premature termination. A total of
152 tests (4.2%) without at least one acceptable curve were
excluded.

Medical records were reviewed for the following: (1) demo-
graphic parameters— date of birth, sex, race, height, and weight;
(2) smoking status—smoking category, cigarettes per day, years
of smoking, and years since ceasing smoking; (3) spirometry
indexes—FVC, FEV|, and peak expiratory flow rate; and (4) job
history—dates of employment, job description, and location.

Subjects were male steel workers with at least two valid
spirometry tests and a follow-up interval of =4 years (n=541;
95% white). The average number of tests per worker was 4.5.
Spirometry changes over the time of follow-up refer to the annual
decline determined for each subject by simple linear regression
using all available FVC, FEV,, and FEV,/FVC values against
time. The weight was measured at the same time as spirometry,
and yearly changes in weight were calculated for each worker
based on linear regression of all available datapoints.

Dust exposure estimates were derived from a detailed job
history and the recognition of dusty levels for each job location.
Total years worked in dusty jobs was used as a surrogate for
cumulative dust exposure. Each year of employment in the blast
furnace sites, the sinter plant, in steelmaking, and in the contin-
uous caster department was considered as a year employed in a
dusty area. Each year spent working in operational services (ie,
pipefitters, riggers, carpenters, fire fighters) was estimated as
50% time worked in a dusty area, while each year worked in the
tin mill, in producing strip steel, in the sheet mill department,
and in administration offices was not added to the sum of the
years worked in dusty areas. The term “years in dusty job” is a
combination of duration and level of exposure.

Descriptive cohort data analysis of longitudinal lung function
decline stratified by age and smoking status was performed using
group mean comparisons (analysis of variance). The Pearson
correlation coefficient between weight change and lung function
changes was also calculated.

Matched Pair Comparison

The 541 workers were grouped into cells according to age,
height, initial FEV,, and smoking status. All the individuals
assigned to a cell were matched for all four variables: age at the
midpoint of follow-up (+2.5 years), height (£2 c¢m), FEV, at
baseline (#250 mL; nine groups between 2.0 and 6.5 L), and
smoking status over the duration of the study (consistent current,
former, or mnever-smokers). Workers whose smoking status
changed during the study were excluded.

For each cell containing at least two individuals fully matched
for all four variables (n=179), the worker with the greatest mean
annual decline in FEV, was paired with the worker with the least
mean annual decline. If this difference was =60 mL/yr, the pair
was selected for further study. After a pair was selected, they
were removed from the cell and the selection procedure re-

peated, until no more pairs with a difference in FEV, decline
=60 mL/yr could be selected. This process resulted in 75 pairs
(32 pairs of current smokers, 22 pairs of never-smokers, and 21
pairs of ex-smokers). The worker with the greater annual FEV,
decline was defined as the rapid decliner.

A matched pair ¢ test was used to test differences in demo-
graphic factors, dust exposure estimates, and cigarette smoking
between rapid decliners and their partners.

RESULTS
Cohort Data Analysis

Table 1 displays the demographic characteristics
and pulmonary function results in the 541 study
subjects, stratified by smoking status at follow-up.
The average age at the midpoint of follow-up approx-
imated 40 years. The FEV, and FVC declined an
average of 44 and 50 mL/yr, respectively, for the
cohort as a whole. The FEV, and FVC declined 52
and 54 mL/yr for current smokers, 43 and 53 mL/yr
for ex-smokers, and 36 and 43 mL/yr for nonsmok-
ers, respectively. The difference in the rate of FEV,
decline between current and nonsmokers was statis-
tically significant (p<<0.0077).

Figures 1 and 2 show the annual decline (slope) of
FEV, and FVC by age and smoking status. The
relationship between longitudinal spirometry decline
and smoking habits was confirmed. Smokers lost
more lung function than nonsmokers and ex-smokers
in each age group during follow-up. A nonlinear
relationship between aging and lung function was
suggested. The rate of lung function decline ap-
peared to accelerate in the age group of 25 to 30
years old, lessen between the ages of 30 and 40 years,
and accelerate again at about age 40 years for
smokers and ex-smokers, and age 45 years for non-
smokers.

