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ABSTRACT: In Lebanon, childhood asthma is an important disease and pesticides are
commonly used. The objective of this study was to evaluate whether exposure to
pesticides has chronic effects on the respiratory health of Lebanese children.

A cross-sectional study was performed on children from a randomly selected sample
of Lebanese public schools. Exposure to pesticides was evaluated by a standardised
questionnaire and a residential exposure score, and respiratory symptoms were assessed
by using the American Thoracic Society standardised questionnaire.

A chronic respiratory disease was reported in 407 (12.4%) out of 3,291 children. The
baseline difference in mean age was small but statistically significant. Any exposure to
pesticides, including residential, para-occupational and domestic, was associated with
respiratory disease and chronic respiratory symptoms (chronic phlegm, chronic
wheezing, ever wheezing), except for chronic cough.

Exposure to pesticides was associated with chronic respiratory symptoms and disease
among Lebanese children.
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Childhood asthma is one of the most important diseases
of childhood, causing substantial morbidity [1] and a growing
public health concern in low-income communities [2]. Passive
smoking, the possession of animals, living in an urban setting,
growing-up in a farming environment and allergen exposures
are considered environmental predictors of asthma and bron-
chial hyperresponsiveness among children [3, 4].

In Lebanon, little is known about the prevalence of asthma
and allergic diseases in children. Following the International
Study of Asthma and Allergies in Childhood (ISAAC)
design, a study conducted on 13–14-yr-old children from
Beirut reported 11.9% prevalence rates of asthma, 23.1% of
wheezing, 25.5% of allergic rhinitis and 11% of atopic eczema
[5]. In 1993, asthma was also one of the most common chronic
diseases in the general population treated in primary health-
care facilities in Lebanon (2.9%) [6].

Conversely, occupational use of pesticides in Lebanon is
as common as agricultural working (y10% of the Lebanese
population) [7]. Pesticides most commonly used include
organophosphates, pyrethroids, biperidyl derivatives and
dithiocarbamates [8]. House and yard pesticide treatments
are commonly used in Lebanon, either by family members or
by professionals, to fight against numerous insects.

Children of pesticide workers may be exposed through occu-
pational sources (storing working equipment in the house,
contamination of clothes, etc.) [9–12]. Residing near pesticide-
treated areas or in agricultural regions also contributes to
exposure to children [11–15]. House and yard pesticide treat-
ments are associated with childrens9 exposure to pesticides
[11]. Outdoor spraying of pesticides poses the obvious risk of
inhalation, although pesticide inhalation also occurs indoors
[16]. In fact, direct indoor application of pesticides contam-
inates the house and exposes its occupants to volatile ingre-
dients and residues [17]. Young children may be highly
exposed to indoor and outdoor toxic substances, including
pesticides, due to their proximity to potentially contaminated
surfaces and air, in addition to their specific physiological
characteristics, such as large skin surface:body mass ratio,

increased sensitivity of cholinergic receptors to some pesti-
cides, etc. [16]. This makes them more susceptible to the
effects of pesticides [18–20]. Routine application of pesticides,
whether by certified applicators or by direct use on pets could
lead to continued accumulation on toys, pillows and other
adsorbent surfaces, which can become a long-term source of
exposure to any child [21, 22].

Moreover, pesticides are associated with respiratory dis-
eases in adults, whether or not they live in an agricultural
environment [23–26]. Children living in a rural setting might
be exposed to agricultural pesticides and irritants responsible
for asthma development [27]. In contrast, lower rates of
allergic diseases have been reported in children living in rural
areas, without a clear explanation [28]. In addition, a lower
risk of asthma was found among farmers9 children [29].

To the current authors9 knowledge, there are currently no
studies reporting a direct association between childrens9
exposure to pesticides and respiratory disease or symptoms,
and this study could therefore help to answer this question.
The primary objective is to assess the association of para-
occupational, domestic or residential exposure to pesticides,
with chronic respiratory diseases and symptoms observed
among Lebanese children.

Materials and methods

Study subjects

Children in primary classes of Lebanese public schools,
aged 5–16 yrs, were targeted.

