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Rationale: Acute airway response, measured as cross-shift change in
FEV,, to cotton dust may lead to subsequent chronic loss of lung
function in exposed workers.

Objectives: To explore the association between the magnitude and
frequency of cross-shift change and chronic loss of FEV;.

Methods: Four hundred eight cotton workers and 417 silk workers
from Shanghai textile mills were observed prospectively for 20 years,
with cross-shift measurements at baseline and follow-up surveys at
approximate 5-year intervals. To account for repeated measures of
5-year change, generalized estimating equations were used to esti-
mate the relationship between the magnitude of cross-shift change
in FEV, (AFEV,) and subsequent 5-year annualized change. Linear
regression models were used to examine the association between
the number of drops in cross-shift FEV, (AFEV,; < 0) and annualized
change over the entire study period.

Measurements and Main Results: Exposure to cotton dust was associ-
ated with a 10 ml/year decrement in 5-year annualized FEV, decline.
In addition, every 10 ml in AFEV; drop was associated with an
additional 1.5 ml/year loss in annualized FEV, decline. The associa-
tion between the frequency of drops and annualized decline was
stronger for cotton workers than for silk workers over the entire
study period.

Conclusions: Cotton workers had larger and more frequent drops, as
well as excessive chronic declines in FEV;, than did silk workers. The
magnitude and frequency of cross-shift drops were associated with
chronic loss in FEV; over the entire 20-year period examined.

Keywords: cross-shift FEV; change; chronic changes in lung function;
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Occupational exposure to cotton dust is associated with acute
airway responses and chronic airway obstruction. The acute
airway response is expressed typically as a cross-shift drop in
FEV; (AFEV;), which may be or may not be accompanied by
the byssinosis syndrome (1-3). It is generally believed that acute
airway responses are reversible in the early stage or after
a short-term exposure (4, 5). In contrast, chronic airway
obstruction may result from continuous and prolonged exposure
6, 7).

Although the mechanism of acute bronchoconstriction and
chronic airway limitation remains unclear, epidemiologic stud-
ies and animal experiments have suggested that airway in-
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

There is a strong relationship between acute airway re-
sponse and chronic loss in FEV; in cotton textile workers.
Chronic airway obstruction is most likely a consequence of
both long-term exposure and repeated acute airway
responses.

What This Study Adds to the Field

Cotton workers had larger and more frequent drops, as
well as excessive chronic declines in FEV,, than did silk
workers. The magnitude and frequency of cross-shift drops
were associated with chronic loss in FEV; over the entire
20-year period examined.

flammation and immune response are involved in the process
and are triggered by gram-negative bacterial endotoxin con-
taminating the cotton dust (8). Some studies suggest that atopy
may play a role, possibly in nonspecific allergic hypersensitivity,
which indirectly influences the pathogenesis of byssinosis by
increasing airway reactivity to cotton dust inhalation (9). The
mechanism of chronic airway response in cotton textile workers
remains unclear.

Previous studies have focused mostly on acute airway re-
sponses to cotton dust exposure in exposed workers. Although
longitudinal cohort studies over the past two decades have doc-
umented accelerated loss in pulmonary function in cotton dust—
exposed workers, important questions remain unanswered. For
example, the relationship between acute airway responses, as
measured by cross-shift drops in FEV;, and chronic airflow
limitation is not well understood despite the reported relationship
between cotton dust exposure and both cross-shift drops and
chronic airway obstruction (10-12). A few cohort studies have
assessed the possible link between acute and chronic lung
function changes in cotton workers (7, 13). These studies, how-
ever, were limited by lack of exposure assessment, an unavailable
control group, or a short follow-up time. Longitudinal studies
with longer observation time are needed to address the acute—
chronic relationship and ultimately to understand the natural
history and underlying mechanism of chronic airway disease
observed in workers exposed to cotton and other vegetable dusts.

