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Abstract

Background: Occupational exposures are one of the major causes of chronic respiratory
symptoms and illnesses, where farming and its related activities make a significant contribution,
especially in low- and middle-income countries such as Pakistan.

Aims: This study aimed to estimate burden of chronic respiratory symptoms and illnesses
among farmers and to identify associated factors.

Methods: A translated version of American Thoracic Society Division of Lung Disease
questionnaire (ATS-DLD-78A) was used among 381 farmers in Thatta District, Pakistan in
2011. Logistic regression analysis was used to assess the association between
socio-demographic and occupational risk factors and respiratory illnesses.

Results: Chronic wheeze was reported in 65.9% of farmers exposed to pesticides compared to
34.1% of farmers not exposed (P-value: 0.10). Frequencies of other health events were almost
similar among the two groups. On multivariable logistic regression analysis every 5 year
increase in age of the farmer increased the risk of having respiratory illnesses by 18% (Adjusted
OR [AOR]: 1.18; 95% CI: 1.03-1.35). Each 1000 Pakistani Rupees (PKR) increase in household
income increased the risk of having respiratory illnesses by 10% (AOR: 1.10; 95% ClI:
1.01-1.25).

Conclusions: Occupational Health and safety is a neglected area in many parts of the country
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especially when it comes to farmers. This study highlights the importance of factors other than
pesticides impacting the respiratory health of the farmers, emphasizing on those who smoke
tobacco.
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Introduction

Occupational factors make an important contribution to the global burden of disease, where
work-related morbidity and mortality not only result in suffering for the worker and his family, but
also adds to the overall cost to the society through lost productivity and increased use of
medical and welfare services (1,2). Subsequent to smoking, occupational risk factors are a
major cause of chronic respiratory symptoms and illnesses, accounting for 13% of Chronic
obstructive pulmonary disease (COPD), 11% of asthma and almost all cases of silicosis,
asbestosis and pneumoconiosis globally (3). Respiratory ilinesses have long been recognized in
association with the occupation of farming (4).

Pesticides are widely used in most sectors of the agricultural production for effective pest
management, improving the yield as well as quality of the produce. Worldwide, approximately
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2.3 billion litres of pesticide are consumed annually (5), among which organophosphate (OP)
and carbamate insecticides (34%), dithiocarbamate fungicides (18%) and phenoxyl herbicides
(12%) are the most commonly used (4,6). Despite their effectiveness and extensive use,
pesticides create serious health risks arising from the exposure of farmers (7). Pesticides are
potential risk factors for the development of respiratory diseases among farmers along with a
long list of other systems involved, through inhalation, dermal or oral exposure (8). The health
impacts of pesticide inhalation through occupational exposure have been documented by
several epidemiological studies, which have reported farmers at a higher risk of developing
respiratory symptoms and ilinesses (9—10). Pesticides, after reaching the lungs from the
systemic circulation through inhalation and absorption, have an adverse effect on the lung
tissues (11).

In Pakistan, agriculture accounts for more than 25% of output and 40% of employment (12).
Cotton is a major crop in Pakistan following the cultivation of wheat. Compared to other crops,
cotton occupies the largest area in the country. The largest export revenues are attributed to the
cotton crop, whereby cotton and cotton related products contribute 10% to gross domestic
product (GDP) and 55% to the foreign exchange earnings of the country. Increased crop
production is accompanied by increased crop protection and the use of extensive amount of
pesticides required for pest management (13).

Occupational use of pesticides may be involved with respiratory diseases along with other
disorders of the endocrine system (14). A recent epidemiological study conducted in Niger,
West Africa, demonstrated a significant relationship between respiratory manifestations and the
agricultural characteristics of the living area, which included residence near the farm and type of
insecticide used in the household (15). Insecticides, primarily cholinesterase-inhibiting
compounds, may be associated with respiratory symptoms among agricultural workers (16,17).
Organophosphate insecticides have been found to have a causal link with occupational asthma
in a population-based survey of Saskatchewan farmers, Canada (18). Carbamate insecticide
use has been found to be linked with self-reported asthma and lower mean values on lung
function tests among farmers (18).

