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Background: Exposure to pesticides is a global public health problem, especially for children. Its association with chronic respiratory disease among children has attracted considerable attention, but the existing evidence remains inconclusive and cannot be certain. Therefore, this systematic review and meta-analysis aim to determine the global pooled effect size of association with pesticide exposure and asthma, wheezing, and respiratory tract infections among children.

Methods: A comprehensive search was conducted for relevant literature from electronic databases, including PubMed, Google Scholar, Hinari, Semantic Scholar, and Science Direct. Studies that provided effect size on the association between pesticide exposure and childhood asthma, wheezing, and respiratory tract infections in children were included. The articles were screened, data was extracted, and the quality of each study was assessed with four independent reviewers. Random effects models for significant heterogeneity and fixed effect models for homogeneous studies were conducted to estimate pooled effect sizes with 95% confidence intervals using Comprehensive Meta-Analysis version 3.3.070 and MetaXL version 2. Funnel plot and Higgins I2 statistics were used to determine the heterogeneity of the included studies. Subgroup analyses were computed based on the types of pesticide exposure, study design, sample size category, and outcome assessment technique.

Result: A total of 38 articles with 118,303 children less than 18 years of age were included in this meta-analysis. Pesticide exposure among children increased the risk of asthma by 24%; (OR = 1.24, 95% CI: 1.14–1.35) with extreme heterogeneity (I2 = 81%, p < 0.001). Exposure to pesticides increased the odds of developing wheezing among children by 34% (OR = 1.34, 95% CI: 1.14–1.57), with high heterogeneity (I2 = 79%, p < 0.001) and also increased the risk of developing lower respiratory tract infection by 79% (OR = 1.79, 95% CI: 1.45–2.21) with nonsignificant low heterogeneity (I2 = 30%, p-value = 0.18).

Conclusion: This meta-analysis provided valuable evidence supporting the association between childhood asthma, wheezing, and lower respiratory tract infection with pesticide exposure. The findings would contribute to a better understanding of the estimate of the effect of pesticide exposure on respiratory health in children and inform evidence-based preventive strategies and public health interventions.
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Introduction

In the 21st century, pesticide exposure continues to be a serious global public health concern, especially for children. Approximately 300,000 deaths per year are attributable to pesticide exposure, which affects about 3 million people globally (1). Data from poison control centers showed that 3.4% of pediatric deaths and 3.6% of adult deaths are attributable to pesticide poisoning, with 3.3% of unintentional poisoning deaths coming from all sources (2). It was indicated that children aged less than 19 years of age accounted for about 59% of all single-substance pesticide exposures, and 94% of all pesticide ingestions were done inadvertently. The associated costs of treating chronic illness are very substantial, especially in developing nations (1, 3).

There is a risk of accidental and occupational exposure to pesticide residues of many kinds, including pyrethroids, fungicides, organochlorine (OC), organophosphate (OP), (4), indoor metabolites, and other chemicals (5). Different studies indicated that mostly organophosphate pesticides can cause neurotoxicity, immune toxicity, genotoxicity, nephrotoxicity, hepatotoxicity, cardiotoxicity, and reproductive toxicity (6–8), while organochlorine and pyrethroid pesticides can cause both acute and chronic respiratory disease and allergic reactions (9–11).

Adult epidemiological research indicates that occupational and environmental exposure to pesticides is linked to a high incidence of respiratory illnesses and their symptoms (12), including asthma, wheezing, respiratory tract infections (13), and changes in lung function (10, 14, 15). According to the pooled prevalence from a meta-analysis of 56 publications, the ratio of forced expiratory volume in 1 s to forced vital capacity decreased as a result of exposure to organophosphate pesticides (16–19). This is also supported by three literature reviews that were recently published (9, 20, 21). However, little is known about the pooled effect size of exposure to pesticides and childhood chronic respiratory diseases, including asthma, wheezing, and other respiratory tract infections.

Exposure to pesticides has been associated with an increased risk of chronic respiratory diseases and symptoms in children, and they are particularly vulnerable to asthma, wheezing, and lower respiratory tract infections (20) due to their developing bodies, immune systems, and behaviors that may increase their exposure (22–25). Children are mostly exposed to pesticides through inhalation (compared to adults, children breathe more about their body weight) (10), consumption of food and drink that has a high pesticide residual content (17, 23), by skin contact or exposure while using pesticides at home to control pests (17), mothers’ exposure to pesticides during pregnancy, and their hand-to-mouth habit (25, 26).

Studies have examined the association between pesticide exposure and chronic respiratory diseases during childhood, and the previous studies conducted have not reached a consensus. This systematic review and meta-analysis aim to consolidate and determine pooled evidence on the association between chronic respiratory diseases and symptoms including asthma, wheezing, respiratory tract infection, and pesticide exposure. Understanding and pooled evidence for this relationship is crucial in advocating for environmental and occupational health regulations and promoting preventive measures to minimize the impact on public health.



Methods


Reporting system and registration

We used primary studies that reported the association between single or multiple pesticide exposure and asthma and/or LRTI and/ or wheezing and/or among children from prenatal to 18 years of age worldwide. Fundamental principles of the Centre for Reviews and Dissemination’s (CRD) guidance for undertaking reviews in healthcare and Preferred Reporting Items for Systematic Review and Meta-Analysis guideline (PRISMA) were employed to conduct this review. It was registered at the Protocols at the International Prospective Register of Systematic Reviews (PROSPERO: CRD42020176826) available.1



Data sources, study period, searching strategies, and study selection

A comprehensive literature search was conducted in electronic databases, including PubMed, Google Scholar, Hinari, Semantic Scholar, and Science Direct. The search included studies published from the inception of the databases from 1991 up to December 2, 2023, and the studies included in the previous systematic review were reevaluated and incorporated in this meta-analysis.

An effort was made to get in touch with experts in the field to obtain further details about both published and unpublished research. In addition, relevant references in selected studies were examined thoroughly to find related studies that were not found in our search.

The MeSH and search filters were included in the search strategies (Pesticides OR Insecticides OR Organophosphate OR Carbamates) AND (Respiratory function OR Pulmonary function OR Respiratory symptoms OR Respiratory disease OR Respiratory Disorder OR Asthma OR Wheeze OR Bronchitis OR Dyspnea OR Cough OR Phlegm) AND Children (27). In addition to the above keywords, synonyms, abbreviated symbols, and other free keywords were used. Only full-text articles in the English language were considered for review, the reference lists were also manually checked, and similar articles feature of a database was used. The search was performed up to December 2, 2023, by four authors independently (AK, CD, YT, and ET).

Every included and excluded studies were screened using EndNote 20 and the Rayyan automation tool. Screening by title and abstract was conducted independently, followed by screening by the full texts of the included studies by four authors. Disagreement was solved by consensus, and the selection process was recorded in sufficient detail to complete a PRISMA 2020 flow diagram.



Inclusion and exclusion criteria

In this review, cohort, case–control, or cross-sectional studies conducted (without restrictions to study period and sample size, study setting, and published and unpublished) on the association between pesticide exposure and chronic respiratory diseases, including asthma, lower respiratory tract infections (LRTI), and wheezing, among children less than 18 years of age. Observational studies conducted among children exposed to pesticides, insecticides, organophosphate, or carbamates and their derivatives were eligible for this review and compared with children who were not exposed with more or less exposed to pesticides, insecticides, organophosphate, carbamates, or their derivatives.

Children exposed to pesticides from agricultural sources, including parental and antenatal exposure, through air, via contaminated food, were also included, but studies carried out on groups other than children were excluded. Included outcomes were effect size reported on the association between asthma, wheezing, lower respiratory tract infection, and pesticide exposure among children less than 18 years of age. However, qualitative studies, irretrievable studies, editorial letters, studies with poor methodological quality, and studies that did not report the outcome of interest were excluded from the meta-analysis.



Outcome assessment

The primary outcome of the study was to estimate the pooled effect size of the association between pesticide exposure and asthma, and LRTI and wheezing in the form of odds ratio.