The Pearson correlation coefficients for weight
slope vs FEV, slope was —0.2410, (p<0.0001) and
for weight slope vs FVC slope was —0.2755
(p<0.0001),

Matched Pair Comparisons

Table 2 reveals that the 75 pairs were well
matched by age, height, and baseline FEV, values.
After matching, the pairs were found to have similar
values for mean pack-years of smoking, years of work
in dusty jobs, the average number of spirometry tests
performed, the interval between first and last test,
and body mass index (BMI) at both baseline and
follow-up. Although body weight appears to be
different at each time point, these differences do not
achieve statistical significance. The initial percent
predicted FVC was significantly higher in the rapid
decliners than in the comparison group (p=0.0466).
For the rapid decliners in these pairs, the mean
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Table 1—Characteristics of the Study Population by Smoking Sratus*

Smokers
Smoking Status at ‘
Follow-up Entire Cohort Current Ex Never

No. 541 203 175 163
Age at midpoint, yr 395 (7.8) 37.8 (6.6 412(8.1) 39.7 (8.4)
Mean height, cm 178.1 (6.9) 177.7 (7.5 178.1 (6.9) 178.4 (6.3)
Years in a dusty job

At baseline 14.3 (8.1) 13.3(7.3) 15.7 (8.8) 14.2 (8.2)

At follow-up 20.5 (8.4) 19.4 (75) 21.7(9.0) 20.5 (8.6)
Pack-years

At baseline 14.4 (15.8) 20.6 (13.8) 20.6 (16.4) 0.0 (0.0)

At fo]low—up 18.0 (18.8) 28.9 (16.7) 22.2 (17.6) 0.0 (0.0)
Body weight, kg

Baseline 86.943 (15.028) 84.082 (15.164) 87.851 (14.347) 89.576 (14.982)

Follow-up 90.802 (16.617) 87.261 (16.662) 92.981 (16.980) 92.936 (15.482)

Slope,kg/yrf 0.617 (1.189) 0.518 (1.099) 0.867 (1.330) 0.468 (1.103)
BMI

Baseline, l(gm2 27.4 (4.3) 26.6 (4.1) 27.7 (4.2) 28.2 (4.6)

Follow-up, kg/m2 28.6 (4.8 27.6 (4.2) 29.3 (4.9) 29.2 (4.7)
FVC

Baseline 4.97(0.85) 4.89 (0.79) 491 (0.82) 5.13 (0.92)

Baseline, % pred 97.2 (13.0) 95.4 (11.5) 97.0 (12.0) 99.8 (15.3)

Follow—up, I 4.62 (0.88) 4.54 (0.85) 4.55 (0.86) 4.81(0.92)

Follow-up, % pred 93.8(13.9) 91.7 (13.1) 93.2 (13.4) 7.0 (15.0)

Slope, L/yr’ —0.050 (0.058) —0.054 (0.055) —0.053 (0.061) —0.043 (0.059)
FEV,

Baseline, L 3.95 (0.72) 3.87 (0.67) 3.92(0.71) 4.07 (0.76)

Baseline, % pred 93.6 (13.9) 91.3 (12.7) 94.0 (13.3) 96.0 (15.6)

Follow-up, L 3.68(0.75) 3.55(0.72) 3.67 (0.74) 3.85 (0.77)

Follow-up, % pred 91.0 (15.3) 87.4 (14.4) 91.7 (14.5) 94.8 (16.2)

Slope, L/yl”1 —0.044 (0.049) —0.052 (0.045) —0.043 (0.053) —0.036 (0.049)
FEV,/FVC

Baseline, % 79.6 (7.0) 79.2 (7.5) 80.0 (7.3) 79.5 (5.9)

