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Abstract

'School of Nursing and - Background: Cotton dust exposure among textile mill workers lead to impaired lung func-

'\Uﬂr']?\‘;‘gﬁirt{,’y’?‘(%?a}éﬁn tion. However, only few studies have investigated the dose-response relationship between

Pakistan cotton dust and lung function.
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lung function among textile workers.

Methods: This cross-sectional survey was conducted from January to March 2016 and in-
cluded 303 adult male textile workers from spinning and weaving sections of 5 mills in Kara-
chi, Pakistan. We collected data through a translated version of the American Thoracic Society
respiratory questionnaire (ATS-DLD-78A) and using spirometry. Mill-level airborne cotton dust
was measured over an 8-12-hour shift through UCB-PATS (University of California, Berkeley-
Particle, and Temperature Monitoring System). Multiple linear regression was used to deter-
mine the association between cotton dust exposure and lung function assessed through the 3
indices: forced expiratory volume in the first second (FEV,), forced vital capacity (FVC), and
their ratio (FEV,/FVC).

Results: The mean age of the workers was 32.5 (SD 10.5) years. The mean spirometry in-
dices expressed in percent predicted values were FEV, 82.6 (SD 14.0); FVC 90.3 (14.7), and
FEV,/FVC 94.9 (10.5). The median cotton dust concentration was 0.61 (IQR 0.2 to 1.3) mg/
m?3. The frequency of respiratory symptoms was 15% for cough, 20% for phlegm, and 20%
for wheezing. After adjustment for covariates, every mg/m? increase in dust concentration
was associated with 5.4% decline in FEV,.

Conclusion: This study quantifies the exposure-dependent relationship between cotton dust
and lung function; which has implications for regulations and standards in the textile industry
in Pakistan and similar cotton-processing countries.
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Exposure to cotton dust is among the most
important concerns in textile mills." Ex-
posure to cotton dust is associated with
respiratory diseases and impaired lung
function.?3 The dust particles include par-
ticulate matter (PM) with different sizes
that impacts health with varying severity.
PM, , with an ability to penetrate deep
into the minor airways in lungs, is more
noxious than others.4

Respiratory illnesses with symptoms
end up in a progressive decline in the lung
function, which is clearly evident from
available literature on the health of tex-
tile workers. Studies from the UK report
a prevalence of byssinosis of 0.3% among
textile workers;> the prevalence reported
from China and Pakistan are 32% and
10%, respectively.>® High dust concentra-
tion in the cotton-ginning mills in India,
ranging from 1—6 mg/m3, was found to be
associated with decrements in lung func-
tion among workers.” Similar situation
persists in cotton growing and processing
countries globally, where large number of
workers are affected by respiratory illness
due to improper occupational health and
safety measures.®

Studies conducted in Sweden and the
US found a dose-response relationship be-
tween the lung function and the airborne
dust.?9 A study conducted in two Shang-
hai factories, on the other hand, found no
such relationship.*® These findings are in-
conclusive. These studies are old and con-
ducted in economically developed coun-
tries. Therefore, we clearly need to assess
the situation based on the current stan-
dards and regulations globally. Since the
high burden of respiratory diseases in turn
results in high worker turnover," there are
important regulatory and policy implica-
tions for several countries where textile
and garments industry plays a significant
role in the national economy. This study
was therefore conducted to determine
the dose-response relationship between
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cotton dust exposure and lung function
among textile workers.

Materials and Methods

This study was conducted as part of the
larger MultiTex research study (Multifac-
eted intervention package for respiratory
health of Textile workers), which aims at
determining the effectiveness of an inter-
vention package for improvement of re-
spiratory health among textile workers.
The baseline survey was conducted from
January to March, 2016 among adult male
textile workers of Karachi, Pakistan. We
included data from five textile mills, se-
lected from main industrial areas in Ka-
rachi—Korangi/Landhi Industrial Area,
Sindh Industrial Trading Estate (SITE),
and SITE Super Highway. A site from the
suburbs of Karachi (Nooriabad) was also
included. Karachi is the capital of Sindh
province and is the largest city in Pakistan
with multi-ethnic population of more than
17 million.”? Karachi is the economic cen-
ter of the country and contributes signifi-
cantly to the state economy, hosting main
industries, including an estimated 794 tex-
tile mills.®

