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ABSTRACT
Background. Thai farmers are directly exposed to pesticides, which may result in adverse effects including cognitive 
impairment.
Objectives. The aim of this study was to examine the association between occupational pesticide exposure and cognitive 
decline among adult farmers in northern Thailand.
Material and Methods. This cross-sectional study included 303 pesticide-using farmers over the age of 50 from Doi Tao 
District in Chiang Mai Province. Pesticide exposure score was calculated using an algorithm that considered personal 
protective equipment (PPE) scores and exposure intensity scores, as well as lifetime application days. The scores were 
classified as high or low exposure based on their median. The Thai version of the Montreal Cognitive Assessment (MoCA) 
test was used to assess cognitive function.
Results. The mean age of adult farmers was 58.74 years. The prevalence of cognitive impairment was 93.7%, with an 
average score of 19.6. Spearman’s rank correlation coefficient showed that the MoCA score was adversely correlated with 
lifetime application days (rs = -0.145), PPE score (rs = -0.163), exposure intensity score (rs = -0.184), and pesticide exposure 
score (rs = -0.225). Linear regression revealed that high exposed farmers had significantly lower MoCA scores than low 
exposed farmers, as measured by PPE score (B = -0.75; 95% CI: -1.46, -0.05), exposure intensity score (B = -0.97; 95% CI: 
-1.66, -0.27), and pesticide exposure score (B = -0.77; 95% CI: -1.47, -0.06), after controlling for sex, age, education, 
income sufficiency, and body mass index.
Conclusions. Thai farmers are at risk of cognitive impairment linked to occupational pesticide exposure, depending on 
their PPE use and exposure intensity. There is still a critical need for action to reduce the risk of negative health effects 
from pesticide exposure among Thai farmers.
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INTRODUCTION

Pesticides are widely used to prevent and control 
pests, and their usage continues to trend upward. In 
2022, total pesticide use in agriculture had doubled 
since 1990, with usage per arable area increasing by 
94 percent [1]. In Thailand, pesticides are commonly 
used, including herbicides (e.g., glyphosate and 
paraquat), insecticides (e.g., abamectin, chlorpyrifos, 
and cypermethrin), and fungicides (e.g., carbendazim 
and propineb) [2, 3]. These chemicals can directly 
affect the health of farmers exposed to them 
through multiple routes, including dermal contact, 
ingestion, and inhalation. In particular, exposure 
to organophosphates and carbamates is known to 
inhibit acetylcholinesterase activity, increasing the 
risk of pesticide poisoning. A previous study revealed 

that 17.3% of Thai farmers experienced pesticide 
poisoning after applying pesticides [3]. Chronic health 
effects may include an increased risk of cancers such 
as leukemia, non-Hodgkin lymphoma, brain, prostate, 
bladder, colorectal, lung, kidney, and pancreatic 
cancers [4-6]. Pesticide exposure may also impact 
the mental health of farmers [3, 7, 8] and contribute 
to neurodegenerative diseases, including Alzheimer’s 
disease and dementia [9-11].

The global number of people living with Alzheimer’s 
disease and other dementias more than doubled from 
1990 to 2016, with the number of deaths increasing 
by 148%, making it the second-largest cause of death 
in individuals aged 70 and older, following ischemic 
heart disease, in 2016 [12]. In Thailand, deaths from 
Alzheimer’s and other dementias among individuals 
aged 75 and older rose to 8.1% in 2019, doubling from 
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3.9% in 2015 [13]. Alzheimer’s disease can develop 
in individuals with mild cognitive impairment, 
highlighting the importance of early identification 
for effective intervention [14]. Evidence also indicates 
that pesticides adversely affect farmers’ cognitive 
function [15], potentially contributing to dementia and 
Alzheimer’s disease [16].

The association between pesticide exposure and 
cognitive function has been investigated in many 
study populations, such as those in the U.S. [17, 18], 
France [19, 20], Chile [21, 22], Korea [23], Costa Rica 
[24], and Indonesia [25]. In Thailand, it was found 
that farmers had a higher risk of cognitive impairment 
compared to nonfarmers [26]. However, the effects 
of long-term and high-level pesticide exposure on 
cognitive performance warrant further investigation 
[27]. The objective of this study was to investigate 
the association between occupational exposure to 
pesticides and cognitive function among adult Thai 
farmers. The findings can provide essential insights to 
guide health surveillance and inform actions to protect 
farmers from pesticide-related risks.

