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Respiratory disease in cotton textile workers in the People's
Republic of China
II. Pulmonary function results
by David C Christiani, MD, MPH,1 Ellen A Eisen, ScD,1 David H Wegman, MD, MS,2 Ting-ting Ye,3
Zhi-chu Gong,3 Pei-lian LU,3 He-Han Dai 3
CHRISTIANI DC, EISEN EA, WEGMAN DH, YE T-T, GONG Z-C, LU r-t., DAI H-L. Respiratory
diseasein cotton textileworkers in the People's Republicof China: II Pulmonary function results. Scand
J Work Environ Health 12 (1986) 46-50. Pulmonary function tests were performed pre and post workshift on 887 textile workers with at least two years of employment in two cotton mills and one silk mill
in Shanghai, the People's Republic of China. Environmental sampling was performed with vertical
elutriators, and pulmonary function was performed with standardized techniques. Cotton textileworkers
were found to have greater across-shift decrements in forced expiratory volume in I s (FEVl.o) than silk
workers. Increasing duration of exposure resulted in increasing acute decrements in FEVl.o, although
significant acute decrements werefound in workers with lessthan fiveyearsof exposure. The acute changes
in FEVl.o were noted in both symptomatic and asymptomatic cotton workers, though the difference
between the across-shift change in FEVl.o (.6. FEVl.o 010) of the byssinotics and nonbyssinotics increased
as work duration increased. There was no difference in preshift FEV1.o between the cotton and silk
workers, but several selection factors likely influenced the observations.
Key terms: byssinosis, cotton dust, pulmonary function in textile workers.

Cotton production and consumption has expanded
rapidly in developing nations during the past decade
(12). The People's Republic of China is a major cotton producer, currently the world's largest consumer
of cotton (II), and the number of workers in cotton
processing continues to grow annually. But epidemiologic studies of cotton textile workers in China using
the survey techniques of studies in the United States
and the United Kingdom have not been performed.
Although the characteristic feature of byssinosis in
workers who are exposed to cotton dust is chest tightness occurring on the first day back to work after an
absence, changes in objective measurements of pulmonary function over the workshift have also been
demonstrated. Not all byssinotic workers have changes
in lung function, but as a group they tend to have
greater reductions in the forced expiratory volume in
1 s (FEV 1.0) over the workshift than asymptomatic
workers (3). Moreover, the prevalence of byssinotic
symptoms and decrements in pulmonary function have
been shown to increase with increasing dust exposure
(15).
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The overall objective of this study was to examine
cotton-related respiratory effects in a Chinese textile
worker population. The prevalence of respiratory
symptoms and the relations between symptoms and exposures have been presented in the preceding paper (7).
In this report, measurements of pulmonary function
on the same population are presented along with the
relationships between pulmonary function, exposures,
and symptoms.

Materials and methods
Definitions, the study design, and the methods used
in collecting the data are found in the Methods section of the preceding paper (7).

Pulmonary function tests
Pulmonary function tests were performed before the
subjects entered the work area after a rest period of
2 d and at the end of the same day. Workers were asked
to refrain from smoking for at least 1 h before performing the test. Forced expiratory maneuveurs were
recorded for each worker on an 8-1 Stead-Wells spirometer (WE Collins Co) under the direction of one
technician. Each worker performed up to seven trials
to produce three acceptable curves according to the
American Thoracic Society's criteria for standardization of spirometric techniques (10). The spirometric
curves were read manually with the starting point
defined by back extrapolation. The lung function
indices included forced expiratory volume in 1 s

(FEV 1.0) and forced vital capacity (FVC). Acceptable

FEV 1.0 tracings were allowed to vary by no more than
10 % or 100 ml, whichever was greater, and the best
FEV 1.0 and FVC was used regardless of whether they
were on the same tracing . All values were corrected
to conditions of body temperature and pressure
saturated with water vapor (BTPS). The highest values
for FEVl.o and FVC were used for subsequent analyses, provided that these values came from technically
acceptable blows. The best FEV 1.0 was expressed as
the percentage of best PVC (FEVl.o/FVC%) and for
each worker the change in FEV 1.0 occurring over the
workshift was expressed as a percentage as follows:
,i
,i

FEVl.o = FEVl.o after shift - FEVl.o before shift.
FEVl.o% = ,i FEVl.o x loo/(FEV l.o before shift) .

