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Background: Organochlorine pesticides (OCPs) exposure may induce an endocrine disruption which may lead to the risk of de-
veloping diabetes through alteration and disturbance of glucose metabolism, insulin resistance, and destruction of β-cells. The 
present study determines the recent trend of OCPs residue in blood samples and their association with the known risk factors re-
sponsible for developing the risk of diabetes among the North Indian population.
Methods: Blood sample of 300 patients (100 each of normal glucose tolerance [NGT], prediabetes and newly detected diabetes 
mellitus [DM]) between the age group of 30 to 70 years were collected. OCPs residue in whole blood samples was analyzed by us-
ing gas chromatography equipped with a 63Ni selective electron capture detector.
Results: Significantly higher levels of β-hexachlorocyclohexane (HCH), dieldrin, and p,p’-dichloro-diphenyl-dichloroethylene 
(DDE) were found in the prediabetes and newly detected DM groups as compared to NGT group. Insulin resistance showed to be 
significantly positive correlation with β-HCH and dieldrin. Also, fasting and postprandial glucose levels were significantly posi-
tively correlated with levels of β-HCH, dieldrin, and p,p’-DDE. Further, when OCPs level was adjusted for age and body mass in-
dex (BMI), it was found that β-HCH, dieldrin, and p,p’-DDE levels in blood increases the risk of diabetes by 2.70, 2.83, and 2.55 
times respectively. Moreover, when we adjust OCPs level based on BMI categories (BMI <23, ≥23, and ≤25, and >25 kg/m2); 
β-HCH and p,p’-DDE showed a significant risk of developing newly detected DM with BMI >25 and ≥23 and ≤25 kg/m2.
Conclusion: The OCPs level present in the environment may be responsible for biological, metabolic, and endocrine disruptions 
within the human body which may increase the risk of developing newly detected DM. Hence, OCPs exposure can play a crucial 
role in the etiology of diabetes.
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INTRODUCTION

Persistent organic pollutants (POPs) are characterized by their 
unique properties such as persistence lipophilicity, toxic ef-
fects, bioaccumulation, and long-drawn-out transport in the 

environment. POPs include organochlorine pesticides (OCPs) 
group such as aldrin, dieldrin, α-endosulfan, β-endosulfan, 
hexachlorocyclohexane (HCH) and its isomers, p,p’-dichloro-
diphenyl-dichloroethylene (DDE), p,p’-dichloro-diphenyl-tri-
chloroethane (DDT), and p,p’-dichloro-diphenyl-dichloroeth-
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ane (DDD). According to a survey based on the usage of pesti-
cides, 40% of pesticides used belongs to the organochlorines 
class [1,2]. In Asia, India is one of the largest producers of gen-
eral pesticides and ranks 12th worldwide [3]. 

In India, approximately 70% of the population lives in rural 
areas. The rural population is more prone to environmental 
contamination due to contaminated drinking water, food, and 
air. Human exposure to OCPs occurs mainly through air, soil, 
water, flora, fauna, and food chain [4]. The agglomeration of 
environmental pollutants in human being suggested that it has 
a significant contribution to the occurrence of the diseases [5].

Diabetes mellitus (DM) is a metabolic disorder caused by 
insulin resistance, hypertension, hyperglycemia, and limit in-
sulin secretion. Environmental toxicants affect the cofactors 
responsible for the risk of developing newly detected DM. En-
vironmental toxicants, including organic pollutants, OCPs, 
heavy metals, and pharmaceutical chemical components in-
crease insulin resistance and also interfere with total cholester-
ol (TC), triglycerides (TG), and glucose metabolism [6]. OCPs 
are supposed to be a major factor in increasing type 2 diabetes 
mellitus (T2DM) [5] and among these only 6% can be inter-
preted by genetic and heritable factors which include over-
weight, genetic, and sex [7,8]. Agricultural chemicals are causal 
factor for environmental contamination [9]. OCPs exposure 
through occupational or accidental practices were also report-
ed for modified glucose metabolism, increased risk of T2DM, 
and insulin resistance [10,11]. The recent OCPs level in blood 
samples of newly diagnosed DM and prediabetes represents 
the current exposure to human beings. As OCPs have a long 
half-life with assimilation, bioaccumulation, and biomagnifi-
cation properties, it causes some deleterious effects which may 
further promote the risk of developing newly detected DM. 
The present study showed recent OCPs exposure and also cor-
relates the OCPs level with biological parameters. This study 
also showed the level of OCPs in blood are associated with the 
risk factors responsible for the conversion of prediabetes to 
newly detected DM with respect to lipid metabolism, insulin 
resistance, and glucose intolerance among the North Indian 
population with reference to the etiology of diabetes. 