Data extraction quality assessment

After all, articles were exported into the EndNote 20 version and the Rayyan automation tool to remove the duplicated articles. The remaining data were extracted using a standardized form (initially piloted on two included studies) with characteristics of studies, outcomes, and risk of bias on Microsoft Excel 2016. Cohort, case–control, and cross-sectional studies using the author involved in the study, year, country, study design, sample size, type of pesticide exposed, exposure metrics, exposure assessment method, timing of outcome measurement, outcome assessment, and children with chronic respiratory disease (asthma and lower respiratory tract infections)/chronic respiratory symptoms (wheezing) associated with pesticide exposure were performed by five authors (AK, CD, YT, ET, and EB). After five reviewers (LA, AE, FD, MA, and AM) screened the relevant articles for eligibility, the quality of each article was evaluated using the Joana Brigg Institute (JBI) critical appraisal checklist (28). The four writers (AK, CD, AAT, and NK) evaluated the risk of bias for each study separately, and their scores were expressed on a 100% scale. A quality score of greater than 50% was used to include articles for further qualitative and quantitative analysis (28, 29). In the case of any discrepancies encountered during the quality assessment, the mean score was computed from the evaluations of all reviewers to address and resolve any differences.



Data analysis and synthesis

All types of analysis were computed using Comprehensive Meta-Analysis (CMA) version 3.3.070 and MetaXL version 2. The pooled effect sizes of the association between asthma, wheezing, and pesticide exposure were calculated using the random effects models.

The I2 statistic was used to measure heterogeneity among the included studies and I2 values less than 50% were considered homogeneous, and I2 values greater than or equal to 50% were considered as of high heterogeneity. Begg’s funnel plots and Eggers test were employed to assess publication bias/small studies effect. A 95% Confidence Interval (CI) and p-value of less than 0.05 were considered significant for the association, absence of publication bias, and heterogeneity.

Subgroup analyses were conducted on different factors to identify sources of heterogeneity, including sample size (large vs. small), types of study design (case–control, cohort, cross-sectional), types of pesticide exposure (multiple vs. single), and types of outcome measurement (biomarker, doctor diagnosed, and self-reported) for asthma. Furthermore, to resolve heterogeneity further, sensitivity analysis was performed by removing one study in each scenario.




Results


Study selection and characteristics of the included studies

Based on the search study stated above, 1,487 studies from databases, 31 from websites, and 11 from citations were identified. A total of 502 studies from the database were discarded due to duplication. About 341 discarded studies were excluded via EndNote 20, and the remaining 161 studies were excluded using the Rayyan automation tool. Title and abstract parts of the remaining 985 studies were reviewed, of which 709 studies were excluded due to irrelevance. Out of the 276 studies that were sought to be retrieved, 87 could not be retrieved, and 189 were eligible for full-text screening. Finally, 15 studies from the new database, 2 studies from the website and citation, and 21 articles screened and reevaluated from previous reviews were eligible and included in the study. PRISMA flow chart related to the search process is shown in Figure 1.
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FIGURE 1
 PRISMA flow diagram of the included studies for the systematic review and meta-analysis of respiratory diseases, 2023.




Characteristics of the included studies (qualitative review)

A total of 38 articles (23, 27, 30–66) were included to determine the association between exposure to pesticides, chronic respiratory diseases, and symptoms including asthma, wheezing, and respiratory tract infections. In this meta-analysis, a total 118,303 of children as study subjects were included. In this meta-analysis, 13 studies were carried out in United states of America (27, 31, 33, 35–38, 49–51, 53, 56, 66), four from Spain (34, 59–61), two from China (46, 63), two in Canada (43), two in South Africa (30, 39), three in Lebanon (44), two from Costa Rica (40, 47), one each from six countries (Italy, Germany, Romania, Netherland, one combined study from Greenland and Ukraine, and one combined study from North Europe and Australia) (32, 41, 42, 45, 48, 57), and one from England (62). Characteristics of all the included studies are summarized in Table 1.



TABLE 1 Characteristics of all the included studies based on the pesticide exposure and respiratory health outcomes, 2023.
[image: Table1]



The association of pesticide exposure and childhood asthma

A total of 28 studies (27, 30, 32–36, 38, 41–43, 46, 48, 49, 52, 54–58, 60, 63, 64) were included in the random effect model meta-analysis to examine the association between childhood asthma and pesticide exposure. Pesticide exposure had a statistically significant association between childhood asthma and pesticide exposure with pooled effect size, (OR = 1.24, 95% CI = 1.14–1.35, p-value <0.001) with significant extreme heterogeneity (I2 = 81%, p < 0.001) among included studies (Figure 2).

[image: Figure 2]

FIGURE 2
 Forest plot of odds ratios for the association of pesticide exposure and childhood asthma, 2023.




The association of pesticide exposure and childhood wheeze

Fifteen studies (30, 34, 37, 39, 40, 43–45, 53, 55, 57, 60, 61, 66) were included in the meta-analysis for the association between pesticide exposure and wheezing among children. The result from the random effect model indicated that pesticide exposure had a statistically significant association with the occurrence of childhood wheezing (OR = 1.34, 95% CI = 1.14–1.57, p-value <0.001) and significant extreme heterogeneity (I2 = 79%, p < 0.001) within included studies (Figure 3).
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FIGURE 3
 Forest plot of odds ratios for the association of pesticide exposure and childhood wheeze, 2023.




The association of pesticide exposure and lower respiratory tract infections

Meta-analysis of nine relevant studies (34, 40, 43, 47, 55, 58, 59, 63, 64) using fixed effect model showed a significant association between lower respiratory tract infections and pesticide exposure with a pooled odd ratio of 1.79 (95% CI = 1.45–2.21, p-value <0.001) with nonsignificant low heterogeneity (I2 = 30%, p-value = 0.18; Figure 4).
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FIGURE 4
 Forest plot of odds ratios for the association pesticide exposure and lower respiratory infections among children, 2023.




Publication bias

Publication bias occurs when research with significant results is more likely to be published than those with nonsignificant results. This bias may cause effect sizes to be overestimated and an inflated perception of the strength of the association. To mitigate the possibility of selective publication, a thorough literature search utilizing multiple databases was carried out to reduce publication bias. Egger’s test and Begg’s funnel plots were used to evaluate any potential publication bias quantitatively. For wheezing and asthma, publication bias was found (p value <0.05). To estimate the effect size by imputing or “filling in” potentially missing data, trim and fill analysis was carried out on the left using a fixed model (adjusted values from 12 trimmed studies with a point estimate of 1.01, with 95% CI = 1.00–1.02 for asthma and 6 trimmed studies with a point estimate of 1.16. with 95% CI: 1.08–1.24 for wheeze). However, publication bias was not detected in the case of lower respiratory infection (p-value = 0.403) during meta-analysis (Figure 5).

[image: Figure 5]

FIGURE 5
 Funnel plot of association of pesticide exposure and asthma, wheeze and LRTI, 2023.




Subgroup analyses for asthma

Statistically significant association (OR = 1.32, 95% CI, 1.15–1.51, p < 0.001) with extreme heterogeneity (I2 = 85.6%, p < 0.001) was detected among studies with small sample sizes (<1,000). The effect sizes between pesticide exposure and childhood asthma vary moderately for both cohorts, (OR = 1.19, 95% CI: 1.02–1.39, p = 0.025, with I2 = 75.9%, p < 0.001) and cross-sectional studies (OR = 1.35, 95% CI: 1.14–1.59, p = 0.001, with I2 = 65.2%, p < 0.001) in contrast to the nonsignificant association for case–control studies (Supplementary Table S1).

Studies investigating multiple pesticide exposures reported a significant association of 1.27 (95% CI: 1.10–1.94, p = 0.002) with moderate significant heterogeneity (I2 = 58.8%, p < 0.000), whereas studies focused on single pesticide exposures found a smaller but still significant effect size of 1.16 (95% CI: 1.05–1.29, p = 0.004) with higher significant heterogeneity (I2 = 85.6%, p < 0.001) among the included studies (Table 2).



TABLE 2 Subgroup analysis of the pooled effect size and heterogeneity of asthma among children exposed to pesticide globally, 2023.
[image: Table2]



Sensitivity analysis

A sensitivity analysis was carried out to assess the robustness of the meta-analysis findings. The total effect size estimates were consistent and statistically significant, even after individual trials were systematically removed to evaluate their impact. Removing studies with a high potential for bias had no discernible impact on the findings. The pooled effect size estimate held true after accounting for publication bias, which was evaluated. However, it is imperative to consider data limitations and potential sources of heterogeneity when interpreting the results.