We included five mills, where the ad-
ministration agreed to be part of the study.
We recruited 310 workers out of the total
of 4413 eligible workers in the five textile
mills using a non-probability purposive
sampling method. A minimum sample
size of 303 textile workers was required to
achieve a power of 80% to detect a differ-
ence of 1% with anticipated correlation co-
efficient ranging between 0.5 and 0.6 and
a level of significance of 0.05. NCSS-PASS
software (ver 2008) was used for the cal-
culation.

The eligible participants included adult
(=18 years) male textile mill workers,
working for at least one year in weaving
or spinning sections of textile mills. All
workers who were willing to participate

For more information
on respiratory symp-
toms and lung function
among Greek cotton
industry workers see
http://www.theijoem.
com/ijoem/index.php/
ijoem/article/view/888
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and were available at the time of the visit
of the study team and those who provided
written informed consent were recruited.
Those reporting myocardial infarction
within the past three months, any chest or
abdominal surgery within past six months,
any skeletal deformity, currently using tu-
berculosis medicine, and those unable to
perform spirometry due to certain medical
conditions like oral sub-mucous fibrosis,
were excluded from the study. Workers
were recruited on working days and dur-
ing working hours (includes morning and
evening shifts).

Spirometry

Lung function was measured with a Vitalo-
graph In2itive (Vitalograph, UK) spirome-
ter by trained technician in a selected area
within the mill provided by administra-
tive staff. Workers were asked to abstain
from smoking for at least one hour prior to
spirometry. All spirometry measurements
were performed according to the Ameri-
can Thoracic Society standards.*? Interpre-
tations of spirometry were done through
comparing the absolute values of lung
function indices (FEV, FVC, and FEV /
FVC) with predicted values, and reviewing
the spirogram. The best of the three read-
ings was used for further analysis. More-
over, all spirograms were reviewed by a
consultant pulmonologist for quality as-

TAKE-HOME MESSAGE

This study quantifies the exposure-dependent relationship
of cotton dust with lung function.

The most common respiratory symptoms reported by cotton
workers were phlegm (20%) and wheezing (20%).

Our findings supported the role of multiple factors in relation
to lung function among studied workers. After adjustment
for different covariates, every mg/m? increase in dust expo-
sure led to 5.4% decline in FEV..

122

surance purpose.
Questionnaire

The American Thoracic Society respira-
tory questionnaire (ATS-DLD-78A) was
used to assess the current and past re-
spiratory illness and symptoms, family
history of asthma or other lung diseases,
and smoking history. Sections related to
socio-demographic, type of fuel used, and
exposure to occupational respiratory haz-
ards were also included. Textile workers
were also asked about their previous occu-
pations, such as farming, welding, and con-
struction, which might be associated with
higher risk of lung function abnormalities.
Exposure to solid fuel was defined as the
use of firewood, cow dung, charcoal, and
coal or crop residues for cooking or heat-
ing purpose, for one or more year in the
lifetime. Pack-years of smoking was cal-
culated as an average number of cigarettes
per day multiplied by years of smoking di-
vided by 20. The structured questionnaire
was translated into Urdu and pre-tested
before use in the study. Trained data col-
lectors conducted the interviews.

Dust Monitoring

We used UCB-PATS (University of Califor-
nia, Berkeley-Particle, and Temperature
Monitoring System) for area monitoring
of particulate matter (PMZ_S). It is a sim-
ple, portable, data logging optical particle
monitor device that carries a photoelectric
detector and has been validated in differ-
ent countries.”* The area monitoring was
done by the data collector in all subsec-
tions of spinning and weaving sections at
each of the selected mills on working days.
The device was placed at a height of around
1.5 meters above the floor (approximate
standing height of a worker) in selected
places. Zeroing of the device was done ap-
proximately 1—2 hours before and after the
monitoring according to the manufacturer
guidelines. The device recorded PM, _ con-

wwuw.theijoem.com Vol 9, Num 3; July, 2018
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centration for every minute. We measured
PM, _concentration as an average per shift
exposure expressed in mg/m3. Cumula-
tive dust exposure, defined as the sum of
the duration of employment in a specific
section in textile mills, was calculated as
years of exposure multiplied by the con-
centration of the cotton dust in the studied
department or section. The average daily
dust exposure was calculated by dividing
the calculated cumulative dust exposure
by the total number of days of employment
in the textile mill and was termed “cotton
dust exposure.”

