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Mortality and disability among cotton mill workers

R-S Koskela, M Klockars, E Jarvinen

Abstract
The mortality and disability of cotton mill
workers were studied in five Finnish cotton
mills. The population under study comprised
all 1065 women exposed to raw cotton dust who
had been hired between 1950 and 1971. The
minimum exposure period was five years. For
the study on disability, the cohort was followed
up until the end of 1981. The follow up period
for the mortality analysis was from 1950 to
1985. At the end of 1981 the observed number of
prevalent disability pensions for respiratory
disease was 15, whereas 3 9 were expected
(p < 0 01) on the basis of the national figures
for women. There were 46 musculoskeletal
diseases (27-7 expected, p < 0-01), of which
24 were osteoarthritis (14-5 expected) and 13
rheumatoid arthritis (6-6 expected). The
incidence rates of disability pensions were
calculated for the period 1969-81. Comparison
of incidence rates between cotton mill workers
and the Finnish female population showed
excessive rates for both respiratory diseases
(p < 0 001) and musculoskeletal diseases
(p < 0-01), with an excess of new cases of
rheumatoid arthritis (p < 0-05). By the end of
1985 the number of person-years was 31 678
and the number of deaths 95. The standardised
mortality ratios for the total period of follow
up (1950-85) showed no excess for respiratory
diseases. Mortality from cardiovascular
diseases was also lower than expected. The
observed number of tumours was 33, the
corresponding expected number 32-0. Thirteen
tumours were in the digestive organs (6-6
expected, p < 0-05) and three were lung
cancers (19 expected). Five workers had died
from renal disease; the expected number was
1-5 (p < 0-05).

Although respiratory morbidity associated with
exposure to cotton dust has been extensively studied,
relatively few studies have been published of the long
term consequences for disability and mortality of

former cotton textile workers.' Increased mortality of
workers exposed to cotton dust has been reported for
cardiovascular, renal, and respiratory diseases25 (and
J B L Tombleson, International conference of the
permanent commission and international association
on occupational health, Bulgaria, 1971), but later
studies have not indicated such an excessive
mortality.' Inconsistent results have been reported
for cancer mortality, with low lung cancer death rates
having been observed in several studies.679 Excess
mortality from stomach cancer and oral cancer may
be seen in the British decennial occupational
mortality tables,5 and from gastrointestinal cancer
and urinary cancer in the cohort study reported by
Henderson and Enterline.6 Excess mortality from
nasal adenocarcinoma has also been observed among
textile workers.'0
We have previously reported on the mortality and

disability of female cotton mill workers with a
minimum exposure period of five years in the follow
up period 1950-73." A slight excess of malignant
neoplasms (11500 of the expected value) and renal
diseases was observed. Disability due to diseases of
the respiratory system and to musculoskeletal
diseases slightly exceeded that of the general female
population of the same age.
The purpose of this study was to examine

mortality patterns in the same cohort during the
follow up period 1950-85, the incidence of new
disability pensions between 1969 and 1981, and the
prevalence of these pensions calculated at the end of
1981 for 1065 women exposed to raw cotton for at
least five years-between 1950 and 1971.

Subjects and methods
SUBJECTS
The population comprised all women exposed to raw
cotton who had been hired between 1950 and 1971 by
the five Finnish cotton mills, altogether 1065 women.
The minimum exposure period was five years.
The workers' names, dates and places of birth, and

their work histories at the various cotton mills were
taken from the employers' personnel records.
Altogether 99-700 of the workers were successfully
traced through the Population Data Register. The
cohort was then compared with national registers on
death, disability, and free medication for chronic
diseases.
The follow up period for the mortality analysis was

1950-85. The causes of death were ascertained from
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death certificates according to the eighth revision of
the International Classification of Diseases (ICD)."
The calculations of the death rates were based on the
primary cause of death. Other (secondary) causes
were also coded for the study of disease combinations
and case analyses. The death certificates were
obtained from the Central Statistical Office of
Finland.
New disability pensions awarded to cotton mill

workers between 1969 and 1981 were studied and the
prevalent number of people receiving these pensions
was calculated as of the end of 1981. The causes of
disability, coded according to the International
Classification of Diseases, were obtained from the
Finnish Social Insurance Institution. People with
diseases for which medication was free under the
national sickness insurance law were followed up
until the end of 1981; these data were also obtained
from the Social Insurance Institution.
A questionnaire study on occupational history,

smoking habits, alcohol consumption, and diagnosed
diseases was carried out for the whole cohort (for
those still alive or for the next of kin) at the end of
1985. The response rate was 73 2°o. We compared
these data with a similarly selected group of 398
female paper box assembly workers not exposed to
dust; among these workers the response rate was
77 400.