Discussion

Pesticides, such as fungicides, insecticides, and herbicides, have been widely used since the 1950s to increase crop yields (67). Exposure to these substances raised knowledge of the risks associated with respiratory diseases and/or symptoms (14, 16, 19, 68). This review demonstrates that numerous epidemiological studies showed an association between children’s exposure to pesticides (from household, prenatal, postnatal, caregiver agricultural activities, residential, and environmental sources) and an increased risk of developing respiratory tract infections, asthma, and wheezing.

Because of the nature of the study design or the use of retrospective questionnaires, the measurement of pesticide exposure is frequently restricted in particular studies. However, 16 studies assessed the levels of pesticide metabolites in blood and urine, which is a more trustworthy estimate than utilizing a questionnaire during an interview.

The objective of this systematic review and meta-analysis aimed to determine the pooled effect size between prenatal, occupational, and environmental pesticide exposure and chronic respiratory disease/symptoms including asthma, lower respiratory tract infection, and wheezing globally. A significant association was found between pesticide exposure and asthma among children in this review aligns with previous systematic reviews and meta-analyses that have reported positive associations between pesticide exposure and asthma (18–21, 69). These concordant results across different meta-analyses strengthen the evidence for the association and underscore its significance in the field (22, 23, 70), and two recent studies with new perspectives have investigated the association between exposure to pesticides in indoor dust and respiratory outcomes including asthma and wheezing (5, 71). However, Mthethwa et al. (72) found that inconsistent patterns of increased risk of asthma outcomes with increasing organophosphate concentrations among school children, and Gunier et al. (38) also reported a negative association between pesticide exposure and childhood asthma.

The subgroup analysis of childhood asthma within this study revealed significant variability among the included studies. The general possible reasons for this variation seen in the study might include differences in exposure assessment techniques (self-reporting, biomarkers, doctor diagnosed, or environmental monitoring), outcome ascertainment (diagnostic criteria and follow-up durations), populations’ characteristics (demographics, geographic locations, occupational exposures, and underlying health conditions), and publication bias, as well as variations in study designs, such as cohort, case–control, or cross-sectional studies.

Significant heterogeneity might impact the interpretation and generalizability of meta-analytic results; hence subgroup analysis was computed very carefully on types of study design, sample size, level of exposure, and method of measurement to produce subgroup effect sizes that can be interpreted in the context of the observed variability.

A significant level of heterogeneity among studies characterized by small sample sizes may be because small sample sizes lead to less precise estimates and greater susceptibility to chance variations or biases. Additionally, differences in exposure assessment, outcome measurement, children’s characteristics, and study design across these studies may contribute to the observed heterogeneity.

A significant heterogeneity across cohort and cross-sectional studies in this meta-analysis can be attributed to several factors, including temporal limitations in establishing causality, children’s characteristics such as age distribution, genetic predisposition, and environmental factors, potential bias, and unmeasured confounding variables.

Cross-sectional studies may encounter limitations in establishing temporal relationships due to the simultaneous assessment of exposure and outcome, making it challenging to determine the direction of causality accurately. Despite significant differences across the studies, 13 birth cohort studies with fewer recall bias and better control of confounders strongly suggest a causal association between pesticide exposure and asthma in children.

Both multiple- and single-pesticide exposure studies showed significant heterogeneity within each exposure category, highlighting differences between studies focusing on multiple versus single exposures. This variation might be attributed to differences in the types and combinations of pesticides across regions, individual susceptibility influenced by genetics and lifestyle, as well as variations in study design and methodology. These factors underscore the complexity of understanding the association between pesticide exposure and asthma among children.

The current meta-analysis also grouped studies according to how they measured the outcome (asthma) and found substantial variability between doctor-diagnosed asthma and biomarker measurements. This difference may stem from differences in diagnostic accuracy and variability in the interpretation of diagnostic criteria. Biomarkers provide objective measures of asthma, but there may still be variability in their use and interpretation across studies. On the other hand, doctor-diagnosed asthma relies on subjective assessment, which can vary greatly depending on individual clinician judgment, diagnostic criteria, and healthcare settings. These differences enforce to underscore the importance of standardized diagnostic approaches in research.

On the other hand, studies utilizing self-reported measures of asthma demonstrated nonsignificant heterogeneity. This may be because, in comparison to biomarker or doctor-diagnosed methods, self-reported measures of asthma typically capture a wider range of symptoms and experiences directly from individuals, which may result in higher sensitivity for detecting associations. Additionally, self-reported measures are typically more accessible and less resource-intensive, potentially leading to larger sample sizes and increased statistical power. Furthermore, a lower level of heterogeneity indicates more consistency in the methods used across studies employing self-reported measures, such as standardized questionnaires or protocols. However, it is important to acknowledge that reliance solely on self-reporting may introduce bias due to misclassification or recall errors, which could impact the observed effect sizes.

These subgroup findings also emphasize the need for further investigation and targeted research in specific children’s age categories and follow-up. Future studies on pesticide exposure and childhood asthma need to focus on specific age cohorts, use rigorous methodology, and account for different variances. However, the inclusion of a large number of studies appropriately accounts for the observed heterogeneity between studies, which increases the generalizability of the findings. This comprehensive approach also enhances our understanding of the association between pesticide exposure and childhood asthma and emphasizes targeted preventive measures and other public health interventions.

A significant association between wheeze and pesticide exposure of this finding aligns with the previous studies that have reported positive associations between pesticide exposure and wheezing among children (19, 20, 25, 37, 44, 73), particularly, in residential, agricultural, environmental, and prenatal exposure (23, 68, 73) and school (71). However, the included studies had statistically significant high heterogeneity, which was highly contrasted from study to study.

The variations in findings across different studies may be attributed to methodological differences, such as variations in study design, sample size, and age category of children or differences in exposure assessment methods including self-reporting or biomarker measurements. Furthermore, variations in study populations, including demographic characteristics and occupational backgrounds of mothers, caregivers, and fathers of children, may also influence the observed associations.

This meta-analysis also identified a significant positive association between pesticide exposure and an increased risk of lower respiratory tract infections with nonsignificant low heterogeneity. A significant association between pesticide exposure and lower respiratory tract infections from this finding is consistent with several previous studies that have reported positive associations between pesticide exposure and LRTI among children (19, 23, 40, 45, 47, 60). However, some studies have reported contrasted results (74) potentially due to methodological differences, variations in exposure assessment, and study populations. Finally, the included studies indicated non-significant heterogeneity that did not vary from study to study.



Limitation and strength of the study

We identified several limitations on the reporting of windows of susceptibility, timing, length, and surrogates of exposure assessment. The majority of studies relied on questionnaires and self-reported exposure, which can be affected by recall bias and exposure misclassification. However, this meta-analysis followed the updated preferred reporting items for systematic review and meta-analysis. In this meta-analysis, all cases including asthma, wheezing, and lower respiratory tract infection as a result of exposure to pesticides were appropriately assessed.



Conclusion

This meta-analysis showed that children who are exposed to pesticides are at an increased risk of developing chronic respiratory diseases and symptoms specifically asthma, RTI, and wheezing. This is particularly concerning as respiratory health problems could have long-term effects on a child’s health and well-being. Parents and other caregivers who care for children must understand the possible dangers of pesticide exposure and take precautions to reduce their exposure to these dangerous substances.

This can involve utilizing natural pest management techniques, selecting organic products, and pushing for stronger laws governing the use of pesticides in agricultural operations. Policymakers must take a leading role in safeguarding children from pesticide exposure by implementing regulations and policies that prioritize the health and safety of our most vulnerable populations to ensure that they have the opportunity to grow up in a healthy and safe environment.

Future research on pesticide exposure and asthma, wheezing, and LRTI among children should focus on longitudinal studies with an accurate assessment of pesticide exposure to capture cumulative long-term effects. Novel methods have been used to investigate the combined health effects of multiple pesticide exposures. Stratified analyses can also elucidate susceptibility factors, while mechanistic studies and metabolomics are essential for uncovering the biological pathways of pesticide toxicity.

