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What is already known on 
this topic?
•	 Agricultural workers are a 

vulnerable population at 
high risk for health due to 
occupational exposure to 
pesticides from their working 
and living conditions.

•	 Pesticide exposure, especially 
when chronic or at high 
intensity, can have neurotoxic 
effects on the nervous system 
that can impair cognitive 
function.

•	 Current studies in the literature 
suggest that agricultural 
workers have lower cognitive 
function due to pesticide 
exposure compared to 
individuals in other workforces.

What this study adds on this 
topic?
•	 This study synthesized 12 

high-quality studies involving 
agricultural workers to 
examine whether pesticides 
affect cognitive functions.

•	 Pesticide exposure had a 
particularly negative impact, 
associated with cognitive 
decline and neurobehavioral 
performance.

•	 Initiatives to enhance 
the health and safety of 
agricultural workers who are 
older, less educated, and have 
been exposed to pesticides 
for extended periods of time 
should be developed.

Abstract
AIM: The aim of this systematic review was to explore how pesticide exposure affected agricultural workers’ 
cognitive abilities. 
METHODS: A comprehensive search was conducted in the Web of Science, Scopus, PubMed, MEDLINE, and 
EBSCOhost/CINAHL Complete databases for relevant literature covering the period from 2014 to 2024. 
The Preferred Reporting Elements for Systematic Reviews and Meta-Analyses checklist was followed. 
Quality appraisal was conducted using the Joanna Briggs Institute Critical Appraisal Tools. The review 
protocol was registered in the International Register of Prospective Systematic Reviews (PROSPERO) 
[CRD42024498818]. 
RESULTS: In total, 12 studies meeting the inclusion criteria were included in the analysis. Most of the 
included studies showed that agricultural workers’ cognitive abilities were negatively impacted by pesticide 
exposure. This was particularly associated with problems in language, visual memory, complex attention, 
and perceptual-motor functions. On the other hand, a few included studies found that pesticide exposure 
had no negative effect or only a limited effect on cognitive functions. This was due to confounding factors 
such as age, education level, and pesticide exposure time. 
CONCLUSION: Agricultural workers were more at risk for health problems due to the long-term neurotoxic 
effects of pesticide exposure on the central and peripheral nervous systems. To protect the health and 
safety of agricultural workers, these effects should be investigated in more detail in future studies, 
protective measures should be promoted, and training programs should be planned. Moreover, the focus 
should be on targeting agricultural workers who are older, have lower levels of education, and have longer 
exposure to pesticides.
Keywords: Agricultural worker, cognitive function, occupational exposure, pesticide

Introduction

Approximately one-third of agricultural products are made with pesticides, which are heavily 
relied upon to boost the yield and quality of agricultural food production (Lamichhane, 2017; 
Naksata et al., 2020). The Food and Agriculture Organization of the United Nations estimates 
that 3.7 million tons of pesticides are used in agriculture globally, a 13% rise over the previous 
10 years. Additionally, during the past 3 decades, the per capita use of pesticides has climbed by 
35% (Food and Agriculture Organization, 2024). Over the next 10 years, it is anticipated that the 
risk of pesticide exposure will rise globally, particularly in emerging nations. As a result, illnesses, 
poisoning, and fatalities brought on by pesticide exposure are a top priority for world health (Pan 
et al., 2018; Amoatey et al., 2020).

A high-risk population that is directly exposed to pesticides is agricultural laborers. They are 
frequently exposed to high levels, especially when spray equipment is being prepared, applied, 
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and cleaned. Additionally, they might come into contact with 
crops or soil residues and be indirectly exposed to pesticides 
by drift from nearby fields (Damalas & Koutroubas, 2016; 
Sapbamrer & Thammachai, 2020; World Health Organization, 
2020). Pesticide exposure poses a risk to agricultural work-
ers and can result in a number of acute or long-term health 
issues (World Health Organization, 2022; Pan American Health 
Organization & World Health Organization, 2023). Asthma, 
hypertension, diabetes, cancer, birth defects, reproductive 
diseases, and neurological dysfunction are frequent examples 
of these health issues (Hongsibsong et al., 2017; Kaur & Kaur, 
2018; Kim et al., 2019; Forté et al., 2021).