Baseline, % pred 96.0 (8.2) 95.4 (8.8) 96.7 (8.6) 96.0 (7.0)

Follow-up, % 79.6 (6.9) 78.3(7.4) 80.6 (8.1) 80.1(7.2)

Follow-up, % pred 96.8 (8.2) 95.0 (8.8) 98.2 (8.1) 975 (7.2)

Slope, %/yri —0.10 (0.78) —-0.22 (0.72) —0.03 (0.084) —0.03 (0.76)

*Smoking status given as determined at final follow-up testing; values are means (=SD); percent predicted values calculated based on Knudson

et al.>®

tSlope is defined as the change per year of weight and spirometry indexes, calculated by simple linear regression.
P ge per ) g P ) y simp. g

slopes of FVC, FEV,, and FEV,/FVC ratio were
—96 mL/yr, —95 mL/yr, and —0.40%/yr, respec-
tively, while for the comparison workers, the slopes
were +5 mL/yr, +10 mL/yr, and +0.10%/yr. On
average, rapid decliners lost 101 mL/yr in FVC, 105
mL/yr in FEV,, and 0.50%/yr in FEV /FVC ratio
more than the comparison workers. The FEV,/FVC
values at follow-up in the rapid decliners and in the
comparison group were significantly different, with a
lower value in the rapid decliners, reflecting a
relative increase in airflow limitation.

On average, the rapid decliners gained 4.313 kg
while the comparison workers gained 1.044 kg over
the follow-up period. The slope of weight gain for
rapid decliners was 0.708 kg/yr and 0.191 kg/yr for
the comparison workers. Rapid decliners gained
0.517 kg/yr more (the difference in weight slope)
than the comparison workers (p=0.0036).
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Table 3 shows that there is a relatively large
proportion of overweight workers. Approximately
one fourth and one third of the palred subjects had
a BMI =30 kg/m (<25 kg/mg is considered nor-
mal'®) at baseline and follow-up, respectively.

DiscussioN

Numerous epidemiologic studies have explored
the risk factors associated with the decline of lung
function in workers. Longitudinal studies have doc-
umented accelerated losses in lung function in rela-
tion to aging, dust exposure, and cigarette smoking.
However, why certain workers experience acceler-
ated rates of lung function decline (rapid decliners)
in association with industrial exposures remains
largely unexplained. Factors that may be responsible
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FIGURE 1. This figure represents the longitudinal decline of FEV, by age at midpoint of survey and the
smoking status at the final survey. The number of observations in each of the six age groups beginning
in the 25 to 30-year-old age group to >50 age group for current smokers is 14, 73, 52, 27, 26, and 11;
for former smokers, 9, 43, 33, 31, 26, and 33; and for never-smokers, 10, 59, 30, 24, 16, and 24,
respectively. In this and Figure 2, the black bar represents average annual rate of decline (slope) in
FEV, for current smokers, the hatched bar for former smokers, and the white bar for never-smokers.

for the development of airways obstruction include
host susceptibility, a family history of atopy, child-
hood illnesses, obesity and excessive weight gain,
intercurrent respiratory infection, environmental ex-
posures outside of the workplace, socioeconomic
status, and airways responsiveness; additional factors
that are not yet accounted for may play a role in
determining the rate of lung function decline.

The mean slopes of the FVC, FEV,, and FEV,/

FVC SLOPE (ML/YR)

FVC ratio for the comparison workers were +5
mL/yr, +10 mL/yr, and +0.10%/yr, respectively. We
recognize that ventilatory function is not expected to
improve over time in this age group. We consider
these small increases in the mean values of spirom-
etry indexes to reflect several possibilities. These
may be due to a “learning effect,” biological variabil-
ity (eg, the participant may have lung function
testing in the morning compared to the afternoon, in

25-30 30-35

35-40

40-45 45-50 >50

AGE GROUP

Ficure 2. This figure reII)resents longitudinal decline of FVC by age at midpoint of survey and the

smoking status at the final survey.
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Table 2—Comparisons for 75 Matched Pairs

