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1. INTRODUCTION
Diabetes mellitus is a systemic disorder where the body cannot syn-
thesize enough insulin or can’t use insulin due to organ resistance. 
The progressive loss of β-cells is caused by increased glucotoxicity, 
lipotoxicity, endoplasmic reticulum–induced stress, and apoptosis 
seen in type 2 diabetes mellitus (T2DM).1–5 The pathogenesis of 
T2DM is implicated by both peripheral insulin resistance (IR) and 
dysfunctional insulin secretion by pancreatic β-cells.1–3

IR has traditionally been associated with T2DM. IR leading 
to decreased glucose uptake and utilization and in the liver leads 

to increased hepatic glucose production. Worsening IR causes 
the β-cell to fail to compensate, leading to impaired glucose tol-
erance and frank diabetes. The exact pathophysiology of IR is 
not clear, but it possibly involves a combination of genetic and 
environmental factors. These factors may result in changes in 
the number of insulin receptors, their af!nity for insulin, or a 
defect in post-receptor signaling or a combination of these.

Paraoxonase-1 (PON-1) is a member of a family of proteins, 
the genes for which are clustered in tandem on the long arms of 
human chromosome-7 and is synthesized mainly in the liver, and 
a fraction is secreted into the plasma, where it is coupled with 
high-density lipoproteins (HDLs). It has antioxidant functions 
when it binds to the HDL particles and prevents the oxidation 
of low-density lipoprotein (LDL), which possibly plays a role in 
the hindrance of atherosclerosis and coronary artery disease.6

It appears to be a bidirectional relationship between PON-1 
and diabetes, suggesting diabetes reduces PON-1 levels, and the 
PON-1 gene polymorphisms causing a risk of diabetes develop-
ment.7 In T2DM, glycation has a major impact on PON-1 activ-
ity contributing to the typical in"ammatory process leading to 
its manifestations and complications. PON-1 also protects the 
plasma membrane from free radical injury.8 Reduction in PON-1 
activity is considered to be a major cause of dysfunctional HDL in 
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Abstract
Background: Diabetes mellitus is a metabolic disorder characterized by hyperglycemia due to defects in insulin secretion, insulin 
action, or both. Chronic hyperglycemia induces reactive oxygen species and increases oxidative stress. Human serum paraoxo-
nase-1 (PON-1) is an enzyme synthesized in the liver, and it is an antioxidant enzyme with a beneficial role in fighting oxidative 
stress. The objective of the study was to compare PON-1 activity in type 2 diabetes mellitus (T2DM) and nondiabetics, as well as 
to find the association between PON-1 activity and different insulin resistance (IR) models in diabetics.
Methods: The cross-sectional study recruited 100 diabetic and 100 age and gender-matched controls. Fasting blood glucose, 
insulin, and C-peptide, were assayed. PON-1 activity was measured by the spectrophotometric method. Various insulin resist-
ance models based on insulin and C-peptide were constructed using appropriate formulae. Receiver operating characteristic was 
constructed to find if PON-1 can be a good marker for diabetes.
Results: PON-1 activity was found to be significantly higher (p < 0.0001) in diabetics compared to controls. Highly significant 
hyperinsulinemia (p < 0.0001) was noted in diabetics. C-peptide levels were significantly lower in cases (p = 0.0215) as compared 
to controls. Homeostasis model assessment (HOMA)-IR C was insignificantly higher in cases. HOMA B cell, HOMA 1% B cell, 
and C-peptide–based IR (CIR) were significantly lower in cases (p < 0.0001 and p = 0.002), respectively, as compared to controls.  
An odds ratio of 3.15 was obtained, which suggests that the risk of T2DM is 3 times higher in subjects with elevated PON-1 levels. 
Chi-square showed a significant association (p = 0.0001) between DM and PON-1 levels; the chi-square statistic value (with Yates 
correction) was 14.49. Correlation data showed that PON-1 activity had a significant negative correlation with quantitative insulin 
sensitivity check index (r = −0.265, p = 0.019). A significant negative correlation (r = −0.22, p = 0.016) was also seen between 
PON-1 and CIR (HOMA-IR C). There was no significant correlation seen between PON-1 and other IR models.
Conclusion: It can be concluded from our study that PON-1 activity is elevated in T2DM patients, which can be a beneficial marker.
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patients with T2DM, which has been suggested to lead to acceler-
ated atherosclerosis and thereby ampli!ed mortality due to CAD.9 
Hyperglycemia induces oxidative stress directly by depleting nat-
ural antioxidants and facilitating the production of reactive oxy-
gen species; the caring effects of PON-1 activity in opposition to 
the peroxidation of LDL particles have been guessed to be more 
important in T2DM patients than in nondiabetic subjects.10

Altered PON-1 levels in metabolic syndrome and IR may be 
contributing factors for the development of T2DM. Estimation 
of PON-1 levels may be a useful diagnostic marker for the pre-
diction of T2DM in subjects with IR and metabolic syndrome.11 
We hypothesize that PON-1 is an antioxidant enzyme, the activ-
ity of which may be elevated or decreased depending on the oxi-
dative stress status. The alterations in PON-1 levels are mainly 
to balance the preoxidant-antioxidant balance.

