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Abstract.  One of the indicators that can assess the degree of public health 
is the maternal mortality rate (MMR).  One of the causes of maternal 
death is abortion.  World Health Organization (WHO) estimates that 
around 4.2 million abortions occur annually in Southeast Asia and it is 
estimated that abortion cases in Indonesia reach 2.3 million incidents 
annually.  This study aimed to analyze external risk factors and levels 
of cholinesterase enzymes with the incidence of spontaneous abortion 
in women of childbearing age shallot farmers in Brebes.  This type of 
research is an analytical observational study with a case-control design.  
The results showed that there was no significant relationship between 
workload (p=0.195), pesticide exposure level (p=0.364) and levels of the 
enzyme cholinesterase (p=0.830) with the prevalence of spontaneous 
abortion in farmers in Brebes; there is a significant relationship between 
using personal protective equipment (PPE) (p=0.0001) and antenatal 
care (ANC) quality (p=0.001) with the incidence of spontaneous abortion 
in farmers in Brebes and there is a significant relationship between the 
use of PPE (odds ratio (OR) = 6.606; 95% confidence interval (CI): 1.857-
23.502, p=0.004) and ANC qualities (OR = 0.175; 95% CI: 0.065-0.471, 
p=0.001) with the prevalence of spontaneous abortus in childbearing 
age farmers in Brebes Regency.
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INTRODUCTION

The level of public health is a description of the ability or performance 
of health workers to achieve health indicators.  One of the indicators that 
can assess the degree of public health is the maternal mortality rate (MMR).  
MMR in Indonesia is currently still quite high, namely there are 305 per 
100,000 live births (Central Bureau of Statistics, 2016).

One of the causes of maternal death is abortion (Prasetiya et al, 
2018).  The definition of abortion is the release of the products of conception 
or the end of a pregnancy with a baby weighing less than 500 grams, a 
gestational age of less than 20 weeks, and the fetus has not been able to live 
independently outside the womb (Widhihastuti and Putri, 2020).  World 
Health Organization (WHO) estimates approximately 4.2 million abortus 
events every year in Southeast Asia (WHO SEARO, 2020) and estimates that 
abortion cases in Indonesia reach 2.3 million events per year (Darmawati, 
2011).  Causes of abortion include fetal factors, maternal factors and other 
external factors (Akbar, 2019).  Health and environmental services are one 
of the external factors of abortus.  Environmental factors such as physical 
trauma, exposure to the influence of radiation, exposure to pollution, being 
in a magnetic field more than normal limits and exposure to pesticides can 
cause abortions (Akbar, 2019).

Brebes Regency is one of the largest shallot farming centers in 
Indonesia.  Numbers of pesticides have been used and most farmers 
experience pesticide poisoning.  Pesticide poisoning is one of the external 
risk factors for abortus events (Bretveld et al, 2006).  Based on the profile 
of health data in Central Java in 2019, the maternal mortality rate in Brebes 
Regency was 116/100.000 live births or as many as 37 cases of maternal deaths 
from 31.803 live births (Central Bureau of Statistics, 2019).  One of the efforts 
implemented by the government to overcome the occurrence of abortion is to 
make a policy of antenatal care (ANC) visits which are carried out at least 
6 times during pregnancy by referring to the provisions twice during 
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the first trimester, once during the second trimester and three times during 
the third trimester (MOH RI, 2020).

Farmers and workers in the agricultural sector are poisoned almost 
every day by pesticides and every year millions of people involved in 
agriculture are poisoned by pesticides (Widyawati et al, 2018).  One of the 
characteristics of poisoning by pesticides is the decreased activity of the 
cholinesterase enzyme in the blood.  Cholinesterase enzymes, the enzymes 
that work for the action of acetylcholine by hydrolyzing it into acetic acid 
and choline, are found in cellular fluids (Dwiyanti et al, 2018).  Acetylcholine 
is a neurotransmitter that is present throughout the somatic nervous system, 
central nervous system (CNS), and also in autonomic nervous system 
(sympathetic and parasympathetic).  Acetylcholine works as a barrier to the 
flow of nerve vibrations.  Normal levels of acetylcholine in women are 3,999-
10,800 U/l while in men it is 4,620-11,500 U/l (Marisa and Pratuna, 2018).

