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Abstract
Objective: The study aimed to conduct a systematic review of the literature to verify the association between exposure to pesticides and allergic diseases (asthma, allergic rhinitis, and atopic
dermatitis) in children and adolescents.
Method: A systematic review and meta-analysis were performed using the PRISMA method with
the question “What is the association between exposure to pesticides and allergic diseases in
children (asthma, allergic rhinitis, and atopic dermatitis)?” MEDLINE, EMBASE, SciELO, and
Cochrane electronic databases were searched throughout the period in the literature up to September 2020. A total of 1296 studies were found, and 24 were selected.
Results: Exposure to pesticides showed a two-fold greater risk of developing or exacerbating
asthma in children and adolescents (odds ratio [OR] = 2.14 95% conﬁdence interval [CI] 1.263.64, p < 0.01). There was no association between exposure to pesticides and the development
of allergic rhinitis (OR = 2.73, 95% CI 0.13-57.8, p = 0.52) and atopic dermatitis (OR = 2.19, 95%
CI 0.51-9.36, p = 0.29).
Conclusions: Exposure to pesticides increases the risk of developing or exacerbating asthma in
children and adolescents. There was no evidence of an association between exposure to pesticides and the development of allergic rhinitis and atopic dermatitis in children and adolescents,
possibly due to the low number of studies found in this review.
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Pesticides were introduced in agriculture during the Green
Revolution, which occurred in the late 1950s due to food
shortages in several developing countries.1 From 1995, the
Board of Directors of the United Nations Environment Program, concerned about the damage caused by persistent
organic pollutants (POPs) to health and the environment,
started a series of international actions culminating in the
Stockholm Convention in 2001, which advocates for the
restriction and banning of these substances. These initiatives demonstrate the global concern about the use of pesticides and their potential negative impact on health and the
environment.2
Data from the Ministry of Agriculture, Livestock, and Supply show a signiﬁcant increase in registrations of new pesticides from 2016 onwards in Brazil, reaching 493 new
registrations in 2020.3 In addition, the use of pesticides per
planted area increased from 3.2 kg per hectare to 6.7 kg/ha
from 2005 to 2014.4
A pesticide can be considered highly toxic if it has acute
toxicity, owing to its chronic toxic effects (even at low
doses), or if it has the potential to contaminate the environment. Acute intoxications mostly occur in occupational settings. These are better known and easy to identify. However,
chronic intoxications can affect the entire population since
they are due to exposure to multiple pesticides present in
food and the environment.2 Some of the possible consequences of chronic exposure to pesticides are cancer, neurotoxicity, infertility, miscarriage, malformation, hormonal
imbalance, and effects on the immune system.5
Exposure to pesticides can also cause allergic diseases,
such as asthma, allergic rhinitis, and atopic dermatitis.
These diseases are characterized by type 2 inﬂammation,
with a predominance of CD4+ T lymphocytes of the Th2 subtype, which recruit eosinophils to the site of inﬂammation
by secreting IL-4, IL-5, and IL-13, besides stimulating B cells
to produce IgE type antibodies.6,7
Data from a study8 conducted in Brazil with twenty thousand adolescents aged 13-14 years, nine years after phase III
of the International Study of Asthma and Allergies in Childhood (ISAAC), showed a rapid increase in the prevalence of
allergic diseases. Between 2003 and 2012, there was a 23%
increase in the prevalence of physician-diagnosed asthma, a
12% increase in the prevalence of atopic eczema, and a 16%
increase in the prevalence of nasal symptoms.
The objective of this study was to verify the association
between exposure to pesticides and allergic diseases
(asthma, allergic rhinitis, and atopic dermatitis) in children
and adolescents, given their increasing prevalence.