Because pesticides are lipophilic, they can harm the blood-brain 
barrier (Richardson et al., 2019). Long-term exposure to these 
chemicals can lead to neuronal loss in some areas of the brain 
and impaired cognitive function (Arbuthnott & Frank, 2000). 
Exposure to pesticides can have long-lasting neurotoxic effects 
on the central nervous system, which can impair cognitive 
function (Arora et al., 2021). Long-term exposure to pesticides 
including organophosphates, carbamates, and pyrethroids—a 
family of insecticides commonly used in agriculture—can lead 
to the development of neurodegenerative illnesses because 
they are damaging to the nervous system (Baltazar et al., 2014; 
Californians for Pesticide Reform, 2023). Organophosphates 
disrupt cholinergic neurotransmission by blocking acetylcho-
linesterase, an essential enzyme at both central and peripheral 
synapses. This can cause acute neurotoxic effects in individuals, 
such as muscle weakness, convulsions, ataxia, tremors, saliva-
tion, lacrimation, myosis, sweating, diarrhea, and incontinence 
(Aygun, 2004; Zaganas et al., 2013).

The previous studies have indicated that long-term exposure 
to organophosphates is associated with neurological diseases, 
such as Alzheimer’s disease, Parkinson’s disease, dementia, 
and cognitive impairment (Sánchez-Santed et al., 2016; Perrin 
et al., 2021). A study in South Korea identified a positive asso-
ciation between chronic pesticide exposure and cognitive 
decline in agricultural workers, with a higher level of associa-
tion, especially among the 60-69 age group (Kim et al., 2019). 
Agricultural workers’ motor speed and coordination, sustained 
attention, visuospatial skills, visual memory, and informa-
tion processing speed are all adversely affected by pesticide 
exposure according to an Egyptian study (Ismail et al., 2017). 
Additionally, a meta-analysis revealed that among agricultural 
workers, modest levels of pesticide exposure were linked to 
differing degrees of impairment in cognitive and psychomotor 
skills (Ismail et al., 2012).

Occupational health nurses are the new term for agricultural 
health nurses (Witt et  al., 2020). These nurses are defined as 
qualified medical experts who look out for the well-being and 
security of agricultural laborers and their families (Connon 
et al., 1993; Randolph & Migliozzi, 1993; Lundvall & Olson, 2001; 
Susanto & Widayati, 2018). Furthermore, considering the det-
rimental effects of pesticides on cognitive processes, these 
nurses are in a critical position to recognize early warning signs 
and symptoms. However, they are effective in increasing risk 
awareness by educating people and putting preventive mea-
sures against pesticide exposure in place (Corral et  al., 2017). 

In this context, occupational health nurses can develop plans 
for monitoring and intervention phases aimed at protecting the 
cognitive health of agricultural workers (International Labour 
Organization, 2015).

Workers in the agricultural industry who are exposed to pesti-
cides have worse levels of cognitive function than workers in 
other industries, according to mounting evidence in the litera-
ture (Campos et al., 2016; Corral et al., 2017; Ramírez-Santana 
et  al., 2020). Because of this, it was thought to be crucial to 
assess research on the cognitive abilities of agricultural laborers 
who are severely disadvantaged with regard to pesticide expo-
sure. The purpose of this systematic review was to investigate 
how agricultural workers’ cognitive abilities were affected by 
pesticide exposure. 

Research Question

1.	 Does pesticide exposure affect cognitive function in agri-
cultural workers?

Methods

Study Design
The Joanna Briggs Institute (JBI) methodology was used in 
this systematic review and presented in accordance with the 
Preferred Reporting Elements for Systematic Review and 
Meta-Analysis Protocols (PRISMA-P) 2020 statement (Page 
et  al., 2021). The review protocol was registered with proto-
col code [CRD42024498818] in the International Register of 
Prospective Systematic Reviews (PROSPERO).