Farmers in Pakistan mishandle pesticides owing to low awareness regarding the harms involved
in pesticide use (19). This stems from the use of toxic chemicals that are banned or restricted in
other countries, incorrect application techniques, poorly maintained or totally inappropriate
spraying equipment and inadequate storage practices (19). Information on respiratory illness
related to pesticide exposure is scant in Pakistan. Only one survey from the province of Sindh,
reported a significant increase in respiratory disorders among farmers exposed to pesticides
(19).
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Since cotton crops require heavy amounts of pesticide use, this study was an attempt not only
to estimate the burden of chronic respiratory symptoms and illnesses among the farmers
involved in cotton crop cultivation, but also to identify the associated factors in order to
recommend appropriate preventive measures among those farmers.

Methods

This was a cross-sectional survey conducted in Thatta, a District in the province of Sindh,
Pakistan, during May 2011—-June 2012. Pretesting of the study started in March 2011 and the
data collection continued from April to July 2011. The period of data collection was kept in
accordance with the spraying season of cotton crops to achieve uniform exposure of study
participants. In addition, the data collection was confined to the cotton season since there are
different requirements and frequencies of pesticide use, along with the types of pesticide
required for specific crops following harvesting of cotton (20). This impacts exposure among
farmers and their symptoms and illnesses accordingly.

Selection of study participants

Farms with cotton fields were identified in the mentioned area. Farmers were selected through a
non-probability, purposive sampling technique due to lack of availability of listings of registered
farms. Farms within the district of Thatta were approached and research was undertaken where
owners and landlords gave permission. All male and female farm workers above 19 years of
age working for at least 5 years were included. Exclusion criteria included farmers who refused
to be part of the study, those who were involved in contractual / part-time jobs, and those who
were prone to multiple exposures. Written, informed consent was obtained from all participants
before inclusion in the study. This was done in the form of signatures or in the form of thumb
impression from those who could not sign their names. The overall response rate was 95%. The
non-respondents were mostly those who were engaged in spraying and were not available for
interview.

Interviews

A structured questionnaire obtained from the American Thoracic Society Division of Lung
Disease questionnaire (ATS-DLD-78A) was used. Field testing of the final qu- estionnaire was
done before initiating the formal data collection. All the interviews were conducted in the local
language “Sindhi”. The ATS-DLD-78A is a standardized respiratory questionnaire and is useful
for assessment of the burden of respiratory symptoms in an occupational setting. The
questionnaire has been tested for its reliability for data collection with an overall Cronbach’s
alpha coefficient of a = 0.74 (21). Thus, it is an effective tool for collecting data in a low- to
middle-income country.
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The data were collected by two local persons residing close to the farms. They were thoroughly
briefed regarding the objectives of the study and were given a comprehensive training in which
all details along with the questionnaire were explained to them. Special sessions were
conducted on quality checks in data collection to ensure transparent collection of data. Quality
of data was assessed through random checks by the principal Investigator. The structured
questionnaire was used to obtain detailed information on socio-demographic characteristics and
occupational factors. The questionnaire was piloted before being used in the study on a sample
(10% of the sample size) similar in socio-demographic characteristics and occupation, but
residing at a different area, Makli, located 6 kilometres from Thatta. Some issues in the
understanding of the questions were observed during the field testing, after which necessary
changes were made and incorporated. History of chronic respiratory symptoms and ilinesses
was assessed through the questionnaire. The questions were reviewed by experts in the field
for the content. Data were entered in Microsoft Excel software in the form of numeric codes
assigned to different variables. The entered data were also verified by cross validating it with 10
randomly picked forms with the hard copies of the data sets.

Operational definitions of the study outcomes (adopted from ATS guidelines)

Chronic Cough was defined as cough occurring 4—6 times per day on most days of the week
(=5days) for at least 3 months of the year and for at least 2 consecutive years. Chronic Phlegm
was classified as sputum expectoration twice a day on most days of the week (=5days) for at
least 3 months of the year and for at least 2 consecutive years. Chronic Wheeze can be defined
as a whistling sound from the chest occasionally, apart from colds, on most days and nights.
Chronic Bronchitis was defined as cough and sputum expectoration occurring for most days of
the week (=5days) for at least 3 months of the year and for at least 2 consecutive years. Asthma
was classified as at least two or more attacks of shortness of breath with wheezing (whistling
sound on expiration) in the past 2 months with normal breathing in between episodes of
shortness of breath. A person was defined as an “Ever smoker” if the participant smoked more
than 20 packets of cigarettes in a lifetime or more than one cigarette a day for 1 year. Ever
smoker was further categorized into previous and current smokers. A person was defined as
“Never smoker” if the participant had smoked less than 20 packs of cigarettes in a lifetime or
less than one cigarette a day in 1 year.

