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 The use of synthetic chemical pesticides to maximize agricultural yields 

is very susceptible to negative effects on health. Exposure to DDT, 

BHC, HCB, organochlorine and mirex compounds from pesticides has 

been reported to trigger diabetes mellitus. However, mixed results make 

estimates of pesticide effects not always consistent. The purpose of this 

study is to find out more reliable analysis and estimation. Based on this 

background, researchers are interested in conducting a meta-analysis. 

The research was searched from several indexes including: PubMed, 

Science Direct, Web of Science, Springer Link and Cochrane Database. 

By using the search keywords “organochlorine pesticide AND Diabetes 

mellitus”, “organophosphate pesticide AND Diabetes mellitus”, 

“organochlorine pesticide AND Diabetes mellitus AND adjusted odds 

ratio”, and “organochlorine pesticide AND Diabetes mellitus AND 

adjusted odds ratio”. Population: Everyone over 20 years old. 

Intervention: Exposure to pesticides. Outcome: Type 2 Diabetes 

Mellitus. 8 articles that met the quantitative requirements indicated that 

pesticides were a risk factor for diabetes mellitus (DM). Individuals 

exposed to pesticides had a 1.57 times risk of developing DM compared 

to people not exposed to pesticides (aOR= 1.57; 95% CI= 1.11 to 2.22; 

p= 0.010). The funnel plot shows that there is publication bias which 

indicates a tendency to overestimate the effect. Individuals who were 

exposed to pesticides had a 1.57 times risk of developing DM compared 

to people who were not exposed to pesticides and it was statistically 

significant. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Agriculture is the most important sector in meeting basic human needs, so farmers must improve the quality 

of their agricultural products, one of the ways commonly used is to use synthetic chemical pesticides to get 

optimal results. As a result of the use of synthetic chemical pesticides, farmers are very vulnerable to 
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exposure to the chemicals used. The main active compounds of this material are organophosphates, 

chlorinated hydrocarbons, and carbamide derivatives [1]. 

 

Persistent organic pollutants (POPs) are environmental contaminants belonging to different subgroups such 

as organochlorines (OCs) including polychlorinated biphenyls (PCBs) and dioxins are lipophilic, stored in 

adipose tissue, and generally have very long half-lives. Experimental studies have shown that PCBs and 

OCs act as endocrine disrupting chemicals (EDCs) by interfering with the molecular work system and 

endocrine system function [2], [3]. 

 

A study conducted in China showed that exposure to DDT (p,p'-dichloro-diphenyl-trichloroethane), -BHC 

(benzene hexa chloride), HCB (Hexachlorobenzen), organochlorines and mirex from organochlorine 

pesticides can trigger diabetes mellitus, this is This is because POP exposure contributes to insulin 

resistance and endocrine system disorders [2], [4]. Experimental studies have shown that organochlorine-

type pesticides can cause impaired insulin sensitivity, pancreatic beta (β) cell changes, and glucose 

intolerance, thereby promoting the development and development of diabetes [5]. 

 

Diabetes is a chronic metabolic disease characterized by elevated blood glucose. Diabetes is currently 

considered a multi-factorial disease caused by the interaction of various risk factors, including genetics, 

lifestyle, environment, and evidence shows that many chemicals can cause metabolic disorders and increase 

the risk of diabetes [6], [7]. Diabetes causes a variety of complications including foot ulcers, visual 

disturbances, kidney failure, infections, cognitive dysfunction, cognitive impairment, and significant 

changes in the peripheral and central nervous systems [8]. 

 

The mixed results make the estimation of the effect of pesticides not always consistent, so a meta-analysis 

is needed to find a more reliable analysis and estimate. Based on this background, researchers are interested 

in conducting a meta-analysis. 