Ethics

This study was approved by the Ethics Re-
view Committee of Aga Khan University,
Karachi (ERC No. 3949-CHS-ERC-15).
Written informed consent was taken from
all the study participants. Confidentiality
of data was maintained.

Statistical Analysis

Data were entered on Epidata 3.1 and ana-
lyzed using STATA ver 12. The mean and
SD were reported for continuous variables.
Frequencies and percentages were report-
ed for categorical variables. Normality of
outcome variables was checked using the
data distribution histogram. Using a step-
wise model, multiple linear regression
analysis was performed, adjusting for co-
variates. A p value <0.05 was considered
statistically significant.

Results

Out of 310 workers studied, seven were ex-
cluded from the analysis due to unaccept-
able or missing spirometry data, leaving
303 workers for analysis. The mean age,
height, and weight of the textile workers
was 32.5 (SD 10.5) years, 169.6 (6.7) cm,
and 61.3 (12.6) kg, respectively. Out of
303 textile workers, 101 (33.3%) worked
in spinning section; the remaining 202

wwuw.theijoem.com Vol 9, Num 3; July, 2018

Table 1: Some characteristics of the studied textile workers,

Karachi, Pakistan (n=303)

Characteristics

Educational status
Informal/not educated
Formal
Ethnicity of workers based on spoken language
Urdu
Punjabi
Sindhi
Pashto
Saraiki, Hindko, Bengali, Rajputi, or Hazara
Monthly income of workers, PKR (US$)
<15000 (<124)
15000-19 999 (124-165)
20000-24 999 (165-206)
225000 (2206)
Status of house

Own house

Rented house
Textile mill

A

B

C

D

E

(66.7%) worked in weaving section. The
median cotton dust concentration was 0.6
(IQR0.2t01.3), 0.6 (0.5t0 0.9) in spinning
and 0.6 (0.2 to 1.4) in weaving section, re-
spectively (Table 1). The mean work expe-
rience was 2.2 (SD 1.1) years. The median
work duration of previous occupations af-
fecting lung function was 5 (IQR 2 to 10)
years. Almost three-quarters (n=222) of

n (%)

205 (67.7)
98 (32.3)

62 (20.5)
82 (27.1)
38 (12.5)
65 (21.5)
56 (18.5)

174 (57.4)
56 (18.5)
39 (12.9)
34 (11.2)

111 (36.6)
192 (63.4)

80 (26.4)
105 (34.7)
44 (14.5)
20 (6.6)
54 (17.8)
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Table 2: Frequency of respiratory symptoms and spirometry pat-
terns among textile workers, Karachi, Pakistan, (n=303)

Characteristics

n (%)

Respiratory symptoms and illness

Cough

Phlegm
Wheezing

Chest tightness
History of asthma

History of allergies

Family history of asthma

Spirometry pattern
Normal
Restrictive
Obstructive
Mixed

124

47 (155
61 (20.1
61 (20.1
36 (11.9
28 (9.2)
61 (20.1)
35 (11.6)

)
)
)
)

180 (59.4)
38 (12.5)
82 (27.1)
3 (1.0)

studied workers used solid fuels including
firewood, cow dung, charcoal, coal, and
crop residues. Of 303 workers, 161 (53.1%)
were working more than eight hours a day.
Residence of 165 (54.5%) of workers was
less than 1.5 km away from factory. The
workers who smoked had a median of 2.4
(IQR 0.6 to 6.7) pack-years of cigarette
smoking. Other characteristics of the stud-
ied workers are presented in Table 1.