Systematic Reviews and Meta-Analyses)9 to guide the preparation of the study. It was registered in PROSPERO (the International Database of Prospectively Registered Systematic
Reviews) under the code CRD42021219890. The PECO strategy was used - P (Population of interest): children and adolescents; E (Exposure): exposure to pesticides; C
(Comparator): children and adolescents with lower exposure
to pesticides; O (Outcome): allergic diseases (asthma, rhinitis, and dermatitis) - to formulate the following research
question: “What is the association between exposure to pesticides and allergic diseases in children (asthma, allergic rhinitis, and atopic dermatitis)?” MEDLINE, EMBASE, SciELO,
and Cochrane electronic databases were searched. The
descriptors “asthma,” “allergic rhinitis,” “atopic dermatitis,” and “pesticide” were used separately as follows:
(asthma) AND (pesticide); (allergic rhinitis) AND (pesticide);
and (atopic dermatitis) AND (pesticide).
The inclusion criteria were as follows: I) Studies that
evaluated the association between exposure to pesticides
and allergic diseases and II) Articles published up to September 2020 (the month in which this search was conducted).
The exclusion criteria were as follows: I) Studies involving
only adults; II) Articles that analyzed only domestic pesticides/insecticides; III) Studies with children working in agriculture; IV) Studies on acute intoxication; V) Review
articles, case reports, editorials, letters, abstracts, and congress annals; VI) Articles in languages other than English,
Portuguese, and Spanish.
After the search, the title and abstract of every article
were read. The methodology was then evaluated. Finally, a
list of relevant articles was compiled for a full reading. All
these steps were performed by two independent researchers. After the articles were selected, a quality analysis was
performed using the Methodological Items for Non-Randomized Studies (MINORS) tool,10 appropriate for non-randomized studies. This tool is composed of 8 items for noncomparative studies and 12 items for comparative studies,
and each item carries a score of 0, 1, or 2 points. The total
score can vary from 0 to 16 for non-comparative studies, and
from 0 to 24 for comparative studies. This tool assesses the
quality of the study design and execution as well as the
results and data analysis. The higher the score, the better
the quality of the analyzed article.
Meta-analysis was performed using the Review Manager
5.4 software. The association measures were analyzed by
calculating the odds ratio (OR) with a conﬁdence interval
(CI) of 95%. The association measures were combined,
resulting in a forest plot. The I-square (I2) was calculated for
heterogeneity research, in which values equal to or greater
than 50% were considered heterogeneous.

Methods

Results

A systematic review and meta-analysis were conducted
using the PRISMA method (Preferred Reporting Items for

A total of 1,296 articles were found, 341 of which were
duplicates and were excluded. A total of 120 articles in
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and Th2 levels in children living with farmers and children
not living with farmers. It reported higher Th2 levels in children living with farmers.13 Another cohort study conducted
in the USA evaluated the association between pesticide
metabolites in urine, dichlorodiphenyldichloroethylene
(DDE) in blood, and asthma. It found no association between
the metabolites and the outcomes in asthma.14 Two other
American studies from the same group evaluated the impact
of 1,3-dichloropropene (1,3D)15 and methylbromide (Mbr)16
exposure and asthma exacerbations and emergency department visits and found a positive association in both. Two
studies, both with data from the same cohort (Center for
the Health Assessment of Mothers and Children of Salinas CHAMACOS), evaluated prenatal exposure to pesticides and
respiratory symptoms in childhood. The ﬁrst showed no association between the variables, and the second showed an
association between early exposure to pesticides and
asthma in childhood.17,18 Based on data from the same
cohort, the impact of sulfur pesticide (considered as relatively safe and used in both conventional and organic agriculture) on pulmonary function and respiratory symptoms
was evaluated, showing adverse effects of this substance on
the respiratory health of children.19 A case-control study
conducted in the USA showed an association between pesticide exposure in the ﬁrst year of life and diagnosis of asthma
before 5 years of age.20

languages other than English, Portuguese, and Spanish, as
well as review articles, editorials, letters, abstracts, congress annals, and case reports were excluded. After reading
the title and abstract, 758 articles that did not address the
topic of interest were excluded. Following the methodology
evaluation, 40 were excluded for not having analyzed the
association between exposure to pesticides and allergic diseases. Finally, 36 articles remained for a full reading. Of
these, 24 were selected for this review (Figure 1).
The selected articles were published between 2000 and
2019. All the studies were conducted in countries from the
northern hemisphere: 12 from North America, 8 from
Europe, 1 from Asia, 1 from the Middle East, and 1 mixed
study from Europe and North America. The predominant
study design was cohort (15 studies), corresponding to 62.5%
of the total. The others were cross-sectional (6 studies) and
case-control (3 studies) (Table 1).
Among the studies that comprised the ﬁnal sample, 41.6%
were conducted in the United States of America (USA), two
of which analyzed the relationship between exposure to pesticides and asthma exacerbations using the measurement of
urinary leukotriene E4, both belonging to the same cohort
(aggravating factors of asthma in a rural environment),
showing an association between pesticide metabolites in
urine and leukotriene E4.11,12 A cohort study from the USA
evaluated organophosphorus pesticide exposure and Th1

Figure 1

PRISMA ﬂow diagram of the article selection process.
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Table 1

Description of selected articles in the systematic review.
Results

Balte et al., 2017
Germany26

Cohort

344 children

DDE vs FVC Estimate 0.006; SE 0.02; p = 0.71
DDE vs FEV1 Estimate 0.004 SE 0.02; p = 0.81