Search Strategy
This study was performed using the Web of Science, Scopus, 
PubMed, MEDLINE, and EBSCOhost/CINAHL Complete elec-
tronic databases. These databases were searched between 2014 
and 2024 (last search date: January 15, 2024). Articles were fil-
tered using combinations of the following keywords: “farm*,” 
“agricultural worker,” “pesticide,” and “cogniti*” (Table 1).

Inclusion and Exclusion Criteria
The inclusion criteria were determined based on PICOS 
(P: Population, I: Interventions, C: Comparisons, O: Outcomes, S: 
Study designs) (Table 2).

In this study, conference abstracts, theses, study protocols, case 
reports, meta-analyses, and reviews were excluded. Studies 
that were not in English and did not have full texts were also 
excluded. In addition, studies that included mixed agricultural 
and nonagricultural workers in the sample, studies that did not 

Table 1.
Keywords Chosen (n = 4)

Search Keywords

#1 farm* OR agricultural worker

#2 pesticide

#3 cogniti*

Search strategy: #1 AND #2 AND #3.
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include pesticide exposure, and studies that did not assess cog-
nitive function were excluded.

Study Selection
The studies filtered in different databases were transferred 
to the Endnote x21 program and duplications were removed. 
Firstly, the titles and abstracts of the remaining studies were 
independently reviewed by two researchers, applying the 
inclusion and exclusion criteria. Secondly, the full texts of the 
remaining studies were independently reviewed in detail by 
the same researchers. Finally, studies that met the inclusion 
criteria were included in this review. In the case of any dis-
agreement at these stages, the two researchers discussed and 
resolved the issue by considering the inclusion and exclusion 
criteria until a consensus was reached. Therefore, Cohen’s 
Kappa Coefficient was calculated to assess inter-researcher 
reliability and was found to be 0.854, indicating a strong level 
of consensus (McHugh, 2012). In this context, reaching a 
consensus between both authors played an essential role in 
ensuring the transparency and reliability of this systematic 
review process.

Methodological Quality Appraisal
The 12 included studies were quantitative designs. The risk of 
bias was assessed by two independent researchers using the JBI 
Critical Appraisal Tools. The quality of the articles was assessed 
using a four-point rating scale (yes, no, unclear, and not appli-
cable). Each study was scored based on whether it fully met the 
inclusion criteria (1 point), partially met the inclusion criteria, or 
did not meet the inclusion criteria (0 points). The cut-off point 
was set to 5. Studies with scores of 5 or higher were included. 
Each study was documented as included, excluded, or requiring 
further information based on an overall assessment.

Data Extraction
The JBI data-extraction tool (JBI SUMARI) was used for each 
study included in this study. The data extraction tool included 
author(s), year, country, study designs, sample/population 
type, age, chemical group of pesticides/duration of exposure, 
measurement tools of cognitive functions, outcomes, quality 
appraisal score, and effect size. Two researchers independently 
extracted data from each study and documented them on a 
form. The studies that were agreed upon and included in the 
review were then transferred to a new form.

