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Abstract. Prevalence of Hypertension Among Farmers is 28.6% and
Excessive Use of Pesticides Can Cause Poisoning by Decreasing
Cholinesterase Activity, Potentially Leading to Hypertension. This
Study Aims to Analyze the Relationship Between Pesticide Exposure
and Cholinesterase Levels with Hypertension Among Farmers in
Gisting District, Tanggamus Regency. The Study Design is Cross-
Sectional, with a Sample Size of 189 Individuals Selected Using
Purposive Sampling Technique. Data were Collected Through
Interviews with Questionnaires and Examination of Cholinesterase
Levels and Blood Pressure. Data were Analyzed Using Chi-Square
Test. From the 189 farmers, 53 individuals (28%) had hypertension
and 61 individuals (32.3%) experienced pesticide poisoning. The chi-
square test results indicated that nutritional status (p =0.021), smoking
(p=0.04), the amount of pesticide used (p = 0.028), and cholinesterase
levels (p = 0.024) were associated with hypertension. In contrast,
working duration (p = 0.7), working hours (p = 0.3), frequency of
spraying (p = 0.7), and household pesticides (p = 0.9) were not
associated with hypertension. Logistic regression analysis revealed
that cholinesterase levels had the most significant influence on
hypertension (OR = 8.956). Farmers are advised to consider the impact
of pesticide use by adopting safe pesticide use practices and healthy
dietary patterns to reduce the risk of poisoning and hypertension.
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INTRODUCTION

Non-communicable diseases represent a major health challenge in
Indonesia. These diseases continue to be a key public health concern in the
country, with hypertension being one of the most serious non-communicable
conditions.[1] Based on World Health Organization (WHO) data, it is
estimated that in 2019, 22% of the global population was affected by
hypertension. Of those individuals, fewer than 20% have taken steps to
manage their blood pressure. Africa has the highest rate of hypertension at
27%, with Southeast Asia ranking third at 25% of its population. A global
health objective for non-communicable diseases aims to reduce
hypertension prevalence by 25% by 2025.

The incidence of hypertension in Indonesia remains high. According to
data from the 2018 Basic Health Research (Riskesdas), the prevalence in
Indonesia, measured among individuals over 18 years old, is 34.1%.[1]

Indonesia is an agricultural nation where a large portion of the
population depends on farming for their livelihood. As a result, the
agricultural sector plays a crucial role in supporting the national economy
and serves as a primary source of employment for many Indonesians,
helping them meet their daily needs and sustain their lives.[2] Farmers and
pesticides are two things that cannot be separated. Farmers are directly
exposed to pesticides, making them the group most at risk of poisoning.
Excessive use of pesticides can affect environmental quality and lead to both
short-term and long-term health problems. [3] Pesticide exposure can occur
through inhalation, ingestion, or skin contact. [4] Pesticide poisoning is
detectable via cholinesterase testing, as cholinesterase levels are influenced
by organophosphate and carbamate pesticides.[5] The active ingredients in
pesticides act as anticholinesterase agents (inhibiting cholinesterase enzyme
function), which prevents the breakdown of acetylcholine, leading to its
accumulation.[6]

A study conducted in Gisting District, Tanggamus Regency, reported a
prevalence of 28.6% for hypertension among farmers. This was attributed to
excessive pesticide use, which can cause poisoning by decreasing
cholinesterase activity, potentially leading to hypertension
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Pesticide exposure may also impact blood pressure, as pesticides enter the
body through the skin, mouth, or nose. Once inside, the active components
disrupt acetylcholine breakdown Acetylcholine binds to muscarinic and
nicotinic receptors in both the peripheral and central nervous systems,
interfering with cholinesterase enzyme activity in nerve tissues and cells.
This acetylcholine buildup causes irregular blood flow in blood vessels.
Acetylcholine binds to nicotinic cholinergic receptors, leading to inhibition
of the sympathetic ganglia, which increases sympathetic stimulation,
clinically manifesting as mydriasis (pupil dilation) and increased cardiac
output. The rise in cardiac output and peripheral resistance will affect blood
pressure, leading to hypertension.[3]

Another study found that hypertension in farmers has been widely
researched, including examinations of the roles of obesity, smoking, alcohol
consumption, unhealthy diets, and sedentary lifestyles. [7,8,9] In addition to
behavioral and lifestyle risk factors, occupation is another risk factor that
may be associated with hypertension. Previous studies have found that
hypertension is linked to physical workload, shift work, and long working
hours. [10]

Based on this background, researchers interested to analyze the relationship
between pesticide exposure, cholinesterase levels, and hypertension among
farmers in Gisting District, Tanggamus Regency

SUBJECT AND METHODS

This study employed an analytical observational design using a cross-
sectional approach and was conducted in Gisting District, Tanggamus
Regency. The population comprised farmers actively engaged in agricultural
activities who resided in the nearby agricultural areas. Participants included
farmers from Gisting District in Tanggamus Regency. A purposive sampling
technique was utilized to determine the sample size, which consisted of 189
participants. Data collection involved interviews and physical examinations,
including the measurement of cholinesterase levels and blood pressure.
Blood pressure measurements were taken wusing a calibrated
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sphygmomanometer on the right arm. These measurements were conducted
after a 10-minute rest period. The subject was seated with their antecubital
fossa positioned at heart level and legs uncrossed. The arm needed to be
supported at heart level, resting on a cushion, pillow, or armrest, and it was
important to ensure that no tight clothing restricted the arm. The cuff was
applied snugly 2 cm above the brachial artery, aligning it with the ‘artery
mark’. The bladder of the cuff should encircle at least 80% of the arm but
no more than 100%, and the appropriate cuff size recommended by the
monitor’s manufacturer was used.