The present study was conducted to determine whether
repeated cross-shift drop in FEV; is a significant predictor for
the excessive annual declines in FEV observed in cotton textile
workers. Biologically, it is plausible that repeated acute airway
responses per se may lead to chronic airway changes. Alterna-
tively, acute responses may lead to chronic airway remodeling
as a direct result of cotton dust exposure. This epidemiologic
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study cannot distinguish between these two biologic hypotheses.
However, we did attempt to distinguish the relevance of the
magnitude of the acute responses from the frequency of such
responses. In both instances, the relationship between the acute
and chronic outcome measures was evaluated conditional on
level of cotton dust exposure. Some of the results in this study
were previously reported at the annual American Thoracic
Society (ATS) meeting in 2006 (14).

METHODS

The cohort was established in 1981; it consisted of 447 cotton workers
and 472 silk workers from Shanghai, China. Detailed information on
subject selection and methodology is described elsewhere (10). Follow-
up surveys were undertaken at approximate 5-year intervals—in 1986,
1992, 1996, and 2001. Thus, the study contained 5-point measurements
of spirometry, environmental, and questionnaire data. The overall
follow-up rates were 74% or above throughout the observation.

Cross-shift spirometric measurements were performed at baseline
and in 1986 and 1992 for both cotton workers and silk workers; in 1996,
they were performed for those cotton workers who remained at work.
Preshift spirometric data were obtained from each survey for both
groups. A total of 408 cotton workers and 417 silk workers who
provided cross-shift measurements were included in this analysis,
accounting for 91 and 88% of the original cotton and silk cohorts,
respectively. Among them, 173 (42%) in the cotton group and 175
(42%) in the silk group had cross-shift FEV, data from all of three
surveys; an additional 143 (35%) in the cotton group and 141 (34%) in
the silk group had data from two surveys.

A modified ATS standardized questionnaire was administered to
collect detailed information with regard to work history, respiratory
symptoms/diseases, and smoking history at each survey (10). Inhalable
air samples for airborne cotton dust in various work areas were mea-
sured using a Vertical Elutriator (General Metalworks, Mequon, WI)
and endotoxin assays were performed on the dust samples at all but the
last survey (11). Estimated cumulative individual exposures to cotton
dust and endotoxin were calculated based on workplace dust measure-
ments and specific working period.

All spirometric maneuvers were performed in accordance with ATS
criteria (15), with consistent methodology, conducted by the same
technicians, using an 8-L water-sealed, filled spirometer (W.E. Collins,
Braintree, MA), which was calibrated twice a day with a 3-L syringe.
All values were corrected to conditions of body temperature and
pressure saturated with water vapor.

Statistical Analysis

Cross-shift changes in FEV; (AFEV,) were calculated by subtracting
post-shift FEV; from preshift FEV,, which represented acute FEV;
changes expressed in milliliters. Chronic changes in FEV; were ex-

TABLE 1. DEMOGRAPHIC DATA AT BASELINE AND
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pressed as annualized changes in FEV;, which were based on differ-
ences in preshift measurements between each 5-year period over the
entire 15 or 20 years of follow-up. To account for repeated measures
in estimating the association between across-shift change in FEV; on
chronic 5-year changes, generalized estimating equations (GEEs) were
used to fit linear regression models. The GEE model takes account of
the repeated and correlated measurement design in its covariate struc-
ture and makes full use of available data (16).

Thus, there were four observations (at ~5-yr intervals) per subject
over the 20 years of follow-up. The outcome, change in FEV; over each
S-year period, was annualized and expressed in milliliters per year.
Using GEEs, we examined whether AFEV; could predict subsequent
changes in FEV; over the next 5-year period, adjusting for age, height,
sex, smoking, and exposure. Exposure was expressed either as a di-
chotomous variable (i.e., cotton vs. silk) or as cumulative exposures to
cotton dust and endotoxin expressed as continuous variables in models
restricted to cotton workers. Cumulative exposures to cotton dust and
endotoxin were calculated based on geometric means of job-specific
sampling data and years of work in specific work areas. Years since
retirement were added to the model to assess the impact of cessation of
exposure on chronic change in FEV;.