METHODS

Study population 
It was a case-control study conducted on 100 normal glucose 
tolerance (NGT) control, 100 prediabetes, and 100 newly de-

tected DM cases in the age group of 30 to 70 years. Age and sex 
were matched for all study groups. The study was carried out at 
Environmental Biochemistry and Molecular Biology Labora-
tory, Department of Biochemistry in collaboration with the 
Centre for Diabetes, Endocrinology, and Metabolism (DEM), 
University College of Medical Sciences (UCMS), University of 
Delhi, and Guru Teg Bahadur (GTB) Hospital, Dilshad Gar-
den, Delhi, India. The study was carried out between February 
2016 to February 2019 and the criteria for recruitment of pa-
tients were as follows. (1) No history of hypertension, known 
hypothyroidism, chronic diarrhea, malabsorption, hypothy-
roidism, Cushing syndrome, and DM. (2) Patients recently di-
agnosed with prediabetes and diabetes were included in the 
study. No patient was on medication at the time of the recruit-
ment. (3) All patients (cases and control) were from the same 
geographic location.

Controls were also selected from the same location, who was 
visiting GTB Hospital with patients. After fulfilling the inclu-
sion and exclusion criteria subjects were called for a standard 
oral glucose intolerance test (OGTT) for diagnosis of recently 
diagnosed prediabetes and newly detected DM groups. No pa-
tient was previously exposed or working with any kind of pesti-
cide-related practice. Clinical assessment and anthropometry 
measurements were performed during OGTT. Education was 
divided into five grading systems (illiterate, 0–4, 5–10, 11–12, 
and graduate or above). Also, food habit was divided into vege-
tarian and non-vegetarian. Fat consumption was recorded 
based on the monthly intake of ghee and other dairy products. 
Prior written consent was also taken from the patients who 
were willing to participate in the study. The study was approved 
by the institutional ethics committee on human research (IEC-
HR) (UCMS/IEC-HR/2015/24/FACULTY/1), UCMS, and 
GTB Hospital, University of Delhi, Delhi. Written consent form 
was obtained from all the subjects prior to start the study.

Sample collection and estimation
Blood samples were collected in the sample collection room of 
DEM center, UCMS, and GTB Hospital (University of Delhi), 
Dilshad Garden, Delhi. Blood (3 mL) was withdrawn from the 
patient after a minimum of 8 hours of overnight fasting (F) for 
estimation of OGTT, lipid profile, insulin, glycosylated hemo-
globin (HbA1c), and OCPs. Plasma glucose levels were esti-
mated on the same day by using glucose oxidase and peroxi-
dase (Randox, Crumlin, UK) [3]. Clinical parameters such as 
glycosylated hemoglobin (HbA1c), plasma glucose level (F and 
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postprandial [PP]), TC, TG, high-density lipoprotein choles-
terol (HDL-C), and low-density lipoprotein cholesterol (LDL-
C), and insulin were also analyzed. Insulin levels were estimat-
ed by radioimmune assay (Beckman coulter IM3210; Beckman 
coulter, Brea, CA, USA). Insulin resistance was calculated us-
ing the homeostasis model assessment of insulin resistance 
(HOMA-IR) and homeostasis model assessment of β-cell 
function (HOMA-β). The levels of TC was measured by the 
cholesterol oxidase-peroxidase (CHOD-POD) method [12], 
TG estimation was based on Werener and Gabriesulsen (1981) 
method using the Randox UK kit (enzymatic method). Esti-
mation of HDL-C was done by Autopure HDL-C Accurex bio-
medicals kits (Accurex, Mumbai, India), and serum LDL-C 
and very-low-density lipoprotein cholesterol (VLDL-C) were 
calculated using formula LDL-C=TC–HDL-C–(TG/5) and 
VLDL-C=TG/5. Furthermore, demographic details like age, 
body mass index (BMI), and waist were also measured at the 
time of OGTT. Standardized methods were used for anthropo-
metric measurements, including height, weight, and waist cir-
cumference [13]. Height and body weight were measured in 
very light weighed clothes and without shoes. The BMI was cal-
culated using the formula, weight (kg)/height2 (m2) [14].