MATERIAL AND METHODS

Design, setting, and subjects
This is a cross-sectional study of adult farmers in 

Doi Tao District, Chiang Mai Province, in northern 
Thailand. Doi Tao District covers an agricultural area 
of approximately 70 square kilometers, with about 
63% of all households registered as farmer households. 
Longan is a popular fruit in the area, often grown 
alongside other crops such as rice, corn, and shallots. 
Farmers commonly use insecticides, herbicides, and 
fungicides in the cultivation of these crops.

Participants were selected using convenience 
sampling, with public relations efforts by local 
organizations. Leaflets and community loudspeakers 
were used to invite farmers who met the inclusion 
criteria. Thai farmers aged 50 and older, representing 
farming households, were eligible if they had at least 
five years of experience in agriculture, had a history 
of pesticide use, had no history of mental illness or 
neurological disorders requiring treatment, and were 
literate in Thai.

The sample size for the study was estimated using 
the G*Power program for two independent mean 
comparisons, with a power of 80% and a confidence 
level of 95% (2-tailed). A mean difference in cognitive 
performance scores between the low and high pesticide 

exposure groups was set at 1 point, with a standard 
deviation (SD) of 3 points [23]. The required sample 
size was 143 participants per group, with an additional 
10% added to account for incomplete data, resulting in 
a total of 326 adult farmers. Ultimately, 303 farmers 
provided complete data for the study. The Committee 
of Research Ethics, Faculty of Public Health, Chiang 
Mai University, approved the study (No. ET021/2023). 
Prior to data collection, all participants provided 
written informed consent.

Data collection
Data were collected between October and December 

2023. The interviewer-administered questionnaire 
was conducted by three researchers who had received 
training prior to data collection. The questionnaire 
consisted of three sections: (a) demographic 
characteristics, such as sex, age, education, marital 
status, household income, body mass index (BMI), 
underlying diseases, smoking, alcohol use, entry into 
agriculture, distance from home to the nearest farm, 
and household insecticide use; (b) work characteristics, 
including agricultural work experience, farm size, and 
history of pesticide use (insecticides, herbicides, and 
fungicides); and (c) pesticide exposure estimation, 
including the duration (in years) of pesticide use, 
frequency of pesticide application per year, pesticide 
use characteristics (mixing/spraying), frequency 
of personal protective equipment (PPE) use (dust 
mask/mask with carbon filter, goggles, gloves, long-
sleeve shirt, long pants, and boots), and the practice 
of showering and changing clothes after pesticide 
application.

To estimate cumulative lifetime pesticide 
exposure, the study adapted a semi-quantitative 
algorithm developed for low- and middle-income 
contexts in previous studies [3, 28, 29]. The pesticide 
exposure score was calculated based on lifetime days 
of pesticide application and the intensity level of 
exposure (Equation (1)).

Lifetime application days were calculated by 
multiplying the number of days per year by the number 
of years of pesticide use. The exposure intensity score 
was estimated based on five exposure-modifying 
factors: mixing pesticides, spraying pesticides, 
showering, changing clothes, and using PPE (Equation 
(2)).

Two factors – mixing active ingredients and 
spraying pesticides – were assigned scores of 5 and 
8, respectively. Showering and changing clothes 

 Pesticide exposure score = lifetime application days × exposure intensity score  (1)

 Exposure intensity score = (mix + spray) × shower × clothes × PPE score  (2)

 PPE score = 0.1 × mask + 0.1 × goggles + 0.4 × gloves + 0.2 × shirt + 0.1 × pants + 0.1 × boots  (3)

Occupational pesticide exposure and cognitive impairment among adult farmers in northern Thailand
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immediately after pesticide application were scored 
as follows: 0.7 for always, 0.8 for sometimes, 0.9 
for rarely, and 1 for never [28]. The PPE score was 
calculated as shown in Equation (3).

The frequency of PPE use was scored as follows: 
always (dust mask, shirt, and pants = 0.3; gloves = 0.2; 
mask with carbon filter, goggles, and boots = 0.1), often 
(dust mask, shirt, and pants = 0.48; gloves = 0.4; mask 
with carbon filter, goggles, and boots = 0.33), sometimes 
(dust mask, shirt, and pants = 0.65; gloves = 0.6; mask 
with carbon filter, goggles, and boots = 0.55), rarely 
(dust mask, shirt, and pants = 0.83; gloves = 0.8; 
mask with carbon filter, goggles, and boots = 0.78), 
and never (all PPE = 1) [28]. The possible PPE score 
ranged from 0.14 to 1, with lower scores indicating 
reduced exposure.