Benka-Coker et al., 2019
United States of America11

Cohort

16 children (139 urine
samples)

DAPs vs urinary LTE4
b: 4.1[0.67.6] pg/mg

Benka-Coker et al., 2020
United States of America12

Cohort

16 children (139 urine
samples)

bEDE: 8.7 (2.8, 14.6); CI=95%
bEDM: 1.1 (0.5, 1.7)
bEDAP: 4.1 (0.7, 7.5)

Bukalasa et al., 2018
Netherlands31

Cross-sectional

1470 adolescents

Duramad et al., 2006
United States of America13

Cohort

Assess the association
between DDE exposure and
lung function
Assess exposure to pesticides and asthma exacerbation using Leukotriene E4 in
urine
Assess exposure to pesticides and asthma exacerbation using Leukotriene E4 in
urine
Assess exposure to pesticides and prevalence of
asthma and related symptoms at 14 years old
Assess the association
between organophosphate
exposure and Th1 and Th2
cells

Gascon et al., 2014
Spain28

Cohort

Assess prenatal effect of
DDE, HCB, and PCB on the
respiratory health of children from birth to 14 years
old and assess the role of
immune biomarkers

405 (275 with blood
samples at 4 years
old)

Gharibi et al., 2020a
United States of America15

Cross-sectional

Gharibi et al., 2020b
United States of America16

Cohort

Assess the impact of exposure to MBr (methyl bromide) in emergency asthma
care
Assess the association
between 1,3-dichloropropene exposure and asthma
emergency care in Southern
California

4262 emergency visits
of children and adolescents between 2
and 18 years old
1331 2 to 18 years-old
children and
adolescents

Distance from pesticide treated ﬁelds vs asthma (CI=95%)
100m OR = 0.31 (0.07, 1.32)
500m OR = 0.95 (0.57, 1.57)
1000m OR = 0.86 (0.52, 1.40)
Th2 level in children living with farmers 0.8% (0.70.9%) CI 95%
Th2 level in children who do not live with farmers 0.6% (0.50.7%)
CI 95% p 0.02
Th2 vs eczema CI 95%
0.7% (0.61.0%)
Th2 vs asthma CI 95%; p < 0.05
1.0% (0.71.2%)
DDE vs asthma CI 95%
10 years old RR=1.03 (0.71, 1.50)
14 years old RR=0.89 (0.61, 1.31)
HCB vs asthma CI 95%
10 years old RR=1.21 (0.67, 2.18)
14 years old RR=1.08 (0.61, 1.90)
SPCBs vs asthma CI 95%
10 years old RR=0.94 (0.82, 1.08)
14 years old RR=0.93 (0.82, 1.06)
2-5 years OR = 1.024 (0.997, 1.052), CI 95%
6-18 years OR = 1.071 (1.016, 1.125), CI 95%

239 2-year-old
children

Association between 1,3D and asthma emergency visits CI 95%
2-5 years OR = 1.065 (1.020, 1.113)
6-18 years OR = 1.142 (1.086, 1.196)
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Table 1

(Continued)
Results

Gunier et al., 2018
United States of America17

Cohort

Assess pre- and postnatal
exposure to pesticides and
lung function and respiratory symptoms in 7-year-old
children

294 children

Hallit et al., 2017
Lebanon25

Case-control

Assess exposure to pesticides and respiratory symptoms (asthma)

1503 children and
adolescents

Karmaus et al., 2001
Germany27

Cross-sectional

Assess the association
between exposure to organochlorine pesticides and
infections and allergic
diseases

343 children (340 IgE)