Evaluating the effectiveness of preventive measures through intervention studies is better to inform strategies to mitigate respiratory health risks associated with pesticide exposure among children. Moreover, international research protocols tailored to local specificities should be developed and validated to compare studies conducted in different settings and enhance our understanding of the complexities of pesticide exposure and respiratory health outcomes among children.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

AK: Conceptualization, Data curation, Formal analysis, Methodology, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. CD: Conceptualization, Data curation, Formal analysis, Methodology, Software, Supervision, Validation, Writing – original draft, Writing – review & editing. LA: Data curation, Investigation, Methodology, Software, Supervision, Writing – original draft, Writing – review & editing. FB: Conceptualization, Data curation, Methodology, Software, Supervision, Validation, Writing – original draft, Writing – review & editing. MA: Conceptualization, Data curation, Formal Analysis, Methodology, Software, Supervision, Validation, Writing – original draft, Writing – review & editing. AM: Conceptualization, Data curation, Formal analysis, Methodology, Software, Supervision, Validation, Writing – original draft, Writing – review & editing. AT: Conceptualization, Data curation, Methodology, Software, Supervision, Visualization, Writing – original draft, Writing – review & editing. NK: Conceptualization, Data curation, Formal analysis, Methodology, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. YT: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. AE: Conceptualization, Data curation, Formal analysis, Methodology, Software, Supervision, Validation, Writing – original draft, Writing – review & editing. SK: Writing – original draft, Writing – review & editing. KA: Conceptualization, Data curation, Methodology, Resources, Software, Supervision, Validation, Writing – original draft, Writing – review & editing. EE: Conceptualization, Data curation, Methodology, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. EB: Conceptualization, Data curation, Formal analysis, Methodology, Software, Supervision, Validation, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1402908/full#supplementary-material



Footnotes

1   
https://www.crd.york.ac.uk/Prospero




References

 1. Boedeker, W, Watts, M, Clausing, P, and Marquez, E. The global distribution of acute unintentional pesticide poisoning: estimations based on a systematic review. BMC Public Health. (2020) 20:1875. doi: 10.1186/s12889-020-09939-0 

 2. Gummin, DD, Mowry, JB, Spyker, DA, Brooks, DE, Osterthaler, KM, and Banner, W. 2017 annual report of the American Association of Poison Control Centers' National Poison Data System (NPDS): 35th annual report. Clin Toxicol (Phila). (2018) 56:1213–415. doi: 10.1080/15563650.2018.1533727 

 3. Bliznashka, L, Roy, A, and Jaacks, LM. Pesticide exposure and child growth in low- and middle-income countries: a systematic review. Environ Res. (2022) 215:114230. doi: 10.1016/j.envres.2022.114230 

 4. Akashe, MM, Pawade, UV, and Nikam, AV. Classification of pesticides: a review. Int J Res Ayurveda and Pharmacy. (2018) 9:144–50. doi: 10.7897/2277-4343.094131

 5. Sun, Y, Tang, H, Du, S, Chen, Y, Ou, Z, Zhang, M , et al. Indoor metabolites and chemicals outperform microbiome in classifying childhood asthma and allergic rhinitis. Eco Environ Health. (2023) 2:208–18. doi: 10.1016/j.eehl.2023.08.001 

 6. Jokanovic, M. Neurotoxic effects of organophosphorus pesticides and possible association with neurodegenerative diseases in man: a review. Toxicology. (2018) 410:125–31. doi: 10.1016/j.tox.2018.09.009 

 7. Handy, TG, Galloway, TS, and Depledge, MH. Immunotoxicity of Organophosphorous pesticides. Ecotoxicology. (2003) 12:331–43. doi: 10.1023/A:1022527432252

 8. Abdel Rasoul, GM, Abou Salem, ME, Mechael, AA, Hendy, OM, Rohlman, DS, and Ismail, AA. Effects of occupational pesticide exposure on children applying pesticides. Neurotoxicology. (2008) 29:833–8. doi: 10.1016/j.neuro.2008.06.009

 9. Tohari, AI, Nugraha, MY, Hidayat, MRF, Mulyono, BW, Qodar, TS, Sakinah, EN , et al. The correlation between occupational pesticide exposure with the incidence of COPD and chronic bronchitis: a systematic review and Meta-analysis. Saf Health Work. (2022) 13:S254–5. doi: 10.1016/j.shaw.2021.12.1546

 10. Sreeparna, CHAKRABORTY SS, SM, and LAHIRI, Twisha. Chronic exposures to cholinesterase-inhibiting pesticides adversely affect respiratory health of agricultural Workers in India. (2009), 51, 488–497, Boston: Kluwer Academic Publishers.

 11. Khoso, A, Wasim, S, and Zainab, S. Prevalence and predictors of respiratory symptoms and illnesses among farmers: a cross-sectional survey. Pakistan East Mediterr Health J. (2019) 25:698–705. doi: 10.26719/emhj.19.003 

 12. Lu, C, Toepel, K, Irish, R, Fenske, RA, Barr, DB, and Bravo, R. Organic diets significantly lower children's dietary exposure to organophosphorus pesticides. Environ Health Perspect. (2006) 114:260–3. doi: 10.1289/ehp.8418 

 13. Sara, Mostafalou, and Mohammad, Abdollahi. Pesticides and human chronic diseases: evidences, mechanisms, and perspectives. Toxicol Appl Pharmacol. (2013); 268:157–77.

 14. Mohd Fareed, MKP, Bihari, V, Kamal, R, Srivastava, AK, and Kesavachandran, CN. Adverse Respiratory Health and Hematological Alterations among Agricultural Workers Occupationally Exposed to Organophosphate Pesticides: A Cross Sectional Study in North India.. PLOS ONE. (2013); 8:e69755.

 15. Sham'a, FA, Skogstad, M, Nijem, K, Bjertness, E, and Kristensen, P. Cross-shift changes in lung function among Palestinian farmers during high- and low-exposure periods to pesticides: a longitudinal study. Arch Environ Occup Health. (2015) 70:218–24. doi: 10.1080/19338244.2013.859122 

 16. de Jong, K, Boezen, HM, Kromhout, H, Vermeulen, R, Postma, DS, and Vonk, JM. Association of occupational pesticide exposure with accelerated longitudinal decline in lung function. Am J Epidemiol. (2014) 179:1323–30. doi: 10.1093/aje/kwu053 

 17. Hyland, C, and Laribi, O. Review of take-home pesticide exposure pathway in children living in agricultural areas. Environ Res. (2017) 156:559–70. doi: 10.1016/j.envres.2017.04.017 

 18. Chittrakul JSapbamrer, R, and Sirikul, W. Insecticide Exposure and Risk of Asthmatic Symptoms: A Systematic Review and Meta-Analysis. Toxics. (2021) 9:1–11. doi: 10.3390/toxics9090228 

 19. Buralli, RJ, Dultra, AF, and Ribeiro, H. Respiratory and allergic effects in children exposed to pesticides—a systematic review. Int J Environ Res Public Health. (2020) 17:2740. doi: 10.3390/ijerph17082740

 20. Zhao, L, Jia, Y, Lin, H, Yuanyuan, Y, Chen, X, Liu, Z , et al. The Associations between Organophosphate Pesticides (OPs) and Respiratory Disease, Diabetes Mellitus, and Cardiovascular Disease: A Review and Meta-Analysis of Observational Studies. Toxics. (2023) 11:1–18. doi: 10.3390/toxics11090741 

 21. Rodrigues, MB, Carvalho, DS, Chong-Silva, DC, Urrutia-Pereira, M, Albuquerque, GSC, Cieslak, F , et al. Association between exposure to pesticides and allergic diseases in children and adolescents: a systematic review with meta-analysis. J Pediatr. (2022) 98:551–64. doi: 10.1016/j.jped.2021.10.007 

 22. Kim, KH, Kabir, E, and Jahan, SA. Exposure to pesticides and the associated human health effects. Sci Total Environ. (2017) 575:525–35. doi: 10.1016/j.scitotenv.2016.09.009

 23. Mamane, A, Raherison, C, Tessier, JF, Baldi, I, and Bouvier, G. Environmental exposure to pesticides and respiratory health. Eur Respir Rev. (2015) 24:462–73. doi: 10.1183/16000617.00006114 

 24. Mostafalou, S, and Abdollahi, M. Pesticides and human chronic diseases: evidences, mechanisms, and perspectives. Toxicol Appl Pharmacol. (2013) 268:157–77. doi: 10.1016/j.taap.2013.01.025 

 25. Roberts, JR, and Karr, CJ. Council on environmental H. Pesticide exposure in children Pediatrics. (2012) 130:e1765–88. doi: 10.1542/peds.2012-2758 

 26. Marks, AR, Harley, K, Bradman, A, Kogut, K, Barr, DB, Johnson, C , et al. Organophosphate pesticide exposure and attention in young Mexican-American children: the CHAMACOS study. Environ Health Perspect. (2010) 118:1768–74. doi: 10.1289/ehp.1002056 

 27. Salam, MT, Li, YF, Langholz, B, Gilliland, FD, and Children's, HS. Early-life environmental risk factors for asthma: findings from the Children's health study. Environ Health Perspect. (2004) 112:760–5. doi: 10.1289/ehp.6662 

 28. Aromataris, E, and Munn, Z (Editors). JBI Manual for Evidence Synthesis. JBI, (2020). Available from https://synthesismanual.jbi.global.