Data Synthesis
In this study, agricultural workers differ in terms of their status 
(migrant, rural, small-scale, traditional, organic farmers, etc.) and 
the types of agricultural sectors in which they work (avocado, 
potato, cotton, vegetables, etc.). Moreover, the chemical classes 
of pesticides (such as insecticides, fungicides, and herbicides) 
and the measurement tools used to assess cognitive func-
tions varied. Owing to these heterogeneities, a meta-analysis 
could not be performed in this study. Therefore, the results 
were presented using narrative analysis. Narrative analysis was 
used to identify and summarize the general trends in the exist-
ing literature (Sukhera, 2022). Agricultural workers’ cognitive 
abilities were evaluated in relation to pesticide exposure using 
effect sizes (Cohen 1988). Effect size values (Cohen’s d and 
h) from the included studies are presented in Table 3. Cohen’s 
effect size classification (0.20 ≤ ES < 0.50 small, 0.50 ≤ ES 
< 0.80 medium, ES ≥ 0.80 large) was used as a reference for 
interpreting the effect sizes (Cohen, 1988; Lee, 2016). Funnel 
plots were made for Cohen’s d and h effect sizes to evaluate 
publication bias/small study effects, and the Egger’s test was 
used to statistically test for asymmetry. RevMan (version 5.4) 
was used to construct the funnel plot. Plotting each study’s 
impact size against the standard error, which represents the 
study’s size and sensitivity, allowed for a visual assessment of 
potential publication bias. In the end, the absence of publication 
bias is indicated by a symmetrical distribution of studies in the 
funnel plot, creating an inverted funnel shape (Lin et al., 2018). 
The metaphor package in RStudio (version 4.2.3) was used to 
conduct the Egger’s regression test. This test looked at how the 
included studies’ effect sizes and standard errors related to one 
another (Egger et al., 1997). The asymmetry in the funnel plot is 
consistent with the statistically significant result (p < .05) of the 
Egger’s regression test, which suggests the existence of poten-
tial publication bias or small study effects (Page et al., 2024).

Results

Selection of Evidence Sources
The initial search of electronic databases yielded 623 studies. 
After all duplicates were removed, 296 studies remained for 
title and abstract reviews. After title and abstract review, 202 
studies were excluded. A total of 94 studies were included in 
the full-text review. After reviewing the full texts, 9 studies 
for which full texts could not be accessed; 32 studies whose 
samples were not agricultural workers; 8 studies whose samples 
included both agricultural workers and non-agricultural work-
ers; 4 studies without exposure to pesticides; 9 studies that did 
not assess cognitive function; 5 studies not in English; and 13 
studies that were not research articles were excluded from the 
review. As a result, 12 studies that met the aim of the review and 
inclusion criteria were included. The literature search process is 
presented in the PRISMA flow diagram in Figure 1.

Study Characteristics
Table 3 summarizes an overview of the salient features of 
all included studies. The 12 studies included were published 
between 2016 and 2023. Three of these studies were con-
ducted in Indonesia (Halim et al., 2018; Laksmidewi et al., 2020; 
Febriana et  al., 2023), and the others in the United States of 
America (USA), Costa Rica, Nepal, Taiwan, Uganda, Philippines, 

Table 2.
Inclusion Criteria Based on PICOS

PICOS Inclusion Criteria

P (Populations) Individuals working in the agricultural sector

I (Interventions) Occupational exposure to pesticides due to 
agricultural activities

C (Comparisons) Comparison of the effects of different levels 
of pesticide exposure on cognitive functions

O (Outcomes) Studies evaluating the effects of pesticide 
exposure on changes or impairments in 
cognitive functions

S (Study designs) Research articles with full text available and 
written in English
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South Korea, Egypt, and China. In addition, seven studies were 
cross-sectional, two studies were cohort, two studies were 
case-control, and one study was a longitudinal design.

The sample sizes of the included studies ranged from a mini-
mum of 48 (Mora et  al., 2022) to a maximum of 387 (Lu & 
Salas, 2021) participants. The average age was found to range 
from 12 (Rohlman et al., 2016) to >80 (Febriana et al., 2023). 
The sample consisted of children, adolescents, adults, and 
the elderly. These participants were of immigrant status, liv-
ing in rural areas (villages), small farm owners, or traditional/
organic agricultural workers (Zhang et  al., 2016; Khan et  al., 
2018; Laksmidewi et  al., 2020; Fuhrimann et  al., 2021; Lu & 
Salas, 2021). The participants worked in a variety of agricul-
tural sectors, including avocado, potato, cotton, and veg-
etable cultivation (Rohlman et  al., 2016; Halim et  al., 2018; 
Febriana et al., 2023).