Sample size calculation

Sample size was calculated using the ‘sample size determination in health studies’ software
from the World Health Organization (WHO). Respiratory ilinesses and their risk factors were
considered in the sample size calculation. Sample size was calculated separately for cough,
phlegm and asthma. However, the sample sizes calculated were not enough to power the study.
Hence, the researchers included associated factors such as smoking and exposure to dust. At a
confidence level of 95% and bound on the error of 5%, the largest sample size was 381, taking
the prevalence of smoking as 55%. Since smoking status in Pakistani farmers was not
available, the same data had to be used from a study conducted in a slightly different setting
(22).
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Statistical analysis

Data were analyzed using software STATA version 12. Descriptive statistics of
socio-demographic variables were computed as frequency with percentages and mean with
standard deviation or median with interquartile range (incase the data were not symmetrically
distributed). Prevalence was estimated for the presence of chronic respiratory symptoms and
illnesses by calculating the frequency and percentages of the occurrence of symptoms and
illnesses among the farmers. Chi square test of significance was conducted in order to assess
the difference in the frequency of respiratory symptoms and illness among the two groups of
farmers, i.e., those who were exposed to pesticides vs. those who were not. The differences
were then assessed for their significance by their P-values, with P = 0.05 or less considered as
significant.

The secondary objective of the study was to determine the relationship between work-related
factors and respiratory illnesses, mainly chronic bronchitis and asthma. Univariate binary logistic
regression analysis was conducted for the purpose. Unadjusted Odds ratios (ORs) and their
95% confidence intervals were computed to assess associations between the independent
(length of job years, type of work) and dependent variables (chronic bronchitis and asthma). All
variables with P

Ethical approval

Ethical approval was obtained from Ethics Review Committee at the Aga Khan University,
Karachi, Pakistan. Written informed consent was obtained from all participants in the form of
signatures or thumb impressions. The data collector introduced himself/herself to the farmer and
explained the objectives of the study. Pattern and time required for the interview was also
conveyed to the respondent before the start of the interview.

The participants were assured that they would not be subject to any undue discomfort during
the interview. They were informed that they would not receive any monetary incentive for
participating in the study. They had been informed of their right to refuse to participate in the
study at any time during the interview. The respondents were assured of the confidentiality of
the information that they provided. All the interviewed workers were counseled about the
harmful effects of the pesticide and the precautions required to be taken to minimize the
exposure of pesticides.

Results

Table 1 shows the socio-demographic and occupational characteristics of the farmers. There
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were a total of 381 participants, 251 males (66.0%) and 130 females (34.0%). The overall
response rate of participants was 95%. The non-respondents were mostly those who were
engaged in spraying and were not available for the interview. The mean age of the workers was
34.4 years (SD= 12.4 years) and the majority of them were males (66%). Most of them had
never attended school (84.8%), and 21.8% had smoked more than one cigarette a day for 1
year, of which 21.0% were current smokers. 54% of the farmers sprayed in the fields, mostly
twice a day (96%).

Table 2 shows the difference in chronic respiratory symptoms and illnesses between the two
groups of farmers, i.e., those who sprayed pesticides (54%) and those who did not (46%).
Frequency of chronic cough and phlegm along with asthma, chronic bronchitis and chronic
wheeze were not particularly significant between the two groups of farmers.

Table 3 shows the Logistic Regression analysis on association of occupational and
socio-demographic factors with respiratory illnesses, i.e., chronic bronchitis and asthma. On
univariate analysis, age, number of hours the farmer works on farms, cigarette smoking and
monthly household income were found to be significantly associated (P

For multivariable logistic regression analysis, every 5 year increase in the age of the farmer
increased the risk of having respiratory illnesses by 18% (Adjusted OR [AOR]: 1.18; 95% CI:
1.08-1.35). For each 1000 Pakistani rupees’ increase in household income, the risk of having
respiratory illnesses was increased by 10% (AOR: 1.10; 95% CI: 1.01-1.25).These two variables
were statistically significant.