The study was planned with the main aim of !nding the asso-
ciation between PON-1 and IR and also to assess if PON-1 can 
be a useful marker to predict diabetes mellitus in insulin-resist-
ant subjects.

The study was designed with the following objectives:

To compare PON-1 levels in patients with T2DM and nondiabetics.
To compare different IR models in patients with T2DM and 

nondiabetics.
To !nd the association between PON-1 and IR.

2. METHODS

2.1. Study design
The cross-sectional study was conducted in the Department 
of Biochemistry. Institutional ethics committee approval was 
sought before starting the study. Informed consent was obtained 
from the subjects.

2.2. Inclusion and exclusion criteria
Hundred T2DM patients (18–65 years), diagnosed as per 
American Diabetics Association 2016 guidelines were included 
as cases. Hundred age and gender-matched nondiabetics, healthy 
volunteers, or those having health packages undergoing surgery 
were considered as controls.

Alcoholics, diagnosed cases of acute and chronic hepatitis, 
other liver disorders, or any other systemic illness were excluded 
from the study.

2.3. Sample collection and analysis
Two milliliters of fasting venous blood sample was collected 
using aseptic precaution. The blood sample was centrifuged at 
3000 rpm for 10 minutes, and serum was separated. Fasting blood 
glucose was estimated using a fully automated chemistry analyzer, 
Cobas C-311. Fasting insulin and C-peptide levels were assayed 
by ELISA. Various IR models with serum insulin and C-peptide 
values were constructed using suitable formulae (Table 1).12 IR 
was calculated by the homeostasis model assessment (HOMA).

PON-1 activity was assayed using a spectrophotometric 
method.10

2.4. Statistical analysis
Statistical analysis was carried out using SPSS 23. Comparison 
of fasting blood sugar, PON-1, insulin, C-peptide levels, and 
various IR models was done using the Mann-Whitney U test. 
Spearman’s correlation was used to !nd the correlation between 
PON-1 and various IR models. The receiver operating charac-
teristic curve was used to evaluate the performance of PON-1 as 
a marker of T2DM. A Chi-square test was done to !nd the asso-
ciation between PON-1 and IR. Odds ratio was calculated to 
assess the risk of T2DM in patients with elevated PON-1 levels.

3. RESULTS
PON-1 activity was found to be signi!cantly higher (p < 0.0001) 
in T2DM compared to controls (Table  2). Highly signi!cant 
hyperinsulinemia (p < 0.0001) was noted in T2DM. Insulin-
based HOMA-IR was also higher in T2DM (p = 0.015). HOMA 
B cell, HOMA 1% B cell, and quantitative insulin sensitivity 
check index (QUICKI) were very signi!cantly low (p < 0.0001) 
in cases (Table 2).

C-peptide levels were signi!cantly lower in cases (p = 0.021) 
as compared to controls. IR models based on C-peptides were 
also calculated. HOMA-IR C was insigni!cantly higher in cases. 
HOMA B cell C, HOMA 1% B cell C, and C-peptide IR (CIR) 
were signi!cantly lower in cases (p < 0.0001 and p = 0.002), 
respectively, as compared to controls (Table 2).

A correlation study showed that PON-1 activity had a signi!-
cant negative correlation with QUICKI (r = −0.265, p = 0.019). 
A signi!cant negative correlation (r = −0.22, p = 0.016) was also 
seen between PON-1 and CIR (HOMA-IR C). There was no sig-
ni!cant correlation seen between PON-1 and other IR models.

On analyzing receiver operating characteristic (ROC), the 
area under the curve (AUC) was found to be 0.688 with a 
sensitivity and speci!city of 70.8% and 56.5%, respectively, 
with a cutoff PON-1 value of 0.745 nmol/mL/min (Fig. 1). 
ROC was constructed between PON-1 and HOMA-IR, con-
sidering HOMA-IR >2.4 as IR. AUC was 0.562, sensitivity 
was 56.4%, and speci!city was 50% (Fig. 2).

An odds ratio of 3.15 was obtained, which suggests that the 
risk of T2DM is 3 times higher in subjects with elevated PON-1 
levels. Chi-square showed a signi!cant association (p = 0.0001) 
between DM and PON-1 levels; the chi-square statistic (with 
Yates correction) was 14.49.

Table 1
IR models12

HOMA-IR
(Fasting glucose × fasting insulin)/22.5; insulin expressed  

in μU/L, glucose in mmol/L

HOMA B cell 20× insulin/(fasting blood glucose−3); FBS in mmol/L
HOMA B 1% 20× insulin/fasting plasma glucose−3.5; FBS in mmol/L
QUICKI 1/(log G + log I)
CIR 20/(glucose × C-peptide); glucose and C-peptide in mmol/L

CIR = C-peptide based insulin resistance; FBS = fasting blood sugar; HOMA = homeostasis model 
assessment; IR = insulin resistance; QUICKI = quantitative insulin sensitivity check index.