Wheezing (20%) and phlegm (20%)
were the most commonly reported symp-
toms (Table 2). The mean percent predict-
ed values for FEV, FVC, and FEV /FVC
were 82.6% (SD 14.0%), 90.3% (14.7%),
and 94.9% (10.5%), respectively. More
than a quarter of workers had an obstruc-
tive pattern on spirometry (Table 2).

All independent variables were consid-
ered for their potential association with
lung function indices in univariate analysis
using simple linear regression for which
unadjusted regression coefficients were
calculated (Table 3). Multiple linear re-

gression models were developed to exam-
ine the relationship between cotton dust
exposure and lung function indices after
adjusting for various variables. The final
model showed that every mg/m3 increase
in cotton dust concentration led to more
than 5% decline in FEV, and almost 3%
decline in FEV /FVC ratio. No significant
dose-response relationship was found be-
tween cotton dust exposure level and FVC
(Table 4). The model showed that 20% of
the variability observed in the mean FEV,
level could be explained by the variation in
the mean dust exposure level, pack-years
of cigarette smoking, and previous history
of asthma. Moreover, the mean dust expo-
sure level, ethnicity of workers, and level
of education were strong predictors in
the model of FVC. Variability in the mean
FEV /FVC levels could be explained by
variation in the mean dust exposure level,
solid fuel use, duration of previous job af-
fecting lung function, and working for >8
hours a day (Table 4).

Discussion

We found that exposure to cotton dust was
associated with lung function impairment
in a dose-response manner among tex-
tile workers. There was an inverse dose-
response relationship between the cotton
dust exposure with FEV and FEV /FVC.
A study conducted in Sweden on 68 stu-
dents and 39 cotton mill workers, par-
ticipating in 23 card room experiments,
revealed a similar dose-response relation-
ship between the mean FEV decline with
the amount of airborne dust level.® An-
other five-year longitudinal study, which
included 6037 workers from six cotton
and three synthetic textile mills located in
southeastern parts of the US, also found a
significant dose-response relationship be-
tween annual declines in FEV , FVC, and
Forced Expiratory Flow Rate (FEF, )
and the mean exposure level in a cotton

wwuw.theijoem.com Vol 9, Num 3; July, 2018
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Table 3: Univariate analysis of factors associated with dependent variables, ie, FEV,, FVC, and FEV /FVC among

textile workers of Karachi, Pakistan (n=303)

Independent variables

Cotton dust exposures (mg/m?)
Pack-years of cigarette smoking
History of asthma

Working hours >8 hrs

Solid fuel use

Factory near home (<1 km)

Duration of previous job affecting lung function (yrs)

Ethnicity of workers
Urdu (reference)
Punjabi
Sindhi
Pashto
Others

yarn manufacturing industry.® However,
in a study conducted in two Shanghai fac-
tories, which included 443 cotton work-
ers and 439 control subjects from a silk
mill, where vertical elutriator was used to
measure dust and endotoxin concentra-
tion, no dose-response relationships was
observed between dust concentration and
any of lung function indices or frequency
of symptoms.'° The differences observed in
the results of studies could be attributed to
variation in methodology, sample size, or
study population.

Our study did not find any association
between cotton dust exposure and FVC.
A possible reason might be the fact that
FVC is primarily an indicator of restric-
tive pattern. Compared to FEV , FVC may
not be a good indicator of obstructive pat-
tern, which was more prevalent among the
studied textile workers.?

This study provided support for the role

wwuw.theijoem.com Vol 9, Num 3; July, 2018

Regression coefficient (95% ClI)

FEV

1

0.6 (-2.0 t0 3.3)
-0.5 (-0.8 to -0.1)
-5.0 (-10.4 to 0.5)
2.4 (-5.6 10 0.7)
3.4 (-6.9t0 0.2)
-0.1(-3.2t0 3.1)
-0.2 (-0.4 to -0.03)

2.0 (2.4 t0 6.5)
6.5 (-12.1to -1.1)
7.2 (2.5 to 12.0)
2.4 (-2.4107.3)