Rapid Comparison
Decliners Group P
Mean (*£SD) Mean (=SD)  Value*

Age at midpoint, yr 38.1(7.6) 38.0 (7.7) 0.5636
Mean height, cm 178.8 (6.1) 178.7 (5.8) 0.8492
No. of tests 46(14) 4.3(1.5) 0.2174
Years of follow-up 5.8 (1.4) 59(15) 0.7065
Years in a dusty job

At baseline 12.4 (7.9) 12.8 (7.3) 0.6690

At follow-up 18.1 (8.3) 18.7(7.9) 0.5608
Pack-years

At baseline 12.9 (13.5) 13.5 (16.2) 0.7534

At follow—up 16.5 (16.2) 16.3 (17.9) 0.9511
Body weight, kg

Baseline 86.761 (14.664) 88.623 (13.302) 0.3192

Follow—up 91.074 (15.573) 89.667 (14.710) 0.4925

Slope, kg/y]" 0.708 (1.208) 0.191 (1.158)  0.0036
BMI

Baseline, kg/m* 27.1 (4.1) 27.7(3.7) 0.2946

Follow-up, kg/m? 28.5 (4.4) 28.1 (4.1) 0.4945
FVC

Baseline, L 5.13 (0.80) 5.02 (0.80) 0.0866

Baseline, % pred 98.7 (11.9) 95.9 (12.1) 0.0466

Follow-up, L 4.57 (0.92) 5.01 (0.79) 0.0001

Follow-up, % pred 90.8 (14.8) 99.1 (11.8) 0.0001

Slope, L/yr* —0.096 (0.061) 0.005 (0.051) 0.0001
FEV,

Baseline, L 4.04 (0.64) 4.04 (0.67) 0.8965

Baseline, % pred 94.3(12.1) 93.3(11.5) 0.2780

Follow-up, L 3.51(0.72) 4.07 (0.67) 0.0001

Follow-up, % pred 85.2 (15.0) 98.2 (12.0) 0.0001

Slope, Liyr! ~0.095 (0.048)  0.010(0.039)  0.0001
FEV/FVC

Baseline, % 79.1 (6.2) 80.8 (6.6) 0.0819

Baseline, % pred 95.3 (7.3) 97.3(7.7) 0.0878

Follow-up, % 77.3(6.2) 81.5 (4.8) 0.0001

Follow-up, % pred 93.8 (9.1) 98.9 (5.7) 0.0001

Slope, %/yr! —0.40 (0.78) 0.10 (0.72) 0.0001

*p value obtained from paired ¢ test.
fSlope is defined as the change per year of weight and spirometry
indexes, calculated by simple linear regression.

the fall as opposed to the spring, or in association
with a mild viral illness), measurement variability
(eg, different technicians with better or worse coach-
ing styles), or a combination of these. Furthermore,
some workers may even have lost weight.
Impairment in lung function has been observed in
obese subjects.512 However, the effect of weight
gain on longitudinal changes of lung function has
been only rarely reported. An important finding in
this study is the association between weight gain and
longitudinal decline of FEV,, FVC, and FEV,/FVC
ratio. Body weight and BMI, both at baseline and
follow-up, did not differ significantly between the
two matched groups, yet rapid decliners gained
significantly more weight than their comparison
workers over an average of 6.2 years. This is consis-
tent with a similar matched pair analysis of data from
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the US National Study of Coal Workers’” Pneumoco-
niosis, which evaluated potential risk factors in min-
ers for clinically important declines in FEV,.16 In
that report, 344 pairs were entered into the analysis,
and excessive weight gain was one of the risk factors
for the rapid decline of lung function. Rapid declin-
ers gained 3.72 kg more weight than their matched
partners over an average of 11 years of follow-up
(p<0.001).