In the adjustments for differences in stature, each
individual's own preshift FEVl.o served as the base
line.
Statistical analysis
Linear regression was used to model the effects of exposure on baseline pulmonary function (preshift
FEV 1.0) and on acute change in pulmonary function
(,i FEVl.o%) over a workshift. The confounding
effects of age, height, gender, and smoking were
adjusted for in each model. Exposure was defined
either categorically (exposed or unexposed) or as a continuous measurement of the elutriated dust levelin each
work area.
With the silk workers as a reference group , prediction equations for baseline (preshift) FEV 1.0 were
generated after adjustment for age, height, and
smoking . A percent predicted FEV 1.0 was obtained
for each cotton textile worker by expressing the
observed value as a percentage of the predicted value.
For all pulmonary function models, separate regression models were estimated for the men and women:
Females: FEVl.o (I) = -0.023 age (years) + 0.033
height (ern) -1.837
Males: FEV 1.0 (I) = -0.028 age (years) + 0.055
height (em) -0.010 smoking (pack-years) -4.800
The six women who smoked were excluded leaving a
model based on 210 female silk workers [coefficient
of determination (R~ = 0.501]. A term for pack-years
of cigarette smoking was included for the men and
resulted in a model for men based on 160 silk workers
(R2 = 0.604) .

Results

Demographic data on the cotton- and silk-exposed
populations are shown in table 1. The populations did
not differ significantly with regard to age, duration of
work, or adjusted mean FEV 1.0' The prevalence of
smoking (only one exsmoker) among the cotton textile
workers was significantly greater than that of the silk

textile workers (p < 0.001) , although the average
amount smoked by smokers was the same in the two
groups.
The cotton textile workers had more chronic cough
and chronic bronchitis than the silk workers . The
prevalence of byssinosis was 7.6 % among the cotton
workers and zero among the silk workers. Ninety-one
percent of the cotton workers and 83 % of the silk
workers successfully performed pre- and postshift
spirometry. A total of 39 cotton textile workers and
75 silk workers had unacceptable curves either by the
reproducibility criteria or by an inability to perform
any forced expiratory maneuver. There were no differences in preshift adjusted FEVl.o or FVC. However, the cotton textile workers had a larger mean
across-shift decrement than the silk textile workers
(-2.0 % versus +0.3 %, respectively). In order to
look further at these findings , we divided the cotton
textile workers into those with and without byssinosis
(table 2).
The byssinotic cotton textile workers were slightly
older and had slightly longer work tenures than the
nonb yssinotic workers. Most workers reporting byssinosis symptoms were women, and hence the smoking
prevalence among byssinotics was lower than among
nonbyssinotics. Five of the 34 byssinotics (15 %) had
spirograms which did not satisfy the reproducibility
criteria (see the preceding results) as did 34 nonbyssinotics (9.1 %). Byssinotic workers had a decreased
baseline FEVl.o and FEVl.oIFVC% and greater
across-shift decrements in FEV 1.0 than did nonbyssinotic cotton workers, though the differences were
significant only for FEV l.o/FVC% (p < 0.0001).
Regression analysis of the acute change in FEV 1.0
in the total population across the workshift is shown
Table 1. Raw data on exposed and control populations.
(SEM = standard error of the mean, FEV1.o = forced expiratory volume in 1 s, FVC = forced vital capacity) .

Number
Mean age
(years) ± SEM
Mean work tenure
(years) ± SEM
Percent male
Percent smokers
Mean average amount
smoked (pack-years) for
smokers ± SEM
Symptom prevalence (%)
Chronic cough
Chronic bronchitis
Byssinosis
Pulmonary function
Mean FEV,.o (I) ± SEM
Mean percent predicted FEV,.o ± SEM
Mean FVC (i) ± SEM
Mean percent predicted FVC ± SEM
Mean FEVl.IYFVC%
Mean A FEV,.o (I) ±
SEM
Mean A FEV,.o% ±
SEM