 

2. SUBJECT AND METHODS 

 

2.1 Database Search Strategy 

The data was searched from several indexes including: PubMed, Science Direct, Web of Science, Springer 

Link and Cochrane Database. By using the search keywords “organochlorine pesticide AND Diabetes 

mellitus”, “organophosphate pesticide AND Diabetes mellitus”, “organochlorine pesticide AND Diabetes 

mellitus AND adjusted odds ratio”, and “organochlorine pesticide AND Diabetes mellitus AND adjusted 

odds ratio”. In addition to determining keywords, article searches are carried out by determining eligibility 

criteria defined by using the PICO (Population, Intervention, Controls/Comparison, Outcome) model, 

namely: Population: Everyone aged over 20 years. Intervention: Exposure to pesticides (organochlorines 

and organophosphates). Comparison: No exposure to pesticides. Outcome: Type 2 Diabetes Mellitus. 

 

2.2 Inclusion criteria 

Full paper article with cross-sectional study design. Articles published in English and/or Indonesian. 

Include research results in the form of adjusted odds ratio as an indication of the most ideal analysis for 

multivariate research. Outcome is the incidence of diabetes as measured by standardized biomarkers (blood 

sugar levels, FPG). Standardized examination of pesticide compounds. 

 

2.3 Assessing research quality 

Reports of research results that have been identified are then studied based on the eligibility criteria based 
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on the PRISMA standard [9], [10]. The quality and design of the research analyzed in the meta-analysis is 

very important because it can affect the results, therefore the third researcher is a statistician and if there is a 

debate on the quality of the study it will be resolved by voting. 

 

2.4 Data analysis 

Researchers used adjusted odds ratios to get the same final results in the analyzed research, then calculated 

the overall relationship from the combined data. Data analysis was carried out using Review Manager 

(RevMan) 5.4 software released by the Cochrane collaboration [11]. (RevMan) is used to calculate the 

overall mean difference, describing the 95% confidence interval (CI) using the effects model, I2, or data 

heterogeneity. 

 

3. RESULTS 

 
Figure 1. PRISMA research flow 

 

Table 1. Description of the primary studies included in the meta-analysis. 

No Paper Country Sampel 
P  

(Population) 

I  

(Intervention) 

C  

(Comparisons) 

O  

(Outcome) 

aOR  

(CI 95%) 

1 [12] 
Saudi 

Arabia 
280  18-65 years old.  

Exposure to certain 

types of pesticides 
hexacloryclohexane  

Not exposed to 

hexacloryclohexane 

Diabetes-

mellitus type 2 

2.70 (1.30 

to 6.00) 

2 
[13] 
 

New 
Zealand 

111 

Workers in division 

of phenoxy 
herbicide New 

Zealand.  

Exposure to certain 

types of pesticides 
tetrachlorodibenzo-p-

dioxin 

Not exposed to 

tetrachlorodibenzo-p-

dioxin 

DM, glucose, 

triglyceride, 
HDL, dan IgG 

2.90 (0.60 

to 12.80) 
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3 [14]  
Amerika 

Serikat 
352 >30  years old. 

Exposure to certain 

types of pesticides 

Polyclorinated 
Biphenyls 

Not exposed to 
Polyclorinated 

Biphenyls 

Diabetes-

mellitus  

2.60 (0.80 

to 8.10) 

4 [15] 
Amerika 
Serikat 

603 18-84 years old. 

Exposure to certain 

types of pesticides 
Polyclorinated 

Biphenyls 

Not exposed to 

Polyclorinated 

Biphenyls 

Diabetes-

mellitus 

3.66 (1.37 

to 9.78) 

5 [16] Jerman  200 New cases of DM 
Exposure to certain 
of pesticides 

Not exposed to any 
type of pesticide 

Diabetes 
Mellitus 

0.70 (0.45 
to 1.10) 

6 [17] 
United 
States 

2796  
Public in United 
States  

Exposure to certain 

types of pesticides 

pyrethroid 

Not exposed to 
pyrethroid 

Diabetes 

Mellitus 

1.93 (1.19 

to 3.18) 

7 [18] 
United 
States  

1044 

Diabetes mellitus 

patient in United 

States 

Exposure to certain 

types of pesticides 

organophosphorus.  

Not exposed to 
organophosphorus. 