We also used linear regression to estimate the association between
the frequency of cross-shift drops (representing repeatability) and
annualized decline in FEV, over the entire follow-up period (15 yr).
Cross-shift drop was defined as a negative change in FEV; over the
work shift; annualized decline was computed by dividing the total
change in FEV, between 1981 and 1996 by 15, which represented an
average annual rate of change. In linear regression models, drop was
treated as a binary variable, which was defined as 1 if AFEV; was less
than 0, and as 0 otherwise. Furthermore, the number of cross-shift
drops was defined as 0, 1, 2, or 3. Models were stratified for cotton
workers and silk workers. All analyses were conducted using the SAS
personal computer software (version 9.1, 2002; SAS Institute, Inc.,
Cary, NC), using PROC GENMOD or GLM. (Additional details about
the methods and model fitting are provided in the online supplement.)

RESULTS

There were no statistically significant differences in age, height,
and sex between the cotton and silk groups, although smoking was
more common in the former (Table 1). Despite slightly higher
baseline FEV; in cotton workers compared with silk workers,
significantly greater annualized declines were seen in cotton
workers over either 15 or 20 years. Cross-shift changes in FEV,
on average, were below zero at each survey in both groups,
implying drops after shift work at textile workshops (Table 2).
Cotton workers, however, exhibited significantly greater drops
than their silk counterparts at each survey.

The relationship between drops and long-term declines in
FEV, over 15 years was assessed with all available data from

LAST SURVEY IN COTTON AND SILK WORKERS

Cotton Workers (n = 408)

Silk Workers (n = 417)

Age, yr

Height, cm

Sex, male, n (%)

Smoking, n (%)

Pack-years*

Endotoxin exposure, EU/m3/yr"

Dust exposure, mg/m?3/yr

Years worked’

Baseline FEV;, ml

Annualized changes in FEV; over 15 yr, ml/yr
Annualized changes in FEV; over 20 yr, ml/yr

37.1 (10.4) 36.1 (10.5)
163.9 (7.5) 162.5 (7.2)
190 (46.6) 178 (42.7)
148 (36.3)* 111 (26.6)
7.9 (9.3) 9.2 (10.0)
48,479.5 (43,780.2) —
19.3 (13.3) —
27.0 (7.9) 28.2 (7.3)
2,915.3 (720.9) 2,885.1 (662.2)
—32.9 (20.1)¢ —28.9 (18.9)
—29.2 (22.5)8 —25.0 (21.1)

Unless otherwise stated, data are presented as means (SD).
* Calculated among ever-smokers only.

" Data from the last survey.

* P = 0.03 when compared with silk workers.

8 p = 0.01 when compared with silk workers.
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TABLE 2. MEANS (SD) OF AFEV; IN THREE SURVEYS AMONG
COTTON AND SILK GROUPS

Cotton Silk

N AFEV, (ml) AFEV, (%) n  AFEV, (m))  AFEV; (%)

1981 391 —57.9 (154.9)* —1.98 (5.49)* 376 —5.6(131.9) —0.02 (4.82)
1986 284 —47.8 (135.3)' —1.77 (6.62)' 307 —26.1 (115.9) —0.87 (4.22)
1992 222 —54.2 (120.9% —1.87 (4.42)8 225 —20.2 (98.9) —0.69 (3.78)
1996 119 —66.6 (141.5) —2.15(5.51) 0 — —

Definition of abbreviation: AFEV; = cross-shift change in FEV;.
Calculations are based on all available data at each survey.

* P < 0.0001.
P =0.04.
*p = 0.001.