Lastly, lifetime application days, PPE score, 
exposure intensity score, and pesticide exposure score 
were divided by the median to create high and low 
exposure groups.

The Thai version of the Montreal Cognitive 
Assessment (MoCA), a brief cognitive screening tool 
for mild cognitive impairment (MCI), was used to 
assess multiple cognitive function domains, including 
attention, concentration, executive function, memory, 
language, visuoconstruction skills, conceptual 
thinking, calculation, and orientation [30, 31]. The test 
takes approximately 10 to 15 minutes to complete, with 
a maximum score of 30 points. MCI is determined 
when the MoCA score is less than 25 points. The 
validity and reliability testing for the Thai MoCA 
for MCI screening reported a sensitivity of 80% and 
specificity of 80%, with a Cronbach’s alpha coefficient 
of 0.91 [32].

Data analysis
All statistical analyses were performed using 

SPSS Version 28 (IBM Corp., Armonk, NY, USA). 
The study variables were analyzed using descriptive 
statistics, including frequency, percentage, percentile, 
mean, median, standard deviation (SD), and 
interquartile range (IQR). Spearman’s rank correlation 
coefficient was used to assess the relationship between 
pesticide exposure data (which were not normally 
distributed) and MoCA scores. An independent t-test 
was conducted to compare MoCA scores between 
the high and low exposure groups. To account for 
potential confounding factors, linear regression was 
employed to investigate the association between 
pesticide exposure and cognitive decline. Statistical 
significance was set at a p-value of less than 0.05.

RESULTS

Table 1 presents the demographic characteristics of 
adult farmers, as well as their exposure to residential 

pesticides. The participants had a mean of 30.3 years 
(SD = 9.7) of agricultural work experience and a mean 
farm size of 16,200 m² (SD = 11,400). The mean 
duration of pesticide use was 24.8 years (SD = 9.5), 
with 80.2% reporting both mixing and spraying 
pesticides, and 19.8% spraying only. The prevalence of 
MCI among the farmers was 93.7% [95% confidence 
interval (CI) = 91.0% – 96.5%], with a mean MoCA 
score of 19.6 (SD = 3.3). A significant difference 
in MoCA scores was found for six variables: sex, 
age, education level, income sufficiency, BMI, and 
smoking. These variables were controlled for in the 
adjusted model for association analysis, with the 
exception of smoking, which was excluded due to its 
strong association with sex.

Table 2 summarizes the history of pesticide use 
reported by farmers, along with the active ingredient 
classification recommended by the WHO. Farmers 
reported using insecticides and fungicides in equal 
proportions (99.7%), while 97.4% reported using 
herbicides. The most commonly used insecticide class 
was avermectin (99.0%), followed by organophosphates 
(17.2%), carbamates (10.6%), and pyrethroids (7.6%). 
Some farmers used multiple active ingredients from 
the organophosphate and carbamate classes.

Table 3 presents the pesticide exposure 
assessments. The median lifetime application days 
was 490 (IQR = 340), and the median pesticide 
exposure score was 1327 (IQR = 1597). Sperman’s rank 
correlation coefficient revealed that the MoCA score 
was negatively correlated with lifetime application 
days (rs = -0.145), PPE score (rs = -0.163), exposure 
intensity score (rs = -0.184), and pesticide exposure 
score (rs = -0.225). When the pesticide exposure score 
was divided into high and low exposure groups based 
on the median, the prevalence of MCI was 96.7% in the 
high-exposure group and 90.8% in the low-exposure 
group.

Table 4 compares MoCA scores between the high 
and low exposure groups using an independent t-test. 
Significant differences were found in MoCA scores 
for the PPE score (mean difference = -0.97, p = 0.011), 
exposure intensity score (mean difference = -1.28, 
p = 0.001), and pesticide exposure score (mean 
difference = -1.35, p < 0.001). No significant difference 
was observed for lifetime application days.