Cotton workers

Silk workers

448

439

37.3±0.50

35.7±0.51

16.3±0.49
47.8
33.9

16.7 to.57
42.1
23.2

9.70tO.81

9.07±0.99

19.2
21.2
7.6

6.8
7.1
0

2.90±0.03

2.90 ±0 .04

99.60±0 .67
3.50±0.04

100.00
3.50 ±0.04

99.96±0.61
82.7tO.004

100.00
84.2±O.004

-0.06 ±0.OO8

-0.00 ± 0.008

-2.0±0.34

+ 0.30 ± 0.28
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Table 2. Demographic characteristics and pulmonary function
in cotton textile workers with and without byssinosis.
(SEM
standard error of the mean, FEV1.o
forced expiratory volume in 1 s, FVC = forced vital capacity).

=

=

Cotton workers
With
byssinosis

(N = 34)
Mean age
(years) ± SEM
Percent male
Percent smokers
Mean work tenure
(years) ± SEM
Mean FEVl.lYFVC% ±
SEM
Mean d FEV1.o (I) ± SEM
Mean d FEV,.o % ± SEM
Mean percent predicted
FEV 1.0 ± SEM

in both the male and female cotton workers. When

Without
byssinosis
(N = 411)"

40.5±1.89
26.5
29.4

37.1 ±0 .52
73.5
34.2

18.8±1 .80

16.0±0.51

80.2±0.02
-0.10±0.03
-3.75 ±1.20

82.9±0.004
-0.05±0.OO8
-1.87±0.28

96.53 ±2.91

99.82±0.68

a Five of 34 byssinotics did not have acceptable pulmonary

function tests and were excluded. Thirty-four of 411 nonbyssinotics did not have acceptable pulmonary function
tests and were excluded.

Table 3. Regression analysis of change in percent of forced
expiratory volume in 1 s (d FEV1.0 %) in 767 textile workers.
Outcome: d FEV1.0 % over workshift."
Variable

Beta

Intercept
Age
Smoking b
Gender"
Exposured
a
b
C

d

p>t

+0.276
+0.004
+0.526
-0.574
-2.32

0.731
0.855
0.414
0.338
0.0001

R2 = 0.034 .
Smoking = 0 if no, = 1 if yes .
Gender: 0 = female, 1 = male .
Exposure: 0 = silk worker; 1 = cotton worker.

Table 4. Regression model for relationship between byssinosis and acute change in forced expiratory volume in 1 s (d FEV,.ol
in cotton textile workers over a workshift. Outcome : d FEV1.0 %
over a workshift."
Covariate
Intercept
Age
Smoking b
Bysslnosts''

=

Beta

p > t

-0.3447
-0.0427
-0.2127
-1 .691

0.7397
0.1084
0.7148
0.1159

=
=

" N
403, R2 0.014.
b Smok ing = 0 if no, 1 if yes .
C Byssinos is
0 if no, 1 if yes .

Table 5. Acute change in fo rced exp iratory volume in 1 s
(d FEV1.0) in cotton and silk textile worKers, with various work
tenures, over a workshift. (SEM = standard error of the mean).
Years
worKed

Silk

Cotton
N

A

FEV1.0

SEM

N

0.72
0.60
0.61
0.42

74
64

(%)

2-5
6-10
11-20
> 20

63
86
97
155

-1 .79
-1.01
-1 .91
-2.68

88
130

A FEV1.0 SEM
(%)

+0.62
-0.23
-0.72
+0 .99

in table 3. After the effects of age and smoking were
allowed for, A FEVl.o% was shown to be strongly associated with exposure to cotton dust (p = 0.0001).
Large acute decrements (A FEVl.o%) were observed