BASIS FOR COMPARISON
The expected numbers of deaths were calculated
from the official statistics on causes of death for the
general female population in 1977,13 the median year
of all deaths in the cohort.'4 The prevalent numbers
(as of 31 December 1981) and incidence rates (from
1969 to 1981) for the disability pensions of the cotton
mill workers were compared with the corresponding
figures for the Finnish female active population
during the same period.'5 The prevalent numbers of
workers granted free medication by the end of 1981
were compared with the corresponding expected
numbers for the general female population of
Finland.'6
The prevalence of reported diseases, smoking, and

alcohol consumption was compared with that of the
non-exposed comparison group.

EXPOSURE
A survey of dust concentrations in the five cotton
mills had been performed in 1972.'7 The mean dust
concentrations were 2 mg/m3 for bale opening,
33 mg/m3 for carding, 1-8 mg/m3 for spinning, and
2 mg/m3 for the winding phases of work. About 80%
of the subjects worked under conditions where the
dust concentrations were higher than the Finnish
hygienic standard (1 mg/m3).
According to complete exposure histories, 15% of

the workers had been engaged mostly in bale

opening, picking, and carding, 700, in spinning and
rolling, and 15 " , in other raw cotton working phases.
The median exposure time was 28-0 years (range
5-38) for living workers and 22 4 years (range 5-29)
for workers who had died.
More than five years of occupational exposure to

some potential carcinogen was reported for 69
workers (6 50)). We considered the following
exposures or activities as potentially carcinogenic:
manmade mineral fibres, leather, rubber, dyes,
solvents, mineral dusts, glues, fur processing, and
work in the pulp and paper and metal industries.
Only one of the 33 patients with cancer in the cohort
had had potential carcinogic exposure (in dyeing).
Information on smoking habits was obtained for
74 of the cohort. Of these, 21 0, (791 women) were
smokers and 79%o never-smokers. The age specific
smoking habits did not differ much from those of
the comparison group. Of the 33 cases of cancer, 15
were verified as never-smokers. Alcohol consump-
tion was similar among cotton mill workers and the
comparison group.

STATISTICAL ANALYSIS
In the analysis of the mortality pattern age specific
observed and expected numbers of deaths were
computed for the causes of death using national
figures and standardised mortality ratios. The
observed and expected numbers were subdivided
into five year periods of follow up and calculated
according to years since entry (latency periods). The
observed age specific and cause specific numbers of
deaths were tested by the Poisson distribution model
against the corresponding expected numbers.'8
The age specific and cause specific observed and

expected numbers of subjects receiving disability
pensions on 31 December 1981 were calculated. The
incidence rates of new disability pensions were
calculated for the period 1 January 1969-31
December 1981. The Poisson distribution model was
used to test the observed prevalent numbers against
the expected.'8 The Poisson model was chosen as an
approximative method to compare a small population
against a large national population. The incidence
rates were tested by the Mantel-Haenszel x2 test for
incidence data.'9
The observed age specific and cause specific

numbers of subjects receiving free medication were
calculated at the end of 1981 and compared with the
expected numbers at the same date for the general
female population of Finland. The Poisson distribu-
tion was used to compare the observed and expected
numbers.
The age specific occurrences of previously

diagnosed diseases reported on the questionnaire
were tested by the Mantel-Haenszel x2 test. The
comparisons between the cotton mill workers and the
non-exposed group were made by stratifying the
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workers into ten year age classes (for the age range
35-64).
A nested case-referent study design was used for a

detailed analysis of rheumatoid arthritis, bronchial
asthma, and renal diseases. Cotton mill workers with
these diseases-recorded on death certificates or in
the disability pension register or in the register of
people receiving free medication-were included as
cases. Two referents, matched for year of birth, were
chosen for each case. Lifetime doses of cotton dust
exposure were calculated for the cases and referents
by using the occupation specific dust concentrations
in each mill in 1972 multiplied by a score of exposure
time (2 = 5-9, 3 = 10-19, 4 = e20 years). The
mean of the lifetime dose of each two referents was
used for the comparison. The breaking points of the
dose distributions were defined on the basis of the
distribution of the subjects with rheumatoid arthritis
and their referents. The first breaking point, six, was
the point from which the distribution of cases with
rheumatoid arthritis started to differ from that of the
referents; the second breaking point, 10, was the
median of the rest of the cases and referents in the
distribution.