Table 5 shows the association between pesticide 
exposure and cognitive impairment among farmers 
after adjusting for sex, age, education level, income 
sufficiency, and BMI. In the adjusted model, 
farmers with high exposure had significantly lower 
MoCA scores than those with low exposure: -0.75 
(95% CI: -1.46, -0.05) for the PPE score, -0.97 
(95% CI: -1.66, -0.27) for the exposure intensity 
score, and -0.77 (95% CI: -1.47, -0.06) for the pesticide 
exposure score.
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Table 1. Farmers’ general information, residential pesticide exposure, and MoCA scores (n=303)

Variables n (%)
MoCA score

p-value
Mean (SD)

Sex 0.034*
Male 158 (52.1) 19.26 (3.12)
Female 145 (47.9) 20.07 (3.48)

Age (years) [Mean (SD)=58.74 (5.99)] <0.001**
50-59 179 (59.0) 20.49 (3.09)
60-69 109 (36.0) 18.69 (3.24)
≥70 15 (5.0) 16.60 (3.00)

Education level <0.001**
No 60 (19.8) 17.02 (3.05)
Primary school 190 (62.7) 20.03 (3.00)
Secondary school or higher 53 (17.5) 21.26 (3.08)

Marital status 0.197*
Married 240 (79.2) 19.52 (3.33)
Single/Divorced/Widowed/Separated 63 (20.8) 20.13 (3.27)

Perceived income sufficiency 0.013*
Insufficient 164 (54.1) 19.21 (3.04)
Sufficient 139 (45.9) 20.16 (3.56)

BMI (kg/m2) [Mean (SD)=23.15 (3.47)] 0.027**
Underweight (<18.5) 22 (7.2) 17.86 (3.27)
Normal (18.5-22.9) 131 (43.2) 19.53 (3.42)
Overweight (23.0-24.9) 75 (24.8) 20.25 (3.14)
Obesity (≥25.0) 75 (24.8) 19.76 (3.18)

Underlying disease 0.491*
No 165 (54.5) 19.77 (2.93)
Yes 138 (45.5) 19.50 (3.73)

Smoking 0.032*
No 221 (72.9) 19.90 (3.30)
Yes 82 (27.1) 18.98 (3.29)

Alcohol drinking 0.215*
No 132 (43.6) 19.37 (3.65)
Yes 171 (56.4) 19.86 (3.03)

Entering the farm 0.312**
<1 time per month or monthly 24 (7.9) 20.63 (3.59)
Weekly 147 (48.5) 19.61 (3.35)
Every day 132 (43.6) 19.51 (3.22)

Home proximity to nearest farm 0.439**
<300 m 34 (11.2) 19.62 (3.17)
300 m – 1 km 92 (30.4) 20.01 (3.31)
>1 km 177 (58.4) 19.46 (3.35)

Use of household insecticides 0.215*
No 119 (39.3) 19.35 (3.05)
Yes 184 (60.7) 19.84 (3.47)

* Independent t-test
** One-way ANOVA

Occupational pesticide exposure and cognitive impairment among adult farmers in northern Thailand
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Table 2. Farmers’ pesticide use history and active ingredient classification (n=303)
Pesticide n (%) WHO Class Pesticide n (%) WHO Class

Insecticide

Abamectin 300 (99.0) Ib Methamidophos 10 (3.3) Ib

Malathion 25 (8.3) III Carbosulfan 9 (3.0) II

Cypermethrin 23 (7.6) II Methomyl 9 (3.0) Ib

Chlorpyrifos 20 (6.6) II Monocrotophos 8 (2.6) Ib

Carbaryl 16 (5.3) II Carbofuran 7 (2.3) Ib

Herbicide

Glyphosate 291 (96.0) III Diuron 6 (2.0) III

Paraquat 153 (50.5) II Ametryn 3 (1.0) II

Fungicide

Carbendazim 300 (99.0) U Benomyl 12 (4.0) U

Thiophanate 19 (6.30) U Copper sulfate 3 (1.0) II

Mancozeb 17 (5.6) U Propineb/Maneb 3 (1.0) U
Ib – highly hazardous; II – moderately hazardous; III – slightly hazardous; U – unlikely to present acute hazard in normal use

Table 3. Percentile of pesticide exposure and Spearman’s rank correlation coefficient between pesticide exposure and 
MoCA score among farmers (n=303)

