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Abstract

Objective. This study determined the correlation between erythrocyte acetylcholinesterase (AChE) activity, serum 
malondialdehyde (MDA) and insulin sensitivity in agricultural workers and non-agricultural workers.

Methodology. The cross-sectional comparative study was undertaken in 45 agricultural and 45 non-agricultural workers 
from Nat-Kan Village, Magway Township. Erythrocyte acetylcholinesterase activity and serum malondialdehyde 
were measured by spectrophotometric method. Insulin sensitivity was calculated by homeostasis model assessment 
(HOMA-IR).

Results. Mean erythrocyte AChE activity was significantly lower in agricultural (3553.99 IU/L) compared with non-
agricultural workers (4432.68 IU/L) (p<0.001). A significant high level of mean serum MDA was observed in agricultural 
workers (0.74 versus 0.28 μmol/L, p<0.001). Median HOMA-IR value was significantly higher in agricultural (2.74) 
than that of non-agricultural workers (2.28) (p<0.05). The risk of insulin resistance was 2.8 times greater in agricultural 
workers than non-agricultural workers (OR 2.8, 95% CI, 1.18 to 6.72). Erythrocyte AChE activity had weak negative 
correlation with serum MDA level (r=-0.357, p<0.001) and HOMA-IR (ρ= -0.305, p<0.05). There was a significant but 
weak positive correlation between serum MDA level and HOMA-IR (ρ=0.355, p<0.001).

Conclusion. Organophosphate pesticide exposure lowered erythrocyte AChE activity and increased oxidative stress. 
Oxidative stress is partly attributed to the development of insulin resistance.
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INTRODUCTION 

With agriculture as the main industry in Myanmar, 
many workers have become reliant on toxic pesticides 
to increase farm productivity. Agricultural workers are 
inevitably exposed to pesticides during preparation 
and application of the pesticide spray solution. As a 
consequence, agricultural workers face a greater risk of 
exposure to pesticides than non-agricultural workers.

Organophosphate (OP) pesticides are liquid at room 
temperature and can be absorbed through intact skin and 
through the gut after ingestion of contaminated food. 
They also penetrate the skin, respiratory tract epithelium 
and cornea, as they easily vaporize.1 As inhibitors of the 
enzyme acetylcholinesterase (AChE), OP pesticides allow 
accumulation of acetylcholine (ACh) and continuous 
stimulation of ACh receptors at the neuromuscular 
junction. This is the suggested mechanism of toxicity 
of OP pesticides.2

Chronic exposure to OP pesticides affect different 
organs and body systems such as the skeletal muscles, 

gastrointestinal tract, urinary bladder, secretory glands, 
central nervous system and respiratory system. These are 
manifested as weakness, glandular secretion, fasciculation, 
acute pancreatitis, convulsion and respiratory failure.3 

Hyperglycemia has often been reported to be one of the 
most common manifestations of chronic OP pesticide 
toxicity in experimental animal models as well as in 
cases of human exposure.4-8

The cholinergic action of OP pesticides in inhibiting 
AChE and increasing ACh activity induces hyperesthesia, 
intermittent spasm, muscular tremors, sustained seizures 
and muscle fasciculation. These involuntary energy-
demanding activities trigger the release of glucose by 
glycogenolysis and gluconeogenesis. There is an ensuing 
increase in glucose-6-phosphatase enzymes leading to 
hyperglycemia. These also stimulate glycolysis in the 
liver and muscle, and the subsequent release of adenosine 
triphosphate (ATP) to meet the body’s energy requirements. 
Thus, OP pesticides may influence the pathways involved 
in enzymatic glucose homeostasis.6,9,10 In addition to 
hyperglycemia, inhibition of AChE by OP pesticides can 
induce significant increases in hepatic lipid peroxidation, 
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as indicated by the biomarker malondialdehyde.10-12 

This is the proposed mechanism underlying the causal 
relation between oxidative stress and insulin resistance.13,14 
However, only one study reported the association 
between serum concentration of malathion and elevated 
HOMA-IR among 98 farmers without diabetes.14