Prenatal exposure vs respiratory symptoms at 7 years old CI 95%
Methyl Bromide OR = 1.1 (0.8, 1.6); p = 0.55
Chloropicrin OR = 1.1 (0.8, 1.4); p = 0.66
Metam sodium OR = 1.0 (0.8, 1.3); p = 0.88
1,3-DCP OR = 1.1 (0.8, 1.4); p = 0.58
Postnatal exposure vs respiratory symptoms at 7 years old CI 95%
Methyl bromide OR = 1.0 (0.6, 1.6); p = 0.93
Chloropicrin OR = 1.0 (0.6, 1.5); p = 0.87
Metam sodium OR = 0.9 (0.6, 1.4); p = 0.72
1,3-DCP OR = 1.2 (0.6, 2.4); p = 0.64
Prenatal exposure vs asthma medication at 7 years old CI 95%
Methyl bromide OR = 1.0 (0.6, 1.8); p = 0.87
Chloropicrin OR = 1.0 (0.6, 1.5); p = 0.94
Metam sodium OR = 1.2 (0.8, 1.8); p = 0.35
1,3-DCP OR = 1.3 (0.9, 2.0); p = 0.17
Postnatal exposure vs asthma medication at 7 years old CI 95%
Methyl bromide OR = 0.8 (0.4, 1.7); p = 0.63
Chloropicrin OR = 0.9 (0.5, 1.6); p = 0.61
Metam sodium OR = 1.3 (0.7, 2.7); p = 0.41
1,3-DCP OR = 1.3 (0.4, 3.6); p = 0.66
OR = 3.307 (1.848, 5.918), p < 0.001 (live in area treated with pesticides)
OR = 0.5 (0.337, 0.744), p = 0.001 (live with someone who works
with pesticides)
Asthma (CI 95%)
DDE  0.3 pg/l vs. < 0.3 pg/l
OR = 3.71 (1.10, 12.56)
DDE < 0.3 p g / h
HCB > 0.2 pg/l vs.  0.2 pg/l
OR = 1.21 (0.11, 13.82)
DDE  0.3 pg/k
HCB > 0.2 pg/l vs.  0.2 pg/l
OR = 0.53 (0.13, 2.1 6)
DDE < 0.3 pg/l
CPCB > 0.48 pg/l vs.  0.48 pg/1x
no valid estimation
DDE  0.3 pg/k
ZPCB > 0.48 pg/l vs.  0.48 pg/lx
OR = 0.56 (0.13, 2.52)
IgE  200kU/l (CI=95%)
DDE  0.3 pg/l vs. < 0.3 pg/l
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Table 1

(Continued)

Author, Year and Country

Study design

Masley et al., 2000
Canada22

Cross-sectional

Meng et al., 2016
China23

Case-control

Assess domestic exposure to
environmental pollutants
and the impact on respiratory health of school-age
children
Describe the health and
local conditions of a rural
area in Canada

280 children

Compare the serum concentration of certain pesticides
in asthmatic and non-asthmatic children

Children 3-6 years
124 cases
109 controls

393 children and
adolescents

Results

[mSP6P;January 5, 2022;17:33]

OR = 2.28 (1.20, 4.31)
DDE < 0.3 p g / h
HCB > 0.2 pg/l vs.  0.2 pg/l
OR = 0.91 (0.30, 2.73)
DDE  0.3 pg/k
HCB > 0.2 pg/l vs.  0.2 pg/l
OR = 0.49 (0.19, 1.23)
DDE < 0.3 pg/l
CPCB > 0.48 pg/l vs.  0.48 pg/1x
OR = 1.08 (0.35, 3.31)
DDE  0.3 pg/k
ZPCB > 0.48 pg/l vs.  0.48 pg/lx
OR = 0.82 (0.32, 2.08)
Proximity of pesticide sprayed crops vs asthma symptoms CI 95%, p
< 0.05
Single-pollutant model OR = 1.11 (0.51, 2.29)
Multi-pollutant model OR = 3.53 (1.27, 10.29)
Multi-pollutant model controlled to CO2 OR = 4.17 (1.43, 13.26)
Asthma in children from non-agricultural families vs agricultural
families OR = 2.2 (0.8, 5.7); p = 0.12; CI 95%
Bronchitis in children from non-farm vs agricultural families
OR = 2.8 (1.6, 4.8); p < 0.001; CI 95%
Asthma CI 95%
p,p'-DDE
OR = 1.02 (1.01, 1.03); p = 0.0004
p,p'-DDD
OR = 1.01 (0.99, 1.03); p = 0.62
o,p'-DDT
OR = 0.99 (0.97, 1.01); p = 0.17
p,p'-DDT
OR = 1.01 (0.99, 1.03); p = 0.23
HCB
OR = 1.02 (1.01, 1.04); p = 0.01
a-HCH
OR = 1.06 (1.02, 1.10); p = 0.001
b-HCH
OR = 1.01 (1.00, 1.01); p = 0.02
g-HCH
OR = 1.02 (1.00, 1.05); p = 0.04
Heptachlor
OR = 1.06 (1.02, 1.11); p = 0.003
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Association between urine
pesticide biomarkers, blood
DDE and asthma

Sample

1484 children 6-11
years-old
1239 children 12-15
years-old

Results

7

[mSP6P;January 5, 2022;17:33]