Pesticide residue analysis
The analysis of OCPs residue carried out in blood samples was 
as follows: isomers of HCH (α, β, and γ), aldrin, dieldrin, o,p’-
DDE, p,p’-DDE, and p,p’-DDD. The extraction of OCPs was 
carried out using (2:1) hexane and acetone of high performance 
liquid chromatography grade as solvent [15]. Using mixed stan-
dard, five samples of blood in triplicate were spiked with 5 and 
25 ng/mL, respectively. Analysis of the extract was done with 
gas chromatography (Perkin Elmer, Waltham, MA, USA) 
equipped with a 63Ni selective electron capture detector [15]. 
The column named DB-5 (non-polar, low bleed and has a high 
temperature) having a length of 60 m and an internal diameter 
(ID) of 0.25 mm was used. The detection limit of the method 
was 4 pg/mL for each OCP. The limit of detection of the detec-
tor was 0.05 pg perchloroethylene when nitrogen was used as a 
carrier gas. The average recovery of the samples spiked exceed-
ed 95%. In pesticide analysis, a quality check was always ran 
two times in a day to maintain its accuracy and reproducibility. 
The levels of pesticide were expressed as parts per billion (ppb).

Statistical analysis
Data presentation and statistical analysis were completed using 

Microsoft Excel version 2010 (Microsoft, Redmond, WA, USA) 
and SPSS software version 17.0 (SPSS Inc., Chicago, IL, USA). 
P<0.05 was taken to be significant. Unpaired t-test was applied 
for sociodemographic and clinical data in cases and control for 
analysis of quantitative and chi-square/Fisher test for qualita-
tive data, respectively. An independent t-test was used to cal-
culate difference between two groups and one-way analysis of 
variance (ANOVA) within three groups with normally distrib-
uted data. Mann-Whitney test (for non-Gaussian models) was 
applied to find significance among three groups for pesticide 
analysis. Correlations of OCPs with different parameters were 
analyzed by Spearman’s coefficient correlation. To identify sig-
nificant predictors for OCPs, a multinomial logistic regression 
model was applied with HbA1c levels as the dependent vari-
able, and the OCPs levels in the blood as the independent vari-
able. Blood OCPs level were adjusted to remove the effect of 
confounding factors.

RESULTS

A total of 300 adult patients were enrolled in the study, 100 
controls (NGT), 100 prediabetes, and 100 newly detected DM. 
The sociodemographic characteristics like sex, educational sta-
tus, occupation, food habit, fat intake, and source of drinking 
water of study groups are summarized in Table 1. 

The literacy level and working status were lower (P=0.04 and 
P=0.001, respectively) in the newly detected DM group as 
compared to the other two groups. Non-vegetarian, high-fat 
consumption, and under groundwater consumption were sig-
nificantly high in the newly detected DM group in comparison 
to prediabetes and controls (P=0.018, P=0.001, and P=0.05, 
respectively). Most of the study subjects were residing in urban 
slums according to the survey and questionnaire. The baseline 
data of general characteristics like age, BMI, waist, HbA1c, 
plasma glucose levels (F and PP), insulin and insulin resistance, 
TC, TG, HDL-C, and LDL-C were summarized in Table 2.

When the NGT group was compared with the prediabetes 
group (Group I vs. Group II), BMI, glucose F, and PP was found 
significantly higher (P=0.025, P=0.05, and P<0.001) in the 
prediabetes group. Waist (P<0.001), BMI (P<0.001), HbA1c 
(P<0.001), glucose F and PP (P<0.001), insulin level (P<0.001), 
HOMA-IR (P<0.001), TG (P=0.044), and LDL-C (P=0.025) 
were found highly significant in the newly detected DM group 
as compared to NGT (Group 1 vs. Group 3). However, when 
the newly detected DM group was compared with the predia-
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betes group (Group 2 vs. Group 3) waist circumference (P= 
0.03), BMI (P<0.001), HbA1c (P< 0.001), glucose F (P<0.001), 
and PP (P<0.001), insulin level (P<0.001), HOMA-IR (P< 
0.001), and HOMA-β (P<0.001) were found significantly high-
er in the newly detected DM group (Table 2).

Blood samples were analyzed for OCPs residue namely iso-
mer of HCH, aldrin, dieldrin, p,p’-DDD, o,p’-DDE, and p,p’-
DDE. The mean±standard deviation levels of individual pesti-
cides among the study group were shown in Fig. 1 (Supple-
mentary Table 1). Significantly high levels of β-HCH (P= 
0.033, P<0.001), aldrin (P=0.033, P<0.001), dieldrin (P≤ 

0.001), and p,p’-DDE (P≤0.001) were found in the prediabetes 
and newly detected DM group as compared to the control 
group. Also, a higher levels of β-HCH (P=0.014), aldrin (P= 
0.020), and dieldrin (P<0.015) were found in the newly detect-
ed DM group as compared to the prediabetes group.