Based on the description above, the fertile age in Brebes Regency is 
often involved in agricultural activities.  This can lead to exposure to various 
types of pesticides with a frequency that is almost every day, so there is a high 
possibility of risk from pesticides.  External quality in the form of ANC and 
the level of pesticide exposure which is considered to be a factor associated 
with the incidence of spontaneous abortion. So, it is necessary to study the 
external risk factors and levels of cholinesterase enzymes with the incidence 
of spontaneous abortion at the fertile age of shallot farmers in Brebes.

MATERIALS AND METHODS

This type of research is an analytical observational study with a 
case-control design, namely research that looks at the relationship between 
effects (certain diseases or health conditions) and certain risk factors.  
This research was conducted in Larangan District, Brebes Regency.  The 
affordable population in this study was the fertile age of shallot farmers 
who were divided into two groups, namely the control group and the 
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case group.  The results of calculations using the Lemeshow formula 
obtained a minimum sample size with a ratio of 1:1, namely 44 cases and 44 
controls taken by purposive sampling, namely sampling based on certain 
considerations (Sugiyono, 2018).  The independent variables used in this 
study were workload, pesticide exposure, use of PPE, and ANC quality.  The 
dependent variable in this study was the incidence of spontaneous abortion.   
The confounding variable is the activity of the cholinesterase enzyme 
in the blood.  The activity of the cholinesterase enzyme in a person’s 
blood is expressed as a percentage of cholinesterase activity in the blood.  
Cholinesterase enzyme activity 76-100% is considered “normal”, 51-75% is 
“mild poisoning”, 26-50% is “moderate” and 0-25% is “severe poisoning” 
(Marisa and Pratuna, 2018).

The primary data source of this study was from the interviews 
using a questionnaire and the results of cholinesterase enzyme level in the 
blood.  Secondary data sources are monographic data from the health office, 
community health center, and sub-district in the form of medical record 
data, ANC visit data, employment data, research results, and other journals.

Case inclusion criteria were women of childbearing age, shallot 
farmers who had experienced spontaneous abortion who lived in Larangan 
District, Brebes Regency.  Inclusion criteria for control are women of 
childbearing age, shallot farmers who have never experienced spontaneous 
abortion and live in Larangan District, Brebes Regency.  Exclusion criteria in 
this study were women of childbearing age who were not farmers, women of 
childbearing age who had never been pregnant, and subjects who refused to 
be respondents.  The efforts made by researchers to match case and control 
respondents were that the age of the respondents was limited to between 
the ages of 20-49 years and the respondents were shallot farmers who lived 
in the same location with a ratio of 1:1; 44 cases and 44 controls taken by 
purposive sampling.  

The researcher used the Hosmer and Lemeshow Goodness of fit test 
(GoF) to determine whether the model formed was correct or not.  It is said 
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to be appropriate if there is no significant difference between the model and 
the observed value (Hosmer et al, 2013). 

This research has passed the ethical test of the Research Ethics Unit 
of the Faculty of Public Health, Diponegoro University No.14/EA/KEPK-
FKM/2022.

RESULTS

The characteristics of respondents in this study include the age and 
education of the respondents.  Based on Table 1, it can be seen that most 
respondents (46.6%) were in the age group of 30-39 years with the lowest age 
of 20 years and the highest of 48 years.  Most of the respondents (46.60%) 
had their primary education/finished elementary school. 