While research activities on the toxic effects of OP pesticides 
in developed countries have increased public awareness, 
we have limited studies of our own. The data may be 
used to institute programs to promote awareness of the 
health problems of pesticide usage in our country. Thus, 
this study aims to investigate erythrocyte AChE activity 
and insulin sensitivity in agricultural and non-agricultural 
workers in Nat-Kan Village, Magway Township. This 
study will determine the effects and mechanisms involved 
in OP pesticide toxicity on glucose homeostasis. The 
findings will be used to help farmers become aware of the 
potential dangers of pesticide handling and use in daily 
farming activities, and to prevent accidental poisoning.

METhODOlOgy

This cross-sectional comparative study was undertaken 
in villagers 18 to 45 years of age living in Nat-Kan 
Village. History taking and physical examination were 
carried out according to the pro forma. After explaining 
the procedure for data collection, written informed 
consent was obtained. Weight measurement was done by 
using a calibrated bathroom scale. Standing height was 
measured with the use of a measuring tape. After body 
mass index (BMI) calculation, subjects with BMI between 
18.5 to 24.9 kg/m2 were included. 

The sample size was calculated by the following formula:
 

Therefore, required sample size for each group (exposed 
and non-exposed group) was 43.

Forty-five agricultural workers who have been using OP 
pesticides (Acephate and Chlorpyrifos) in the processes 
of formulating, mixing, loading and spraying for a period 
of at least one year were recruited in this study. However, 
different types of pesticides have also been used in orchards 
to control various insect pests. The agricultural workers 
recruited in the present study were also exposed to other 

types of pesticides such as Imidacloprid, Cypermethrin, 
Acetamiprid and Azoxystrobin (Table 1). Another control 
group of 45 subjects whose work did not involve pesticide 
application (sellers, carpenters and bricklayers) and lived 
in an area at least 100 meters away from processes of 
pesticide use were selected as control subjects. Control 
subjects were matched to study group by age, sex and 
BMI. This study was approved by the Ethics and Research 
Committee of the University of Medicine, Magway.

Table 1. Active compounds in pesticides commonly used 
in Magway Region
Brand Name Item Active compound
Min Ma Haw Cupro Star 85 Copper oxychloride 85%

No Two Super Acetamiprid 15% + Lambda-
cyhalothrin 10%

Aw Ba Revive 25 SC Azoxystrobin 25% w/v
Phosdrin 40EC Chlorpyrifos 40%
Carbofuran 3G Carbofuran 3%
AZPHATE 75SP Acephate 75%
Better 25 WP Acetamiprid 20% + Lambda-

cyhalothrin 5%
Demon 1.8 EC Abamectin 1.8%
Unity 32.5 SC Difenoconazole 12.5% + 

Azoxystrobin 20%
Cyclone 505 EC Chlorpyrifos 45.9% + 

Cypermethrin 4.59%
THUNDER 250 EC Cypermethrin 25%
DOZER 20 WP Imidacloprid 20%
DOZER 70 WP Imidacloprid 70%
ALARM 15 WP Emamectin benzoate 5 % + 

Lambda-cyhalothrin 10%
Min Mida 70 WDG Imidacloprid 70%
Syntech Carbine 3 G Carbofuran 3%
Shwe Chin Thae COBRA 40 EC Chlorpyrifos 40%

All 90 subjects were assessed for their eligibility to the 
study by inclusion and exclusion criteria. Subjects with 
a history of heavy smoking, heavy alcohol drinking, 
hypertension, heart disease, diabetes mellitus, chronic renal 
disease, signs and symptoms of heavy metal poisoning (e.g. 
diarrhea, nausea, vomiting, abdominal pain and shortness 
of breath) and intake of antioxidant drugs (e.g. zinc tablets) 
were excluded from the study. Heavy smoking was 
defined as consumption of at least 20 cigarettes daily, and 
heavy alcohol drinking as more than 30 mL per day.