In Table 3, BMI was found to be positively correlated with 
α-HCH (P=0.001, r=0.24), β-HCH (P=0.01, r=0.21), and al-
drin (P=0.001, r=0.23). HbA1c correlated significantly with 
aldrin (P=0.05, r=0.15), dieldrin (P≤0.001, r=0.27) and p,p’-
DDE (P=0.006, r=0.20). Also F and PP glucose were correlat-
ed positively with levels of β-HCH (P=0.01 and P≤0.001; r= 
0.19 and r=0.29), aldrin (P=0.05 and P=0.007; r=0.14 and r= 
0.20) and dieldrin (P<0.001; r=0.26 and r=0.31). However, 
β-HCH (P =0.002, r =0.23), dieldrin (P =0.003, r =0.22) 
showed significant correlation with HOMA-IR. Insulin levels 
showed significant correlation with β-HCH (P≤0.001, r= 
0.26) and dieldrin (P=0.008, r= 0.19). Moreover, p,p’-DDE was 
significantly positively correlated only with PP glucose levels 
(P<0.001, r=0.26). Although, HDL-C levels were negatively 
correlated with β-HCH (P=0.03, r=–0.16), dieldrin (P=0.04, 
r=–0.15). This showed that β-HCH, dieldrin and p,p’-DDE 
were significantly correlated with BMI, HbA1c, F and PP, insu-
lin, and HOMA-IR.

When we analyze the correlation of OCPs with itself and one 
another, we have found that β-HCH was significantly correlat-
ed with γ-HCH, aldrin, and p,p’-DDE (Supplementary Table 
2). Also, aldrin and dieldrin showed a strong correlation with 
each other. While, p,p’-DDE showed a significant correlation 
with β-HCH, aldrin, dieldrin, and o,p’-DDE. 

In context to this, we analyzed the association of fat intake, 
food habit, fat intake and sources of drinking water with OCPs 
(Supplementary Figs. 1-3), we have found that non-vegetarians 
have a strong association with β-HCH, dieldrin, o,p’-DDE, and 
p,p’-DDE. However, a strong association of OCPs with high-
fat intake subjects were found in the study group. So we can 
say that fat might be responsible for the storage and accumula-
tion of OCPs in the human body among North Indians. Fur-
ther, a significant strong association of OCPs with groundwa-
ter samples were also found in the study.

When we analyzed risk with multiple logistic regression 
model, we found that in the unadjusted model (Model 1) 
blood levels of β-HCH (odds ratio [OR], 2.63; 95% confidence 
interval [CI], 1.35 to 5.12), dieldrin (OR, 2.83; 95% CI, 1.46 to 
5.49), and p,p’-DDE (OR, 2.49; 95% CI, 1.28 to 4.85) were 
found to increase the risk of insulin resistance and glucose in-

Table 1. Sociodemographic characteristics of control, predia-
betes, and newly detected diabetes mellitus subjects 

Parameter
Control 

(Group 1) 
(n=100)

Prediabetes 
(Group 2) 
(n=100)

Newly 
detected DM 

(Group 3) 
(n=100)

P value

Sex 0.621

   Male 47 56 43

   Female 53 44 57

Educational type 0.040a

   Illiterate 41 31 59

   0–5 5 8 11

   5–10 25 26 6

   10–12 29 22 17

   Graduate or above 0 13 7

Occupation 0.001a

   Working 63 57 36

   Non-working 37 43 64

Food habit 0.018a

   Vegetarian 47 49 30

   Non-vegetarian 53 51 70

Fat, /mo 0.001a

   0–200 g 28 33 56

   200–500 g 3 5 8

   600–1,500 g 25 31 17

   1,500 g and above 44 31 19

Source of drinking 
water

0.041a

   Tap water 74 64 59

   Ground water 7 9 14

   Filter water 19 27 27

DM, diabetes mellitus.
aP≤0.05 is significant.
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Table 2. Comparison of clinical and anthropometric parameters of control, prediabetes, and newly detected DM subjects

Parameter Control 
(Group 1) (n=100)

Prediabetes 
(Group 2) (n=100)

Newly detected DM 
(Group 3) (n=100) P value

Age, yr 43.90±6.79 44.50±6.47 43.78±7.67 1 vs. 2=0.639
1 vs. 3=0.927
2 vs. 3=0.575

BMI, kg/m2 28.23±6.02 31.05±5.72 34.1±0.72 1 vs. 2=0.025a

1 vs. 3 <0.001a

2 vs. 3 <0.001a

Waist, cm 92.85±16.38 95.78±15.51 101.70±12.42 1 vs. 2=0.281
1 vs. 3=0.001a

2 vs. 3=0.030a

Systolic blood pressure, mm Hg 127.42±9.63 127.92±8.59 129.51±10.13 1 vs. 2=0.675
1 vs. 3=0.088
2 vs. 3=0.425

Diastolic blood pressure, mm Hg 77.09±11 78.58±10.58 78.92±11 1 vs. 2=0.589
1 vs. 3=0.678
2 vs. 3=0.485