Results
MORTALITY
By the end of 1985 the number of person-years was
31 678 and of deaths 95 (table 1). The SMR for the
total period of follow up (1950-85) showed no excess
for respiratory diseases. Mortality from cardio-
vascular diseases was also lower than expected.
The observed number of tumours was 33, the
corresponding expected value being 32 0. Thirteen
tumours were in the digestive organs (expected 6-6,
p < 0-05). The excess came from the workers aged
45 or older, and was mainly caused by stomach
cancer. The number of stomach cancers was six, the
expected value was 3 2 (all the cases were in the age
range 35-64, for which the expected value was 2-0,
p < 0 05). Only three lung cancers were observed in

Table I Observed (Obs) and expected (Exp) numbers of
certain causes of death and the SMR for the cohort of cotton
mill workers at the end of 1985. The period of entry was
defined as 1950-71

Cause of death Obs Exp SMR

Cardiovascular diseases: 37 48-3 77
Ischaemic heart disease 16 21 6 74
Cerebrovascular disease 13 14-3 91

Tumours: 33 32-0 103
Lung cancer 3 1.9 158
Cancer of the digestive organs 13* 6-6 197

Respiratory diseases 4 5 1 78
Renal diseases 5* 1 5 333
Violent deaths 7 11 2 63
Total 95 110 3 86

*p < 0 05, Poisson distribution.

Table 2 Distribution of deaths from cancer

Primary cause of death No

Lung cancer 3
Gastrointestinal cancer: 13
Oesophagus 1
Stomach 6
Biliary duct 1
Liver 2
Colon 1
Rectum 2

Genital cancer 6
Breast cancer 5
Multiple myeloma and lymphoma 3
Ocular melanoma 1
Glioma of the brain 1
Renal cancer 1
Total 33

the whole cohort. Table 2 shows the distribution of
various types of cancer. Five workers had died from
renal disease, whereas the expected number was 1 5
(p < 0-05).

MORBIDITY
Disability
The incidence rates of disability pensions were
calculated for the period 1969-81 (fig 1). Comparison
of incidence rates between cotton mill workers and
the Finnish female population showed excessive
rates for both respiratory diseases (p < 0 001) and
musculoskeletal diseases (p < 0 01); the difference
was explained by rheumatoid arthritis (p < 0 05).
At the end of 1981, 116 workers were receiving

disability pensions. The observed number of
prevalent disability pensions for respiratory diseases
was 15, whereas the expected number was 3 9
(p < 0 001) on the basis of the national figures for
women at the same date (table 3). Eleven of the 15
cases were caused by bronchial asthma and three by
pneumoconiosis; one was caused by allergic rhinitis.
The number of musculoskeletal diseases was 46 (27-7
expected, p < 0 01), of which 24 were osteoarthritis
(14 5 expected) and 13 rheumatoid arthritis (6 6
expected). Mental disorders, altogether 29 cases,
constituted the greatest disease group among the
remaining 55 disability pensions.

Free medication
At the end of 1981 the cotton mill workers suffered
from a total of 334 chronic diseases entitling them to
free medicines; the expected number was 354 on the
basis of age specific figures for the Finnish female
population at the same date.
The number of subjects receiving free medication

for treatment of congestive heart failure and hyper-
tension was lower than expected (p < 0 01). For
bronchial asthma the observed number was higher
than expected (p < 0 01) (table 4). The distribution
of the cases of bronchial asthma into different age
classes was similar to that of the expected numbers
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Figure 1 Incidence densities of new disability pensions among cotton mill workers during 1969-81.

but showed an excess in the age classes of 45-64. The
number of subjects receiving free medication for
rheumatoid arthritis and pyelonephritis was not
more frequent among cotton mill workers than
among the general female population.