Total OCPs
OR = 1.00 (1.00, 1.00); p = 0.002
Severe asthma CI 95%
HCB OR = 1.01 (0.99, 1.03); p = 0.06
a-HCH OR = 1.01 (0.99, 1.02); p = 0.23
b-HCH OR = 1.00 (0.99, 1.00); p = 0.34
g-HCH OR = 1.01 (0.97, 1.04); p = 0.78
Heptachlor OR = 1.04(0.99, 1.09); p = 0.11
p,p'-DDE OR = 1.00 (1.00, 1.00); p = 0.25
p,p'-DDD OR = 0.97 (0.95, 0.99); p = 0.01
o,p'-DDT OR = 0.97 (0.96, 0.99); p = 0.01
p,p'-DDT OR = 0.98 (0.95, 1.02); p = 0.36
Total OCPs OR = 1.00 (0.99, 1.002); p = 0.89
DDE blood vs asthma (940 adolescents 12-15 years-old) CI 95%
Ever Asthma
<40th percentile RR=1.00 Referent
40th80th percentile RR+0.63 (0.35, 1.14)
>80th percentile RR=0.81 (0.33, 2.00)
Current Asthma
<40th percentile RR=1.00 Referent
40th80th percentile RR=0.47 (0.21, 1.05) **
>80th percentile RR=0.78 (0.24, 2.55)
**025 < p  .10. Marginally statistically signiﬁcant
DAP urine vs asthma (1484 children 6 -11 years-old) CI 95%
Ever Asthma
<25th percentile RR=1.00 Referent
25th50th percentile RR=1.19 (0.65, 2.18))
50th75th percentile RR=1.71 (0.97, 2.99)
>75th percentile RR=1.16 (0.62, 2.17)
Current Asthma
<25th percentile RR=1.00
25th50th percentile RR=1.49 (0.72, 3.06)
50th75th percentile RR=1.89 (1.01, 3.53)
>75th percentile RR=1.42 (0.64, 3.16)
DAP urine vs asthma (1293 adolescents 12-13 years-old) CI 95%
Ever Asthma
<25th percentile 1.00 Referent
25th50th percentile 1.14 (0.69, 1.90)
50th75th percentile 1.44 (1.01, 2.06)**
>75th percentile 1.20 (0.66, 2.20)
**0.025 < p  0.10. Marginally statistically signiﬁcant
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Table 1

(Continued)

Author, Year and Country

Study design

Raanan et al., 2017
United States of America19

Cohort

Raherison et al., 2019
France32

Between 270 to 331
depending on the
analysis

Cohort

Assess the association
between exposure to airborne pesticides and asthma
and rhinitis

281 children (96 children with analyzed
urine samples in both
phases and complete
questionnaire)

Salam et al., 2004
United States of America20

Case-control

Assess risk factors for early
life asthma

338 cases
570 controls

Salameh et al., 2003
Lebanon24

Cross-sectional

Smit et al., 201534
Greenland and Ukraine

Cohort

Assess the association
between exposure to pesticides and chronic respiratory
diseases in children and
adolescents
Explore the association
between prenatal exposure
to environmental contaminants and asthma and
eczema

407 children with
diagnosed chronic
respiratory disease
2016 children without
respiratory symptoms
Children 5-9 years old
(1024 pairs motherchild, 492 from
Ukraine and 532 from
Greenland)

237 7-year-old
children

Current Asthma
<25th percentile 1.00 Referent
25th50th percentile 1.04 (0.54, 1.99)
50th75th percentile 1.33 (0.74, 2.40)
>75th percentile 1.12 (0.59, 2.12)
Total DAP pregnant urine vs symptoms at 5 or 7 years old OR = 1.28
(0.77, 2.13); CI 95%; p = 0.34
Total DAP in children vs symptoms at 5 and 7 years old OR = 2.53
(1.32, 4.86); CI 95%; p = 0.005
Sulfur exposure before 1 year vs respiratory symptoms at 7 years by
different distances CI 95%
0.5Km OR = 1.71 (1.14, 2.57); p = 0.009
1Km OR = 2.09 (1.27, 3.46); p = 0.004
3Km OR = 0.96 (0.40, 2.26); p = 0.92
Sulfur exposure before 1 year vs use of asthma medication at
7 years by different distances CI 95%
0.5km OR = 2.23 (1.19, 4.21); p = 0.01
1Km OR = 3.51 (1.50, 8.23); p = 0.004
3Km OR = 2.10 (0.39, 11.30); p = 0.39
Exposure to pesticides in air vs symptom score CI 95%
Asthma OR = 3.93 (0.40, 38.44); p = 0.2398
Rhinitis OR = 0.27 (0.03, 2.35); p = 0.2362
ETU urinary concentration vs symptoms score CI 95%
Asthma OR = 2.01 (0.54, 7.52); p = 0.2936
Rhinitis OR = 2.83 (0.75, 10.75); p = 0.1262
Pesticide vs asthma
OR = 1.61 (0.93, 2.79); CI 95%
Pesticide vs persistent asthma in the ﬁrst year of life OR 3.58
(1.598.06); CI 95%
Pesticide vs asthma in the ﬁrst year of life OR = 2.39 (1.17, 4.89);
CI 95%
Asthma OR 1.73 (1.02, 2.97)
CI 95%; p < 0.01