HbA1c, % 5.24±0.31 5.51±0.52 7.14±1.75 1 vs. 2=0.171
1 vs. 3 <0.001a

2 vs. 3 <0.001a

Glucose fasting, mg/dL 86.52±6.59 97.68±11.38 138.30±53.53 1 vs. 2=0.05a

1 vs. 3 <0.001a

2 vs. 3 <0.001a

Glucose PP, mg/dL 107.90±17.79 154.58±22.39 285.25±93.85 1 vs. 2 <0.001a

1 vs. 3 <0.001a

2 vs. 3 <0.001a

Insulin, mIU/L 11.44±5.77 14.52±11.47 30.38±10.60 1 vs. 2=0.081
1 vs. 3 <0.001a

2 vs. 3 <0.001a

HOMA-IR 2.45±1.27 3.52±2.85 11.06±7.59 1 vs. 2=0.220
1 vs. 3 <0.001a

2 vs. 3 <0.001a

TC,  mg/dL 183.31 ±67.19 192.67±47.63 194.48±44.36 1 vs. 2=0.344
1 vs. 3=0.259
2 vs. 3=0.854

TG, mg/dL 141.02±66.09 152.33±69.53 166.96±74.49 1 vs. 2=0.378
1 vs. 3=0.044a

2 vs. 3=0.255
HDL-C, mg/dL 44.85±10.52 43.92±13.16 42.53±9.06 1 vs. 2=0.644

1 vs. 3=0.252
2 vs. 3=0.494

LDL-C, mg/dL 112.03±48.05 114.04±49.38 127.98±69.75 1 vs. 2=0.337
1 vs. 3=0.025a

2 vs. 3=0.196

Values are presented as mean±standard deviation.
DM, diabetes mellitus; BMI, body mass index; HbA1c, glycosylated hemoglobin; PP, postprandial; HOMA-IR, homeostasis model assessment 
of insulin resistance; TC, total cholesterol; TG, total triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol. 
aP≤0.05 was significant.
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Fig. 1. Organochlorine pesticides (OCPs) level in blood samples of control, prediabetic, and newly detected diabetes mellitus 
(DM) group. The values of OCPs are expressed in mean; error bar denotes±standard deviation; all differences were significant at 
P<0.05 levels. ppb, parts per billion; HCH, hexachlorocyclohexane; DDE, dichloro-diphenyl-dichloroethylene; DDD, dichloro-
diphenyl-dichloroethane. aThese denote significant with regards to controls, bThese denote significant with regards to prediabetic, 
cThese denote significant with regards newly detected DM.
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Table 3. Correlation of blood organochlorine pesticides level with biochemical parameters in the study group