The methodological quality assessment of the 12 included stud-
ies ranged from 5 to 10 according to the JBI Critical Appraisal 
Checklist. Furthermore, the effect size values ​​(Cohen’s d and 

h values) for the relationship between pesticide exposure and 
cognitive function obtained from these studies ranged from 
0.09 to 2.14. The effect sizes of these studies were evaluated 
according to Cohen’s effect size classification as follows: two 
studies were very small (Fuhrimann et  al., 2021; Tiwari et  al., 
2022), three studies were small (Zhang et al., 2016; Halim et al., 
2018; Kim et al., 2019), three studies were moderate (Rohlman 
et al., 2016; Mora et al., 2022; Febriana et al., 2023), and four 
studies were large (Khan et al., 2018; Laksmidewi et al., 2020; 
Chen et al., 2021; Lu & Salas, 2021).

Assesment of Pesticide Exposure and Chemical 
Classification
Agricultural workers who met at least one of the following 
requirements—pesticide applicator, acute/chronic pesticide 
exposure, and experiencing contact with pesticides—were 
included in the 12 studies that made up this review. Additionally, 
an exposure algorithm was used in one included study to pre-
dict yearly Exposure Intensity Scores to pesticides (Fuhrimann 
et al., 2021). In a different study, urine samples were gathered to 
evaluate pesticide exposure (Mora et al., 2022).

Figure 1.
The PRISMA Flow Diagram of the Literature Search Process.
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The included studies assessed the potential effects on agri-
cultural workers’ cognitive capacities of exposure to several 
classes of chemical pesticides, including insecticides, fungi-
cides, herbicides, bactericides, rodenticides, and nematodes. 
In this context, nine studies on insecticides (Rohlman et  al., 
2016; Zhang et al., 2016; Laksmidewi et al., 2020; Chen et al., 
2021; Fuhrimann et  al., 2021; Lu & Salas, 2021; Mora et  al., 
2022; Tiwari et al., 2022; Febriana et al., 2023); six studies on 
herbicides (Rohlman et  al., 2016; Fuhrimann et  al., 2021; Lu 
& Salas, 2021; Mora et al., 2022; Tiwari et al., 2022; Febriana 
et  al., 2023); five studies on fungicides (Fuhrimann et  al., 
2021; Lu & Salas, 2021; Mora et al., 2022; Tiwari et al., 2022; 
Febriana et al., 2023); two studies on rodenticides (Rohlman 
et al., 2016; Lu & Salas, 2021); one study on bactericides (Tiwari 
et al., 2022); and one study on nematodes (Lu & Salas, 2021) 
assessed the effect of pesticide exposure on cognitive func-
tions. However, three studies did not provide information on 
the pesticide chemical classes being assessed (Halim et  al., 
2018; Khan et al., 2018; Kim et al., 2019). Studies have revealed 
that 70-80% of agricultural workers are exposed to insecti-
cides, 6-66% to herbicides, 13-48% to fungicides, and 9-26% 
to rodenticides (Rohlman et al., 2016; Lu & Salas, 2021; Mora 
et al., 2022; Tiwari et al., 2022). In the studies analyzed in this 
review, the duration of pesticide exposure ranged from at least 
one year (Lu & Salas, 2021), at least two years (Halim et  al., 
2018), approximately three years on average (Rohlman et al., 
2016; Kim et al., 2019), and chronically throughout their work-
ing lives (average ≥ 20 years) (Rohlman et al., 2016; Kim et al., 
2019; Chen et al., 2021).

Assessment of Cognitive Functions
In this review, cognitive functions were assessed using the 
MMSE (Lu & Salas, 2021; Febriana et  al., 2023), Stroop Test, 
DNSA, DNE (Febriana et al., 2023), K-MoCA (Kim et al., 2019), 
TMT-A (Fuhrimann et  al., 2021), fNIRS (Mora et  al., 2022), 
German Q18 questionnaire (Tiwari et al., 2022), NCTB (Zhang 
et al., 2016; Tiwari et al., 2022), Mini Cog test (Laksmidewi et al., 
2020), MIS, ANT (Halim et al., 2018), basic neurological exami-
nation (Chen et  al., 2021), computer-based neurobehavioral 
testing (Rohlman et  al., 2016), semantic verbal fluency, pho-
netic verbal fluency, color trail part 2, digit span, digit vigilance, 
bvrt, digit span forward, Purdue pegboard, finger tapping test 
(Fuhrimann et  al., 2021), and Agricultural Health Study and 
National Institute of Health, CESD-R (Khan et al., 2018).