Visits were made from June to August during pesticide 
spraying season. The investigator visited agricultural 
workers every two weeks for three times: the first visit 
was performed for observation of pesticide application 
processes, the second for observation of continuation of the 
process, and the third for preparation of data collection. 
During visits, safe handling procedures for pesticide 
storage and application were explained to agricultural 
workers. Signs and symptoms of acute or severe pesticide 
poisoning, such as fever, dizziness, confusion, restlessness, 
muscle twitching, staggering gait, slurred speech, fits and 
unconsciousness, were also noted. Moreover, first aid 
and immediate assistance were provided to any person 
found to have mild or severe pesticide poisoning. Subjects 
with severe poisoning were excluded from the study.

Data collection was also done during pesticide spraying 
season. On the day of blood extraction, all subjects 
were instructed to be present at the office of the local 
administrator at 0600H after fasting for 10 hours (from 
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Forty-five agricultural workers who have been using OP pesticides (Acephate

and Chlorpyrifos) in the processes of formulating, mixing, loading and spraying for a

period of at least one year were recruited in this study. However, different types of

pesticides have also been used in orchards to control various insect pests. The

agricultural workers recruited in the present study were also exposed to other types of

pesticides such as Imidacloprid, Cypermethrin, Acetamiprid and Azoxystrobin (Table

1). Another control group of 45 subjects whose work did not involve pesticide

application (sellers, carpenters and bricklayers) and lived in an area at least 100

meters away from processes of pesticide use were selected as control subjects.

Control subjects were matched to study group by age, sex and BMI. This study was



these, three agricultural workers and two control subjects 
were dropped due to incomplete data. Another two 
agricultural workers with hypoglycemia were excluded 
from this study. Three control subjects who were unable 
to follow instructions were also excluded. The final group 
included 45 agricultural and 45 non-agricultural workers. 
The general characteristics of the study participants are 
shown in Table 2. There were no significant differences in 
age, sex distribution and BMI. 

Table 2. General characteristics of study participants
Parameter Agricultural 

workers (n=45)
Non-agricultural 
workers (n=45)

Mean age, year (SD)
Sex (Male:Female)
Mean body weight, kg (SD)
Mean height, m (SD)
Mean body mass index, kg/m2 (SD)

28.67 (4.12)
1:1

62.56 (4.12)
1.65 (0.57)

22.91 (1.13)

27.53 (4.00)
1:1

59.47 (3.33)
1.61 (0.47)

22.92 (1.35)

The comparison of erythrocyte AChE and MDA 
parameters are shown in Figures 1 and 2. Mean erythrocyte 
AChE activity of agricultural workers (3,553.99 ± 855.6 
IU/L) was significantly lower compared to the non-
agricultural workers (4,432.68 ± 1,287.86 IU/L) (p<0.001). 
However, mean serum MDA was significantly higher in 
agricultural workers (0.74 ± 0.05 μmol/L) compared with 

2000H to 0600H). Upon arrival, a 7 mL blood sample 
taken by venipuncture was collected from each subject in 3 
separate blood collecting tubes: 1 mL in a tube containing 
sodium fluoride 10 mg for determination of blood sugar, 
3 mL in a plain tube for serum separation, and 3 mL in an 
ethylenediaminetetraacetic acid (EDTA) tube for packed 
cell separation. All blood samples were transported to the 
Common Research Laboratory, University of Medicine, 
Magway using an effective cold chain system. 

Upon arrival, the blood sample in the plain tube was 
allowed to clot for 30 minutes at room temperature. 
Once clotted, centrifugation at 3000 rpm for 15 minutes 
was done. Serum was collected in two separate sample 
tubes and stored at -4°C until blood sample analysis: one 
for determination of serum MDA and another for serum 
insulin. The sample in the EDTA tube was centrifuged 
at 1000 rpm for 15 minutes. The supernatant plasma and 
buffy coat were removed. Packed cells were washed three 
times with isotonic saline. These were then stored at 2ºC 
before analysis. AChE activity was determined within 
3 days. Blood glucose level was determined on the same 
day of blood collection. Those with fasting plasma glucose 
(FPG) more than 100 mg/dL were excluded from the 
study. Erythrocyte AChE activity and serum MDA were 
measured by spectrophotometric method.