Prenatal exposure to organochlorines vs association between respiratory symptoms and eczema (CI 95%)
Ever asthma
OR = 0.96 (0.77, 1.20)
Ever eczema

[mSP6P;January 5, 2022;17:33]

Assess the association
between early exposure to
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and respiratory symptoms
Association between sulfur
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Table 1

(Continued)

Author, Year and Country

Study design

Objective

Sample

Assess the association
between levels of DDE and
other organochlorines in
cord blood and atopy and
asthma in early childhood

468 children

Sunyer et al., 2006
Spain30

Cohort

462 children

Weselak et al., 2007
Canada21

Cohort

Assess the association
between exposure to DDE
and asthma at age 6 years
To assess the association
between parental exposure
to pesticides during pregnancy and asthma, bronchitis, and allergic rhinitis in
children

3405 children

CI 95%
Any pesticide vs asthma OR = 1.00 (0.71, 1.40)
Fungicide x asthma OR = 1.25 (0.74, 2.12)
Insecticide x asthma OR = 1.06 (0.73, 1.54)
Herbicide x asthma OR = 0.84 (0.55, 1.30)
Other pesticides vs asthma OR = 0.55 (0.23, 1.31)
Any pesticide vs allergic rhinitis OR = 1.58 (1.19, 2.08)
Fungicide vs allergic rhinitis OR = 1.69 (1.15, 2.47)
Insecticide vs allergic rhinitis OR = 1.48 (1.07, 2.03)
Herbicide vs allergic rhinitis OR = 1.56 (1.15, 2.11)
Other pesticides vs allergic rhinitis OR = 1.25 (0.68, 2.31)
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Cohort

OR = 0.89 (0.72, 1.10)
Current eczema
OR = 1.01 (0.80, 1.27)
Cord blood DDE vs wheezing at 4 years old CI 95%
(DDE at each concentration fold)
All RR=1.32 (1.13, 1.54)
Non-atopic RR=1.30 (1.05, 1.62)
DDE by quartiles
All
< 0.57 RR=1
0.57-1.03 RR=1.00 (0.41, 2.43)
1.03-1.90 RR=1.62 (0.70, 3.74)
<1.90 RR=2.36 (1.19, 4.69)
Non-atopic
< 0.57 RR=1
0.57-1.03 RR=1.32 (0.37, 4.70)
1.03-1.90 RR=2.63 (0.96, 7.20)
<1.90 RR=2.49 (1.00, 6.19)
DDE at birth vs asthma at 6 years OR = 1.18 (1.01, 1.39); CI 95%
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studies from Spain.29,30 evaluated the association between
DDE in cord blood and asthma in children, indicating a positive association. A study from the Netherlands evaluated
prenatal exposure in residential areas within 100 m, 500 m,
and 1000 m of pesticide-treated agricultural ﬁelds and
asthma at 14 years of age. It reported no association.31 A
study from France showed an association between ethylene
thiourea (ETU - a substance resulting from the degradation
of certain fungicides) in urine and asthma and rhinitis in children.32 In Romania, a study showed that living near spraying
areas may be a risk factor for the development of asthma
symptoms.33 A study from Greenland and Ukraine assessed
prenatal pesticide exposure and childhood asthma and
eczema symptoms, ﬁnding a negative association between
organochlorine exposure and eczema.34
Table 2 shows the scores of the quality assessment using
the MINORS tool. The non-comparative studies scored
between 11 and 14 (total possible score is 0-16) and the
three comparative studies scored between 20 and 22 (total
possible score is 0-24).
All the studies selected for this review were combined in
a meta-analysis (Figure 2) to analyze the association of
asthma in children and adolescents exposed to pesticides. A
2.14 OR (CI 95% 1.26, 3.64) and p = 0.005 were found. Two of
the studies32,21 provided data on allergic rhinitis and were
combined in a meta-analysis (Figure 3) to verify the association between exposure to pesticides and allergic rhinitis in
children and adolescents (OR 2.73; CI 95% 0.13, 57.8;
p = 0.52). Two other studies13,34 were combined in a meta-