Table 3 Observed (Obs) and expected (Exp) numbers of
certain causes of disability on 31 December 1981. The
expected numbers are calculated on the basis of age specific
figures for the Finnish female general population at the same
date

Disease

Respiratory diseases
Musculoskeletal diseases:
Rheumatoid arthritis
Osteoarthritis

Mental disorders

Obs Exp

15*** 3.9
46** 27-7
13* 6-6
24* 14-5
29 30-1

*p < 0 05; **p < 0-01; ***p < 0-001 Poisson distribution.

Table 4 The numbers (Obs) of certain diseases with the
entitlement to free medication from national sickness
insurance on 31 December 1981. The expected numbers
(Exp) were calculatedfrom national age specific ratesfor the
same date

Disease Obs Exp

Diabetes
Schizophrenia
Congestive heart failure
Rheumatoid arthritis
Bronchial asthma
Chronic pyelonephritis
Hypertension

22
17
35**
26
29**
14

131

22-0
13-9
55-1
23-5
17-6
19-2

146-4

**p < 0-01, Poisson distribution.

Reported diseases
The occurrence ofdiagnosed diseases reported by the
cotton mill workers at the end of 1985 was compared
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with that reported by the non-exposed comparison
group (table 5). The cotton mill workers reported
statistically significantly more cases of lung
tuberculosis and bronchitis than the comparison
group. No other pronounced differences were found
in the group of respiratory diseases. The occurrence
of cardiovascular diseases was similar in both groups.
In cotton mill workers the occurrence of rheumatoid
arthritis was 1 7 times that of the comparison group.
On the other hand, there was less aching or
pain in the neck and shoulders among cotton mill

Table 5 Odds ratios (OR) and significances of the
differences in the occurrence of diagnosed diseases reported on
the questionnaire by the cotton mill workers and by the non-
exposed comparison group

Disease OR X2(l)

Respiratory diseases:
Tuberculosis of lung 7-9 5.68*
Pleuritis 1 4 0-08
Bronchitis 1-8 6-93**
Emphysema 0 7 0 00
Bronchial asthma 1 0 0 01

Cardiovascular diseases:
Heart diseases 1.0 0 00
Cerebrovascular diseases 1-3 0-06
Hypertension 0-8 0 83

Musculoskeletal diseases:
Rheumatoid arthritis 1-7 1 40
Ache or pain in neck and shoulders 0 7 5.76*
Ache or pain in arms 0 9 0 49
Sciatica and/or low back pain 0-8 1 00
Ache or pain in legs 1.0 0 00

Neoplasms:
Benign neoplasms 0 9 1.90
Malignant neoplasms 2 2 2-63

Renal diseases 1-4 2-00
Diabetes 1-3 0-13

*p < 0 05, **p < 0-01, Mantel-Haenszel x2 test.
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workers than among the comparison group. Lower
frequencies were also found for other musculo-
skeletal diseases. Malignant neoplasms and renal
diseases were more often reported by the cotton mill
workers than by the comparison group.

Nested case-referent analysis of rheumatoid arthritis,
bronchial asthma, and renal diseases
Table 6 and fig 2 show the number and proportional
distribution of cases and referents in relation to
lifetime exposure to dust.

RHEUMATOID ARTHRITIS
The cases of rheumatoid arthritis and their matched
referents were distributed similarly up to a dust
exposure index of six (table 6). The difference
between the series became evident in the higher
categories of exposure. The cases were exposed more
than the referents (fig 2) but the difference was
not statistically significant. The most exposed cases
were equally distributed throughout the age range of
all cases. The high lifetime exposure score was
attributed to both high dust concentrations and long
exposure periods.
The median age at onset of rheumatoid arthritis

among the cases was 47 (range 29-64) and the median
interval between the start of cotton mill work and the
onset of rheumatoid arthritis was 20 years (range
2-36).

BRONCHIAL ASTHMA
In the lowest index class of lifetime exposure cases of
bronchial asthma were less frequent than in the
referents; but in the medium class, opposite was the
case. This effect of selection may also be seen in fig 2.