Study design

This is a cross-sectional study, assessing association of
declared chronic respiratory symptoms and diseases (asthma
in particular) with exposure to pesticides.
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Methods

Schools were randomly selected from previously estab-
lished lists of Lebanese schools [30]. Proportionate sampling
was carried out, according to the number of schools in each
Lebanese district: 19 schools were selected and only one
school from Mount Lebanon refused to participate. There-
fore, 18 schools from all Lebanese districts consented to
participate: two in Beirut and suburbs, four in Mount
Lebanon, six in the North, three from the Bekaa plain and
three in the South. School directors were informed, and
agreed to distribute questionnaires to all the children in
primary classes.

From March to June 2000, parents were asked to fill in a
questionnaire regarding their child9s health in the local
language, which was taken from the validated questionnaire
of chronic respiratory diseases by the American Thoracic
Society [31]; this questionnaire had already been adapted and
tested in comparable subjects [32]. No further information
was given regarding the exact objective of the study. All
questionnaires were filled in by the parents and returned to
school directors; incomplete questionnaires were sent back to
the parents to be fully completed. Questionnaires were finally
collected back by the researcher.

Variables

Regarding exposure to pesticides, answers to the following
questions were considered: "has a member of the household
ever used pesticides in his work?", "has a member of the
household ever used pesticides for house or garden treat-
ment?", "does your child live in a region heavily treated by
pesticides?", "does he/she live in the proximity of a field
heavily treated by pesticides?"

Exposure to pesticides was then divided into residential,
para-occupational and domestic. Residential exposure was
characterised by residing in the proximity of a treated field,
in addition to the regions of dwelling. Domestic exposure
included domestic use by a household member or treatment of
the house and garden by a professional. Para-occupational
exposure was due to the occupational use of pesticides by one
of the household members. It was assessed by the declaration
of the parents, while revision according to the type of pro-
fession was performed later on. Occupations considered
exposed to pesticides included the following: pesticide appli-
cator, agricultural worker, farmer and wood preservative
painter. A variable summarising all types of exposure was
built; it was positive whenever the child had one or more types
of exposure to pesticides and negative whenever exposure to
pesticides of any kind was not present.

Quantitative assessment of exposure was also carried out
when possible. Cumulative exposure duration in declared
days of exposure was calculated for domestic exposure. An
expert in agronomy classified the regions according to the
annual level of pesticide consumption. A score of 0–9 was
created, 0 corresponding to areas with no use of agricultural
pesticides and 9 to areas with extensive pesticide use. Resi-
dential exposure was then characterised by the declared
number of exposure years multiplied by the score of the area
in question, or by 9 if the individual declared living near a
treated field, respectively characterising the duration and
intensity of exposure.

Health outcome variables corresponding to chronic respira-
tory diseases were reported by parents. Children were clas-
sified as having a chronic respiratory disease if they had
recurrent cough or expectoration more than three times a
week and more than three months a year, or if they had

recurrent wheezing or more than one episode of dyspnoea and
wheezing. Confirmation of asthma diagnosis by a doctor was
used to ascertain parent reports. Questions were asked about
the presence, type and treatment of allergy, if there were any.
This was assessed by the following question: "has your doctor
ever told you that your child is allergic to certain substances?"

Other variables taken into account were sex, age, reported
height and weight, calculated body mass index in kg?m-2,
passive smoking defined by number of smokers at home, socio-
economic status characterised by the father9s and mother9s
educational level, and reported family respiratory diseases.

Sample size calculation

The sample size was calculated considering a minimal odds
ratio (OR) of 2, 5% a and 20% b errors, with a 5% prevalence
of asthma [33] and a 10% probability of exposure to pesticides
within the general population [7]. With these assumptions, the
minimal sample size required was n=2,800 individuals.

Statistical analysis

Bilateral statistical tests were used as follows: the Chi-
squared test for dichotomous or multinomial qualitative
variables, the Mann Whitney U-test for quantitative variables
with nonhomogeneous variances or non-normal distribution
and the Student t-test for quantitative variables of normal
distribution and homogeneous variances. Regarding multi-
variate analysis, a descendant stepwise logistic regression was
performed and adjustment over potential confounding vari-
ables was carried out. The latter are variables known to be
risk factors for respiratory diseases or that are unevenly dis-
tributed between groups of comparison (pv0.20).