A Canadian study evaluated the association of parental
exposure during pregnancy and asthma and rhinitis in children, showing a positive association for rhinitis but no association for asthma.21 A signiﬁcant predominance of asthma
was identiﬁed in children from farming families in another
Canadian study.22
A case-control study conducted in China compared blood
concentrations of pesticides in asthmatic and non-asthmatic
children, showing a positive association between exposure
to pesticides and diagnosis of asthma.23
Two Lebanese studies evaluated the exposure of children
and adolescents to pesticides through occupational exposure
of their parents and by living in an area treated with pesticides. Both the studies showed pesticides as factors associated with asthma.24,25
Among the European studies, a study from Germany evaluated the association between DDE in blood and lung function. DDE was seen to have a height-reducing effect in
children, with a consequent effect on forced vital capacity
(FVC) and forced expiratory volume in one second (FEV1).26
Another German study studied the association between
organochlorines in blood, IgE, and asthma, showing a positive association between pesticides and asthma and
between pesticides and increased IgE.27 A study from Spain
evaluated prenatal exposure using cord blood tests for DDE,
hexachlorobenzene (HCB), and polychlorinated biphenyls
(PCB) and the presence of asthma up to the age of 14 years
and found a positive association between prenatal exposure
and adverse effects on the respiratory system.28 Two other

Table 2

Scores of articles selected through the MINORS tool criteria (C).

Studies
26

Balte et al., 2017
Benka-Coker et al., 201911
Benka-Coker et al., 202012
Bukalasa et al., 201831
Duramad et al., 200613
Gascon et al., 201428
Gharibi et al., 2020a15
Gharibi et al., 2020b16
Gunier et al., 201817
Hallit et al., 201725
Karmaus et al., 200127
Lu et al., 201833
Masley et al., 200022
Meng et al., 201623
Perla et al., 201514
Raanan et al., 201518
Raanan et al., 201719
Raherison et al., 201932
Salam et al., 200420
Salameh et al., 200324
Smit et al., 201534
Sunyer et al., 200529
Sunyer et al., 200630
Weselak et al., 200721
a
b
c

C1

C2

C3

C4

C5

C6

C7

C8

Total Score

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

2
2
2
2
1
2
2
2
2
2
2
2
2
2
1
2
1
2
2
2
1
2
1
2

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

2
2
2
2
2
2
2
2
2
2
1
2
2
2
2
2
2
2
1
2
2
1
1
2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
0
2

2
2
2
2
1
1
2
2
1
1
1
2
1
2
1
1
1
1
1
1
1
1
1
1

0
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

12
14
14
14
12
13
14
14
13
21a
12
14
13
22b
12
13
12
13
20c
13
12
12
11
13

Additional criteria for comparative studies (Hallit et al., 201725): C 9: 2; C 10: 2; C 11: 2; C 12: 2; Total Score: 21.
Additional criteria for comparative studies (Meng et al., 201623): C 9: 2; C 10: 2; C 11: 2; C 12: 2; Total Score: 22.
Additional criteria for comparative studies (Salam et al., 200420): C 9: 2; C 10: 2; C 11: 2; C 12: 2; Total Score: 20.
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Figure 2

Figure 3

Figure 4

Odds ratio of asthma among children and adolescents exposed to pesticides.

Odds ratio of allergic rhinitis among children and adolescents exposed to pesticides.

Odds ratio of atopic dermatitis among children and adolescents exposed to pesticides.

analysis (Figure 4) to evaluate the association of atopic dermatitis in children and adolescents exposed to pesticides
(OR, 2.19; 95% CI 0.51, 9.36; p = 0.29).

The 24 studies that were selected based on the criteria indicated in the methodology are concentrated entirely in the
northern hemisphere, with half coming from North America
and one-third from Europe. Three studies were conducted in
developing countries: two in Lebanon25,24 and a mixed one
in Ukraine-Greenland,34 the former being considered a
developing country. In Brazil, although there is a widespread
use of pesticides and a signiﬁcant prevalence of asthma, rhinitis, and dermatitis, no studies were found on the subject,
highlighting the need to conduct national studies.
The analyzed studies used different ways to measure
exposure to pesticides, and they can be divided into various
classes: concentration of pesticides in blood, the

Discussion
The association of exposure to pesticides and allergic diseases in children (asthma, allergic rhinitis, and atopic dermatitis) is not well established. However, the high
prevalence of these allergic diseases in children and adolescents worldwide and the increased use of these chemicals in
crops raises the possibility of a relationship between them.
11

ARTICLE IN PRESS
JID: JPED

[mSP6P;January 5, 2022;17:33]