 29. Munn, Z, Moola, S, Lisy, K, Riitano, D, and Tufanaru, C. Methodological guidance for systematic reviews of observational epidemiological studies reporting prevalence and cumulative incidence data. Int J Evid Based Healthc. (2015) 13:147–53. doi: 10.1097/XEB.0000000000000054 

 30. Elsiwi, B, Eskenazi, B, Bornman, R, Obida, M, Kim, J, Moodie, EE , et al. Maternal exposure to pyrethroid insecticides during pregnancy and respiratory allergy symptoms among children participating in the Venda Health Examination of Mothers, Babies and their Environment (VHEMBE). Environ Res. (2023); 242:117604.

 31. Benka-Coker, W, Loftus, C, Karr, C, and Magzamen, S. Association of Organophosphate Pesticide Exposure and a marker of asthma morbidity in an agricultural community. J Agromedicine. (2020) 25:106–14. doi: 10.1080/1059924X.2019.1619644 

 32. Bukalasa, JS, Brunekreef, B, Brouwer, M, Koppelman, GH, Wijga, AH, Huss, A , et al. Associations of residential exposure to agricultural pesticides with asthma prevalence in adolescence: the PIAMA birth cohort. Environ Int. (2018) 121:435–42. doi: 10.1016/j.envint.2018.09.029 

 33. Werthmann, DW, Rabito, FA, Adamkiewicz, G, Reponen, T, Calafat, AM, Ospina, M , et al. Pesticide exposure and asthma morbidity in children residing in urban, multi-family housing. J Expo Sci Environ Epidemiol. (2023). doi: 10.1038/s41370-023-00524-2.1-22

 34. Gascon, M, Sunyer, J, Martinez, D, Guerra, S, Lavi, I, Torrent, M , et al. Persistent organic pollutants and children's respiratory health: the role of cytokines and inflammatory biomarkers. Environ Int. (2014) 69:133–40. doi: 10.1016/j.envint.2014.04.021 

 35. Gharibi, H, Entwistle, MR, Schweizer, D, Tavallali, P, and Cisneros, R. The association between 1,3-dichloropropene and asthma emergency department visits in California, USA from 2005 to 2011: a bidirectional-symmetric case crossover study. J Asthma. (2020) 57:601–9. doi: 10.1080/02770903.2019.1590596 

 36. Gharibi, H, Entwistle, MR, Schweizer, D, Tavallali, P, Thao, C, and Cisneros, R. Methyl-bromide and asthma emergency department visits in California, USA from 2005 to 2011. J Asthma. (2020) 57:1227–36. doi: 10.1080/02770903.2019.1645167 

 37. Gilden, R, Friedmann, E, Holmes, K, Yolton, K, Xu, Y, Lanphear, B , et al. Gestational pesticide exposure and child respiratory health. Int J Environ Res Public Health. (2020) 17. doi: 10.3390/ijerph17197165 

 38. Gunier, RB, Raanan, R, Castorina, R, Holland, NT, Harley, KG, Balmes, JR , et al. Residential proximity to agricultural fumigant use and respiratory health in 7-year old children. Environ Res. (2018) 164:93–9. doi: 10.1016/j.envres.2018.02.022 

 39. Huq, F, Obida, M, Bornman, R, Di Lenardo, T, and Chevrier, J. Associations between prenatal exposure to DDT and DDE and allergy symptoms and diagnoses in the Venda health examination of mothers, babies and their environment (VHEMBE). South Africa Environ Res. (2020) 185:109366. doi: 10.1016/j.envres.2020.109366

 40. Islam, JY, Hoppin, J, Mora, AM, Soto-Martinez, ME, Gamboa, LC, Castaneda, JEP , et al. Respiratory and allergic outcomes among 5-year-old children exposed to pesticides. Thorax. (2023) 78:41–9. doi: 10.1136/thoraxjnl-2021-218068 

 41. Karmaus, W, Kuehr, J, and Kruse, H. Infections and atopic disorders in childhood and organochlorine exposure. Arch Environ Health. (2001) 56:485–92. doi: 10.1080/00039890109602896 

 42. Lu, Y, Lin, S, Lawrence, WR, Lin, Z, Gurzau, E, Csobod, E , et al. Evidence from SINPHONIE project: impact of home environmental exposures on respiratory health among school-age children in Romania. Sci Total Environ. (2018) 621:75–84. doi: 10.1016/j.scitotenv.2017.11.157 

 43. KMS, M. L. Masley, Senthilselvan, A., McDuffie, H. H., Hanke, P., Dosman, J. A. Cessna A. J. Irvine D. G., et al. Health and Environment of Rural Families: Results of a Community Canvass Survey in the Prairie Ecosystem Study (PECOS). J. Agricul. Safety Health. (2000), 6, 103–115.

 44. Malaeb, D, Hallit, S, Sacre, H, Hallit, R, and Salameh, P. Factors associated with wheezing among Lebanese children: results of a cross-sectional study. Allergol Immunopathol (Madr). (2020) 48:523–9. doi: 10.1016/j.aller.2020.02.003 

 45. Maritano, S, Moirano, G, Popovic, M, D'Errico, A, Rusconi, F, Maule, M , et al. Maternal pesticides exposure in pregnancy and the risk of wheezing in infancy: a prospective cohort study. Environ Int. (2022) 163:107229. doi: 10.1016/j.envint.2022.107229 

 46. Meng, G, Feng, Y, Nie, Z, Wu, X, Wei, H, Wu, S , et al. Internal exposure levels of typical POPs and their associations with childhood asthma in Shanghai. China Environ Res. (2016) 146:125–35. doi: 10.1016/j.envres.2015.12.026 

 47. Mora, AM, Hoppin, JA, Cordoba, L, Cano, JC, Soto-Martinez, M, Eskenazi, B , et al. Prenatal pesticide exposure and respiratory health outcomes in the first year of life: results from the infants' environmental health (ISA) study. Int J Hyg Environ Health. (2020) 225:113474. doi: 10.1016/j.ijheh.2020.113474 

 48. Pape, K, Svanes, C, Sejbaek, CS, Malinovschi, A, Benediktsdottir, B, Forsberg, B , et al. Parental occupational exposure pre- and post-conception and development of asthma in offspring. Int J Epidemiol. (2021) 49:1856–69. doi: 10.1093/ije/dyaa085 

 49. Perla, ME, Rue, T, Cheadle, A, Krieger, J, and Karr, CJ. Biomarkers of insecticide exposure and asthma in children: a National Health and nutrition examination survey (NHANES) 1999-2008 analysis. Arch Environ Occup Health. (2015) 70:309–22. doi: 10.1080/19338244.2014.910490 

 50. Raanan, R, Gunier, RB, Balmes, JR, Beltran, AJ, Harley, KG, Bradman, A , et al. Elemental sulfur use and associations with pediatric lung function and respiratory symptoms in an agricultural community (California, USA). Environ Health Perspect. (2017) 125:087007. doi: 10.1289/EHP528 

 51. Raanan, R, Harley, KG, Balmes, JR, Bradman, A, Lipsett, M, and Eskenazi, B. Early-life exposure to organophosphate pesticides and pediatric respiratory symptoms in the CHAMACOS cohort. Environ Health Perspect. (2015) 123:179–85. doi: 10.1289/ehp.1408235 

 52. Raherison, C, Baldi, I, Pouquet, M, Berteaud, E, Moesch, C, Bouvier, G , et al. Pesticides exposure by air in vineyard rural area and respiratory health in children: a pilot study. Environ Res. (2019) 169:189–95. doi: 10.1016/j.envres.2018.11.002 

 53. Reardon, AM, Perzanowski, MS, Whyatt, RM, Chew, GL, Perera, FP, and Miller, RL. Associations between prenatal pesticide exposure and cough, wheeze, and IgE in early childhood. J Allergy Clin Immunol. (2009) 124:852–4. doi: 10.1016/j.jaci.2009.07.046 

 54. Runkle, J, Flocks, J, Economos, J, Tovar-Aguilar, JA, and McCauley, L. Occupational risks and pregnancy and infant health outcomes in Florida farmworkers. Int J Environ Res Public Health. (2014) 11:7820–40. doi: 10.3390/ijerph110807820 

 55. Salameh, PR, Baldi, I, Brochard, P, Raherison, C, Abi Saleh, B, and Salamon, R. Respiratory symptoms in children and exposure to pesticides. Eur Respir J. (2003) 22:507–12. doi: 10.1183/09031936.03.00107403a

 56. Siyuan Xiaoa, ALN, Mendolac, P, Batesa, MN., Barcellosa, AL, Ferrarab, A, and Yeyi Zhub, D. Household mold, pesticide use, and childhood asthma: A nationwide study in the U.S. (2021). 233:1–21.