Effects of Pesticide Exposure on Cognitive Functions
Numerous studies have examined the effects of pesticide 
exposure on agricultural workers’ cognitive abilities, and while 
some similar results have been found, other findings have also 
been disclosed. In almost all of the studies included in the review 
(83.3%, n = 10), pesticide exposure had a statistically signifi-
cant effect on cognitive function (Rohlman et al., 2016; Zhang 
et  al., 2016; Halim et  al., 2018; Khan et  al., 2018; Laksmidewi 
et al., 2020; Chen et al., 2021; Fuhrimann et al., 2021; Mora et al., 
2022; Tiwari et al., 2022; Febriana et al., 2023). Pesticide expo-
sure often leads to cognitive impairment. Significant cogni-
tive decline, attention deficits, and peripheral neuropathy were 
observed in individuals who used pesticides (Febriana et  al., 
2023). Additionally, working memory in the prefrontal cortex 
was compromised by excessive pesticide exposure, which had 

a detrimental effect on behavioral and cognitive processes 
(Mora et al., 2022). Accordingly, exposure to pesticides caused 
neurobehavioral performance issues such as headaches, short-
term memory loss, concentration issues, exhaustion, numbness, 
and palpitations (Tiwari et al., 2022). In addition, acute pesticide 
poisoning most commonly led to cognitive decline and periph-
eral neuropathy (Khan et  al., 2018; Laksmidewi et  al., 2020; 
Chen et al., 2021; Febriana et al., 2023). Additionally, exposure 
to pesticides was especially linked to issues with visual memory, 
language, perceptual-motor abilities, and complex attention 
(Fuhrimann et al., 2021). Furthermore, agricultural workers who 
experienced short-term pesticide poisoning scored lower on 
neurobehavioral tests, while those who had worked in agricul-
ture for a long time and experienced recent pesticide poisoning 
were associated with lower accuracy and higher error rates in 
target tracking. (Zhang et al., 2016). Halim et al. (2018) empha-
sized that organophosphate poisoning has an effect on cog-
nitive decline, particularly regarding memory impairment and 
attention problems (Halim et al., 2018).

In contrast to these results, the two studies included presented 
differing findings, showing that pesticide exposure had no 
negative effect on cognitive function or only a limited effect. 
Lu and Salas (2021) found that 93.95% of individuals exposed 
to pesticides for at least one year exhibited normal cognitive 
functions (Lu & Salas, 2021). Kim et al. (2019), although a trend 
was observed between high pesticide exposure and cognitive 
decline, this relationship was not found to be statistically sig-
nificant (Kim et al., 2019).

Funnel Plot and Egger’s Test
There is no discernible asymmetry and the effect sizes are often 
spread uniformly around the centerline according to Cohen’s 
d funnel plot. However, visual interpretations about publica-
tion bias and small-study effects should be handled carefully 
because of the small number of studies (k = 6) and potential 
heterogeneity (Figure 2). Cohen’s h funnel plot likewise dem-
onstrates that the effect sizes are mostly concentrated around 
the midline, although one study’s rightward divergence makes 
the distribution less symmetrical. However, visual results by 
themselves should not be regarded as definitive evidence due 
to k = 6 and potential diversity in effect sizes (Figure 2). The 
Egger’s test revealed no statistically significant asymmetry in 
Cohen’s h-set (p = .998). This suggests a small study effect 
or publication bias. Consistently, there was no evidence that 
the observed distribution was related to systematic bias. The 
Egger’s test was not statistically significant in Cohen’s d-set 
(p = .316).