Results

A total of 4,644 questionnaires were distributed in the 18
schools. Altogether, 3,852 (83%) were returned but 561 were
secondarily eliminated due to incomplete filling, resulting
in 3,291 (71%) filled questionnaires. Proportions of filled
questionnaires ranged from 27% in schools in Akkar (North-
ern Lebanon) to 92.3% in schools in Kabbelias (Bekaa). In
table 1, the number of valuable questionnaires is presented. It
should be noted that the response rate by region varies
between 68.8% in Northern Lebanon and 84.5% in the Bekaa.

A chronic respiratory disease was reported in 407 (12.4%)
children; 84 out of 407 had a medically confirmed asthma
diagnosis, constituting 2.6% of the population (table 1).
Among 865 children (26.3%), information from the ques-
tionnaire regarding their respiratory symptoms did not allow
a conclusion about their respiratory health to be made.
Comparisons were made with the 407 children with chronic
respiratory disease diagnosis and the 2,016 children with no
respiratory symptoms. A subgroup analysis was undertaken
with 84 (4%) asthmatic and 2,016 healthy children (96%), in
addition to the analysis of separate respiratory symptoms.

Children residing in northern Lebanon were more prone to
chronic respiratory diseases, while those in Beirut had a lower
prevalence (pv0.001); the same result was found with respect
to asthma (pv0.01). The prevalence of different respiratory
symptoms are also presented (table 1).

Social and demographic characteristics are presented in
table 2. Small but statistically significant differences regarding
age and body mass index were noted. Children with res-
piratory diseases tend to look more aged (p=0.02) and have a
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higher body mass index (p=0.04). No statistically significant
differences were noted regarding sex distribution and parents9
education. Passive smoking was significantly more frequent in
children with respiratory diseases. Moreover, allergy distribu-
tion, pet raising and playing with dust were also differently
distributed (pv0.05); allergies were correlated to the respira-
tory disease (OR=5.41 (4.04–7.23)) and asthma (OR=7.59
(5.17–11.13)). Family respiratory diseases history was also
found to be associated with these symptoms; maternal and
paternal respiratory diseases were significantly correlated to
the child9s respiratory disease (OR=2; pv0.001) (table 2).

The crude associations between exposure to pesticides
and respiratory symptoms and diseases are presented in
table 3. Residential exposure was associated with respiratory
diseases (pv0.001), especially with asthma (pv0.001), as well
as domestic exposure (pv0.001 and pv0.05, respectively).
Para-occupational exposure was also associated with respira-
tory diseases (pv0.001) and asthma (pv0.001). Furthermore,
the variable "any exposure" was correlated to the respiratory
disease, with an OR=1.82 (pv0.001), and to asthma with an
OR=1.73 (p=0.03). Single symptoms are associated with all
exposure types, except for chronic cough which does not show
any association with exposure to pesticides (table 3).

Logistic regression results are presented in table 4. In the
final model, retained variables were sex, age, body mass index,
mother9s or father9s respiratory diseases, animal possession,
and the number of smokers at home. Adjusted OR (ORa) for
different types of exposure were still statistically significant.
In addition to exposure to pesticides, only the number of
smokers at home and the mother9s respiratory disease were
associated with the child9s respiratory disease (ORa=1.2,
p=0.02; and ORa=2, pv0.01, respectively). Multivariate
analysis for asthma and chronic respiratory symptoms was
also performed, with comparable results; any type of exposure
was significantly associated with asthma and respiratory
symptoms, except for chronic cough (table 4).

In table 5, respiratory symptoms and disease associations
with urban or rural areas were tested, with no significant asso-
ciation found (pw0.05, regardless of exposure to pesticides).

Multivariate analysis of cumulative exposure index corre-
lation to respiratory diseases also led to statistically significant
results, confirming the dose-effect relationship; subsequent
quartile classes of cumulative domestic exposure were signi-
ficantly correlated to respiratory disease (ORa=1.23; p=0.03).
This was also found for residential exposure (ORa=1.28;
p=0.04) (data not shown).