Pesticide exposure P10 P25 P50 P75 P90 Spearman coefficient (rs) p-value

Lifetime application days 188 340 490 680 1384 -0.145 0.011

PPE score 0.22 0.27 0.46 0.63 0.63 -0.163 0.004

Exposure intensity score 1.27 1.65 2.47 4.01 4.01 -0.184 0.001

Pesticide exposure score 337 650 1327 2247 3144 -0.225 <0.001

Table 4. Mean MoCA scores of farmers classified by pesticide exposure group (n=303)

Pesticide exposure
MoCA (score)

Mean (SD) p-value*

Lifetime application days 0.159

Low exposure group (≤490) 19.91 (3.40)

High exposure group (>490) 19.38 (3.22)

PPE score 0.011

Low exposure group (≤0.46) 20.12 (3.35)

High exposure group (>0.46) 19.15 (3.22)

Exposure intensity score 0.001

Low exposure group (≤2.47) 20.31 (3.26)

High exposure group (>2.47) 19.03 (3.27)

Pesticide exposure score <0.001

Low exposure group (≤1327) 20.32 (3.33)

High exposure group (>1327) 18.97 (3.17)
* Independent t-test



6 No 1

DISCUSSION

The assessment of cognitive function in adult 
Thai farmers revealed a prevalence of MCI as high as 
93.7%, with a mean MoCA score of 19.65, suggesting 
an increased risk of Alzheimer’s disease and dementia. 
This finding may be partly due to demographic 
factors such as age and education, which significantly 
influence cognitive impairment [19, 21, 23, 26], and 
should be considered when interpreting MoCA scores 
using cut-off points [33]. Although the farmers had 
an average age of approximately 59 years, over 80% 
had completed only primary school or less, which 
may impact MoCA scores and contribute to the higher 
prevalence of cognitive impairment. Additionally, 
with a mean duration of pesticide use of 25 years and 
80.2% of participants mixing and spraying pesticides, 
chronic and intensive pesticide exposure may play 
a role in cognitive decline. This prevalence is notably 
higher than in a Korean study, which reported 29.5% 
MCI among pesticide users, with a mean MoCA 
score of 24.1 [23]. However, in a Thai study, pesticide 
applicators had MoCA scores of 21.25 before pesticide 
application and 17.51 afterward [27]. Another study 
reported that Thai farmers had more than five times 
higher odds of cognitive impairment, as measured 
by the Mini-Mental State Examination (MMSE), 
compared to non-farmers [26].

Our findings show that MoCA scores were 
negatively associated with occupational pesticide 
exposure, including cumulative exposure score, PPE 
use score, and exposure intensity score, even after 
controlling for sex, age, education, perceived income 
sufficiency, and BMI. The lower MoCA scores in the 

high exposure group may reflect the health effects of 
pesticides on cognitive function, potentially through 
mechanisms such as oxidative stress, mitochondrial 
dysfunction, neuroinflammation, neurotransmitter 
abnormalities, and intestinal dysfunction [34]. 
Prolonged pesticide exposure may increase the 
risk of cognitive impairment, while proper use of 
PPE, bathing, and changing clothes after pesticide 
application may help reduce exposure and lower the 
risk of cognitive decline. Some farmers reported not 
using PPE, particularly gloves and chemical masks, 
during pesticide mixing and spraying – key factors 
in reducing exposure [27, 35]. Farmers rarely use 
advanced PPE due to tropical conditions, discomfort, 
poverty, unavailability, and high costs [36]. As a result, 
farmers may be exposed to significant amounts of 
chemicals through inhalation and skin absorption, 
particularly if they do not shower or change clothes 
immediately after pesticide use. Inadequate self-
protection behaviors may, therefore, increase the 
risk of cognitive impairment and other health effects 
among farmers. However, pesticide exposure also 
depends on factors such as mixing and spraying 
practices, chemical storage, and disposal [35, 37, 38], 
which were not included in this study. 