Ellman’s spectrophotometrical method for cholinesterase 
activity determines the rate of production of thiocholine 
as acetylthiocholine is hydrolyzed. The enzyme activity is 
measured by following the increase in yellow color produced 
from thiocholine when it reacts with dithiobisnitrobenzoate 
ion. This method has the sensitivity to determine human 
erythrocyte AChE activity. The Ellman assay for AChE 
is well known in the detection of OP pesticide exposure. 
We utilized Ellman’s spectrophotometrical method to 
investigate the erythrocyte AChE activity in our study.15

Fasting plasma glucose was measured by glucose oxidase 
method. Fasting serum insulin was determined by enzyme-
linked immunosorbent assay (ELISA). Insulin sensitivity 
was calculated by HOMA-IR as shown in the equation:16

Data entry and analysis were done by SPSS Statistics 
version 16.0. Normally distributed variables were 
expressed in mean (SD). Comparison of the data between 
study group and control group was done by unpaired 
Student’s t test. Skewed data were expressed as median 
(interquartile range, IQR) and they were computed by 
non-parametric tests using the Mann-Whitney U test. 
Correlation studies were done by Pearson’s correlation. 
Another non-parametric test, Spearman’s rank, was used 
when the data did not follow a normal distribution. Chi-
squared test was used to determine the risk of insulin 
resistance in agricultural workers. Differences were 
considered significant when p<0.05.

RESUlTS

A total of 100 subjects, composed of 50 agricultural workers 
exposed to OP pesticides and 50 non-agricultural workers, 
were initially recruited to participate in this study. Of 
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Figure 1. Comparison of erythrocyte acetylcholinesterase 
(AChE) activity in agricultural and non-agricultural workers.
**, significant difference (p<0.001).

Figure 2. Comparison of serum malondialdehyde (MDA) 
levels in agricultural and non-agricultural workers.
**, significant difference (p<0.001).

insulin (μIU/mL) x glucose (mmol/L)
22.5

HOMA-IR =



non-agricultural workers (0.28 ± 0.06 μmol/L) (p<0.001). 
Agricultural workers had a higher mean FPG, whereas 
serum insulin levels were not significantly different 
between study groups (Figure 3A and B). A higher HOMA-
IR value in agricultural workers [median IQR, 2.74 (2.37-
3.3)] compared to non-agricultural workers [median IQR, 
2.28 (2.03-2.78)] indicated that insulin sensitivity was 
significantly reduced in agricultural workers (p<0.05) 
(Figure 3C). Erythrocyte AChE activity was weakly 
and negatively correlated with serum MDA level (r=-
0.357, p<0.001) as well as HOMA-IR (ρ=-0.305, p<0.05) 
(Figures 4 and 5). A significant weak positive correlation 
between serum MDA level and HOMA-IR was also 
demonstrated (ρ=0.355, p<0.001).

DISCUSSION

Nowadays, the living population is continually exposed to 
numerous environmental contaminants such as industrial 
waste, polluted air and pesticides. In Myanmar, where 
agriculture is the main industry, pesticides are used 
countrywide for pest control and crop protection. Pesticides 
are among the leading causes of environmental pollution, 
with harmful effects on human health. Organophosphate 
pesticides are a diverse group of chemicals that have 
been commonly used since 1975. The chemicals mostly 
used in these compounds are acephate, diazinon, 
dimethoate, parathion, phosmet, malathion, fenthion, 
dichlorvos, chlorpyrifos, ethion and azamethiphos. In 
Myanmar, many pesticides are commercially distributed 

under the names like Min-Ma-Haw, Aw-Ba, Shwe-Chin-
Thae, Shwe-Nagar and Ar-Mo. These are composed of 
organophosphate compounds and other pesticides such 
as copper oxychloride, imidacloprid and carbendazim. 
Table 1 lists the pesticides that are utilized in Magway 
Region, Myanmar. Among them, Aw-Ba was the brand 
most commonly used in the region at the time of sample 
collection. Other brand alternatives were also reported to 
be in use. The agricultural workers who participated in the 
present study were also exposed OP and other pesticides 
such as imidacloprid, cypermethrin, acetamiprid and 
azoxystrobin. These other pesticides are considered to have 
low acute and chronic toxicity to humans.17 All agricultural 
workers who participated in study had been working as 
pesticide spraying service professionals for many years, 
with a mean duration of OP pesticide exposure of 4 ± 1.5 
years. The mean frequency of pesticide spraying process 
by pesticide applicators was 58.2 ± 1.4 per year.