Table 1. – Distribution of questionnaires and prevalence of respiratory symptoms in the areas of Lebanon

Region Total
valuable#

No
disease

Respiratory
disease***

Chronic
cough*

Chronic
phlegm**

Recurrent
wheezing**

Ever
wheezing**

Medical
asthma

Beirut 345 (69.0) 255 (73.9) 21 (6.1) 51 (15.1) 25 (7.4) 15 (4.4) 26 (7.7) 4 (1.2)
Mount 330 (71.7) 230 (69.7) 50 (15.2) 50 (15.5) 24 (7.3) 37 (11.3) 51 (15.5) 8 (2.4)
North 1081 (68.8) 578 (53.5) 180 (16.7) 310 (29.7) 118 (11.5) 140 (13.5) 196 (19.0) 40 (3.7)
Bekaa 1008 (84.5) 609 (60.4) 86 (8.5) 209 (21.2) 82 (8.5) 62 (6.3) 114 (11.8) 17 (1.7)
South 547 (76.0) 344 (62.9) 70 (12.8) 132 (24.6) 51 (9.4) 53 (9.7) 78 (14.3) 15 (2.7)
Total 3291 (70.9) 2016 (61.3) 407 (12.4) 752 (23.2) 300 (9.4) 307 (9.5) 465 (14.4) 84 (2.6)

Data are presented as n (%). Beirut: Beirut and suburbs, schools of Salma Sayegh, Ghbeire; Mount: Mount Lebanon, schools of Haret Nehme,
Kfarselouan, Amatour; North: North Lebanon, schools of Ibn Sina, Loukman, Menieh-Blat, Kfarhazir, Batroun, Akkar; Bekaa: Schools
of Taalabaya, Bakkifa, Kabbelias; South: southern Lebanon, schools of Nabatieh, Alahd Jadid, Islah. #: response rate. *: p=0.05; **: pv0.01;
***: pv0.001.

Table 2. – Social and demographic characteristics

Variable No respiratory symptom Respiratory disease p-value

Subjects 2016 407
Age yrs 9.79¡2.29 10.11¡2.38 0.02

5–7 307 (18.2) 54 (16.8) 0.50
8–9 491 (29.1) 84 (26.1)
10–11 589 (34.9) 118 (36.6)
12–16 303 (17.9) 66 (20.5)

Sex
M 1147 (57.1) 248 (61.7) 0.09
F 861 (42.9) 154 (38.3)

BMI 18.25¡8.22 19.12¡9.14 0.04
Home smokers 1.21¡0.93 1.46¡1.06 v0.001
Pet raising 280 (13.9) 84 (20.6) v0.001
Playing with dust 476 (23.6) 153 (37.6) v0.001
Allergy 136 (6.7) 114 (28.0) v0.001
Father9s education

v8 yrs school 1073 (56.4) 223 (59.2) 0.56
w8 yrs school 747 (39.2) 140 (37.1)
University 84 (4.4) 14 (3.7)

Mother9s education
v8 yrs school 994 (51.9) 216 (56.1) 0.31
w8 yrs school 849 (44.3) 155 (40.3)
University 74 (3.9) 14 (3.6)

Father lung disease 204 (10.1) 73 (17.9) v0.001
Mother lung disease 169 (8.4) 70 (17.2) v0.001

Data are presented mean¡SD or as n (%). M: male; F: female; BMI: body mass index.
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Discussion

An association was found between exposure to pesticides
and the report of chronic respiratory symptoms and disease,
particularly asthma, among children from Lebanese public
schools.

It is difficult to be sure whether the sample represents all
public school children in different regions, since no such
numbers are available. However, selection bias was limited by
school randomisation and the good response rate (w75%).
Information about nonresponding parents could not be
obtained, but the authors have no reason to presume that
these parents in particular had children with respiratory
diseases without exposure to pesticides. Since parents were

not aware of the exact objective of the study, there is no
reason to believe that the status of exposure would affect their
response, especially because several types of exposure were
considered.

It is accepted that subjects with self-reported asthma may
show at least some lung dysfunction and this lends credibility
to the idea that the subject would have clinical asthma [23].
The questionnaire of the American Thoracic Society that was
used, which has been previously validated for epidemiological
studies [34], is now considered a convenient way to classify
individuals into cases and controls within large populations
[35]. While studying asthma, the best question is a direct
inquiry of whether the subject has, or has had, asthma [36]. A
differential classification bias is thus unlikely.