0.67*
0.64
0.51
0.72"

cotton workers alone were considered, however, the
relationship between elutriated dust leveland the acute
change in FEVl.o was not significant (analysis not
shown).
When only cotton textile workers are considered and
age and smoking are allowed for, byssinosis was
associated with a. greater across-shift decline in
A FEVl.oUfo (p = 0.12) (table 4). No interaction was
found between smoking and cotton dust exposure in
the production of the across-shift A FEVl.o%'
An analysis of the relation between an acute change
in FEV1.0 and the duration of work showed that even
among workers with less than five years of work in
the mills, the cotton workers had a larger decrement
in A FEVl.o% than the silk workers (-1.8 % versus
+ 0.62 % , respectively, p < 0.01) (table 5). Furthermore , among the cotton workers, increasing work
duration in the mill was associated with increasingly
large drops in FEV 1.0 observed over the workshift,
being -2.7 Ufo among workers with a work tenure
greater than 20 years compared with a gain of 1 %
among silk workers with the same duration of
employment in the mills. We then looked at the relation between acute change in FEV1.0 and employment
duration among the cotton workers only, according
to the presence of byssinosis symptoms . Byssinotics
tended to have larger across-shift decrements than nonbyssinotic cotton textile workers in each category of
work duration (table 6). The difference between the
Table 6. Acute change in forced exp iratory volume in 1 s
(A FEV1.0 ) in cotton textile workers with and without byss ino sis , w ith various work tenures, and over a wo rksh ift. (SEM
standard error of the mean).

=

N

2-10
11-20
> 20

7
7
15
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% AFEV 1 .0 SEM
(%)

5 -1 .65
7 -5.20
17 -4.05

1.99
2.16
1.90

N

% dFEV1.0 SEM
(%)

138 95 -1 .36
93 93 -1 .68
140 83 -2.54

0.48
0.61
0.42

Table 7. Regression model for presh ift forced expiratory
volume in 1 s (FEV1.0) in 777 textile worKers. Outcome: preshift
FEV,.o·"
Variable

Beta

3.752
-0.035
0.045
-0.011
0.986
0.041

Intercept
Age
Height
Smoking b
Gende r"
Exposure"
a
b
C

• p < 0.01, •• P < 0.001.

Without byss inos is

W ith byssinos is

Years
worked

d

R2 = 0.590.
Smoking
0 if no, 1 if yes .
Gender = 0 if female, 1 if male.
Exposure = 0 if s ilk , 1 if colton .

=

p > t

0.0001
0.0001
0.0001
0.0001
0.0001
0.210

~

FEV1.o% of the byssinotics and nonbyssinotics
increased as work duration increased.
The effect of exposure on chronic ventilatory function (preshift FEV 1.0) was also examined by regression
analysis . As with ~ FEV1.o%, the potential confounders of age, height, and smoking were controlled
for in the model. Work in a cotton mill was not associated with a lower preshift FEV1.0 (p = 0.21) (table
7).

Discussion

Acute changes in forced expiratory volume in one
second
This study demonstrates that cotton textile workers
have greater acute decrements in FEV 1.0 across a
workshift than noncotton textile workers. These
greater decrements were present in cotton textile
workers who were exposed to elutriated dust levels of
0.45 to 1.5 mg/rn! from processing medium to highquality cotton. Acute decrements in FEV1.o were significantly greater among the exposed cotton workers
than among the silk workers. In an internal analysis
of cotton workers no relation was found between
vertical elutriated dust levels and acute change in
FEV 1.0' but the range of exposures was narrow and
could have obscured a significant exposure effect. The
acute decreases in function were observed in both
symptomatic and asymptomatic workers, and in both
men and women upon exposure to dust after a 2 d rest.
These results support findings of earlier investigators
(3, 13, 14). The fact that virtually all the cotton used
in these mills was hand-picked provides some evidence
against the hypothesis that hand-picked cotton contains
lower trash content and is therefore less "potent" than
machine-picked cotton. It is quite possible that handpicking results in grossly cleaner cotton (less soil and
stem contamination) but not in less bract content. Since
at least some of the active agents are located in bract
(6), hand-picking is not sufficient to remove the
responsible agents.
There were three trends noted in regard to work
duration and health effects. First, with increasing years
worked in the cotton mills, there was an increasing
prevalence of byssinosis - 17 070 among workers with
at least 20 years in the mills (7). Second, there was an
increasing across-shift decrement in FEV 1.0 with
increasing years of exposure. This effect was greater
in byssinotics, but occurred in nonbyssinotics as well,
after 20 years of work. Third, cotton workers with less
than five years in the mills had larger acute decreases
in FEV 1.0 than silk workers with the same work
tenure.
Given the rather marked evidence for acute change
in ventilatory capacity, an explanation for the relatively
low prevalence of byssinosis symptoms needs to be
offered. In previous studies the prevalence of all
grades of byssinosis has been found to be a function