FvC

3.5 (0.7 t0 6.3)
-0.2 (-0.5t0 0.1)
-4.7 (-10.5 10 0.9)
0.1 (-3.4 10 3.2)
0.3 (-3.4 10 4.0)
-0.4 (-3.8 10 2.8)
-0.1 (-0.3 t0 0.2)

2.6 (2.1107.3)
5.5 (-11.2 10 0.3)
7.5 (2.5 to 12.6)
0.9 (-4.3t06.1)

of multiple factors in relation to lung func-
tion indices. Pack-years of cigarette smok-
ing was also found to be an important fac-
tor for decrements observed in FEV  in our
study, a finding which is similar to another
study.’® History of asthma was highly as-
sociated with the decline in FEV . It is evi-
dent that children with persistent asthma
and reduced development of lung function
are at greater risk for fixed airflow ob-
struction in early adulthood.”” A previous
study conducted in Karachi, Pakistan also
showed that Sindhi ethnicity is an inde-
pendent predictor for reduced lung func-
tion among textile workers,® as it was also
reported in our study. A possible reason
might be that workers belonging to Sindhi
ethnicity have less knowledge regarding
respiratory hazards at textile mills.’® Some
cultural practices or environmental fac-
tors could be the reasons for such a find-
ing, however further assessment is needed

FEV,/FVC

2.1 (-4.11t0-0.2)
-0.3 (-0.6 to -0.1)
1.1 (-5.2 to 2.9)
-2.7 (-5.0 to -0.3)
-3.9 (-6.6 to -1.3)
0.02 (2.3 to 2.4)
-0.2 (-0.4 to -0.1)

-1.8 (-5.3to 1.6)
3.2 (-7.4t0 1.1)
-0.7 (-4.4 t0 2.9)
0.1(-3.7t0 3.9)
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Table 4: Multivariable analysis of factors associated with dependent variables, ie, FEV,, FVC, and FEV /FVC
among textile workers of Karachi, Pakistan (n=303). All variables are mutually adjusted for each other.

Independent variables

Cotton dust exposures (mg/m?)

Pack-years of cigarette smoking

History of asthma

Working hours >8 hrs

Solid fuel use

Duration of previous job affecting lung function (yrs)

Informal/not educated

Ethnicity of workers
Urdu (reference)
Sindhi
Pashto
Punjabi
Others

For more information
on the effect of expo-
sure to cooking fumes
on lung functional
capacity see
http://www.theijoem.
com/ijoem/index.php/
ijoem/article/view/1100
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FEV

1

to elucidate this issue. Lack of education
was also found to be a significant factor in
our study. The finding was in line with the
previous study.® The probable justification
is that it might be associated with lack of
awareness resulting in such behavior at
work that makes them more exposed to
cotton dust.®

Several epidemiological studies sug-
gest a strong relationship between solid
fuel use and development of respiratory
diseases or decline in spirometry indi-
ces.’”2! Qur study also found a decline in
the mean FEV /FVC ratio among workers
who ever used solid fuels (firewood, cow
dung, charcoal, and crop residue). Dura-
tion of the previous occupations affecting
lung function including farming, welding,
and construction working was also found
to be a significant variable in our study.
Similar finding was reported in previous
studies.>*** FEV /FVC ratio was also found

-5.4 (-10.5 to -0.2)
-0.5 (-0.8 t0 -0.2)
-18.5(-30.9 t0 -6.1) —

Regression coefficient (95% ClI)

FvC FEV, /FVC

3.7 (-0.9 to 6.4) 2.7 (-4.7 t0 -0.7)

-3.1(-5.5t0-0.7)
— -3.0 (-5.6 to -0.3)
-0.2 (-0.4 to -0.04)

-4.0 (-7.5 to -0.5)

7.8 (-13.6 to -1.9)
1.6 (-3.0 t0 6.3)
6.2 (-1.3 to 11.2)
0.2 (-5.4 to 4.9)

to be associated with work more than eight
hours a day compared to those working
less than eight hours. A study conducted in
cotton mills in Punjab, Pakistan, showed
that working hours per shift is a predictor
for altered lung function.® A possible ex-
planation would be that the long working
hours may result in higher exposure to cot-
ton dust. Literature also reported that pro-
longed exposure to cotton, flax, and fibers
dust may cause permanent scarring of the
airways and lung tissues that ends in lung
diseases.2¢