0 20 40 60 80 100

Cumulative percentage

Figure 2 Cumulative distribution of lifetime cotton dust exposure among cases of rheumatoid arthritis, bronchial asthma, and
renal disease and their age matched referents.
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Table 6 Distribution of subjects with rheumatoid arthritis, bronchial asthma, or renal disease and their age matched referents
in lifetime cotton dust exposure categories

Disease Rheumatoid arthritis Bronchial asthma Renal disease

Index of lifetime cotton dust exposure <6 6-10 >10 Z <6 6-10 >10 Z <6 6-10 >10 Z

Cases 19 7 10 36 19 9 9 37 18 5 9 32
Referents* 19 13 4 36 13 14 10 37 9 13 10 32

*The mean of lifetime dose of dust of the two referents.

The difference did not exist in the highest exposure

category. The most exposed cases had worked in high
dust concentrations (eight of the nine cases had been
exposed to a dust concentration of > 5 mg/m') but
did not have the longest exposure period; neither
were they the oldest cases.

Sixty two per cent of all cases and 69% of the
referents had never smoked. Seven of the nine most

exposed cases had never smoked. Two of the nine
most highly exposed cases had byssinosis and one

had emphysema in addition to bronchial asthma.

RENAL DISEASES
The distribution ofcases ofrenal disease according to

lifetime exposure to cotton dust differed from that of
the referents in the range of low and medium
exposure (table 6, fig 2). The heaviest exposure
scores among the cases were due to high dust
concentrations rather than long exposure periods.

Discussion
The results of this study are discussed in terms of the
formation criteria of a cohort with an exceptionally
high selection of jobs. The cohort was restricted to

workers who had been exposed for at least five years

and had first started raw cotton work between 1950
and 1971. During this period, altogether some 9000
women had started this type ofwork but only 1065 of
them were still engaged in it five years later. The
turnover of employees within two weeks was one in
ten and within three months one in four; only 53% of
the new employees continued working with raw

cotton for at least one year and only 13% for at least
five years." The effect of health selection was evident
both in the cross sectional health survey of current
cotton mill workers in 1970-2' and in the earlier
follow up study of mortality and morbidity."
The effect of cigarette smoking on the disease

processes associated with exposure to cotton dust has
been discussed repeatedly.2' In the present study
we judged the possible confounding effect of
smoking to be low on the basis of the following
observations: firstly, the proportion of smokers
among the Finnish female population during 1950-
70 was low; secondly, the smoking habits of the
cotton mill workers were practically the same as those

of Finnish female cohorts in the same period22;
thirdly, in the light ofthe replies to the questionnaire,
smoking among our cotton mill workers did not
differ from that of the comparison population of
paper box assembly workers; fourthly, only 45%o of
all cases of cancer were verified as smokers; and,
finally, in the case-referent analysis of rheumatoid
arthritis, bronchial asthma, and renal diseases the
smokers in the case series did not associate with any
particular score level of lifetime exposure to dust. It
is unlikely that even a synergistic effect of cotton dust
as exposure to organic dust and smoking would have
produced excess mortality from lung cancer with the
construction of latency phases between 14 and 35
years in this cohort.

Further, the potential confounding lifetime
occupational exposure may be regarded as negligible
because of the low frequencies and the lack of
concentration in any particular group of disease-for
instance, cancer.

RESPIRATORY DISEASES
There was no evidence of increased total mortality or
mortality from respiratory diseases among cotton
mill workers. This agrees with several earlier
studies. 23 Mortality is unlikely to be affected,
because there is no evidence of exposure to cotton
dust, even after many years, producing emphysema
or interstitial fibrosis or any other permanent patho-
logical changes of the lung.2324 Nevertheless, excess
morbidity from some other non-fatal respiratory
diseases-for example, bronchial asthma and chronic
bronchitis-in the cohort may decrease the mortality
from respiratory diseases. Both these factors cause
underreporting of pulmonary diseases on the death
certificates of cotton mill workers. Furthermore, the
cohort of workers had thinned down in the course of
five years to about 13% of its original size. It is
therefore conceivable that individuals with atopy,
respiratory tract sensitivity, or any other type of
constitution making them likely to develop symp-
toms shortly after starting work almost certainly
leave their jobs during the first five years. This
healthy worker effect might also explain the
decreased number of observed deaths from cardio-
vascular diseases (SMR 77).
Our results on disability and free medication
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indicate serious long term, work related morbidity
among cotton mill workers, although the total
number of disability pensions due to respiratory
diseases included some acute respiratory disorders.
The excess of bronchial asthma, both intrinsic
and non-occupational, work related asthma, and
bronchitis suggests the development of progressive
respiratory abnormalities.825 This is consistent with
the study of Schachter et al26 showing a higher
prevalence of both obstructive and restrictive lung
function abnormalities among cotton textile workers
than among the control subjects. Cigarette smoking
is associated with a higher prevalence ofbyssinosis'27
and complicates the understanding of long term
effects of exposure to dust. In the present study a
confounding effect of smoking is unlikely (see
above).