Table 3. – Types of exposure to pesticides and respiratory problems

Exposure type Subjects n Residential Domestic Para-occupational Any exposure

No symptom 2016 386 (19.1) 1258 (62.3) 140 (7.1) 1281 (63.4)
Respiratory disease 407 140 (35.3) 299 (73.5) 58 (14.6) 311 (77.8)

OR 1.21*** 1.67*** 2.24*** 1.82***
95% CI (1.74–2.82) (1.31–2.24) (1.59–3.15) (1.40–2.37)

Asthma 84 31 (36.9) 62 (73.8) 15 (18.5) 63 (75.0)
OR 2.47*** 1.70* 2.98*** 1.73*

95% CI (1.52–4.01) (1.01–2.90) (1.58–5.56) (1.02–2.96)
Chronic cough 752 142 (19.7) 404 (55.8) 68 (9.4) 511 (68.0)

OR 1.17 1.08 1.20 1.11
95% CI (0.94–1.46) (0.91–1.08) (0.88–1.62) (0.92–1.33)

Chronic phlegm 300 81 (27.9) 193 (66.6) 51 (17.6) 230 (76.7)
OR 1.94*** 1.76*** 2.67*** 1.76***
95% CI (1.45–2.58) (1.35–2.30) (1.88–3.79) (1.32–2.36)

Recurrent wheezing 307 98 (32.6) 193 (64.1) 36 (12.0) 236 (76.9)
OR 2.53*** 1.56*** 1.57*** 1.78***
95% CI (1.93–3.33) (1.20–2.01) (1.06–2.33) (1.34–2.38)

Ever wheezing 465 139 (30.6) 293 (64.1) 52 (11.5) 356 (76.6)
OR 2.43*** 1.60*** 1.57** 1.80***
95% CI (1.93–3.07) (1.29–1.98) (1.12–2.20) (1.42–2.28)

Data are presented as n (%) unless otherwise stated. Residential: regional exposure or near a treated field; domestic: domestic use by a household
member or treatment of the house and garden by a professional; para-occupational: occupational use by a household member; any exposure:
residential, domestic or para-occupational exposure; OR: odds ratio. CI: confidence interval. *: pv0.05; **: pv0.01; ***: pv0.001.

Table 4. – Exposure to pesticides and respiratory problems: multivariate analysis

Exposure type Residential Domestic Para-occupational Any exposure

Respiratory disease
ORa 1.82*** 1.77*** 1.85** 1.71**
95% CI (1.28–2.59) (1.28–2.43) (1.13–3.02) (1.20–2.43)

Asthma
ORa 2.10* 1.99* 4.61*** 1.73**
95% CI (1.01–4.42) (1.00–3.99) (2.06–10.29) (1.02–2.97)

Chronic cough
ORa 1.17 1.00 0.95 1.04
95% CI (0.86–1.59) (0.79–1.28) (0.62–1.45) (0.82–1.33)

Chronic phlegm
ORa 1.59* 1.96*** 2.56*** 1.90**
95% CI (1.03–2.45) (1.32–2.92) (1.56–4.21) (1.26–2.87)

Recurrent wheezing
ORa 2.73*** 1.49* 1.57* 2.10***
95% CI (1.85–4.05) (1.03–2.16) (0.92–2.72) (1.39–3.18)

Ever wheezing
ORa 2.55*** 1.50** 1.73* 1.99***
95% CI (1.84–3.52) (1.12–2.01) (1.09–2.74) (1.43–2.78)