To estimate systolic pressure, the brachial artery was palpated, and the
cuff was inflated until the pulsation disappeared. The cuff was then deflated
to re-estimate the systolic pressure. The cuff was subsequently inflated to 30
mmHg above the estimated systolic level to occlude the pulse. The
diaphragm of the stethoscope was placed over the brachial artery, and the
cuff was deflated at a rate of 2-3 mm/sec until regular tapping sounds were
heard. The systolic pressure (first sound) and diastolic pressure
(disappearance of sound) were recorded to the nearest 2 mmHg.[11]

Statistical Analysis using chi-square test was used to assess the
relationships between variables, while logistic regression was applied to
identify the most significant predictors of hypertension.

RESULTS

Table 1. Bivariat Analysis

Variabel Blood Pressure P
High Normal Value

Cholinesterase n % n %

Level

Poisoning 23 39 36 61 0.02

Normal 30 23.1 100 76.9

Nutritional Status

Overweight/Obese 25 385 40 61.5 0.02

Normal 28 226 96 77.4

Smoking Habits

Smoking 46 317 99 68.3 0.04

Not Smoking 7 159 37 84.1

Pesticide Household
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Expose 13 277 34 72.3 0.94

Not Expose 40 282 102 71.8

Amount of Pesticide

=2 type 51 307 115 69.3 0.02

1 type 2 8.7 21 91.3

Frequency of

Spraying

> 2x/week 8 7.3 18 69.2 0.73

< 2x/week 45 276 118 72.4

Duration

>4 hr 4 40 6 60 0.38

<4 hr 49 274 130 76.4

Working Period

>5yr 50 27.8 130 72.2 0.71

<Syr 3 333 65 66.7

PPE

Bad 24 258 69 74.2 0.51

Good 29 302 67 69.8

Personal Hygiene

Bad 22 239 170 76.1 0.21

Good 31 32 66 68
DISCUSSION

Farmers with decreased cholinesterase activity due to pesticide
poisoning had a higher prevalence of hypertension compared to those with
normal cholinesterase levels (p= 0.02). the neurotoxic effects of pesticides,
which inhibit cholinesterase activity and potentially lead to increased blood
pressure.[12]

Overweight or obese farmers had a higher prevalence of hypertension
compared to those with normal weight (p=0.02), obesity is a well-
established risk factor for hypertension due to its impact on cardiovascular
health and metabolic processes. [13]

Smoking habits prevalence of smoking compared to non-smoking (p =
0.04). Smoking contributes to endothelial dysfunction and arterial stiffness,
which are critical pathways leading to increased blood pressure.[14]

Farmers using two or more types of pesticides had a higher prevalence
of hypertension (30.7%) compared to those using only one type (8.7%)
(p=0.02). This finding underscores the cumulative toxic effect of multiple
pesticide exposures on blood pressure.[15]



100 F. Saftarina et al.

Frequency of spraying (p = 0.73) and duration of exposure (p = 0.38)
did not show significant associations with hypertension. This might be due
to the relatively homogenous exposure patterns among the study population
or other confounding factors not accounted for in this analysis.[16]

Working periode did not show a significant association with
hypertension (p = 0.71). This suggests that while chronic exposure to
pesticides is harmful, other factors such as lifestyle and genetic
predisposition might play more significant roles in the development of
hypertension over time.[17]

The use of PPE (p =0.51) and personal hygiene (p = 0.21) did not show
significant associations with hypertension. This might indicate that the
current use of PPE among farmers is inadequate to provide full protection
against pesticide exposure or that other unmeasured factors are contributing
to hypertension risk.[18]

CONCLUSION

Pesticides exposure and decreased cholinesterase activity are important
risk factors for hypertension in farmers. Consequently, it is crucial to
implement interventions aimed at minimizing pesticide exposure and
encouraging safe agricultural practices to prevent hypertension in this group.
Future studies should investigate the long-term impacts of pesticide
exposure on cardiovascular health and assess the effectiveness of different
preventive strategies. Such initiatives will not only benefit farmers' health
but also help improve environmental quality and promote sustainable
agricultural practices.

References

[1]JKemenkes RI. Hasil Riset Kesehatan Dasar Tahun 2018, Kementrian
Kesehatan RI. 2018.