Parameter Correlation BMI Waist Hb1Ac Fasting PP TC TG HDL-C Insulin HOMA-IR

α-HCH P value 0.001 0.39 0.48 0.84 0.79 0.73 0.77 0.30 0.97 0.90

r 0.24a –0.06 0.05 0.01 0.02 0.02 0.02 –0.07 –0.003 –0.009

β-HCH P value 0.005 0.66 0.22 0.01 0.00 0.83 0.50 0.03 0.00 0.002

r 0.21a 0.03 0.09 0.19b 0.29a –0.02 –0.05 –0.16b 0.26a 0.23a

γ-HCH P value 0.12 0.49 0.76 0.64 0.93 0.78 0.43 0.22 0.49 0.54

r 0.11 –0.05 –0.02 0.03 0.006b 0.021 –0.05 –0.09 0.05b 0.05b

Aldrin P value 0.001 0.16 0.05 0.05 0.007 0.73 0.45 0.89 0.05 0.08

r 0.23a 0.10 0.15b 0.14 0.20a –0.02 0.06 –0.01 0.14 0.13

Dieldrin P value 0.88 0.82 0.00 0.00 0.00 0.89 0.85 0.04 0.008 0.003

r 0.01 0.02 0.27a 0.26a 0.31a –0.01 –0.01 –0.15b 0.19a 0.22a

o,p’-DDE P value 0.31 0.84 0.56 0.85 0.63 0.55 0.30 0.33 0.04 0.34

r –0.08 0.01 0.04 0.01 0.04 –0.04 0.07 –0.07 0.15b 0.07

p,p’-DDE P value 0.96 0.47 0.006 0.22 0.00 0.77 0.48 0.56 0.11 0.44

r 0.004 0.05  0.20a 0.09 0.26a 0.02 0.05 0.04 0.12 0.06

p,p’-DDD P value 0.43 0.96 0.44 0.84 0.49 0.46 0.37 0.37 0.73 0.93

r 0.06 0.004 –0.06 0.01 0.05 –0.05 –0.07 –0.07 –0.03 –0.007

BMI, body mass index; HbA1c, glycosylated hemoglobin; PP, postprandial; TC, total cholesterol; TG, total triglycerides; HDL-C, high-density 
lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; HCH, hexachlorocyclohexane; DDE, dichloro-diphe-
nyl-dichloroethylene; DDD, dichloro-diphenyl-dichloroethane.  
aP≤0.01, bP≤0.05.
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tolerance by 2.63, 2.83, and 2.49 times respectively (Table 4). 
Also, when OCPs data was adjusted for age and BMI (Model 2) 
again β-HCH (OR, 2.70; 95% CI, 1.38 to 5.29), dieldrin (OR, 
2.83; 95% CI, 1.46 to 5.52), and p,p’-DDE (OR, 2.55; 95% CI, 
1.29 to 5.02) blood levels were found to increase the risk of in-
sulin resistance and glucose intolerance by 2.70, 2.83, and 2.55 
times respectively. Moreover, after adjusting OCPs for TG and 
TC (Model 3), β-HCH (OR, 2.88; 95% CI, 1.45 to 5.71), diel-
drin (OR, 2.71; 95% CI, 1.39 to 5.31), and p,p’-DDE (OR, 2.63; 
95% CI, 1.33 to 5.19) blood levels were found to increase the 
risk factors for newly detected DM by 2.88, 2.71, and 2.63 
times respectively. Likewise, when adjusted for demographic 

parameters like food habit, fat, and drinking water (Model 4), 
β-HCH (OR, 2.40; 95% CI, 1.18 to 4.87), dieldrin (OR, 2.18; 
95% CI, 1.10 to 4.33), and p,p’-DDE (OR, 1.76; 95% CI, 0.89 to 
3.51) blood levels were found to increase the risk factor of 
newly detected DM by 2.40, 2.18, and 1.76 times, respectively 
(Table 4).

When we adjusted the OCPs data for BMI categories, we 
have found that risk is strongly associated with subjects having 
higher BMI, i.e., BMI ≥23 and ≤25 and >25 kg/m2 (Table 5).  
When OCPs data was adjusted for BMI ≥23 and ≤25 kg/m2, 
β-HCH (OR, 1.80; P=0.012), dieldrin (OR, 1.95; P=0.046), 
and p,p’-DDE (OR, 1.29; P=0.050) blood levels were found to 

Table 4. Multiple logistic regression models for the concentration of OCPs and risk of diabetes 

Parameter
Model 1 Model 2 Model 3 Model 4

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

α-HCH 1.19 (0.64–2.19) 0.579 1.17 (0.63–2.19) 0.685 1.12 (0.60–2.08) 0.719 1.31 (0.67–2.52) 0.427

β-HCH 2.63 (1.35–5.12) 0.004a 2.70 (1.38–5.29) 0.004a 2.88 (1.45–5.71) 0.002a 2.40 (1.18–4.87) 0.015b

γ-HCH 1.14 (0.62–2.12) 0.674 1.22 (0.64–2.32) 0.545 1.08 (0.58–2.02) 0.806 0.92 (0.48–1.75) 0.398

Aldrin 1.45 (0.76–2.76) 0.263 1.60 (0.81–3.17) 0.176 1.49 (0.77–2.86) 0.232 0.97 (0.50–1.88) 0.934

Dieldrin 2.83 (1.46–5.49) 0.002a 2.83 (1.46–5.52) 0.002a 2.71 (1.39–5.31) 0.004a 2.18 (1.10–4.33) 0.025b

o,p’-DDE 1.23 (0.67–2.27) 0.506 1.23 (0.66–2.27) 0.520 1.31 (0.70–2.43) 0.398 1.16 (0.61–2.23) 0.643

p,p’-DDE 2.49 (1.28–4.85) 0.007a 2.55 (1.29–5.02) 0.007a 2.63 (1.33–5.19) 0.005a 1.76 (0.89–3.51) 0.050b

p,p’DDD 0.77 (0.42–1.42) 0.398 0.81 (0.43–1.51) 0.506 0.81 (0.43–1.49) 0.494 1.14 (0.59–2.19) 0.698

Model 1: crude ratio; Model 2: adjusted for age and body mass index; Model 3: adjusted for triglycerides and cholesterol; Model 4: adjusted for 
demographic data. 
OR, odds ratio; CI, confidence interval; HCH, hexachlorocyclohexane; DDE, dichloro-diphenyl-dichloroethylene; DDD, dichloro-diphenyl-di-
chloroethane.
aP≤0.01, bP≤0.05. 