M.B. Rodrigues, D.S. Carvalho, D.C. Chong-Silva et al.
concentration of pesticide metabolites in urine, exposure of
the child through occupational exposure of parents, estimates based on ofﬁcial monitoring data, and living near
areas treated with pesticides. Some studies used more than
one way to measure exposure. Such methodological differences resulted in heterogeneous results, some more robust
than others, thereby making it difﬁcult to evaluate the association between exposure to pesticides and allergic diseases, which is a limitation of the present study. Another
limitation was the fact that many articles did not specify the
pesticide studied, hindering the performance of more indepth analyses of classes of pesticides and allergic diseases.
The proposed methodology and language restrictions also
reduced the number of articles selected for review. All the
articles were concerned with analyzing and correcting possible confounding factors, such as exposure to tobacco smoke
or pollution.
Seven studies evaluated prenatal exposure and the development of respiratory symptoms in children and adolescents. This evaluation is relevant since women, not only
those working or living with someone who works in agriculture, may be exposed to varying degrees and bring consequences to their offspring. During the ﬁrst half of gestation,
the bronchi are developing and branching; in the second
half, the alveoli begin to develop, and for several years after
birth, they continue to mature, increasing in number, size,
and complexity.35 Studies with animal models showed that
organophosphate doses lower than those required to cause
acetylcholinesterase inhibition was able to induce airway
hyperreactivity.36,37 A study involving 331 children aged 710 years in Germany showed a relationship between
increased IgE levels and serum levels of DDE. These ﬁndings
indicate that DDE changes the response of the immune system towards the production of Th2 lymphocytes, causing
allergic diseases such as asthma.38 Thus, further studies on
pesticide use that can go beyond acute toxicity are necessary to understand its long-term effects from gestation to
adulthood.
Another point addressed in one of the studies39 is the
immunological impact of pesticides. An increase in Th2 cells,
characteristic of an allergic inﬂammatory pattern, was identiﬁed in children living with people who worked in agriculture. This ﬁnding may indicate how pesticides trigger or
exacerbate asthma, showing potential paths for future
research in the area.
Figure 2 shows the result of the meta-analysis with a narrow CI, low heterogeneity, and signiﬁcance in exposure to
pesticides, with a 2.14-fold increased risk of children and
adolescents presenting or exacerbating asthma. Asthma is a
chronic disease with high prevalence in Brazil and the rest of
the world in both adults and children/adolescents. It is
responsible for reduced quality of life, absenteeism from
school and work, hospitalization, and death. Thus, it is
extremely important to conduct more studies on the impact
of pesticides on the respiratory health of children and adolescents, especially in Brazil, a country where these compounds are widely used.
Regardless of the country of origin and how pesticide
exposure and respiratory status were analyzed, all studies
were to the right of the line of null effect of the forest plot.
This study indicates that this is a global issue that requires
international efforts to determine and mitigate the impact

of pesticides on health and the need for expanding and continuing the actions of the Board of Directors of the United
Nations Environment Program, which aims at reducing and
banning these compounds as stated in the Stockholm and
Rotterdam Conventions.
As for the analyses of allergic rhinitis and atopic dermatitis, there were few studies selected by the methodology
applied, and the combined results of the two studies with
data on rhinitis showed a three times higher risk, but with a
wide CI and no statistical signiﬁcance. Considering that
about 80% of asthma patients have rhinitis, and its control
impacts asthma, further studies are needed to determine
the association of pesticides on rhinitis symptoms. The combined result of the data on atopic dermatitis identiﬁed a two
times higher risk, with a smaller CI compared to that of rhinitis, but also with no statistical signiﬁcance, indicating the
need for further studies to evaluate this association.
In the study by Hyland et al.,40 an organic diet was found
to reduce urinary excretion of insecticide, herbicide, and
fungicide metabolites in adults and children, demonstrating
how ingestion of pesticide-contaminated water and food can
cause or exacerbate asthma, allergic rhinitis, and atopic
dermatitis.
A limitation of this study is that it is a review, though it
was systematized and the best available guidelines were followed while developing it. Another limiting factor is that
studies in languages other than English, Portuguese, and
Spanish were excluded from the review. There were only
two studies that evaluated allergic rhinitis and two studies
that analyzed atopic dermatitis. This may have inﬂuenced
the results found in the evaluation of these two diseases.
The results showed that there is an association between
exposure to pesticides and the risk of development or
exacerbation of asthma in children and adolescents. It is
essential to study the exposure to pesticides when taking
the medical history of children and adolescents with asthma.
The association between exposure to pesticides and the
development of allergic rhinitis and atopic dermatitis in children and adolescents has not been proven. Better control
and supervision of pesticide use in Brazil and the rest of the
world are necessary, aiming at health promotion and prevention of potentially serious allergic diseases such as asthma in
children and adolescents.
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