Many animal and human studies have reported the 
association of OP pesticide toxicity with hyperglycemia, 
suggesting an underlying influence on liver enzymes 
involved in glucose homeostasis pathways.5,6,18,19 Moreover, 
some studies postulated that pancreatic toxicity and 
oxidative stress induced by OP pesticides may impair 
glucose homeostasis.6,9,10 There is increasing interest 
on the effect of environmental pesticide exposure on 
glucose homeostasis. The present study investigated 
insulin resistance in agricultural workers exposed to 
these pesticides.
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Figure 3. Comparison of fasting plasma glucose (A), fasting serum insulin (B) and insulin sensitivity by homeostasis model 
assessment (HOMA -IR) (C) in agricultural (n=45) and non-agricultural workers (n=45). *, significant difference (p<0.05).

A

B C



Measurement of erythrocyte AChE activity has been 
recognized as a human biological marker of OP pesticide 
exposure. Inhibition of acetylcholinesterase activity in 
erythrocyte membranes has been reported as a useful 
indicator of chronic exposure to OP.3,20,21 Upon entering 
the body, OP pesticides avidly form covalent bonds 
with oxygen in serine, located at the active site of AChE. 
These transform into irreversible phosphorylated inactive 
AChE.21,22 While erythrocyte AChE activity is also reduced 
in aging RBC, chronic renal failure and heavy metal 
exposure, these conditions were part of the exclusion 
criteria in the present study based on history taking and 
physical examination.24,25 Based on a study on Kenyan 
agricultural workers, cutoffs for AChE activity were defined 
as low (≤3.95 IU/mL, high inhibition), medium (3.95 to 
≥5.95 IU/mL, mild inhibition) and normal (>5.95 IU/mL, no 
inhibition).20 The mean value of erythrocyte AChE activity 
of agricultural workers in the present study was 3,553.99 
± 855.6 IU/L (range 1,867 to 5,470 IU/L), significantly 
lower compared to the results of other studies.3,20,21 Thirty 
out of 45 agricultural workers in the present study had 
high inhibition of erythrocyte AChE activity, while the.
remaining had mild inhibition Erythrocyte AChE activity 
of agricultural workers was significantly lower compared 
to non-agricultural workers in the present study (p<0.001). 
This was in agreement with the findings of previous 
studies.3,18,20 The low level of erythrocyte AChE activity 
in agricultural compared to non-agricultural workers 
showed that there was an inhibitory effect on erythrocyte 
AChE activity by OP pesticides.22,23

In the present study, the mean erythrocyte AChE activity 
in non-agricultural workers were 4,432.68 ± 1,287.86 IU/L 
(range, 3,129 IU/L to 7,632 IU/L). Accordingly, normal 
erythrocyte AChE activity (more than 5.95 IU/mL) was 
seen only in seven control subjects in the present study. 
Most of control subjects (n=38) in the present study 
had mild inhibition of erythrocyte AChE activity due 
to indirect exposure to OP pesticides. The findings also 
suggested that non-agricultural control subjects who 
lived at least 100 meters away from pesticide application 
process were not spared from OP pesticide exposure. 
Farms that use pesticides were located around the villages 
where they were residing. Non-agricultural workers 
may be exposed to OP pesticides indirectly by means of 
inhalation and ingestion of contaminated food and water. 
One limitation of our study was that investigation of the 
status of anemia and heavy metal contamination of food 
and water, which possess an inhibitory effect on AChE 
activity, were not performed.