§ P = 0.003 in comparison with silk workers.

both groups. AFEV; was significantly associated with subse-
quently annualized 5-year changes in FEV;, with an excess of
1.4 ml/year for every 10-ml drop of AFEV}, after adjustment for
exposure status and potential confounding factors (Table 3).
Exposure to cotton dust added an additional decline of 10 ml/
year for the cotton workers, in contrast to those working at silk
mills. When the analysis was restricted to cotton workers only,
AFEV, data collected in 1996 were also included; the annualized
S-year decline in FEV; was slightly greater (i.e., 1.5 ml /yr for
every 10 ml in drop) over the 20-year period, after accounting
for cumulative exposure and confounders (Table 4). Exposure to
1 EU/m? of endotoxin resulted in an annualized decline in FEV;
by 0.04 ml, whereas the association with cotton dust was in the
positive direction. Smoking contributed to an additional annual-
ized decline of 7 ml. (Pack-year was associated with an annual-
ized decline of 0.36 ml [—0.78 to 0.06] when smoking status was
removed.) No significant interaction was found between exposure
and smoking.

The frequency of cross-shift drops varied across subjects
over the multiple surveys. Eighty-eight percent (88%) of cotton
workers experienced cross-shift drops (AFEV; < 0) at least
once out of the three surveys (baseline, 1986, and 1992), in
contrast to 78% of silk workers, whose magnitude of drops was
significantly smaller at each survey. In addition, more cotton
workers than silk workers had multiple cross-shift drops (46 vs.
34%). When the calculation was restricted to the 173 cotton
workers and 175 silk workers who had complete cross-shift
measurement data, repeated cross-shift drops occurred in 70%
of cotton workers and in 55% of silk workers. The difference
was statistically significant (P < 0.01) by trend test, using either
the data from all workers or the restricted data.

The association between multiple drops and annualized de-
clines in FEV; over 15 years was estimated by group, while

TABLE 3. DETERMINANTS OF ANNUALIZED 5-YEAR CHANGES
IN FEV; (ml/yr) OVER 15 YEARS OF FOLLOW-UP FOR COTTON
AND SILK WORKERS

Estimate (95% Cl) P Value*
Age, yr —0.11 (—0.41 to 0.62) 0.69
Height, cm —0.07 (—0.78 to 0.65) 0.86
Male sex —10.88 (—18.06 to —3.70) 0.03
Smoking —0.01 (—0.02 to 0.01) 0.74
Cotton vs. silk —9.70 (—16.77 to —2.63) 0.005
AFEV; drop, 10 ml —1.43 (-1.78 to —1.07) <0.0001

Definition of abbreviations: Cl = confidence interval; AFEV; = cross-shift change
in FEV;.

A generalized estimating equation model was used, in which all variables but
sex and exposure status are time dependent.

* Tests for whether coefficients are different from zero.

TABLE 4. DETERMINANTS OF ANNUALIZED 5-YEAR CHANGES
IN FEV; (ml/yr) OVER 20 YEARS OF FOLLOW-UP FOR COTTON
WORKERS

Estimate (95% Cl) P Value*
Age, yr —0.48 (—1.34 to 0.38) 0.27
Height, cm —0.53 (—1.24 10 0.17) 0.13
Male sex —2.11 (—12.48 to 16.69) 0.78
Smoking —6.79 (—4.29 to 17.87) 0.23
Years of retirement 0.05 (—1.42 to 1.51) 0.94
Exposure to endotoxin, EU/m3 —0.04 (—0.02 to 0.01) 0.58
Exposure to dust, mg/m?3 2.92 (-6.91 to 12.76) 0.56
AFEV, drop, 10 ml —1.52 (—2.01 to —1.04) <0.0001

Definition of abbreviations: Cl = confidence interval; AFEV;: cross-shift change
in FEV;.

A generalized estimating equation model was used, in which all variables but
sex and exposure status are time dependent.