Adjustments were made for passive smoking, sex, age, weight and body mass index, father9s and mother9s respiratory disease, father9s and mother9s
educational levels, animal raising, and playing with dust. Residential: regional exposure or near a treated field; domestic: domestic use by a household
member or treatment of the house and garden by a professional; para-occupational: occupational use by a household member; any exposure:
residential, domestic or para-occupational exposure; ORa: adjusted odds ratio. CI: confidence interval. *: pv0.05; **: pv0.01; ***: pv0.001.
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The use of a cross-sectional design could introduce an
information bias, since temporality is difficult to ascertain
and recall bias is possible. Regarding lung function, bronchial
responsiveness tests, atopy measurement and exposure to
pesticides, the lack of objective data provided by the
questionnaire should be taken into account, as this could
lead to a nondifferential information bias, reducing the results
towards the null. The low prevalence of doctor-confirmed
asthma found in Beirut (1.2%, table 2) in comparison to that
of the ISAAC study performed in 1998 (11.9%) [5] could be
explained by the fact that the population came from public
schools only, where children are less likely to seek medical
care because of their generally low socioeconomic status. In
the ISAAC study, the prevalence of chronic wheezing was
found to be 23.1%, which is also higher than observed in the
present study (4.4%). This could be explained by the low
sensitivity of the questionnaire, leading to a nondifferential
information bias. However, it was noted that the results are
comparable to those found in some Mediterranean regions,
with a prevalence of asthma in West Bank Palestinian school
children of 2.8–4.2% [37], Arab school children living in Israel
4.9% [38] and Turkish children 2.8% [39].

A parallel between exposure to pesticides and the spatial
distribution of respiratory effects was observed, due to the
increase in respiratory disease prevalence in agricultural
regions with a higher use of pesticides (table 1). A dose-
effect relationship was also demonstrated.

Multivariate analysis was performed, taking into consid-
eration the main confounding factors. However, environmen-
tal exposure to different pollutants and allergens associated
with asthma, in relation to urban life or rural setting (toxic
substances, pollens, animal and fungal allergens, etc.), was
impossible to assess with a questionnaire and its role in
confounding the association with residential exposure to
pesticides cannot be excluded. However, the analysis of urban
versus rural area association with respiratory diseases and
symptoms gave nonsignificant results. Moreover, the associ-
ation between air pollution and asthma is not yet well
established, and pollenosis prevalence is no higher in rural
than urban areas [17]. Furthermore, these factors do not
affect the association with domestic use of pesticides.

To the current authors knowledge, there are little epide-
miological studies directly related to the effects of environ-
mental exposure to pesticides and respiratory effects on
children. In the Community Canvass Survey in the Prairie
Ecosystem Study (PECOS) study, whose aim, in part, was to
understand the short-term effects of environmental pesticides
on lung function, the most commonly reported health diseases
for children agedv18 yrs were a history of bronchitis (19.8%),
asthma (10.2%) or skin allergies (9.7%) [40]. Several incidents
occurred where people, including children, living near to
fumigant-treated surfaces experienced respiratory symptoms
[41]. With paraquat drifts, several symptoms were reported,
such as cough, rhinitis, dyspnoea and wheezing [42, 43].

The biological plausibility of the obtained results is illus-
trated by toxicological and clinical findings. Most pesticides
are small molecules and they can exacerbate atopic patients
and aggravate asthma and dermatitis symptoms by type-I and

-IV hypersensitivity mechanisms [44]. Apart from hypersensi-
tivity, the detoxification or reparation capacity of the cells
may be overwhelmed, again resulting in the development of
respiratory diseases [45]. In addition, pesticides could affect
respiration by systemic effects (neuromuscular and immune).
In massive intoxication, they are responsible for causing
laryngeal and bronchial constriction, central respiratory fail-
ure, and respiratory muscles weakness [46].

Central respiratory diseases caused by nicotine and rote-
noids have been reported [41]. Exposure to organophosphates
may be related to respiratory diseases in children, through
deregulation of the autonomic nervous system by their anti-
cholinesterase activity [19, 41]. Conversely, pyrethroid derivatives
are allergens, causing asthma-like attacks and anaphylactic
reactions [41].

For further research, exposure assessment by sample
analysis would be useful; experience to date has already
shown that it is possible to measure childrens9 multi-pathway
exposure to pesticides [20]. If confirmed, the results obtained
here could encourage a greater control of indoor air quality
and education regarding outdoor exposure and indoor pesti-
cide use [17, 47].

In conclusion, chronic exposure to pesticides in children
was moderately associated with chronic respiratory symptoms
and diseases, especially asthma. This study was particularly
conclusive for indicators of para-occupational and residential
exposures and the domestic use of pesticides.
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