To the best of our knowledge, this study
was one of the few studies to determine the
dose-response relationship between cotton
dust exposure and lung function among
textile mill workers. This study consid-
ered area monitoring of cotton dust levels
along with an objective assessment of lung
function through spirometry, giving a bet-
ter assessment of exposure and outcome

wwuw.theijoem.com Vol 9, Num 3; July, 2018
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among textile workers as compared to pre-
vious studies. Moreover, all spirograms
were reviewed and approved by a consul-
tant pulmonologist for quality assurance
purposes. In addition, a trained technician
in the field conducted spirometry and op-
erated UCB-PATS in order to avoid han-
dling issues. Lastly, we included textile
mills from major industrial zones in Kara-
chi and suburbs. Therefore, we were able
to capture diverse workers with different
socioeconomic and ethnic groups from five
variable-size industries with varying safety
environments. Therefore, we believe that
findings of this study are generalizable
to similar textile workers in Pakistan and
other developing countries.

Some limitations need to be considered
for this study. This was a cross-sectional
study, and thus could not predict causal-
ity; it could also not cater for workers who
quitted their job due to their illness during
their work at textile mills that gave rise to
the healthy worker selection effect, which
is an important limitation of this study.. In
our study, variables like occupational his-
tory and previous respiratory illness were
linked to the past events. Therefore, re-
call bias might limit the study. Moreover,
individual monitoring and assessment of
endotoxin levels were not possible due to
time and budget constraints. We also did
not include workers from the informal sec-
tor where they might be at a higher expo-
sure with fewer safety mechanisms.

In conclusion, this study found an ex-
posure-dependent relationship of cotton
dust with the lung function among textile
workers. Our findings provided empirical
evidence regarding occupational health in
the largest industrial sector of the country
that called for the implementation of ap-
propriate precautionary measures.

Conflicts of Interest: None declared.

wwuw.theijoem.com Vol 9, Num 3; July, 2018

Financial Support: This report is part
of the larger MultiTex study, which was
supported by a grant (Grant No 20-2759/
R&D/HEC/12) from the Higher Education
Commission (HEC), Pakistan. The content
of this article is solely the responsibility of
theauthorsand thefunderhad noroleinthe
study design, data collection and analysis,
decision to publish, or preparation of the
manuscript. The content is exclusively the
accountability of the authors.

References

1.  Wernli KJ, Astrakianakis G, Camp JE, et al. Develop-
ment of a job exposure matrix (JEM) for the textile
industry in Shanghai, China. J Occup Environ Hyg
2006;3:521-9.

2. Wang XR, Zhang HX, Sun BX, et al. A 20-year follow-
up study on chronic respiratory effects of exposure
to cotton dust. Eur Respir J 2005;26:881-6.

3. Anyfantis ID, Rachiotis G, Hadjichristodoulou C,
Gourgoulianis KI. Respiratory symptoms and lung
function among Greek cotton industry workers:
a cross-sectional study. Int J Occup Environ Med
2017;8:888-32.

4. Xing YF, Xu YH, Shi MH, Lian YX. The impact of PM2.
5 on the human respiratory system. J Thorac Dis
2016;8:69.

5. Raza SN, Fletcher AM, Pickering CA, et al. Respira-
tory symptoms in Lancashire textile weavers. Occup
Environ Med 1999;56:514-9.

6. Nafees AA, Fatmi Z, Kadir MM, Sathiakumar N.
Pattern and predictors for respiratory illnesses
and symptoms and lung function among textile
workers in Karachi, Pakistan. Occup Environ Med
2013;70:99-107.

7. Dube KJ, Ingale LT, Ingle ST. Respiratory impairment
in cotton-ginning workers exposed to cotton dust.
Int J Occup Saf Ergon 2013;19:551-60.