Table 1
Characteristics of respondents

Characteristic Frequency
n (%)

Age (Years)

20-29 14 (15.9)

30-39 41 (46.6)

40-49 33 (37.5)

Education

Uneducated 1 (1.1)

Elementary school graduated 41 (46.6)

Junior high school graduated 31 (35.2)

High school graduated 11 (12.5)

College graduated 4 (4.5)
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Based on Table 2, it is known that there are two variables that 
statistically have a significant relationship with the prevalence of spontaneous 
abortion (p<0.005) namely the use of PPE with a p-value of 0.0001 and the 
quality of ANC with a p-value of 0.001.  Respondents who did not use PPE had 
have a 7.6 times greater risk of experiencing spontaneous abortion compared 
to respondents with full use of PPE when in agricultural areas (95% CI: 
2.316-24.941), while respondents with unqualified ANC visits had a 4.6 times 
greater risk of developing spontaneous abortion compared to respondents 
who had quality ANCs (95% Cl: 1.877-11.327).  There was no statistically 
significant relationship with the incidence of spontaneous abortion, namely 
workload (p=0.195), level of pesticide exposure (p=0.364), and levels of the 
cholinesterase enzyme (p=0.830).  Table 3 shows that the variables that affect 
the incidence of spontaneous abortion were tested simultaneously, namely 
the use of PPE (OR = 6.606; 95% CI: 1.857-23.502, p=0.004) and ANC quality 
(OR = 5.704; 95% CI: 2.124-15.315, p=0.0001).  Based on the research, it was 
found that the results of Hosmer and Lemeshow revealed p-value of 0.839 
(p>0.05) so the data matched the logistic regression model and obtained an 
r-square value = 0.350 which means that the variables of PPE completeness 
and ANC quality contributed to the incidence of spontaneous abortion by 
35% while 65% came from other factors outside the model that explained 
spontaneous abortion. 

DISCUSSION

The results showed that there was no relationship between workload 
and the incidence of spontaneous abortion (p-value 0.195).  This finding is 
supported by the research of Wahyuni et al (2017) which states that there is no 
relationship between workload and the incidence of spontaneous abortion in 
Ungaran Hospital, Central Java.  In contrast to the results of a study conducted 
by Putri (2018) who stated that there was a meaningful relationship between 
workload and spontaneous abortion events (p=0.004).  Excessive workloads 
of pregnant women that are not in accordance with physical abilities and 
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Table 3
Results of multiple logistic regression of free variables (PPE use and ANC 

quality) with spontaneous abortus cases in Brebes Regency in 2022

Variables B Wald p-value Exp (B) 95% CI

PPE use 1.888 8.503 0.004 6.606 1.857-23.502

ANC quality 1.741 11.936 0.0001 5.704 2.124-15.315

Constant -2.302 12.712 0.0001 0.100

ANC: antenatal care; B: coefficient Beta; CI: confidence interval; Exp (B): 
Exponent B; PPE: personal protective equipment

capacities, such as too high lifting load, heavy workload, working hours of 
more than 5 hours a day, attacks on vibrations, exposure to pesticides and 
psychological stress, can trigger spontaneous abortion (Sari et al, 2019).  The 
difference in this study may occur due to other factors that can affect the 
incidence of spontaneous abortion such as the zygote factor, fetus, embryo, 
and placenta (Wahyuni et al, 2017).

The results of research conducted in Larangan District, Brebes Regency 
in March 2022, indicates that there was no relationship between the level 
of pesticide exposure and the incidence of spontaneous abortion (p-value 
0.364).  This is in line with the research conducted by Pamungkas (2016) 
who did not find the relationship between the level of pesticide exposure 
and the incidence of spontaneous abortion in Semarang Regency (p=0.491).  
Contrary to the results of a study that found a meaningful relationship 
between the level of pesticide exposure and the incidence of spontaneous 
abortion (p=0.004) (Rahayu et al, 2015).  The level of pesticide exposure was 
based on the interaction of respondents in agricultural activities.  Spraying 
and mixing pesticides are the highest agricultural activity involving with 
pesticide exposure.  The results showed that, in general, the level of exposure 
to respondents tended to be low, because most farmers were not directly 
involved with pesticides, only 2 respondents helped in spraying pesticides 
and 7 respondents helped in mixing pesticides.
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The results showed that there was a significant relationship between 
the use of PPE and the incidence of spontaneous abortion (p=0.0001).  The 
results of this study are in line with research conducted by Septiana et al 
(2021) who found a significant relationship between the use of PPE and 
the occurrence of pesticide poisoning (p=0.0001).  Improper use of PPE 
allows pesticides to enter the body through the respiratory tract, eyes, 
mouth, nose, and skin.  If the pesticide is absorbed in the body, it will cause 
thyroid hormone disorders (Sundani, 2020).  As a result, these disorders will 
result in the insufficient thyroid hormone production (hypothyroidism).  
This event experienced by pregnant women can be an antagonist to the 
growth and development of the fetus in the womb and can cause abortion  
(Sundani, 2020).