* Tests for whether coefficients are different from zero.

adjusting for age, height, sex, and smoking. Using all the available
data, for 408 cotton workers and 417 silk workers, the analysis
showed greater annualized declines with multiple drops in both
the silk and the cotton groups (Figure 1). However, the magnitude
of long-term declines was greater for cotton workers than for the
corresponding silk workers. In comparison with the respective
reference group (no AFEV, drop at all), cotton workers who had
two and three negative AFEV had significantly larger declines in
FEV; (P = 0.007 and P = 0.0001, respectively), whereas no
similar significant differences were seen in silk workers (P >
0.05). Furthermore, the analysis was restricted to the 173 cotton
workers and 175 silk workers for whom there were complete
AFEV; measurements in all three surveys. A steeper gradient and
greater magnitude of the declines were displayed, in which cotton
workers with one, two, and three cross-shift drops had declines of
23.6,30.4, and 41.9 ml/year, respectively. The corresponding rates
of declines in silk workers were 15.4, 17.9, and 24.0 ml/year,
respectively.

DISCUSSION

It is plausible that chronic airway obstruction observed in cotton
textile workers is a result of continuous exposure, repeated acute
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Figure 1. Annualized changes in FEV; (ml/yr) over 15 yr associated
with repeated cross-shift drops at the first three surveys among 408
cotton and 417 silk workers, estimated by multiple linear regression
models, in which age, height, smoking status, and sex were adjusted.
AFEV, drop was defined as AFEV; < 0. P = 0.007 and P = 0.0001 for
cotton workers with two and three drops, respectively, in comparison
with the cotton reference group (without a drop); P > 0.05 for silk
workers with two or three drops in comparison with the silk reference
group. Solid squares, silk; solid diamonds, cotton.
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airway responses, or both (17). The current analysis, taking ad-
vantage of long-term follow-up data over 15 and 20 years, was
undertaken to address the relationship among acute airway re-
sponses and chronic functional changes and exposures to cotton
dust and endotoxin. The major strengths of this study lay in the
long-time observation with repeated measurements, high follow-
up rates, and available assessments of exposure to both cotton
dust and endotoxin. The results suggest that exposure to cotton
dust/endotoxin is a significant risk factor for cross-shift drops
in FEV,. Moreover, the cross-shift drop in FEV; is strongly
associated with chronic decline in FEV.

The magnitude of cross-shift drop in FEV; was associated
with annualized declines in FEV; over the following 5-year
interval. Specifically, every 10-ml drop predicted an additional
1.5 ml per annum or a total of 7.5 ml of decline in FEV; over 5
years in cotton workers. In a 5-year follow-up study, Glindmeyer
and coworkers (7) observed a group of yarn manufacturing
workers in the United States with different shifts, and reported
annual declines in FEV; of 11.2, 34.6, and 35.4 ml/year for shifts
1, 2, and 3, respectively, associated with a 200-ml cross-shift
drop. Our findings are consistent in magnitude with these results
for the second- and third-shift workers. In a 6-year follow-up
study of Canadian grain elevator workers, the degree of acute
changes in FEV; over one work shift was correlated with the
subsequent decrease in lung function (18). These studies sup-
port our finding that cross-shift drop in FEV; predicts longitu-
dinal changes in lung function among workers exposed to
organic dust. Cross-shift drop contributes 7 to 9 ml/year to the
annual loss in FEVy, given that the average cross-shift drops in
the cotton workers ranged from 48 to 67 ml (Table 2). This
result means that, in cotton workers, most of the excess annual
loss is attributed to the cross-shift drop. Therefore, the result
highlights the role of acute airway changes in consequent
chronic airway obstruction.