Table 5. Multiple logistic regression models for the concentration of OCPs and risk of diabetes  based on the BMI categories

Parameter
BMI <23 kg/m2 BMI ≥23 and ≤25 kg/m2 BMI >25 kg/m2

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

α-HCH 0.60 (0.09–3.98) 0.597 1.78 (0.87–3.64) 0.109 0.36 (0.06–2.15) 0.262

β-HCH 1.80 (0.85–3.80) 0.012a 4.00 (0.50–24.98) 0.191 10.05 (1.36–43.05) 0.024a

γ-HCH 1.50 (0.23–9.79) 0.672 0.97 (0.48–1.97) 0.947 0.52 (0.067–4.0) 0.529

Aldrin 1.50 (0.37–12.8) 0.347 0.80 (0.38–1.66) 0.550 0.40 (0.03–5.25) 0.485

Dieldrin 1.40 (0.19–2.43) 0.738 1.95 (0.95–3.98) 0.046a 7.00 (0.97–30.57) 0.050a

o,p’-DDE 0.90 (0.13–6.08) 0.914 1.50 (0.74–6.05) 0.262 0.375 (0.61–4.30) 0.290

p,p’-DDE 1.33 (0.14–7.37) 0.800 1.29 (0.59–8.82) 0.050a 10.66 (1.38–36.03) 0.013a

p,p’-DDD 2.40 (0.29–10.78) 0.416 1.21 (0.59–3.45) 0.601 1.78 (0.28–11.1) 0.538

Model crude ratio. 
BMI, body mass index; OR, odds ratio; CI, confidence interval; HCH, hexachlorocyclohexane; DDE, dichloro-diphenyl-dichloroethylene; 
DDD, dichloro-diphenyl-dichloroethane.
aP≤0.05. 
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increase the risk of developing newly detected DM by 1.80, 
1.95, and 1.29 times, respectively. Also, when we adjusted for 
BMI >25 kg/m2, we have found the risk of developing newly 
detected DM by 10.05, 7, and 10.66 times, respectively. This 
further confirms that β-HCH, dieldrin and p,p’-DDE increase 
the risk of developing newly detected DM. 

DISCUSSION 

The present study showed the recent trend of OCPs in human 
blood sample and also identified its associated risk of develop-
ing newly detected DM (which is the primary stage of diabe-
tes) with altered glucose intolerance, lipid dysfunction, and in-
sulin resistance in the North Indian population. This study also 
showed that OCPs level in blood was strongly correlated with 
insulin resistance with varying degrees of glucose intolerance, 
even after adjustment for confounding factors like; BMI (≥23 
and ≤25 and >25 kg/m2), TC, age, and serum TG. This study 
also observed the level of pesticide responsible for developing 
prediabetes and its further expansion to newly detected DM. 
Human beings are exposed to OCPs through air and water 
contaminated with industrial waste as well as through agricul-
tural goods and consumer products [16]. However, continuous 
use of OCPs without proper safety measures also causes accu-
mulation of OCPs residue in the human body [17]. Various 
epidemiological studies also showed the positive association of 
OCPs with T2DM [18,19]. 

To investigate, we have analyzed 300 blood samples divided 
into three groups as cases (prediabetes and newly detected 
DM) and control (NGT). In the present study, we have found 
significantly high levels of β-HCH in prediabetes and newly 
detected DM group when compared to controls. This is in line 
with earlier studies reported high OCPs level in T2DM as com-
pared to the control group [20-23]. A higher level of β-HCH 
represents a current exposure that is either through polluted 
air, food, drinking water. Although, a public health program 
has completely banned the usage of these pesticides in India 
since April 1997 HCH is still in use in developing countries 
like India and China, and it is likely to affect health chronically. 
As HCH is the most stubborn OCP and get cleared from the 
body very slowly as compared to other isomers, it is easily de-
tected in human blood.

In the present study, we have also found that the level of diel-
drin in prediabetes and newly detected DM groups were high-
er in comparison to the control group and showed a significant 

association with HbA1c, glucose tolerance and insulin resis-
tance. The findings of this study were in support of a previously 
reported study by Post et al. [24], 2010 that increased level of 
HbA1c in the blood was significantly correlated with the high 
level of dieldrin in the human body [24,25]. Various rigorous 
agricultural activities cause leakage and seepage of OCPs (al-
drin, HCH, DDT, and its metabolites, etc.) into water bodies 
and soil which may enter into the human body and may dam-
age the normal functioning of the body [26]. Further, the con-
tinuous increase of environmental pollutants in the human 
body may lead to the disruption of the normal functioning of 
the body and may result in the occurrence of various kind of 
diseases [5]. The type of pesticide, duration and route of expo-
sure, and the individual health status (e.g., age, BMI, fat, drink-
ing water, nutritional deficiencies, and healthy/damaged skin) 
are determining factors for the level of pesticides in the body.

