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Abstract
Background: The textile industry is one of the largest employers in Lithuania. IARC monograph
concludes that working in the textile manufacturing industry entails exposures that are possibly
carcinogenic to humans. The purpose of this study was to investigate risk of lung cancer incidence
in textile industry workers by the type of job and evaluate the relation between occupational textile
dusts exposure and lung cancer risk in a cohort.

Methods: Altogether 14650 textile workers were included in this retrospective study and were
followed from 1978 to 2002. Lung cancer risk was analyzed using the standardized incidence ratios
(SIR) calculated by the person-years method. The expected number of cases was calculated by
indirect methods using Lithuanian incidence rates.

Results: During the period of 25 years 70 cancer cases for male and 15 for female were identified.
The SIR for male was 0.94 (95% CI PI 0.73–1.19), for female 1.36 (95% CI 0.76–2.25). The lung
cancer risk for male in the cotton textile production unit was significantly lower after 10 years of
employment (SIR = 0.34; 95% CI 0.12–0.73). The lung cancer risk decreased with level of exposure
to textile dust (p for trends was <0.05): the SIR for the low, medium, high and very high level of
cumulative exposure were 1.91 (95% CI 0.92–3.51), 1.30 (95% CI 0.52–2.69), 0.77 (95% CI 0.21–
1.96), and 0.24 (95% CI 0.03–0.86) respectively.

Conclusion: In our study the exposure to cotton textile dust at workplaces for male is associated
with adverse lung cancer risk effects. High level of exposure to cotton dusts appears to be
associated with a reduced risk of lung cancer in cotton textile workers.

Background
The textile industry is one of the largest employers in
Lithuania. The textile includes spinning, weaving, knitting
and finishing all types of natural and artificial (synthetic)
fibers. IARC monograph concludes that working in the
textile manufacturing industry entails exposures that are
possibly carcinogenic to humans [1]. During spinning,
weaving and knitting operations, exposure to chemicals is
generally limited. Exposure to natural organic (cotton)
fibers in textile industry is usually characterized as cotton

dust [2]. Numerous studies have shown that exposure to
organic dust, especially that having endotoxin, results in
lower rates of lung cancer [3-7]. Several recent investiga-
tions have reported decreased risks of lung cancer among
workers in the cotton textile industry [8-10]. A several
studies do not indicate an increased risk of cancer, rather
a decreased risk [11,12]. In our previously report, we pre-
sented the cancer risk in the cotton textile workers cohort
in 1979–1997 [13]. The lung cancer risk in this workers
cohort was slightly increased than in the general country
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population. However, our study results may be the results
of young age of cohort and the small of number cases. The
follow up was prolonged for five years. The aim of the
present study was to investigate lung cancer incidence risk
in relation to the type of job and textile dust exposure.

Methods
The retrospective cohort consisted of persons found on
the payroll of cotton textile mill in Alytus. The study
included all individuals who were employed in the mill
for at least 1 year. Workers with less than one year of
employment were excluded. The employment period for
Alytus textile mill was from 1 January, 1969 trough to
December 31, 2002. The date of follow up began on 1 Jan-
uary 1978, or the date of first employment after this date.
The follow up ended on the date of death, date of emigra-
tion, or disappearance obtained from the Residents' Reg-
ister Service, or on 31 December 2002, for those known to
be living in Lithuania at the closing date. The vital status
of the cohort members was in Lithuanian Archives
Department under the Government of the Republic of
Lithuania, Residents' Register Service and Migration
Department under the Ministry of Interior.

The mill supplied information about name and surname,
sex, date of birth, dates of employment and retirement,
workshop, and task description, by abstracting the rele-
vant information from employment records. Industrial
hygiene assessment was conducted in order to the authors
with past and current operations and estimate textile dust
and chemical exposures in each department of the mill.
Based on this information, the workers have been classi-
fied in thee groups: a) cotton textile production unit; b)
cotton textile finishing unit; c) maintenance unit. The
division between workers should reflect differences in the
degree of lung cancer risk which are correlated with differ-
ences in working conditions.