Discussion

It is crucial to examine contemporary multidisciplinary view-
points and creative techniques published in the literature to 
better understand if pesticide exposure affects cognitive func-
tioning in people working in the agriculture industry and to 
effectively address this issue. Although agricultural workers’ 
cognitive abilities are generally negatively impacted by occupa-
tional pesticide exposure, the direction of this effect might vary 
depending on a number of characteristics, including age group, 
education level, and length of pesticide exposure.
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The several research studies that looked into how pesticide 
exposure affected agricultural workers’ cognitive abilities had 
comparable results, showing that pesticides typically have det-
rimental impacts on cognitive abilities. Pesticide exposure has a 
statistically significant impact on cognitive function, according 
to the majority of the studies included in this study (Rohlman 
et al., 2016; Zhang et al., 2016; Halim et al., 2018; Khan et al., 
2018; Laksmidewi et  al., 2020; Chen et  al., 2021; Fuhrimann 
et al., 2021; Dhansoia et al., 2022; Lu & Salas, 2021; Mora et al., 
2022; Tiwari et al., 2022; Febriana et al., 2023). Moreover, sev-
eral insecticides increase inflammatory factors, which can cause 
neuroinflammation, neuronal death, and cognitive loss (Hossain 
et al., 2022). The findings from the studies highlighted that pes-
ticides generally cause cognitive impairments, and these effects 
may impact different cognitive functions. For example, pesti-
cide exposure led to various neurobehavioral symptoms, par-
ticularly cognitive decline, peripheral neuropathy, and attention 
deficit (Tiwari et  al., 2022; Febriana et  al., 2023). Additionally, 
high pesticide exposure impairs working memory in the pre-
frontal cortex, which has a detrimental effect on behavioral and 
cognitive processes (Mora et al., 2022). These results highlight 
the detrimental impacts of pesticides, especially their detri-
mental effects on neurological processes.

Exposure intensity and the ensuing neurobehavioral conse-
quences are greatly influenced by the timing and frequency 
of pesticide treatment (Pesticide Environmental Stewardship, 
2023). Pesticides must be used more frequently in agricul-
tural areas due to the prevalence of hazardous insects, which 
increases chemical exposure and the risk of neurobehavioral 
damage (Pawestri & Sulistyaningsih, 2021). A range of cogni-
tive health issues, including memory loss, thinking disorders, 
difficulty concentrating, mood swings, disorientation, head-
aches, dizziness, exhaustion, and insomnia, may result from 
neurobehavioral performance impairment brought on by 
pesticide exposure (Butler-Dawson et  al., 2016; Tiwari et  al., 
2022). Acute pesticide poisoning was associated with neuro-
logical health effects such as cognitive decline and peripheral 
neuropathy; this may negatively affect the daily life functions 
of agricultural workers (Zhang et al., 2016; Chen et al., 2021; 
Febriana et  al., 2023). General pesticide exposure was asso-
ciated with problems in visual memory, perceptual-motor 

functions, complex attention, and language indicating that 
pesticides may affect a wide range of cognitive functions 
(Fuhrimann et  al., 2021). Accordingly, occupational health 
nurses need to conduct routine assessments to detect cogni-
tive dysfunction in agricultural workers at an early stage and 
provide guidance by referring them to medical professionals 
when necessary.

Some of the included studies have shown that pesticide expo-
sure has no or limited negative effects on cognitive function. For 
example, Lu and Salas (2021) reported that 93.95% of agricul-
tural workers who experienced pesticide exposure for at least 
one year had normal cognitive function (Lu & Salas, 2021). Kim 
et al. (2019) found a relationship between high pesticide expo-
sure and cognitive decline, although this relationship was not 
statistically significant (Kim et al., 2019). The reason for this dis-
crepancy was that participants in the high-exposure group were 
older and had lower levels of education, which could poten-
tially lead to confounding factors in the effect. Furthermore, 
although the length of pesticide exposure is crucial in assessing 
the impact on cognitive function, future research should pay 
closer attention to variables like age and educational attain-
ment because they may also be confounding factors.