Weight gain in those already overweight may be
relatively more important in determining lung func-
tion decline than weight gain in those of normal body
weight.1* The preponderance of overweight work-
ers may have affected the importance of weight gain
on lung function in this population. In the matched
pair comparison, weight gain explained the differ-
ences in rate of decline between the rapid decliners
and the comparison workers. In the longitudinal
survey,” a multiple regression model was developed
to explore the risk factors associated with longitudi-
nal decline of FEV; weight gain as an independent
variable explained approximately half (6%) of the
total variance (12%).

Obesity is recognized to be associated with
changes in pulmonary mechanics, particularly when
extreme.512 Decreases in various lung volumes have
been observed in obese subjects. Airway closure at
the lung bases and the increased work of breathing
may affect gas exchange at rest and exercise, al-
though the diffusing capacity is usually normal or
increased with simple obesity. Severe obesity may
result in hypoxia, hypoventilation, cor pulmonale,
and right heart failure. In contrast, mild obesity is
generally believed to have little effect on ventilatory
lung function.'” In this report, weight gain over time
was more important than body weight on the effect
of longitudinal changes of lung function. Weight gain
affected the FEV, more than FVC. The annual rate
of decline in FEV,/FVC ratio was steeper for rapid
decliners (p<<0.0001). This implies that weight gain
may affect airflow and lung volumes.

Results from National Health and Nutrition Ex-
amination Surveys revealed an increasing number of
overweight US adults.’® From 1988 to 1991, 33.4%
of US adults 20 years of age or older were estimated
to be overweight (with overweight being defined as a
BMI =27.8 for men and =27.3 for women). Factors
such as dietary knowledge, attitudes, and practices,
physical activity levels, and perhaps social, demo-
graphic, and health behavior factors are likely re-
sponsible for increases in the prevalence of over-
weight. Activity level has been associated with weight
in male health professionals.!®

We are aware that there is a potential for selection
bias when health effects are measured only among
those who participate in a screening program and
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Table 3—Distribution of BMI by Classification of Obesity* at Baseline and Follow-up for 75 Pairs

Rapid Decliners

Comparison Group

BMI Range, Grade of Baseline, Follow—upj Baseline, Follow—upj
kg/m* Obesity* No. (%) No. (%) No. (%) No. (%)
<25.0 0 25 (33.3) 15 (20.0) 15 (20.0) 17 (22.7)
25.0-29.9 I 33 (44.0) 36 (48.0) 41 (54.7) 36 (48.0)
30.0-40.0 2 16 (21.3) 23 (30.7) 19 (25.3) 21 (28.0)
>40.0 3 1(1.3) 1(1.3) 0(0.0) 1(1.3)

*The classification of obesity (grade 0, 1, 2,

information regarding the health of nonparticipants
is unavailable. In this matched pair nested case-
control study, it is our opinion that selection bias is
likely to be less in a longitudinal survey than in a
cross-sectional survey. Workers who may not be a
part of a one-time screening process might well be
included in a longitudinal study. We allowed workers
to be included if they performed at least two tests
over at least 4 years. Allowing this flexible criteria for
participation may have lessened the bias, particularly
if this is compared to workers who would be included
only if they participate each year. We could also
postulate that those screened every year, when such
a program was not required, might be excessively
concerned regarding their health. Such a strict re-
quirement for participation might also bias the study.
Furthermore, the mean years of participation (nearly
6 years) in both groups allowed a reasonable chance
to measure an effect attributable to the workplace
environment on the worker’s health.

We also recognize that individuals may have low
lung values and progress at a rapid rate (the so-called
horse-racing effect) or begin at relatively high values
and have a relatively rapid rate of decline (a phe-
nomenon described as “regression towards the
mean”). We have guarded against these biases by
matching individuals for baseline FEV,. In Table 2
the baseline FEV, for the rapid decliners and for the
comparison group was not different. We reviewed
the curves, not knowing whether a worker would be
a member of the comparison group or a rapid
decliner and used the same criteria for accepting the
spirometry curves in both groups. We have no
justifiable reason to think that the values are spurious
in either group.