The basic raw materials used in textile production were
fibers, obtained from cotton but beginning with 1991
some other types of fibers was also processed (cotton/pol-
yester, polyester/rayon). Since the early 1977s, the mill's
laboratory has been monitoring the levels of dust and
noise, as well as airborne concentrations of chemicals in
the ambient air of the production rooms. The group of
textile finishing departments (bleaching, dyeing, printing
and other finishing) was characterized by high exposure
to chemicals. The percentage of the subjects employed in
that unit was 8.8%. Cotton textile production (spinning
and weaving) workers have close contact with textile dust.
The majority of cohort members (56%) were exposed to
dust and noise. Average airborne dust concentrations
found ranged from 1.10 mg/m3 to 28.60 mg/m3; average
total dust concentrations in all areas were above the
threshold limit value of 1 mg/m3.

The cumulative exposure to total dust was calculated for
every subject by combining the exposure matrix and work
history, with the following equation: cumulative exposure
(CE) was calculated as a product of prevalence, level and
estimated duration of exposure to textile dust [14]. Cumu-
lative exposure to total dust: (mg/m3 year): ∑ni = 1
(Ci*Ti), where: Ci = total airborne cotton dust concentra-
tion for the job and employment period obtained from
the job – exposure matrix; Ti = duration of employment
(years) of subject for the job (i) from work history, it was
adjusted by the number worked/day, one year in dust
defined as 8 hours/day and 270 days/year. An average
level of exposure to textile dust was assigned to the four
quartiles: low exposure (>0 to < 8,0 mg/m3-yr), medium
exposure (from 8,1 to 19,7 mg/m3-yr), high exposure
(form 19,8 to 64,7 mg/m3-yr), very high exposure (from
64,8 to 200,6) and no exposure. Workers who have per-
formed maintenance in the exposed areas, and other no
exposed workers were used as the lowest exposed group
for comparison.

Information on new cancer cases (coded according to the
international classification of diseases, 9th revision (ICD-
9) diagnosed from 1978–2002, was obtained from the
Cancer Registry of Institute of Oncology, Vilnius Univer-
sity. Cancer cases were identified by record linkage to the
cancer register.

To calculate the standardized lung cancer incidence ratios,
we divided the observed numbers of cases by the corre-
sponding expected numbers. The expected number of
cases was calculated by indirect method using Lithuanian
incidence. The person years at risk for each worker was cal-
culated from 1 January 1978 or the date of first employ-
ment after this date until 31 December 2002, date of
death or residence abroad. The main conclusions are
based only on statistically significant SIRs. We also
employed a person-years method, using Poisson regres-
sion, to calculate standardized incidence ratios (SIRs) to
compare risks in the different exposure subgroups, with
risks in the comparison subcohort. We used the Mantel-
Haenszel chi-square test for trend. We defined the exact
95% confidence interval for each ratio on the assumption
that the number of observed cases followed a Poisson dis-
tribution [15,16]. For categories with fewer than 20
observed cancer cases, exact 95% Poisson confidence
intervals were used [17]. A p value < 0.05 was considered
significant.

Results
A total of 14650 subjects (5495 male and 9155 female)
were identified and proved the vital status. 13252 subjects
(90.5%) were classified as alive, 1009 (6.9%) as deceased,
82 (0.6%) had emigrated and 307 (2.1%) as having an
undetermined vital status. The number of person years at
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risk was 84196 for male and 167607 for female. Table 1
gives further characteristics of the distributions of the
included subjects such as age at of beginning of study, age
of end of study, length of service, job category, and
number of lost to follow-up.

A total of 70 lung cancer were observed in male, yielding
a non-significantly decreased risk (SIR = 0.94; 95% CI
0.73–1.19). In contrast, for female the lung cancers were
more common than expected (15 cases, SIR = 1.36; 95%
CI 0.76–2.25) (table 2). For male in the cotton textile pro-
duction unit SIR for lung cancer was 0.95 (95% CI 0.60–
1.41) and for female 1.50 (95% CI 0.68 – 2.84). No excess
risk was found for textile finishers, but only for female cot-
ton textile finishing workers SIR no significantly increased
to 2.17 (95% CI 0.59 – 5.67, based on 4 cases). The SIRs
of lung cancer incidence among maintenance workers
were similar to those in the general population of the
Lithuania.