 57. Smit, LA, Lenters, V, Hoyer, BB, Lindh, CH, Pedersen, HS, Liermontova, I , et al. Prenatal exposure to environmental chemical contaminants and asthma and eczema in school-age children. Allergy. (2015) 70:653–60. doi: 10.1111/all.12605 

 58. Hallit, S, and Salameh, P. Exposure to toxics during pregnancy and childhood and asthma in children: A pilot study. J Epidemiol Glob Health. (2017) 7:147–54. doi: 10.1016/j.jegh.2017.04.004 

 59. Sunyer, J, Garcia-Esteban, R, Alvarez, M, Guxens, M, Goni, F, Basterrechea, M , et al. DDE in mothers' blood during pregnancy and lower respiratory tract infections in their infants. Epidemiology. (2010) 21:729–35. doi: 10.1097/EDE.0b013e3181e5ea96 

 60. Sunyer, J, Torrent, M, Munoz-Ortiz, L, Ribas-Fito, N, Carrizo, D, Grimalt, J , et al. Prenatal dichlorodiphenyldichloroethylene (DDE) and asthma in children. Environ Health Perspect. (2005) 113:1787–90. doi: 10.1289/ehp.8127 

 61. Sunyer, J, Torrent, M, Garcia-Esteban, R, Ribas-Fitó, N, Carrizo, D, Romieu, I , et al. Early exposure to dichlorodiphenyldichloroethylene, breastfeeding and asthma at age six. Clin Exp Allergy. (2006) 36:1236–41. doi: 10.1111/j.1365-2222.2006.02560.x

 62. Tagiyeva, N, Devereux, G, Semple, S, Sherriff, A, Henderson, J, Elias, P , et al. Parental occupation is a risk factor for childhood wheeze and asthma. Eur Respir J. (2010) 35:987–93. doi: 10.1183/09031936.00050009 

 63. Wang, C, Qu, Y, Niu, H, Pan, Y, He, Y, Liu, J , et al. The effect of residential environment on respiratory diseases and pulmonary function in children from a Community in Jilin Province of China. Risk Manag Healthc Policy. (2021) 14:1287–97. doi: 10.2147/RMHP.S295553 

 64. Weselak, M, Arbuckle, TE, Wigle, DT, and Krewski, D. In utero pesticide exposure and childhood morbidity. Environ Res. (2007) 103:79–86. doi: 10.1016/j.envres.2006.09.001

 65. Wilfried Karmausa, SD, Chena, Q, Kueh, J, and Kruse, H. Atopic manifestations, breast-feeding protection and the adverse effect of DDE. Paedi Perin Epidemiol. (2003) 17:212–20. doi: 10.1046/j.1365-3016.2003.00488.x,

 66. Xu, X, Nembhard, WN, Kan, H, Becker, A, and Talbott, EO. Residential pesticide use is associated with children's respiratory symptoms. J Occup Environ Med. (2012) 54:1281–7. doi: 10.1097/JOM.0b013e31825cb6ae 

 67. Pimentel, D. Green revolution agriculture and chemical hazards. Sci Total Environ. (1996) 188:S86–98. doi: 10.1016/S0048-9697(96)90512-4

 68. Doust, E, Ayres, JG, Devereux, G, Dick, F, Crawford, JO, Cowie, H , et al. Is pesticide exposure a cause of obstructive airways disease? Eur Respir Rev. (2013) 23:180–92. doi: 10.1183/09059180.00005113

 69. Patel, O, Syamlal, G, Henneberger, PK, Alarcon, WA, and Mazurek, JM. Pesticide use, allergic rhinitis, and asthma among US farm operators. J Agromedicine. (2018) 23:327–35. doi: 10.1080/1059924X.2018.1501451 

 70. Barnish, MS, Tagiyeva, N, Devereux, G, Aucott, L, and Turner, S. Diverging prevalences and different risk factors for childhood asthma and eczema: a cross-sectional study. BMJ Open. (2015) 5:e008446. doi: 10.1136/bmjopen-2015-008446 

 71. Sun, Y, Zhang, M, Ou, Z, Meng, Y, Chen, Y, Lin, R , et al. Indoor microbiome, microbial and plant metabolites, chemical compounds, and asthma symptoms in junior high school students: a multicentre association study in Malaysia. Eur Respir J. (2022) 60:2200260. doi: 10.1183/13993003.00260-2022 

 72. Mthethwa, M, Jeebhay, M, Olaniyan, T, Wiesner, L, Parker, B, Leaner, J , et al. The Association Between Urinary Concentrations of Organophosphate Metabolites and Asthma-Related Outcomes Among Schoolchildren From Informal Settlements. Int J Public Health. (2023) 68:1606174. doi: 10.3389/ijph.2023.1606174 

 73. Jane, A, Hoppin, DMU, London, SJ, Alavanja, MCR, and Sandler, DP. Chemical Predictors of Wheeze among Farmer Pesticide Applicators in the Agricultural Health Study. American Journal of Res Criti Care Med. (2002);165:683–9.

 74. Glynn, A, Thuvander, A, Aune, M, Johannisson, A, Darnerud, PO, Ronquist, G , et al. Immune cell counts and risks of respiratory infections among infants exposed pre- and postnatally to organochlorine compounds: a prospective study. Environ Health: a global access science source. (2008) 7:62. doi: 10.1186/1476-069X-7-62 


Copyright
 © 2024 Keleb, Daba, Asmare, Bayou, Arefaynie, Mohammed, Tareke, Kebede, Tsega, Endawkie, Kebede, Abera, Abeje and Enyew. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-12-1402908-g005.jpg
FunnelPlot of Standard Err by Log odds ato

‘Funnel Plot of Standard Error by Log odds ratio

“
f o/ |o\o
9
o r
o 4 0 o .
5.0 . o 3 o
0 9 o
H
Y o o
i 0 0
° H
P
©
° o
“
-
1 -
I -n 1 " s W © u
4 o G : s
b
e
Funnel Plot of Standard Error by Log odds ratio
a °lo
P e
3
H °
i a °
°
as

ogeddsrete





OPS/images/fpubh-12-1402908-t001.jpg
Country Study  Study Pesticide Exposure Exposure  Timing of Outcomes  Health effects and its association