Farmers who ever smoked cigarette were 71% more likely to have respiratory illnesses
compared to those who never smoked; these associations were, however, marginally significant
(AOR: 1.71; 95% CI: 0.90-3.68). There was a significant interaction found between main
exposure variables i.e. ‘Number of hours the farmer works on the farm’ (More than 7 hours and
7 hours or less) and ‘Spraying pesticides’ (Yes/No). Those farmers who did not spray pesticides
but worked for more than 7 hours on the farm were 84% less likely to have respiratory illnesses
(AOR 0.16; 95% CI: 0.03 - 0.88) and the association was significant.

Discussion

The main focus of this research was on determining the frequency of respiratory symptoms and
illnesses and exploring occupational factors contributing towards the development of respiratory
problems. Most of the findings closely match the results of the literature available on prevalence
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of respiratory symptoms and ilinesses in different occupational settings where dust and
pesticide exposure is common. A study conducted among farmers in Brazil showed 6.4%
having chronic cough while 8.6% farmers having chronic phlegm (23). Asthma symptoms were
reported in 12% farmers while 22% farmers reported having symptoms of chronic respiratory
disease. The reason for the increased frequency of symptoms among our study participants
could be the virtual absence of personal protective equipment during work in the farms. These
activities included mixing, preparing, spraying and storage of pesticides. Personal protective
measures were found to be observed by the farmers of Brazil, who reported less frequent
respiratory symptoms compared to our population.

However, there are certain studies that have found a greater burden of respiratory problems
among the farmers compared to the current study. A random sample of European crop farmers
reported wheezing (14.9%), asthma (3.3%), nasal allergy (14.4%), chronic phlegm (12.4%), and
symptoms at work (22.0%) through a questionnaire based study (24). This effect could be due
to the use of multiple crop farms employing a variety of pesticides, unlike our study using merely
cotton farms with limited types of pesticides. A study conducted on Swiss farmers showed a
similar prevalence with reporting of 16.0% for chronic obstructive pulmonary disease (COPD),
15.4% for asthma symptoms, and 42.0% for reporting at least one work-related symptom.
These symptoms may also be attributed to the use of data from animal exposure in contrast to
only restricting farm and pesticide exposure (25).

An important factor needed to be highlighted in this research is the virtual lack of awareness of
the workers regarding the health impact of exposure to pesticides. Knowledge and practices of
these workers were exceptionally poor. In this study none of the farmers reported use of any
protective gear during work; only a few stated protecting their face with a piece of cloth while
spraying pesticides, and thus the majority were exposed to chemicals for a long period of time
without any protection. Similar practices have been observed in farmers in high income as well
as low- and middle-income countries. Damalas et al. in a study conducted on farmers in Greece
concluded that most farmers (49.3%) showed potentially unsafe behaviour regarding the use of
personal protective devices. They used hats and boots mostly, but showed low frequency of use
of gloves, goggles, face mask, coveralls, and respirator (26).

The logistic regression model shows that as age increases, there is a significant rise in chronic
respiratory illnesses. This finding is also biologically plausible since lung function is known to
deteriorate with increasing age (27). None of the outcome variables were significantly
associated with exposure of increasing number of hours at workplace or with spraying
pesticides in the multivariate logistic regression model; however, for those who sprayed
pesticides, association with working hours on the farm and respiratory iliness differed from those
who were not involved in spraying pesticides. Cigarette smoking, an established risk factor for
chronic bronchitis and asthma proved by many studies (28—-30) was marginally significant.

8/14



WHO EMRO | Prevalence and predictors of respiratory symptoms and illnesses among farmers: a cross-:

Limitations

The findings of this study are based on a subjective inquiry rather than being supported by
objective measures. In this study, biological markers were not possible for several of the used
pesticides. The estimated pesticide exposure based on the reporting of workers could present
low accuracy or misclassification. To overcome the issue, other analytical methods such as
biomarkers of internal dose could improve the chemical exposure accuracy. Due to limited
resources and budget, spirometry could also not be performed to assess lung functions. The
study being cross-sectional in design limits inferences on the causality of the associations
between occupational exposures and respiratory symptoms and illnesses. As the symptoms
were chronic and evaluation referred to an extended period of time, temporal ambiguity and/or
recall biases may have occurred underestimating the associations. Due to limited scale of the
study, there was no inclusion of a control group for comparison. However, comparisons have
been made in the past to assess whether frequency of respiratory symptoms and illnesses were
higher in such workers in comparison with general population. Although this study explains a
number of factors associated with respiratory symptoms and illnesses, there are other factors
that could not be studied due to the inclusion of a limited number of farms within the catchment
area as a result of prohibitive travel expenses.