[2]Ministry of agriculture of the Reppublic of Indonesia. History of the ministry
of agriculture. Jakarta.2021



Pesticide Exposure, Cholinesterase Level and Hypertension 101

[3]Fitria, E. al. “Hubungan Pajanan Pestisida Dengan Kejadian Hipertensi Pada
Petani Hortikultura Di Desa Gerlang Kecamatan Blado Kabupaten Batang,”
Jurnal Kesehatan Masyarakat (e-Journal). 2018 6(4), hal. 447— 452.

[4]Nuryati, A., Rahardjo, S. S., & Murti, B. Pesticide Exposure and Its
Correlation with Hemoglobin and Cholinesterase in Farmers Who Used
Pesticide. Journal of Epidemiology and Public Health. 2022 7(3), 380-396.
https://doi.org/10.26911/jepublichealth.2022.07.03.10

[5]Hardi, H., Ikhtiar, M., & Baharuddin, A. Hubungan Pemakaian Pestisida
Terhadap Kadar Cholinesterase Darah pada Petani Sayur Jenetallasa-
Rumbia. Ikesma. 2020 16(1), 53.
https://doi.org/10.19184/ikesma.v16i1.16999

[6]Wafa, A., Sulistiyani, S., & Joko, T. Relation between Pesticide Exposure
and Hypertension Incidence among Sprayers of Jasmine Farmers in
Kaliprau Village, Ulujami District, Pemalang. Journal of Public Health for
Tropical and Coastal Region. 2019 2(2), 6-12.
https://doi.org/10.14710/jphtcr.v2i2.6185

[7]Peltzer, K.; Pengpid, S. The prevalence and social determinants of
hypertension among adults in Indonesia: A cross-sectional population-based
national survey. Int. J. Hypertens. 2018, 2018, 5610725.

[8]Asresahegn, H.; Tadesse, F.; Beyene, E. Prevalence and associated factors
of hypertension among adults in Ethiopia: A community based cross-
sectional study. BMC Res. Notes 2017, 10, 1-8.

[9]Singh, S.; Shankar, R.; Singh, G.P. Prevalence and associated risk factors of
hypertension: A cross-sectional study in Urban Varanasi. Int. J. Hypertens.
2017,2017, 5491838.

[10] Prihartono NA, Fitria L, Ramdhan DH, Fitriyani F, Fauzia S, Woskie
S. Determinants of Hypertension amongst Rice Farmers in West Java,
Indonesia. Int J Environ Res Public Health. 2022 Jan 20;19(3):1152. doi:
10.3390/ijerph19031152. PMID: 35162176; PMCID: PMC8834778.

[11] Bickley, L. S., Szilagyi, P. G., & Hoffman, R. M. BATES’ Guide to
Physical Examination and History Taking (12th ed.). Wolters Kluwer. 2017.




102 F. Saftarina et al.

[12] Ahmad MF, Ahmad FA, Alsayegh AA, Zeyaullah M, AlShahrani
AM, Muzammil K, Saati AA, Wahab S, Elbendary EY, Kambal N,
Abdelrahman MH, Hussain S. Pesticides impacts on human health and the
environment with their mechanisms of action and possible countermeasures.
Heliyon. 2024 Apr 4;10(7).

[13] Bajaj NS, Osborne MT, Gupta A, Tavakkoli A, Bravo PE, Vita T,
Bibbo CF, Hainer J, Dorbala S, Blankstein R, et al. Coronary microvascular
dysfunction and cardiovascular risk in obese patients. J Am Coll Cardiol.
2018;72:707-717.

[14] Hahad O, Arnold N, Prochaska JH, Panova-Noeva M, Schulz A,
Lackner KJ, Pfeiffer N, Schmidtmann I, Michal M, Beutel M, Wild PS,
Keaney JF Jr, Daiber A, Miinzel T. Cigarette Smoking Is Related to
Endothelial Dysfunction of Resistance, but Not Conduit Arteries in the
General Population-Results From the Gutenberg Health Study. Front
Cardiovasc Med. 2021 May 19;8:674622.

[15] Wafa, A., Sulistiyani, S., & Joko, T. Relation between Pesticide
Exposure and Hypertension Incidence among Sprayers of Jasmine Farmers
in Kaliprau Village, Ulujami District, Pemalang. Journal of Public Health
for Tropical and Coastal Region. 2019 2(2), 6-12.

[16] Beard JD, Umbach DM, Hoppin JA, Richards M, Alavanja MCR,
Blair A, et al. Pesticide exposure and depression among male private
pesticide applicators in the agricultural health study. Environ Health
Perspect. 2014;122(9):984-91.

[17] Kim KH, Kabir E, Jahan SA. Exposure to pesticides and the
associated human health effects. Sci Total Environ. 2017 Jan 1;575:525-535.

[18] Kangavari M, Sarvi M, Afshari M, Maleki S. Understanding
determinants related to farmers' protective measures towards pesticide
exposure: A systematic review. PLoS One. 2024 Feb 15;19(2)



Pesticide Exposure, Cholinesterase Level and Hypertension 103

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Pesticide Exposure, Cholinesterase Level and Hypertension among Farmers