The present study also investigated the serum MDA 
level to detect oxidative stress.The mean serum MDA 
was significantly higher in agricultural (0.74 ± 0.05 
μmol/L) compared to non-agricultural workers (0.28 ± 
0.06 μmol/L) (p<0.001). This finding was similar to other 
studies.10,11,12 Lipids are susceptible to oxidation, and 
lipid peroxidation products are potential biomarkers for 
oxidative stress status.10,11,12 MDA is the most relevant 
and widely used in determining free radical reactions.26,27 

Accordingly, the significantly higher levels of serum 
MDA in agricultural workers was interpreted as reliable 
evidence of oxidative stress. The present study used 
thiobarbituric acid reactive substances to measure lipid 
peroxidation.28 However, determination of MDA with 
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Figure 4. Correlation between erythrocyte acetylcho-
linesterase (AChE) activity and serum malondialdehyde 
(MDA) level in agricultural and non-agricultural workers. 
r, Pearson’s correlation coefficient; n, total number 
of subjects.

Figure 6. Correlation between serum malondialdehyde 
(MDA) level and insulin sensitivity by homeostasis 
model assessment (HOMA-IR) in agricultural and non-
agricultural workers. ρ, Spearman’s correlation coefficient; 
n, total number of subjects.

Figure 5. Correlation between erythrocyte acetylcho-
linesterase (AChE) activity and insulin sensitivity 
by homeostasis model assessment (HOMA-IR) in 
agricultural and non-agricultural workers. ρ, Spearman’s 
correlation coefficient; n, total number of subjects.



thiobarbituric acid is considered nonspecific, as it is only 
considered as an indirect measure of reactive oxygen 
species (ROS), and it can react with peroxidation products 
of non-lipid origin. It may lead to substantial controversy 
in the quantification of serum MDA level.

Organophosphate pesticides inhibit the AChE enzyme and 
consequently increase the activity of the nicotinic type of 
ACh receptor, resulting in uncoordinated nerve and muscle 
stimulation. This manifests as sustained seizures and 
muscle fasciculation.28 Thus, oxygen and glucose demand 
as well as ATP requirements are greatly increased in the 
muscle. Thereafter, the glycolytic pathway is activated to 
meet the increase in energy requirement. Nicotinamide 
adenine dinucleotide + H or NADH, a side product of the 
pathway, is oxidized by using atmospheric oxygen, leading 
to increased production of free radicals in the form of ROS. 
These ROS alter the cellular macromolecules of lipids, 
proteins and deoxyribonucleic acid. Lipids are the most 
susceptible to oxidative stress, causing release of MDA by 
the oxidation of the lipid layer of the cellular membrane.30,31

The present study also showed a significant but weak 
negative correlation between serum MDA level and 
AChE activity (r=-0.357, n=90, p<0.001). This finding was 
similar to a previous study, where serum MDA level was 
found to be significantly increased with the severity of 
OP pesticide poisoning, suggestive of increased oxidative 
stress.32 It may be inferred that higher serum MDA levels 
of agricultural workers in the present study might be partly 
due to exposure to OP pesticides through the mechanism 
of oxidative stress.

Fasting plasma glucose level was significantly higher 
in agricultural (4.98 ± 0.40 mmol/L) compared to non-
agricultural workers (4.76 ± 0.32 mmol/L) (p<0.05) in our 
study, despite falling within normal range (3.5 to 6.1 mmol/L). 
Previous animal studies reported the hyperglycemic 
effect of malathion, acephate and dimethorate compounds 
of OP pesticides after intraperitoneal injection in rats.4,5 
It has also been shown that acephate and malathion 
OP pesticide compounds enhance the breakdown of 
hepatic glycogen contents, with acephate causing an 
increase in hepatic glucose-6-phosphate activity.4,6 

Additionally, the development of hyperglycemia in OP 
pesticides-exposed rats was found to be due to stimulation 
of hepatic gluconeogenesis and glycogenolysis. 