Table 3 present standardized incidence ratios (SIR) for
lung cancer by sex and units in ≥10 years of length of
employment. Lung cancer was found more decreased in
male textile production workers were employed 10 years
or more (total 25 cases, SIR = 0.89; 95% CI 0.57–1.31).
The lung cancer risk for female in this experience group
was approximately the same as the general country popu-
lation (4 cases, SIR = 1.27, 95% CI 0.34–3.24).

Cancer risk by cumulative exposure categories to the tex-
tile dust among male cotton textile production workers
were compared with maintenance group (Table 4). The

significantly decreased risk for male employment in very
high exposure cotton textile dust was observed (SIR =
0.24; 95% CI 0.03–0.86 and RR = 0.24; 95% CI 0.03–
0.91). The significant inverse dose-response trend of SIR
found between risks of lung cancer for male (p < 0.01).
Compared with female who have never been exposed to
the cotton dust, female textile production workers have
62% increase risk. However, lung cancer risk decreased
with increasing cumulative cotton textile dust exposure
(SIR in the quartiles of 2.38, 2.17, 1.28, and 0.55).

Discussion
Observed lung cancer incidence in the cohort was com-
pared with expected incidence, calculated on the basis of
the incidence rates of the general population in Lithuania.
The SIRs demonstrated a relatively low occurrence of lung
cancer for male workers at textile manufacturing mill. The
standardized lung cancer incidence ratios (SIR) were
higher for female than for male. There were impossible for
definite conclusions because of the small number of cases
among female. Many authors have shown that exposure
to organic dust, especially hat having endotoxin, results in
lowing rates of lung cancer [17-19]. The paper by Laakko-
nen et al. [20] reported a lower than expected rate of lung
cancer in textile workers for male and female. The data in
this study, as has been previously reported, suggest that a
dose-response relationship exists for increasing cotton
textile dust and lowered lung cancer rates. Our data
showed that cumulative exposure to cotton textile dust
was inversely related to risks of lung cancer (p for trend =
0.01) for male. A decreased risk of lung cancer has been
consistently reported among different populations

Table 1: Characteristics of the cohort of Alytus textile mill workers from 1978 through 2002.

Characteristic Male Female Total

Number of workers 5495 9155 14650
Person years 84196 167607 372018
Mean age of beginning of study (SD)* 28.9 (8.6) 31.1 (9.1) 28.8 (8.2)
Mean age of end of study (SD) 47.9 (7.9) 47.0 (6.3) 47.4 (7.1)
Mean length (years) of service, (SD) 12.0 (5.1) 10.1 (5.8) 12.3 (5.9)
Number of lost to follow-up (%) 128 (2.3) 179 (1.9) 307 (2.1)

*SD = standard deviation.

Table 2: Standardized incidence ratios (SIR) for lung cancer by sex of Alytus textile mill workers from 1978 through 2002.