design  sample addressed metrics assessment  outcome assessment
method measurement  method
urine samples for Asthma
Benka- DAP (summative Biomarkers 8.7(95%CI:3.512,14.600)
Coker.etal | 2019 USA Cohort 16 op agriculture | measures) Not dlear (Urinary LTE)
Asthma
OR=0.860, 95%CI:0.520, 1.400 with IKM distance
Bukalasa Questionnaire Respiratory symptoms
etal, 2016 Netherlands  Cohort 1470 Multipleexposure  agriculture  interview 0-l4years old Self-reported | OR=0.860, 95%CI0.520, 1.400 with IKM distance
‘maternal urine Doctor Asthma, (OR =2.400, 95%CI:1.000, 5.800)
Elsiwietal. 2023 South Africa  Cohort 620 Pyrethroid environmental | 3PBA up to Syears diagnosed Wheeze, OR =180 95%CI: 1.00, 330
Doctor Wheeze, (OR=1.500, 95%CI:1.000, 2.300)
Famidetal. | 2020  South Africa | Cohort 652 Organochlorine Prenatal Cordblood DDT | Up to 35 years diagnosed
Asthma
10years, RR=1.03 (95%CI: 071, 1.50)
I4years, RR=0.89 (95%CI: 061, 1.31)
Wheeze
10years, RR=1.22 (95%CI: 091, 1.63)
I4years, RR=0.92 (95%CI: 0.64, 1.31)
cord blood DDE+ LRTI
Gasconetal. | 2007 Spain cohort 405 DDE/OC environmental | immune biomarker | birth to 14yearsold | doctor diagnosed  10years, RR=1.27 (95%CI: 0.86, 1.86)
Asthma
Gharibi cross questionnaire OR=1.02,95% CI: 09, 1.05, for 2-5 years
etal.a 2019 USA sectional 4262 methyl bromide environmental  interview 2-18years old doctor diagnosed | OR=1.07,95% Cl: 1,02, 112 for 6-18 years
Asthma
Gharibi cross questionnaire (OR=1.06,95%CI: 102, 1.1
etal. b 20195 USA sectional 1331 13-dichloropropene  environmental | interview 2-18years old doctor diagnosed | OR=1.14,95%CI: 107, 1.19)
urinary DAP and interviewand | Wheeze
Gildenetal. | 2020 USA Cohort 39 OPandpyrethroid  Prenatal 3PBA Up to 8years old spirometry OR=2.32,95%CI: 1.28,4.17
questionnaire Interviewand  Asthma
Gunjeretal. | 2018 USA Cohort 294 multiple pesticides  Agriculture  interview prenatal to 7 years Spirometry OR=3.60,95%CI: 1.04, 12.10
Asthma
OR=2.709,95%Cl: 1219, 6.020
ase questionnaire LRTI
Halitetal. 2017 Lebanon control 1503 multiple pesticides  environmental | interview 3-16years old self-reported OR=2.71 (95%Cl: 1.22,6.02)
Wheeze
Hugetal 2020 South Africa | Cohort 658 multiple Prenatal Questionnaire 35years Doctor diagnosis | OR=1.500 (95%CI: 1.000, 2.300)
Asthma
OR=2.090, 95%Cl: 0.980, 4.360
Wheeze
OR=237(95%Cl: 128, 4.34)
cross questionnaire Doctor LRTI
Islam etal, 2016 CostaRica  sectional 303 Pyrethroid Agriculure  interview up to Syear diagnosed OR=2.78 (95%Cl: 0.41, 8.04)
Kuramaus cross Asthma
etal 2000 Germany  sectional 33 OC/DDE Agriculure  cordblood DDE | 3-7 years old Self-reported .710,95%Cl: 1,100, 12560,
Kuramaus cross Asthma
etal, 2003 Germany  sectional 338 OC/DDE Agriculure  cordblood DDE | 7-10years old Self-reported | OR=3.040, 95%Cl: 0530, 22300,
cross questionnaire Multi-pollutant controlled to CO2 vs. asthma
Luetal. 2018 Romamia  sectional 280 | multiple pesticides  environmental | interview 6-11years old self-reported OR=4.17 (5%CI:1.430, 13.260)
cross questionnaire Wheeze
Malacbetal 2020 Lebanon sectional 1203 multiple pesticides  environmental | interview 4-7years self-reported OR=2.06(95%Cl: 1.08, 3.91)
Maritano aase questionnaire Wheeze
etal, 2016 Ttaly control 5346 multiple pesticides  environmental  interview 6-18months self-reported OR=1.72(95%CI: 1.1, 2.65)
Asthma
OR=2.200,95%Cl: 0.800, 5.700
Wheeze
20(95%CI: 0.80,6.02)
cross questionnaire Bronchitis/RTI
Masleyetal. | 2000 Canada sectional 393 multiplepesticides  Agriculture  interview Up to 17 years old self-reported OR=2.80 (95%Cl: 1.60, 4.80)
620 Severe Asthma
ase casel218 questionnaire OR=1.000, 95%CI0.99, 1.002,
Mengetal. | 2016 China control control | OC environmental  interview 3-6years doctor diagnosed
Wheezing
Ist trimester to OR=0.69 (95%Cl: 037, 1.28)
Seven Urinary 19 months of LRTI
Mora etal, 2020 CostaRica  Cohort 355 Fungicides Prenatal ‘metabolites postpartum Biomarker OR=1.500, 95%CI0.70, 3.19,
North Asthma
Europe & prenataland | Questionnaire OR=1.180, 95%CL0.870, 1.610
Papetal. 2020 Australia  Cohort 2766 Multiple exposureb  environmental  interview 0-15years old Self-reported
cross blood and urine Ever Asthma >75" percentile
Perka etal, 2016 USA sectional 10077 | OPand DDT environmental | DAP test Up to 16years Biomarker RR=1.160, 95%CI: 0,620, 2.170,
Cohort 32 OP/DAPs Agriculure | Maternal prenatal up to 7years  Self-reported  Respiratory symptoms
interviews urinary respiratory OR=2.530,95%CI:1.320, 4.86, from children
Rananetal. | 2015 | USA DAPs symptoms
Rananetal. | 2017 USA Cohort 347 Elemental sulfur agriculture  Pesticide use report | Short term exposure | Self-report Respiratory symptoms/wheeze
(OR=2:09;95% CI: 1.27; 3.46, p=0.004) with 1KM
distance
Raherison 2019 France cross 281 multiple pesticides | environmental | urine ETU and air | not clear Biomarkerand  Pesticide in air vs. Asthma

etal. sectional ‘monitoring clinical OR: 3.930, 95% 0.400-38.440
Urinary ETU vs. Asthma
OR=2.010, 95%Cl: 0.540, 7.520

Reardon 2009 USA. Cohort 652 OP + Pyrethroids Agriculture questionnaire prenatal to 12months Biomarkers ‘Wheeze
etal. interview (OR=0.83,95%ClI: 0.72-0.95)
Salam et al. 2004 USA case. 4,000 multiple pesticides environmental  questionnaire prenatal to 12months doctor diagnosed  Asthma (OR=1.61; 95% CI, 0.930-2.790)
control interview
Salameh 2003 Lebanon  cross 3291 | multiple pesticides  environmental | questionnaire & | 3years ~16years self-reported | Asthma (OR=1.73; 95%Cl: 1.02-2.97),
etal sectional residential Respiratory disease/RT
exposure score (OR=1.71; 95%C: 1.20-2.43),

Ever wheezing (OR=1.99; 95%Cl: 1.43-2.78)

Smit etal. 2016 Greenland & | Cohort 1024 OC/PCB153 environmental | blood sample PCB | 5-9years doctor diagnosed | Asthma, (OR=0960, 95%CI0.770, 1.200)
Ukrain ‘Wheeze,(OR=0.840, 95%CI:0.700, 1.010)
Sunyeretal. | 2005 Spain Cohort 468 OC/DDE Agriculture  cordblood DDE | atage 4year Doctor Wheeze
diagnosed OR=1.32,95%Cl:1.130, 1.540
Sunyeretal. | 2006 Spain Cohort 02 OC/DDE Agriculure  cordblood DDE | atage 65 year Doctor asthma (OR=1.180, 95%Cl:1.01, 1.39)
diagnosed Wheeze,(OR = 1.130, 95%C1:0.980, 1.300)
Sunyeretal. | 2010 Spain Cohort 584 OC/DDE Prenatal Maternal serum | 6-14months Doctor diagnosis  RTI/LRTI
(OR=2.40, 95%CI:1.19, 4.83)
Tagiyeva 2010 England Cohort 13971 Biocides Maternal Maternal interview | 0-8.5years Doctor diagnosis | Asthma
etal. 2010 and fungicides postnatal (OR=1.470,95%Cl: 1.100, 1.880)
exposure
Wangetal. | 2021 China cross 627 Insecticide Residential  survey using school children interviewand | Asthma
sectional questionnaire spirometry OR=2.128 (95%CI: 0.796, 5.689)
Bronchitis/RTI
OR=2,05 (95%Cl: 138, 3.05)
Werthmann 2023 USA Cohort 162 multiple pesticides | environmental | Urinary pesticide  7-12years doctor diagnosed | Asthma
etal. ‘metabolite (3,PBA) (OR=1.070, 95%Cl: 0.880, 1.290)
Weselak 2007 Canada Cohort 3405 multiple pest Agriculture | questionnaire Prenatal self-reported Any pesticide vs. Asthma (OR =1.000, 95%CI: 0.710, 1.400)
etal, interview Bronchitis/RTI