In this study, respondents with a history of spontaneous abortion 
tended not to use PPE properly when carrying out activities in agricultural 
areas.  According to the regulation of the Minister of Manpower and 
Transmigration of the Republic of Indonesia No. PER.08/MEN/VII/2010, it is 
stated that minimum PPE must be used in accordance with the type of work 
and classification of pesticides (Ministry of Manpower and Transmigration, 
2010).  Several types of PPE that must be worn when spraying outside 
buildings including headgear (caps or caps), face shields or respiratory 
protection (masks), work clothes (long-sleeved shirts and pants in overalls 
or separately), hand protection (gloves gloves) and leg protectors (boots with 
long soles, made of rubber, not easy to tear and not easy to shrink) (Ministry 
of Manpower and Transmigration, 2010).  Respondents would have had a 
7.6 times greater risk of experiencing spontaneous abortion if they do not 
use complete PPE.  When in agricultural areas, PPE decreases the pesticide 
exposure.  Spraying pesticides on land will spread in the air in the form of 
aerosols.  The light mass of aerosol makes it easy to enter the body through 
the respiratory tract (Fatmawati and Windraswara, 2016).  Most farmers do 
not use footwear when in agricultural areas; as a result pesticide residues 
that are still on plants and soil layers can enter the body through the skin 
(Pamungkas, 2016).

The results of statistical tests on relationship between the quality of 
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the ANC and the incidence of spontaneous abortion obtained a p-value of 
0.001, indicating a significant relationship.  The results of the study are in 
line with research conducted by Putri (2018) in Koto District, Agam Regency.  
OR calculations show respondents with unqualified ANCs have a 4.6 times 
greater risk of developing spontaneous abortus compared to respondents 
who have the qualified ANCs.

The quality of ANC in this study was measured based on the 
gestational age at the time of the ANC visit, the number of visits, and the 
completeness of ANC services.  A total of 72.7% of respondents did not do 
syphilis, Human Immunodeficiency Virus/Acquired Immunodeficiency 
Syndrome (HIV/AIDS), and hepatitis tests during pregnancy.  In fact, 
based on the rules of the Ministry of Health (2017), ANC services are of 
quality if every pregnant woman who visits a health care facility checks for 
hepatitis, HIV, and syphilis as a triple elimination program in pregnancy 
(MOH RI, 2017).  Pregnant women are a vulnerable population infected 
with HIV, syphilis, and hepatitis.  These three diseases can be transmitted 
from mother to fetus leading to fetus morbidity and mortality (WHO, 2018).  
Maternal infection can carry risks to the developing fetus especially at the 
end of the first trimester which can finally lead to spontaneous abortion  
(Astriani, 2018). 