8. Haglind P, Rylander R. Exposure to cotton dust in an
experimental cardroom. Br J Ind Med 1984;41:340-
5.

9. Glindmeyer HW, Lefante JJ, Jones RN, et al. Expo-
sure-related declines in the lung function of cotton
textile workers. Am Rev Respir Dis 1991;144:675-
83.

127



Dose-response of Cotton Dust Exposure and Lung Function

10.

11.

12.

13.

14.

15.

16.

17.

18.

128

Kennedy SM, Christiani DC, Eisen EA, et al. Cotton
dust and endotoxin exposure-response relation-
ships in cotton textile workers 1-4. Am Rev Respir
Dis 1987;135:194-200.

Wang XR, Pan LD, Zhang HX, et al. Follow-up study
of respiratory health of newly-hired female cotton
textile workers. Am J Ind Med 2002;41:111-8.

Central Intelligence Agency (CIA)-The World
Factbook-Pakistan. Available from www.cia.gov/
library/publications/the-world-factbook/geos/
pk.html (Accessed June 20, 2017).

Ferris BG. Epidemiology Standardization Project
(American Thoracic Society). Am Rev Respir Dis
1978;118:1-120.

Mukhopadhyay R, Sambandam S, Pillarisetti A, et
al. Cooking practices, air quality, and the accept-
ability of advanced cook stoves in Haryana, India:
an exploratory study to inform large-scale interven-
tions. Glob Health Action 2012;5:19016.

Rao KP, Srinivasarao C, Sumangali P. A study of
pulmonary function test in cotton mill workers of
Guntur district. Bull Pharm Med Sci 2013;1:206-9.

Wang X, Zhang HX, Sun BX, et al. Cross-shift airway
responses and long-term decline in FEV1 in cot-
ton textile workers. Am J Respir Crit Care Med
2008;177:316-20.

McGeachie MJ, Yates KP, Zhou X, et al. Patterns of
growth and decline in lung function in persistent
childhood asthma. N Engl J Med 2016;374:1842-52.

Khoso A, Nafees AA. Knowledge, attitude and prac-
tices regarding respiratory symptoms among textile

Visit Us on the Web

19.

20.

21.

22.

23.

24.

25.

26.

workers of Karachi, Pakistan: a cross-sectional
survey. J Pak Med Assoc 2015;65:17-23.

Regalado J, Pérez-Padilla R, Sansores R, et al. The
effect of biomass burning on respiratory symptoms
and lung function in rural Mexican women. Am J
Respir Crit Care Med 2006;174:901-5.

Sood A. Indoor fuel exposure and the lung in both
developing and developed countries: an update.
Clin Chest Med 2012;33:649-65.

Regalado J, Pérez-Padilla R, Sansores R, et al. The
effect of biomass burning on respiratory symptoms
and lung function in rural Mexican women. Am J
Respir Crit Care Med 2006;174:901-5.

Chakraborty S, Mukherjee S, Roychoudhury S, et
al. Chronic exposures to cholinesterase-inhibiting
pesticides adversely affect respiratory health

of agricultural workers in India. J Occup Health
2009;51:488-97.

Sobaszek A, Boulenguez C, Frimat P, et al. Acute
respiratory effects of exposure to stainless steel
and mild steel welding fumes. J Occup Environ Med
2000;42:923-31.

Johncy SS, Ajay K, Dhanyakumar G, et al. Dust expo-
sure and lung function impairment in construction
workers. J Physiol Biomed Sci 2011;24:9-13.

Khan AW, Moshammer HM, Kundi M. Industrial
hygiene, occupational safety and respiratory symp-
toms in the Pakistani cotton industry. BMJ 2015;5.

Farooque M, Khan B, Aziz F, et al. Students' Corner-
Byssinosis: As seen in cotton spinning mill workers
of Karachi. J Pak Med Assoc 2008;58:9.

www.thetjoem.com

www.theryjoem.org

wwuw.theijoem.com Vol 9, Num 3; July, 2018



	Dose-response of cotton dust exposure with lung function among textile workers: MultiTex study in Karachi, Pakistan
	Recommended Citation

	tmp.1570649783.pdf.OJhzc