21 (95%CI: 077, 1.90)

Xiao etal. 2000 USA cross 41423 multiple pesticides | household survey using upto 17year self-reported | Asthma
sectional Questionnaire OR=1.070 (95%CI: 0.800, 1.420)
Xuetal. 2014 USA cross 14065 multiple pesticides  Residential questionnaire 1-17years old self-reported Wheeze
sectional interview OR=1.390 (95%ClI: 1.080, 1.780)






OPS/images/fpubh-12-1402908-g003.jpg
Study , -

Elsiwi et al, 2023
Gascon et ala, 2007
Gascon et alb,2007

Gilden et al,2020

Hugq et al, 2020
islam et al,2016
Malaeb et al, 2020
Maritano et al, 2016
Masley et al,2000
Reardon et al,2009
Salameh et al, 2003
Smit et al, 2016
Sunyer et ala,2005
Sunyer et alb,2006
Xuetal, 2014
Tagiyeva et al, 2010

Overall
Q=72.45, p=0.00, 12=79%

Random Effects

OR (95% Cl)
1.80 ( 1.00, 3.30)
122 ( 091, 1.63)
092 ( 0.64, 1.31)
232 (128, 417)
1.50 ( 1.00, 2.30)
237 (11.28, 4.34)
206 ( 1.08, 3.91)
172 (1.1, 265)
220 ( 0.80, 6.20)
083 ( 0.72, 0.95)
1.99 ( 143, 2.78)
084 ( 0.70, 1.01)
1.32 ( 1.13, 1.54)
1.13 ( 098, 1.30)
1.39 ( 1.08, 1.78)
1.22 ( 1.02, 2.05)

1.34 ( 1.14, 1.57)

% Weight
4.13
7.31
6.51
418
5.84
4.02
378
564
1.96
8.99
6.82
8.56
8.84
8.97
7.81
6.62

100.00





OPS/images/fpubh-12-1402908-g004.jpg
Study | -

Gascon et al, 2007
Halit et al, 2017
islam et al, 2016

Masley et al, 2000

Mora etb al, 2020
Salameh et al,2003
Sunyer et al, 2010
Wang et al, 2021
Weselak.2007

Overall
Q=11.48, p=0.18, 12=30%

Random Effects

OR (95% CI)

1.27 ( 0.86, 1.86)
271 (1.22, 6.02)
278 ( 0.94, 8.04)
2.80 ( 1.60, 4.80)
150 ( 0.70, 3.19)
171 ( 1.20, 2.43)
240 ( 1.19, 4.83)
205 ( 1.38, 3.06)
121 ( 077, 1.90)

1.79 ( 1.45, 2.21)

% Weight
16.92
594
353
10.72
6.48
18.63
7.38
16.39
14.00

100.00





OPS/images/fpubh-12-1402908-t002.jpg
Variable Category No of studies Effect size and significance Heterogeneity

OR (95%Cl) p-value 12 p-value
Sample size Large(=1,000) w 1.14(0.99-1.32) 0.077 36.7% 0.115
Small(<1,000) 17 1.32(1.15-1.51) <0.000 85.6% <0.000
Study design Case control 3 1.21(092-1.60) 0174 77.4% 0012
Cohort 11 1.19(1.02-1.39) 0.025 75.9% <0.000
Cross sectional 12 1.35(1.14-1.59) 0.001 65.2% 0.001
‘Types of exposure Multiple pesticide 3 1.27(1.09-147) 0.002 58.8% 0.005
Single pesticide 15 116 (1.05-1.29) 0004 85.6% <0.000
Outcome measurement Biomarkers 7 1.19(0.96-1.48) 0.110 54.5% 0.040
Doctor diagnosed 13 1.18(1.05-1.34) 0004 87.9% <0.000

Self-reported 7 123(1.05-145) 0011 39.7% 0.077





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The association between children’s exposure to pesticides and asthma, wheezing, and lower respiratory tract infections. A systematic review and meta-analysis



		Introduction



		Methods



		Reporting system and registration



		Data sources, study period, searching strategies, and study selection



		Inclusion and exclusion criteria



		Outcome assessment



		Data extraction quality assessment



		Data analysis and synthesis









		Results



		Study selection and characteristics of the included studies



		Characteristics of the included studies (qualitative review)



		The association of pesticide exposure and childhood asthma



		The association of pesticide exposure and childhood wheeze



		The association of pesticide exposure and lower respiratory tract infections



		Publication bias



		Subgroup analyses for asthma



		Sensitivity analysis









		Discussion



		Limitation and strength of the study



		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fpubh-12-1402908-g001.jpg
‘Studies included in
previous version of
review (n =21)

Reports of studies
included in previous
Version of review (n = 21)

Records dentfied from"
Databases(n=1487)
(Publed = 805) >
(Google Scholar=253)
(Hinari=276)

(Semanic Scholar=175)

Records removed before
screoning
Dupicate records removed (n
=341
Records marked as Ineigile
by automation toos (n = 161)

Records identfied from:
Websites (n=31)
Citation searching (n =11)

I

[ Recods excluded dus o e
(n=985) [ and abstract
ne700)
P Regports nt retieved
aports sought o pest
retrieval (n =27|a) —| )
2
Reports excluded
Regorts assessed for Ful ot screening vith
gy (n=169) teason (0474)

Desired outcome not
reported (n =53)
Inappropriate study seting
andmethods (n =47)

Newstudies included in review
(n=17)

Reports sought for
retieval (n =42)

Reports not retieved
(n=15)

Reports assessed for
elighily (n =27)

Reports of new included studies

(n=17)

Total studies included in review
(n=38)

Reports of total included studies.

(n =38): 28/38 for Asthma, 15/38 for
wheeze, 3138 forlower respiratory infection

Reports excluded:
Ful text screening with
reason (n =

Desired outcome not
reported (n =7)
Inappropriate study
setting and design (n






OPS/images/fpubh-12-1402908-g002.jpg
Study
Benka-Coker.et al, 2019

Bukalasa et al, 2016
Elsiwi et al, 2023
Gascon et al, 2007
Gharibi et al, 2019a
Gharibi et al, 2019b
Gunier et al, 2018
Halit et al, 2017

islam et al, 2016
Karmaus et al, 2001
Luetal, 2018

Masley et al, 2000
Meng et al, 2016

Pape et al, 2020

Perla et al, 2016
Raherison et al, 2019
Raherison et al, 2019a
Runkle et al, 2016
Salam et al, 2004
Salameh et al, 2003
Smit et al, 2016
Sunyer et al, 2005
Wang et al, 2021
Werthmann et al, 2023
Weselak et al 2007
Xiao et al, 2021
Tagiyeva et al 2010
Karmaus et al, 2003

Overall
Q=145.41, p=0.00, 12=81%

T

OR

10

OR (95% CI)

8.70
0.86
2.40
0.89
1.07
1.14
3.60
3.31
2.09
3.71
447
2.20
1.00
1.18
1.16
3.93
2.01
2.74
1.61
173
0.96
1.18
2.13
1.07
1.00
1.07
1.47
3.04

1.24

3.51, 14.60)
0.52, 1.40)
1.00, 5.80)
061, 1.31)
1.02, 1.13)
1.09, 1.20)
1.04,12.10)
1.85, 5.92)
0.98, 4.36)
1.10, 12.56)
1.43, 13.26)
0.80, 5.70)
0.99, 1.01)
0.87, 1.61)
062, 2.17)
0.40, 38.44)
0.54, 7.52)
1.33, 5.60)
0.93, 2.79)
1.02, 2.43)
0.77, 1.20)
1.01, 1.39)
0.80, 5.69)
0.88, 1.29)
0.71, 1.40)
0.80, 1.42)
1.14, 1.88)
0.53,22.30)

1.14, 1.35)

% Weight
132
2.44
0.90
3.59
11.26
11.30
0.48
1.88
122
0.49
0.58
0.74
11.69
4.75
1.66
0.14
0.42
1.30
207
2.99
6.65
8.40
0.73
7.48
421
5.15
5.95
021

100.00





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

The association between
children'’s exposure to pesticides
and asthma, wheezing, and lower
respiratory tract infections. A
systematic review and
meta-analysis












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