Based on research conducted in Larangan District, Brebes Regency, it 
was shown that there was no significant relationship between cholinesterase 
enzyme levels and the incidence of spontaneous abortion (p=0.830).  This is 
in line with the research conducted by Shinta and Sonata, 2019) who found 
no relationship between cholinesterase enzyme levels in the blood and the 
incidence of spontaneous abortion (p=0.363).  Based on research conducted 
by Rio (2019), there was a significant relationship between cholinesterase 
levels and hypertension while hypertension itself can increase the risk of 
abortion (Yuandra, 2019).  This can happen because the blood sample is not 
taken when the respondent experienced an abortion directly.  Respondents 
in this study were childbearing-age farmers with a history of abortion in the 
last 5 years.  Organophosphate (pesticide) is an anticholinesterase agent that 
works as a cholinesterase inhibitor by inactivating the acetylcholinesterase 
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(AchE) enzyme (Sihombing, 2017).  Anionic region of the cholinesterase 
enzyme binds to the acetylcholine (Ach) quaternary nitrogen atom and 
the esteric region binds to the Ach carboxyl group.  Pesticide exposure 
is reversible so that the levels of the cholinesterase enzyme can return to 
normal or almost normal conditions (Dwiyanti et al, 2018).  Activity of the 
cholinesterase enzyme in plasma will return to normal within 3 weeks 
after exposure, while blood cholinesterase levels take 2 weeks without 
pesticide exposure to return to normal.  The return of cholinesterase enzyme 
activity depends on the synthesis of new enzymes by the liver (Dwiyanti  
et al, 2018).

Based on multivariate analysis using the binary logistic regression 
method, it was found that properly use of PPE and quality of ANC had a 
significant effect on the incidence of spontaneous abortion.  Properly use 
of PPE has an effect on the incidence of spontaneous abortion as indicated 
by p-value of 0.004.  Female farmers who are not fully equipped with PPE 
when carrying out their activities have a 6,606 times risk of experiencing 
spontaneous abortion compared to respondents who use complete PPE.  
The use of PPE in agricultural areas greatly affects the number of pesticide 
particles entering the body (Aisyah et al, 2013).  This is in line with Lisniawati 
(2017) who states that the use of PPE can prevent and reduce the impact of 
pesticide poisoning.  The use of PPE minimizes direct contact with pesticides, 
so the risk of pesticide entering the body can be avoided.  The more toxic 
pesticides entering the body, the higher the risk of poisoning (Lisniawati, 
2017).  Exposure to pesticides that enter the body of pregnant women either 
by inhalation or direct contact from the skin can enter the lungs and the 
mother’s bloodstream which will be distributed to the fetus through the 
placenta; this will result in impaired fetal development and increase the risk 
of spontaneous abortion in early pregnancy (Istiklaili, 2009).

This study proves that mothers with poor ANC quality have a 5.704 
times risk of experiencing spontaneous abortion compared with good ANC 
quality.  This is in line with previous research which stated that there was an 
effect of ANC quality on the incidence of spontaneous abortion (p=0.021 with 
95% CI Exp B 6.871) which showed that pregnant women with poor quality 
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ANC had 6.871 times the chance to have an abortion in their pregnancy (Putri, 
2018).  ANC services have a good influence on the development of the fetus 
or the time available, both through diagnosis and by regular treatment of the 
presence of pregnancy compilation.  An ANC visit is when a pregnant woman 
is first aware of the delay, including steps that are very important to take to 
minimize fetal loss and loss, including spontaneous abortion (Sundani, 2020).

Based on estimates, it shows that shallot farmers who do not use 
complete PPE and do not carry out quality ANC during pregnancy have a 
79% chance of experiencing spontaneous abortion.  Education on the use of 
PPE to shallot farmers and providing quality ANC services are needed to 
reduce the risk of mothers experiencing spontaneous abortion.

In summary, there is no significant relationship between workload 
(p=0.195), level of pesticide exposure (p=0.364), and levels of the enzyme 
cholinesterase (p=0.830) with the incidence of spontaneous abortion in farmers 
in Brebes.  There is a significant relationship between the completeness of 
PPE (p=0.001) and ANC quality (p=0.001) with the incidence of spontaneous 
abortion in farmers in Brebes.  There is a joint effect between the use of PPE 
(p=0.004; OR = 6.606; 95%CI: 1.857-23.502) and ANC quality (p=0.001; OR 
= 0.175; 95%CI: 0.065-0.471) on the incidence of spontaneous abortion on 
childbearing age farmers in Brebes Regency.  Education on the use of PPE 
to shallot farmers and offering quality ANC services are needed to reduce 
the risk of mothers experiencing spontaneous abortion.
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