Potential confounders could include a cigarette
smoking habit, change in this smoking habit over the
length of the study, years in a dusty job at baseline
and/or follow-up, or the presence of an underlying
medical condition that may be associated with a
sedentary lifestyle and weight gain. Since data from
the unchanging smoking history and the years in a
dusty job were similar (Table 2), we do not consider
these to be confounders. We cannot be sure that

3) is based on the Panel Summary Statement on “Energy, Obesity, and Body Weight Standards.”*

3

those with an accelerated rate of lung function
decline were free of medical illnesses, yet the pres-
ence of an illness would not detract from the rela-
tionship between weight gain and the loss of FEV,
unless the illness was highly correlated with weight
gain. Because of the way that we randomly enrolled
workers into the study, the manner in which match-
ing criteria were used to determine whether a
worker fits into the comparison group or “rapid”
decliner category, as well as the recognition that
these men are blue-collar workers who work every
day, we have no reason to think that this is the case.
Weight gain appears to be an independent determi-
nant for an accelerated decline in FEV,.

There may be numerous explanations for weight
gain. In the present study, we have no data that
attribute weight gain to such common explanations
as poor fitness with lack of exercise or dietary
indiscretions. These steel workers were active and
employed at the time when these lung function tests
were performed. Many in this group were often
required to undertake manual labor. Overall, this
group would be considered to be healthy workers.
Further study to better understand the reason for
weight gain in this population might be helpful.

Weight is frequently measured, but rarely consid-
ered, when modeling longitudinal lung function
changes. Because this feature has not been well
described, the impact of weight gain on FEV, and
FVC over time is of interest. VVeight gain may
influence changes in lung function observed over
time. Other factors such as host susceptibility factors,
airway hyperresponsiveness, childhood respiratory
illnesses, and socioeconomic status have been sug-
gested to affect rates of decline in lung function 2024
In investigations of dust-exposed workers, these fac-
tors are frequently not determined, yet may explain
some of the unexplained variance.

Finally, it is somewhat surprising that in the
matched-pair analysis, accelerated declines in lung
function were not associated with years worked in
dusty areas. We are aware that respiratory exposures
in a steel mill may include asbestos, metal-working
fluids, carbon dust, and irritant gases, among others.
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We acknowledge that direct measurements of expo-
sure were not available and years worked in dusty
jobs was used as a surrogate of estimated exposures.
This approach has the potential to result in large
variability or misclassification in exposure estimates,
and therefore reduce the ability to detect the expo-
sure-related health effects. However, based on our
previous work,” we think that our method of assign-
ing exposures is reasonable. In a previous report on
this population, dust exposures were related to the
level of lung function in a cross-sectional analysis,
with a stronger effect at baseline (about 10 mL
additional loss in FEV, related to each year of
employment in a dusty job [p=0.008]) than at
follow-up (about 5 mL/yr worked in dusty jobs
[p=0.077]); whereas, in the longitudinal analysis, the
relationship between years worked in a dusty job and
the annual rate of decline in FEV, was weak, and
similar to the longitudinal findings in this matched
pair analysis. The reasons for this are unclear, but
may be related to improvements in the workplace
that lessened dust exposures or nonlinear rates of
lung function decline.

In summary, weight gain was found to be associ-
ated with longitudinal decline in lung function in a
middle-aged and relatively overweight working pop-
ulation. The rate of FEV, decline exceeded the rate
of FVC decline, implying that weight gain may be
relevant in understanding airways obstruction in
rapid decliners in the dust-exposed population.
When attempting to understand the reasons for the
rate of change in longitudinally determined lung
function in working populations, it seems reasonable
to address the effect of changes in weight as a
potential explanation for some of the otherwise
unexplained variances in lung function. Further
study needs to be undertaken to show the strength of
this relationship in other populations, and the pat-
tern and biological mechanisms for this relationship.
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