RHEUMATOID ARTHRITIS
There is evidence that inhaled dusts, including
asbestos, talc particles, carbon dust, and silica, may
affect extrapulmonary organs.28 29 An association
between occupational exposure to inhaled dusts and
rheumatoid arthritis has been observed for granite
workers exposed to silica.30 There also seems to be a
link between our epidemiological results on long
term occupational exposure to cotton mill dust and
the pathogenetic aspects of rheumatoid arthritis. It
has been suggested that it is not merely the concen-
tration ofcotton dust but rather the concentrations of
Gram-negative bacteria contaminating the cotton
and flax and their endotoxins that are responsible for
the development of both acute and persistent res-
piratory symptoms and the byssinosis syndrome."-"
Many of the factors proposed as an explanation
for the inflammatory reaction of byssinosis-for
example, endotoxins, immune complexes, bacterial
proteolytic enzymes, and arachidonic acid
metabolites-are inflammatory modulators with
pronounced systemic consequences, even for the
joints.34 35
The pathogenetic role of environmental dusts may

involve a lowered resistance to airway or gastrointes-
tinal micro-organisms, including mycobacteria-
that is, to infectious agents that might contribute to
the development of rheumatoid arthritis. A similar
association has been observed between rheumatoid
arthritis and exposure to granite dust.30

RENAL DISEASE
Although mortality from renal disease exceeded the
expected values significantly, the observed number
of cases was low. Our study showed excess mortality
from renal diseases before 1973. Hence, a later
change in the renal disease pattern and in the
treatment of these maladies may explain the
disappearance of renal disease as the main cause of
death during the second follow up period. In 1951

Schilling and Goodman, however, also noted an
excess of deaths from nephritis among cotton
workers.4 Renal diseases were no more frequent
among people receiving disability pension or free
medication, and no excess number of individuals
reported the occurrence of renal disease in the
questionnaire study. Pathogenetically, endotoxins
have been shown to act synergistically with
nephrotoxic agents.36 Endotoxins may have a
causative role in some types of acute renal failure37 38
and in experimental animals endotoxins enhance
the development of antibody mediated glomerulo-
nephritis.39

CANCER
In general, low mortality from respiratory cancer has
been reported among cotton textile workers.6824
There are conflicting data on the incidence of cancer
of the digestive and urinary tract among these
workers.56

In the present study the increase in the number of
gastrointestinal and lung cancers among workers
exposed to cotton dust is of interest. Physically, the
ultimate target organs for inhaled dust are both the
respiratory and the digestive tracts. A similar excess
of cancer mortality due to lung and stomach cancer
has also been observed among workers exposed to
inorganic dusts such as silica.' In none of these
instances is the pathogenetic mechanism understood.
Consequently, our results do not support the
hypothesis that the endotoxins in cotton dust provide
protection against the development of cancer.9

Conclusion
Exposure to cotton dust induces a certain disease
pattern. Satisfactory detection depends on cohort
definition and duration of follow up4" as well as on
the quantity of exposure. The first symptoms of
respiratory diseases are often masked by high turn-
over rates. This healthy worker effect may delay
manifestation of chronic respiratory diseases or
decrease mortality, or both, from those diseases in a
cohort. So far as cancer is concerned, many dust
exposed industrial cohorts-for instance, foundry
workers, granite workers, coal miners-first show
an increased risk of stomach cancer and during
the subsequent follow up periods, risk of lung
cancer.4042-4" Furthermore, cotton dust also
appears to increase the morbidity ofrenal disease and
rheumatoid arthritis. For these diseases, the common
pathogenetic denominator may be the systemic
effects of inflammatory mediators induced by
exogenous dusts.
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