It is noteworthy that repeated cross-shift drops are also an
important predictor for the magnitude of chronic airway changes.
The models using either unrestricted or restricted data showed
a gradient of the chronic declines in FEV; with repeated drops
over the follow-up observation. Silk workers displayed a similar
trend, but to a lesser extent, which may be because silk workers
had smaller cross-shift drops in comparison with cotton workers.
To our knowledge, ours is the first study to report the association
of repeated cross-shift airway responses with chronic airway
obstruction in cotton workers. The results may be interpreted in
two ways: first, a generic association between acute and chronic
airway responses exists, with the former predicting the latter;
second, exposure to cotton dust induces significant cross-shift
drops in FEV; that are, in turn, associated with long-term loss of
lung function in exposed workers. It is likely that both exposure
and the short-term (cross-shift) airway response play a part in the
development of chronic airway obstruction in exposed populations.

Toidentify whether repeated drops are related to the intensity
of exposure, we compared the cumulative exposure levels of
cotton dust and endotoxin over 15 years and over lifetime among
the subgroups by frequency of the drops. No consistent trend was
observed across the subgroups. The lowest exposure level of
either cotton dust or endotoxin, however, was found in the sub-
group that did not experience a cross-shift drop at all. This result
implies that the intensity of exposure is associated with the
occurrence of the cross-shift airway response but not necessarily
with repeated acute airway responses. The response variation
between individuals to what appears to be the same level of
exposure is probably determined by susceptibility factors that
have yet to be understood. Acute airway response is usually
believed to be mediated through allergic and/or nonallergic
mechanisms (8),in which inherited characteristics may play arole.
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If acute airway response is in the physiologic pathway leading to
chronic airway obstruction, cross-shift changes can be used in
identifying susceptible individuals among exposed workers and in
evaluating the efficiency of environmental control.

It remains uncertain whether long-term exposure is a direct
causal factor for chronic airway changes or whether it exerts
adverse effects mostly through inducing repeated cross-shift
airway responses. One of the reasons for the uncertainty is that
no clear exposure-response relationship was observed with the
data. There are two possible explanations for the lack of
exposure-response relationship. One is that the estimated cumu-
lative exposure did not reflect the actual level of individual ex-
posures due to exposure misclassification; we estimated individ-
ual exposures based on workplace air-sampling data and not on
personal sampling data. Another possible explanation is that
the chronic airway obstruction may be influenced by an inherited
predisposition, as suggested by a recent study from our group
(19). Further study with more accurate exposure assessment is
required to evaluate the exposure response relationships. Like-
wise, more research is needed to explore the precise role of
genetic factors in cotton dust-related airway diseases, so as to
understand better the underlying mechanism of cotton dust-
related chronic airway obstruction.

Several limitations in our study should be pointed out. First,
the data analysis was performed in 91% of the cotton and 88%
of the silk workers out of the original cohort, based on the
availability of cross-shift data. To examine whether respiratory
health status in the excluded workers differed from those who
were included, we compared their FEV; at baseline and at each
follow-up survey. The result showed that the excluded workers, in
both the cotton and the silk groups, had lower FEV; than the
included workers. However, this difference was not statistically
significant, implying an unsubstantial healthy worker survivor
effect in both groups. Then, even within the included subjects,
there were missing values of cross-shift FEV; at a certain time
point, which might have led to an underestimate of the association
between repeated drop and chronic changes in lung function.
Lack of personal air-sampling data of cotton dust and endotoxin is
another limitation. Moreover, the air sampling from work areas
was not performed throughout the entire period of follow-up but
only during the months comprising the 5-year periodic surveys.
This intermittent sampling might be another source of exposure
misclassification.

In summary, the current data indicate that cotton workers
experience greater and more repeatable drops in FEV;, and
excess chronic loss in FEV;, than do their silk worker counter-
parts. On the basis of the results showing a relationship between
cross-shift drops and chronic declines in FEV{, we conclude that
the chronic airway obstruction observed in cotton textile workers
is most likely a consequence of both long-term exposure and
repeated cross-shift airway responses. The occurrence and repe-
tition of cross-shift drops in FEV; may be a potent predictor for
the subsequent development and magnitude of chronic airway
obstruction in cotton textile workers.
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