Diabetes 

Mellitus 

1.05 (1.00 

to 1.11) 

8 [19] Korea 2559 

Korean people who 

have information 

about pesticide 

exposure 

Exposure to certain  

of pesticides 

Not exposed to any 

type of pesticide 

Diabetes 

Mellitus 

1.58 (1.13 

to 2.21) 

 

Study  Log 

(Odds 

ratio) 

SE Weight Odds Ratio Odds Ratio 

 IV,Random,95%CI IV,Random,95%CI 

[14] 0.9555 0.6014 6.2% 2.60 [0.80, 8.45] 

 

[12] 0.9933 0.3729 11.0% 2.70 [1.30, 5.61] 

[15] 1.2975 0.5014 7.9% 3.66 [1.37, 9.78] 

[13] 1.0647 0.8039 4.0% 2.90 [0.60, 14.02] 
[17] 0.6575 0.2467 15.3% 1.93 [1.19, 3.13] 

[19] 0.4575 0.171 18.0% 1.58 [1.13, 2.21] 

[16] -0.3567 0.2254 16.0% 0.70 [0.45, 1.09] 

[18] 0.0488 0.0249 21.6% 1.05 [ 1.00, 1.10] 

Total 

(95%CI) 

  100% 1.57 [1.11, 2.22] 

Heterogenity: Tau2=0.14; Chi2=30.93, df= 7 (P <0.0001); I2 = 77% 

Test for overall effect: Z = 2.54 (P = 0.01) 

Figure 2. Forest Plot 

 

Forest plots show that pesticides are a risk factor for diabetes mellitus (DM). Individuals exposed to 

pesticides had a 1.57 times risk of developing DM compared to people not exposed to pesticides (aOR= 

1.57; 95% CI= 1.11 to 2.22; p= 0.010). 

 

https://www.azerbaijanmedicaljournal.com/


ISSN: 0005-2523 

Volume 62, Issue 10, December, 2022 

  

5827 
 

 
Figure 3. Funnel plot 

 

The funnel plot shows that there is a publication bias as indicated by the asymmetry of the right and left 

plots, where 5 plots are on the right, 2 plots on the left and 1 touches the vertical line. The plot on the right 

has a standard error (SE) between 0.2 and 1, while the plot on the left has a standard error (SE) between 0 

and 0.4, this publication bias tends to overestimate the effect. 

 

4. DISCUSSION 

The results of our study are in line with previous primary studies reported by [20] that there is a relationship 

between accumulation of arsenic and organophosphate-based pesticides (OP) with the prevalence of 

diabetes and atherosclerosis in rural Indian populations. Similar results were also shown in a population in 

China exploring the relationship between OCP (organochlorine pesticides) and type 2 diabetes and other 

potential mechanisms [21]. 

 

The relationship between diabetes and serum levels of organochlorines has been reported to change the 

morphology in the beta cell structure in the pancreas on PCB exposure, as well as changes in the expression 

of gluconeogenic enzymes, organochlorine compounds HCB have been reported to interfere with 

gluconeogenic and it is possible that other organochlorine compounds have similar actions [14]. 

 

Organophosphate insecticides have several glucose homeostatic pathways that can cause hyperglycemia. 

Physiological stress, oxidative stress, inhibition of paraoxonase, nitrosative stress, pancreatitis, inhibition of 

cholinesterase, stimulation of the adrenal glands and can disrupt the metabolism of tryptophan in the liver 

and gut microbiota resulting in disruption of glucose homeostasis. Chronic exposure of organophosphate-

induced glucose intolerance in mice is mediated by the degradation of gut microorganisms from 

organophosphates [20]. 

 

Coefficients for assessing the relationship between organochlorine pesticide (OCP) and glycemic markers 

(FPG and HbA1c). Serum concentrations of -HCH and p,p'-DDE were associated with a higher increase in 

FPG, a 10-fold increase in -HCH was associated with an increase in FPG of 1.10 mmol/L (β = 0.04, 95% 

CI: 0.01–0.06) adjusted for age, sex, and BMI. OCP exposure may disrupt glucose homeostasis, which may 

contribute to the future development of type 2 diabetes. In addition, another study reported elevated levels 

of HbA1c, as another marker of glycemic control, may reflect long-term blood glucose levels [22]. 
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