This review revealed that the relationship between pesticide 
exposure and cognitive function is also sensitive to the geo-
graphic and socioeconomic context in which the study was con-
ducted. Studies in different countries, such as Indonesia, USA, 
Mexico, India, Costa Rica, Nepal, Taiwan, Uganda, Philippines, 
South Korea, Egypt, and China have reported heterogeneous 
results despite using similar tests to assess the effect of simi-
lar pesticide classes (such as insecticides, fungicides, and her-
bicides) on cognitive functions (Rohlman et  al., 2016; Zhang 
et al., 2016; Halim et al., 2018; Khan et al., 2018; Kim et al., 2019; 
Laksmidewi et  al., 2020; Chen et  al., 2021; Fuhrimann et  al., 
2021; Lu & Salas, 2021; Mora et  al., 2022; Tiwari et  al., 2022; 
Febriana et al., 2023). According to the existing evidence in the 
literature, pesticide use in high-income countries is subject to 
stricter licensing and control processes, some highly hazardous 
pesticides are banned or phased out, and personal protective 
equipment and worker health and training practices are more 
widespread (Food and Agriculture Organization & World Health 

Figure 2.
Funnel Plot of Cohen’s d and h Studies.
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Organization, 2016; Garrigou et al., 2020; European Parliament, 
2021). In contrast, it has been reported that highly hazardous 
pesticides are still widely used in low- and middle-income coun-
tries, regulatory frameworks and registration-control systems 
are weaker, a significant portion of agricultural production is 
carried out on a small scale and often with informal labor, and 
access to personal protective equipment and safe-use training 
is limited (Food and Agriculture Organization & World Health 
Organization, 2016; Ngowi et  al., 2016; European Parliament, 
2021). This may stem from geographical and socioeconomic 
differences in regulatory frameworks, agricultural practices, and 
worker protection mechanisms among countries. Therefore, 
future studies need to better measure, report, and systemati-
cally consider such structural confounders in statistical analyses.

The results of the Egger’s test and the funnel plot show that 
neither the Cohen’s d nor the h clusters have substantial evi-
dence of publication bias or the small study effect; this con-
clusion is supported by the insignificant Egger’s test result in 
cluster h (p = .998). However, the results should not be regarded 
as a conclusive “absence” of publication bias because the small 
number of papers (k = 6) and potential heterogeneity in both 
analyses may limit the power of both the funnel plot and the 
Egger’s test. To improve the trustworthiness of the results, it is 
advised to add more studies and assess them using sensitivity 
analyses (such as trim-and-fill or leave-one-out).

Study Limitations
The studies included in this review were limited to five data-
bases, where only scans were performed. Except for two of 
these studies, pesticide exposure affected cognitive activities. 
The quality scores of the studies that found a significant rela-
tionship between pesticide exposure and cognitive status var-
ied, while the quality scores of the studies that did not find a 
significant relationship were at a moderate level.

Conclusion and Recommendations

In conclusion, people who work in agriculture who are exposed 
to pesticides suffer from worse cognitive outcomes overall. 
Pesticides significantly decrease memory, attention, concentra-
tion, headaches, and neurobehavioral function, according to a 
systematic review. Confounding factors may be at play, as some 
research has not established a substantial correlation between 
pesticide exposure and cognitive deterioration. The harmful 
effects of pesticides on the central and peripheral nerve systems 
may affect agricultural workers’ daily functioning and quality of 
life. The findings imply that pesticides might have long-term 
impacts on agricultural laborers, and more study is required in this 
field. Safe and efficient rules governing the frequency and tech-
nique of pesticide application must be implemented. Monitoring 
the degree of pesticide exposure among agricultural workers and 
planning training appropriately can help lower health hazards. 
Future studies should examine the effects of pesticide exposure 
on individuals with varying ages and educational backgrounds. In 
order to detect early signs and inform agricultural workers about 
the cognitive effects of pesticide exposure, occupational health 
nurses should do routine health examinations. Planning training 
courses on exposure reduction, the use of personal protective 

equipment, and appropriate pesticide usage (personal and envi-
ronmental precautions) is also essential.
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