These findings align with those from several 
studies. In Korea, the exposed group had a higher 
prevalence of MCI and lower MoCA scores than the 
non-exposed group, though no significant difference 
was found between high and low pesticide exposure 
groups [23]. Our study, however, detected a significant 
difference in MoCA scores between high- and low-
exposed farmers, which may reflect variations in 
study areas, population characteristics, and pesticide-
related factors. A Thai study found that MoCA 

Occupational pesticide exposure and cognitive impairment among adult farmers in northern Thailand

Table 5. Association between pesticide exposure and MoCA score among farmers by linear regression
Pesticide exposure B Beta p-value 95% CI

Lifetime application days (High vs Low)

Unadjusted model -0.54 -0.08 0.159 -1.29, 0.21

Adjusted model* -0.04 -0.01 0.901 -0.73, 0.64

PPE score (High vs Low)

Unadjusted model -0.97 -0.15 0.011 -1.71, -0.23

Adjusted model* -0.75 -0.11 0.037 -1.46, -0.05

Exposure intensity score (High vs Low)

Unadjusted model -1.28 -0.19 0.001 -2.01, -0.54

Adjusted model* -0.97 -0.15 0.007 -1.66, -0.27

Pesticide exposure score (High vs Low)

Unadjusted model -1.35 -0.21 <0.001 -2.09, -0.62

Adjusted model* -0.77 -0.12 0.033 -1.47, -0.06
B – unstandardized coefficients; Beta – standardized coefficients; 95% CI – 95% confidence interval for B
*Adjusted for sex, age in years, educational level, perceived income sufficiency, and BMI
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scores for pesticide applicators were significantly 
lower after pesticide application [27]. In Chile, 
agricultural workers directly exposed to pesticides 
had significantly lower MMSE scores compared to 
residents living in agricultural areas with indirect 
exposure [21]. A 4-year follow-up in France showed 
a significantly greater decline in MMSE scores among 
exposed vineyard workers [19], while a study in Costa 
Rica found that exposed individuals performed worse 
on the MMSE than non-exposed individuals [24].

Farmers in our study reported using 
various pesticides, including insecticides like 
organophosphates (malathion), carbamates (carbaryl), 
and pyrethroids (cypermethrin); herbicides like 
glyphosate and paraquat; and fungicides such 
as carbendazim and maneb. Although some of 
the pesticides identified in this study have been 
banned in Thailand, their illegal use persists. The 
neurotoxicity of these pesticides is supported by 
evidence linking long-term, low-dose exposure 
to neurodegenerative diseases, particularly from 
paraquat, maneb, pyrethroids, and organophosphates 
[39]. A study among Indonesian farmers found that 
long-term exposure to organophosphates resulted 
in significantly lower MMSE scores compared 
to other pesticides [25]. Similarly, exposure to 
organophosphates has been linked to cognitive 
performance in older Mexican Americans [18] and 
French vineyard workers [20]. In Chile, pesticide 
exposure, as measured by cholinesterase inhibition 
(a biomarker for organophosphate and carbamate 
exposure), was associated with cognitive performance 
[22]. A Thai study also found that individuals with 
cognitive impairment had significantly lower blood 
acetylcholinesterase levels compared to those without 
cognitive impairment [26]. Furthermore, low-
level pyrethroid exposure was linked to cognitive 
dysfunction in older adults in the US [17], and a positive 
association was found between glyphosate exposure 
and impaired visual memory among smallholder 
farmers in Uganda [29].

Regarding the study’s limitations, its cross-
sectional design limits the ability to infer causal 
relationships. Additionally, the non-probability 
sampling method may result in a sample that is not 
fully representative of the broader population. The 
use of a questionnaire to assess cumulative pesticide 
exposure through farmers’ self-reports may introduce 
recall bias and does not specify pesticide types or 
account for environmental exposure. Future studies 
should incorporate biological indicators, such as urine 
and blood tests, to assess internal pesticide exposure, 
and consider including farmers with no history of 
pesticide use to better understand the impact of 
pesticide exposure on cognitive impairment. For 
low-educated older adults, a cognitive screening tool 

such as the MoCA-Basic (MoCA-B) may be more 
appropriate to address this limitation [40]. Despite 
these limitations, the study’s findings underscore the 
significant differences in MoCA scores between high- 
and low-exposure groups among Thai farmers, even 
when exposure is categorized using an algorithm.

CONCLUSIONS

This study provides evidence that occupational 
pesticide exposure is associated with cognitive 
impairment in adult Thai farmers, depending on the 
level of exposure, including PPE use, personal hygiene 
practices, and other exposure characteristics. The 
high prevalence of MCI raises significant concerns 
about potential health risks. Therefore, cognitive 
performance should be regularly monitored among 
farmers for early screening and surveillance of 
Alzheimer’s disease or dementia. Preventive measures 
should be implemented to reduce the risk of negative 
health effects from pesticide exposure among farmers.
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