With advanced modern farming technique, pesticides 
quickly became widely used by farm workers. 
Consequently, an increasing awareness of the association 
between hyperglycemia and organophosphate pesticides 
in humans was borne out of many studies.18,33,34 A 
longitudinal study done observed the increased risk 
of diabetes in pesticide applicators who had used OP 
compounds.7 Another study noted that 28 out of 102 
patients with a history of OP pesticide poisoning had 
random blood sugar levels >140 mg/dL.32 Similarly, a 
study of acute OP pesticide poisoning cases reported 
hyperglycemia in 21%.19 Because these previous studies 
examined patients with OP pesticide poisoning and our 
study examined agricultural workers who were exposed 
to OP in pesticide application process, the results cannot 
be compared. It can be assumed that normal FPG levels of 
agricultural workers in the present study were attributable 

to low doses of pesticide exposure. However, because of 
the stimulation of the enzymatic glucose homeostasis and 
subsequent release of glucose to meet involuntary energy 
demanding activities by OP exposure, significant increases 
in fasting plasma glucose level in agricultural workers 
in the present study may be due to direct exposure, or a 
certain amount of exposure through pollution compared 
to non-agricultural workers.6,9

The gold standard method for measuring insulin sensitivity 
is the euglycemic hyperinsulinemic clamp (EHC) method 
developed by DeFronzo et al.35 The homeostasis model 
assessment is recommended for large scale studies 
because of its simplicity and validity, with an excellent 
correlation with insulin sensitivity measured using EHC.16 
HOMA requires the measurement of plasma insulin 
level in the basal level (i.e. less than 2.1 mIU/L) and the 
plasma glucose level at or below 3.5 mmol/L. For normal 
subjects, a one unit increase in plasma glucose level from 
3.5 mmol/L (i.e. 4.5 mmol/L) increases plasma insulin 
secretion by 5 mIU/L from its basal value. Therefore, for 
a given level of blood glucose, prevailing insulin level 
reflects insulin resistance. HOMA uses fasting plasma 
glucose and fasting insulin concentrations related by the 
feedback of glucose on pancreatic beta cells to increase 
insulin secretion. Insulin resistance (HOMA-IR) may then 
be mathematically computed using a derived equation.

In the present study, HOMA-IR value was significantly 
higher in agricultural than in non-agricultural workers 
[median IQR, 2.74 (2.37-3.3) versus 2.28 (2.03-2.78), 
p<0.05]. This finding of decreased insulin sensitivity in 
agricultural workers was in line with another study in 
farmers who were exposed to malathion pesticides.14 A 
HOMA-IR value of more than 2.6 was regarded as insulin 
resistance.36 Accordingly, insulin resistance was observed in 
13 (28.8%) control subjects as well as 24 (53.3%) agricultural 
workers in this study. The risk of insulin resistance was 
2.8 times increased in agricultural workers compared 
to controls [odds ratio (OR), 2.8; 95% confidence interval 
(CI), 1.18-6.72). This study shows that agricultural workers 
who were exposed to OP pesticides have a greater risk 
for insulin resistance.

A previous longitudinal study revealed that incident 
diabetes was 51%, 63%, and 94% in applicators who had 
used the organochlorine insecticides aldrin, chlordane, and 
heptachlor, respectively.7 In the present study, pesticide 
applicators mostly used chlopyrifos and acephate. 
However, a recent study reported that the occurrence of 
diabetes mellitus in Thai farmers was associated with all 
types of pesticide (OR, 1.35; 95% CI, 1.04-1.76), especially 
with organophosphates (OR, 2.22; 95% CI, 1.17-4.19).8

The present study also showed that HOMA-IR had a 
positive correlation with oxidative stress, as measured by 
MDA (ρ=0.355, p<0.001), and a negative correlation with 
erythrocyte AChE activity (ρ=-0.305, p<0.05) in all study 
groups. There are many relevant underlying mechanisms 
that the oxidative pathway is linked to erythrocyte 
AChE activity and insulin sensitivity (HOMA-IR).

Accordingly, oxidative stress may lead to the development 
of insulin resistance, based on the proposed the mechanisms 
on their correlation.13,37 In the presence of oxidative stress, 
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