In the study, levels of p,p’-DDE in the blood of prediabetes 
and newly detected DM group was also higher as compared to 
the control group (Fig. 1). This observation has been support-
ed by an earlier report by Son et al. [27]. The occurrence of 
metabolites of DDT in serum showed the presence of DDT in 
the environment. Although, DDT was banned by various 
countries but still it is in use for various vector control pro-
grams. The half-life of p,p’-DDT and its metabolites have been 
assumed to be 6 to 7 years [28]. DDT has a long half-life with 
bioaccumulation and magnification properties and also persis-
tent so it can still be detected in the environment [29]. OCPs 
and their other metabolites were assumed to impart a higher 
risk of increasing T2DM and other associated problems [30]. 
So, monitoring blood OCPs level from time to time is neces-
sary to maintain human health and to minimize the problems 
associated with it. 

As indicated by this study, higher levels of OCPs in blood 
disturb the glucose plasma levels, insulin resistance and disrupt 
β-cells which increases the risk of developing diabetes. We 
have found a strong positive correlation of β-HCH, dieldrin, 
and p,p’-DDE with glucose F and PP, insulin, and HOMA-IR 
in the blood which showed that these may be somehow associ-
ated with each other (Table 3). In demographic data, we have 
found that non-vegetarians, fat intake, and groundwater were 
positively and significantly associated with the increased level 
of OCPs in human blood. As obesity is a major risk factor for 
T2DM and excess fat consumption is directly related to obesity 
development. DDT tends to get stored in body fat and it was 
also showed by correlation and regression in this study. Fat and 
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age have a strong protective effect on storing OCP in the hu-
man body. Various studies confirmed that p,p’-DDE was the 
most expected residue among all the pesticides found in high-
fat products. In comparison to the southern part of India, 
North India has a high consumption of ghee and dairy prod-
ucts [31,32]. In the present study, we have also found that food 
habits and fat have a significant association with blood OCPs 
level (Supplementary Figs. 1 and 2). This observation has been 
supported by and Tuomi et al. [33] in 2005 and Sladek et al. 
[34] in 2007. Higher OCPs level in the blood of prediabetes 
and diabetes group and its strong correlation with F, PP, lipid, 
insulin, and HOMA-IR again confirms that continuous expo-
sure of OCPs via environmental exposure (i.e., food, fat intake, 
drinking water, and air) may tend to increase the OCPs load in 
the human body which may increase the risk of developing di-
abetes by disturbing various biological functions within the 
body. So, the government needs to implement some very 
strong regulations on the illegal use of DDT and HCH.

Further, the result of multivariate logistic regression analysis 
in this study confirmed that β-HCH, dieldrin, and p,p’-DDE 
levels in the prediabetes and newly detected DM group were of 
dominant influence on human health especially with people of 
higher age, BMI (>25 kg/m2), fat, and lipid. Changes in lipid 
level and glucose metabolism were strongly interrelated with 
the OCPs exposure [35-37]. Disruption during the main phase 
of development can lead to susceptible changes in tissue, ex-
pression of a gene or other genetic composition that may lead 
to long-term or permanent dysfunction. This may result in in-
creased vulnerability to chronic diseases such as obesity, meta-
bolic syndrome, diabetes, cardiovascular diseases, and varying 
types of cancer [38]. This study also concludes that OCPs may 
play a major role in the disruption of the biological functioning 
of the body which in turn associated with the development of 
T2DM risk in the North Indian population. This study gives a 
recent trend of OCP in human blood and its outcomes on bio-
chemical parameters which are one of the important aspects 
for maintaining public health. This study also has a few limita-
tions. First, because of the small sample size, stratified analysis 
was not possible and maybe some associations were chance 
findings. Second, confirmation of the cause-result relationship 
with this study is not possible. 

In conclusion, the study concludes that high OCPs level in 
the blood may lead to glucose intolerance and insulin resis-
tance which may cause the risk of developing T2DM. Also, 
high OCPs level in the body of patients with higher BMI indi-

cate that patients with higher BMI have higher risk of develop-
ing T2DM after a certain period. This study also showed the 
level of OCPs in blood are associated with the risk factors re-
sponsible for the conversion of prediabetes to newly detected 
DM such as lipid metabolism, insulin resistance, and glucose 
intolerance among North Indian population. OCPs level pres-
ent in the environment may be considered as one of the major 
factors for metabolic and endocrine disruptions and might 
play a crucial role in the etiology of diabetes. Future studies 
should encourage the estimation of OCPs through the route of 
exposure such as ingestion, inhalation and dermal contact and 
its correlation in blood levels, lipid, HbA1c, and glucose ho-
meostasis to better understand the mechanism behind these 
endocrine changes.
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