Male Female

Unit Obs SIR 95% CI Obs SIR 95% CI

Cotton textile production 23 0.95 0.60–1.41 9 1.50 0.68–2.84
Cotton textile finishing 5 0.61 0.20–1.43 4 2.17 0.59–5.67
Maintenance 42 1.01 0.73–1.36 2 0.92 0.11–3.33
Total 70 0.94 0.73–1.19 15 1.36 0.76–2.25
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exposed to bacterial endotoxin, in particular, textile work-
ers [21]. According Astrakianakis G., et al., cumulative
exposure to endotoxin was strongly and inversely associ-
ated with lung risk [22]. It has been postulated that bacte-
rial endotoxins through immunological mechanisms can
be protective against lung cancer. Considering our sugges-
tion were performed investigations of systemic immunity
in women working in the Alytus textile mill in 1998–
2000. This study showed that the immune functions of
the female in the weaving workshop were both sup-
pressed and stimulated: the indices of CD4+ lymphocytes,
leucocytes sensibilisation to enterobacterial common
antigen were by 5–30% lower and CD8+ and lymphocytes
by 20% higher in comparison with the same indices of
control group female. The population level of natural
antibodies to enterobacterial common antigen, CD4+ and
lymphocytes, CD4+/CD8+ indices were by 5–17 higher
[23]. Other factors such as smoking habits influences on
lung cancer must also be considered as potential bias.
Although data on smoking habits were only available in
some case control studies, the adjustment for cigarette
smoking made little difference to the findings [8].
Recently, a study of female Chinese textile workers, whom
few smoked, found of reduced lung cancer [24]. In our
studies in progress (still in published) showed that 69%

male and 20% females of textile production unit workers,
and 66% males and 17.4% females of comparison group
at least one year the tobacco smoked every day. The main
results cannot be explained by smoking habits and/or
implications of social status, i.e., could be in textile profes-
sional occupation influence.

The healthy-worker effect may be one of the factors of
influence for workers in industry that have a lower inci-
dence patterns than those of the population. May be there
are gender differences in the healthy worker effect [25].
Possible gender-specific vulnerabilities are a further aspect
that should also be considered. The study also has several
limitations. The analysis was limited by the small number
of observations. Study limitations include the lack of
detailed exposure records over time and the absence of
individual smoking histories. In view of the large number
of exposures considered, we believe any conclusions
based on our findings should be drawn with caution. A
limitation of the study is the lack of information on histo-
logical type of lung cancer. This limits our ability to cap-
ture histology-specific lung cancer risk by textile dust
exposure. Our results confirm the lower risk of lung can-
cer in the cotton textile production compared with that in
the general. Current scientific evidence suggests that a

Table 3: Standardized incidence ratios (SIR) for lung cancer by sex and units for employment at least 10 years.

Male Female

Unit Obs SIR 95% CI Obs SIR 95% CI

Cotton textile production 6 0.62 0.23–1.34 3 1.96 0.40–5.73
Cotton textile finishing 0 - 0.00–0.88 1 1.22 0.25–5.56
Maintenance 19 1.33 0.80–2.08 0 - -

Total 25 0.89 0.57–1.31 4 1.27 0.34–3.24

Table 4: Standardized incidence ratios (SIR) and rate ratio (RR) trends for lung cancer among cotton textile production unit workers 
by dust exposure category.

Exposure category Obs SIR 95% CI RR 95% CI χ2 test for trend

Male
None* (N = 2511) 42 1.01 0.73–1.36 1 (reference) χ2 = 9.68;p = 0.02
Low (N = 656) 10 1.91 0.92–3.51 1.89 0.85–3.85
Medium (N = 481) 7 1.30 0.52–2.69 1.29 0.49–2.91
High (N = 529) 4 0.77 0.21–1.96 0.76 0.20–2.10
Very high (N = 574) 2 0.24 0.03–0.86 0.24 0.03–0.91
Female
None (N = 2140) 2 0.92 0.11–3.30 1 (reference) χ2 = 4.68;p = 0.20
Low (N = 1350) 3 2.38 0.49–6.91 2.58 0.30–30.9
Medium (N = 1410) 3 2.17 0.45–6.35 2.36 0.27–28.2
High (N = 1371) 2 1.28 0.16–4.63 1.39 0.10–19.2
Very high (N = 1910) 1 0.55 0.01–3.08 0.60 0.01–11.5

None * – using the maintenance employment group as the reference category.
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small percentage of cancers could be related to exposure
to endotoxins in the textile workplace [22,24,26]. More
importantly, exposure to these cancer-causing substances
may be preventable.

Conclusion
In our study the exposure to cotton textile dust at work-
places for male is associated with adverse lung cancer risk
effects. High level of exposure to cotton dusts appears to
be associated with a reduced risk of lung cancer in cotton
textile workers.
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