of the type of exposure, the length of exposure, the
quality of raw cotton, and the level of elutriated dust
being processed. Though initially described in Lancashire and Northern Ireland, byssinosis is now known
to occur world-wide, despite the fact that reports from
Eastern Europe and developing nations are few. The
prevalence of byssinosis reported in this study, 7.6 %
(mostly mild, or grade 112), is one of the lowest
reported, but an informal medical removal policy may
be accountable. Evidence has been presented in a previous study (7) that such a "healthy worker effect"
operates in these mills. Plant physicians stated that
workers who develop respiratory diseases such as
tuberculosis or "asthma" are systematically removed
from areas of cotton dust exposure. This medical
removal policy could lead to an underestimate of the
true prevalence of byssinosis.

Chronic change in forced expiratory volume in one
second
The cotton exposed workers with byssinosis had a
lower percent-predicted FEV1.0 than those without
byssinosis, although this difference was not significant.
This cross-sectional study, however, revealed no significant reduction in preshift FEV 1.0 in cottonexposed workers as compared with silk workers. It is
possible that longer work tenure might lead to a
significant association. It is also possible that exposure
at these levels is not associated with chronic pulmonary
impairment if acute reactors are selected out.
Several studies (none from developing countries to
date) support the hypothesis that there is a more rapid
loss of ventilatory function in cotton textile workers
than in referents. Berry et al (3) demonstrated greater
annual decrements in FEV 1.0 (54 ml per year) and
FVC in Lancashire cotton textile workers than in
workers processing synthetic fibers (32 ml per year).
The workers in that study had a median work tenure
of 15-19 years and were followed for three years. A
survivor population of active and retired cotton textile
workers in South Carolina had lower FEV1.0 and FVC
levels than nontextile community referents from Connecticut (1, 4,16), and an older study of 18 plants in
the United States concluded that chronic lung disease
was more prevalent in cotton textile workers and that
there was a "significant deficit in predicted normal
FEV1.0" in carders (4.9 %) compared with noncarders (0.6 %) (5). Prospective follow-up studies in
Yugoslavia revealed that chronic changes in pulmonary
function develop only after prolonged exposure to cotton dust (17). More recently, a prospective study on
chronic lung disease in American cotton textile workers
(active and retired) also demonstrated an accelerated
annual FEV1.0 decrement (42 ml) in comparison with
.referents (25 ml) and that the chronic losses continued
after exposure to cotton dust had ended (2).
In our study the relationship reported between pulmonary function and exposure may have been under49

estimated due to an additional selection factor. Five
of 34 byssinotics (15 070) could not perform repeatable
pulmonary function tests and were therefore not
included in the analysis of the pulmonary function
data. In another study of this population, the failure
to satisfy the standard repeatability criteria was shown
to be associated with byssinosis (9). Furthermore, the
authors found that the preshift FEV 1.0 of subjects
excluded due to poor test performance were, on the
average, lower than the pulmonary function included
in the analysis.
We conclude from this study that Chinese cotton textile workers have significant across-shift decrements
in FEV 1.0 in compar ison with silk workers, after age,
sex, stature, and smoking are controlled. This acute
loss occurs in both symptomatic and asymptomatic
cotton textile workers. Byssinoticstend to have greater
across-shift decrements than nonbyssinotics with comparable work duration. These acute changes are noted
in workers handling hand-picked cotton of medium
to fine quality, and they suggestthat handpicking alone
is not sufficient to remove all of the fraction of the
cotton plant containing the active agents responsible
for pulmonary function changes and respiratory
symptoms in cotton textile workers . These epidemiologic findings are consistent with laboratory investigations which have found a number of biologically
active compounds in cotton dust that are unlikely to
be avoided by handpicking alone (8).
Prospective epidemiologic studies of cotton textile
workers in China may provide valuable insights into
the long-term effects of cotton dust exposure. The stability of the workforce and the relative ease in contacting retirees and workers leaving exposed areas because of illness, all constitute a favorable environment
in which to investigate the problem of cotton dustrelated lung disease and its potential solution.
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