As information on the conditions studied was based on cumulative prevalence (lifetime
prevalence), inaccurate recollections by farmers may have led to underestimation of exposure
and effects, or reverse causality, thus limiting causality affirmations.

The odds ratio can be reduced by the healthy worker effect and should be considered as a
minimum effect. This sampling effect has previously been observed in other studies (31-33) and
tends to underestimate the differences between groups.

Characterization of exposure related to pesticides is difficult and unreliable in most low- and
middle-income countries, owing to lack of resources. The best quantifiable measure of exposure
is through biomarkers, in the form of blood samples. Owing to pesticide drift due to wind, an
occupationally un-exposed population could be exposed and thus the exposure effect may be
diluted (34). However, there have been studies conducted in the past that have assessed, with
the help of a questionnaire, the impact of pesticides on exposed farmers and compared their
symptoms with unexposed farmers (22). This study may not provide accurate quantifiable
results of the exposure and its impact; however, given the lack of funds available, these figures
do provide some insight into their current health and exposure status. This highlights the
importance of further research with the help of biomarkers for a more quantitative measure of
exposure.
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Conclusion

Occupational Health and safety is a neglected area in many parts of Pakistan, especially when it
comes to farmers. The evidence generated by this study needs to be further strengthened by
conducting more objective research. Despite its limitations, this study highlights the importance
of factors other than pesticides impacting the respiratory health of the farmers, emphasizing
those who use tobacco products. A high frequency of respiratory symptoms and illnesses was
observed in the farm workers, and a conducive work environment with protective interventions
for safe practices is imperative for protecting the health of farmers.
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Prévalence et facteurs prédicteurs des symptomes et des maladies
respiratoires chez les agriculteurs : enquéte transversale au Pakistan
Résumé

Contextell: Les expositions professionnelles comptent parmi les causes principales des
symptébmes et des maladies respiratoires chroniques, I'agriculture et ses activités connexes
apportant une contribution significative, en particulier dans les pays a revenu faible et
intermédiaire tels que le Pakistan.

Objectifsl: Estimer le fardeau des symptémes et des maladies respiratoires chroniques chez
les agriculteurs et identifier les facteurs associeés.
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Méthodesl: En 2011, 381 agriculteurs, du district de Thatta (Pakistan), ont répondu a une
version traduite du questionnaire établi par «I’American Thoracic Society Division of Lung
Disease » (ATS-DLD-78A). L’analyse de régression logistique a été utilisée pour évaluer
I'association entre les facteurs de risque sociodémographiques et professionnels et les
maladies respiratoires.

Résultatsll: Une respiration sifflante chronique a été signalée chez 65,9 % des agriculteurs
exposés aux pesticides, par rapport a 34,1% des agriculteurs non exposés (valeur p = 0,10). La
fréquence des autres événements de santé était presque la méme dans les deux groupes. A
I'analyse de régression logistique multivariables, chaque augmentation de cinqg ans de I'age de
I'agriculteur est liée a 'augmentation du risque de contracter une maladie respiratoire de 18 %
(OR ajusté : 1,18 ; IC a 95 %: 1,03-1,35). De méme, chaque augmentation de 1000 roupies
pakistanaises (PKR) du revenu du ménage accroit le risque de maladies respiratoires de 10 %
(OR ajusté : 1,10; IC 95 %: 1,01-1,25).

Conclusionsl: La santé et la sécurité au travail sont négligées dans de nombreuses régions du
pays, surtout lorsqu’il s’agit des agriculteurs. La présente étude souligne I'importance des
facteurs autres que les pesticides ayant un impact sur la santé respiratoire des agriculteurs,
I'accent étant mis sur ceux qui fument du tabac.
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