Table 2
Comparing PON-1 activity and insulin-based IR models of type 
2 diabetes mellitus and nondiabetics

Parameters, unit  Case  Controls  p

FBS, mg/dL 192.32 ± 8.72 101.6 ± 1.503 <0.0001
Insulin, mIU/L 25.93 ± 5.43 11.67 ± 1.46 0.0002
HOMA-IR 6.72 ± 1.07 3.05 ± 0.39 0.015
HOMA B cell 49.54 ± 12.9 87.17 ± 10.7 <0.0001
HOMA 1% B cell 59.05 ± 14.19 108.62 ± 13.69 <0.0001
QUICKI 0.305 ± 0.004 0.36 ± 0.008 <0.0001
HOMA-IR C 0.93 ± 0.11 0.31 ± 0.02 0.14
HOMA B cell C 4.77 ± 1.27 28.96 ± 2.204 <0.0001
HOMA 1% B cell C 5.95 ± 1.27 10.70 ± 1.83 <0.0001
CIR 4.99 ± 0.65 7.60 ± 1.51 0.042
PON-1, U/mL 0.919 ± 0.03 0.66 ± 0.04 <0.0001

CIR = C-peptide based insulin resistance; FBS = fasting blood sugar; HOMA = homeostasis model 
assessment; IR = insulin resistance; PON-1 = human serum paraoxonase-1; QUICKI = quantitative 
insulin sensitivity check index.
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4. DISCUSSION
Our results suggest that PON-1 levels were increased signi!-
cantly in T2DM as compared to controls. The study by Suvarna 
et al reported that T2DM patients with complications have 
signi!cantly decreased HDL-C and PON-1 activity.13 A study 
by Ferretti et al showed a signi!cantly lower PON-1 activity in 
type 1 diabetes mellitus (T1DM).14 Lowered PON-1 activity was 
reported by Abbott et al in both T1DM and T2DM patients.15 
Contradictory results are also available, as Beer et al found no 
signi!cant difference in PON 1 activity and concentration in the 
diabetic group when compared to impaired fasting glucose and 
controls.16

PON-1 hydrolyses proin"ammatory oxidized lipids, which 
are present in oxidized low-density lipoprotein, and destroys 
their atherogenic characteristics, and it also decreases the 
accumulation of lipid peroxidation products.17,18 The enzyme 
plays a role in decreasing oxidative stress. PON-1 is an impor-
tant endogenous free radical scavenging system in the human 
body.18

In T2DM, due to hyperglycemia, free radicals are gener-
ated, increasing oxidative stress. This is proven to be one of the 
mechanisms for the development of complications in T2DM.19 
T2DM is associated with elevated pro-oxidants and hence 

increased oxidative stress. As PON-1 is an antioxidant and has 
a protective role, its elevation in our cases could be a defensive 
mechanism to combat oxidative stress.

Kota et al have reviewed several studies reporting low PON 
activity in T2DM contributing to a greater risk of atherosclero-
sis and cardiovascular disease.20 However, some of these stud-
ies reported no difference in PON activity between T2DM and 
nondiabetics.15,19,21

Other studies have also found a signi!cant decrease in PON 
activity in T2DM patients with microvascular complications 
when compared to patients with no complications.15,22

Hyperinsulinemia observed in T2DM patients is an important 
marker of IR. This could be due to the exaggerated response of 
the pancreas to insulin insuf!ciency or IR. Homeostatic model 
assessment for IR (HOMA-IR), which describes glucose-insulin 
homeostasis, has been elevated in diabetics. Markers of basal 
insulin secretion by β-cells of the pancreas, HOMA B cell, and 
HOMA1% B cell were decreased in cases, suggesting the low-
ered insulin-secreting capacity by β-cells. Lowered QUICKI indi-
cates low insulin sensitivity in cases.

A negative correlation was observed between PON-1 and 
QUICKI, as well as C-peptide–based HOMA-IR (HOMA-IR C) 
in our study.

Fig. 1 Receiver operating characteristic for human serum paraoxonase-1 as a marker of diabetes mellitus.

Fig. 2 Receiver operating characteristic for human serum paraoxonase-1 as a marker of insulin resistance.
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Oxidative stress has been recognized as a key mechanism 
in inducing IR. There are various mechanisms of oxidative 
stress in T2DM. NADPH oxidase 4 (NOX4) is a powerful oxi-
dizing enzyme that produces reactive oxygen species (ROS). 
Hyperinsulinemia results in a shift in the signaling pathway 
at PI3-kinase. PI3-kinase phosphorylates Rac instead of phos-
phatidylinositol 4,5-bisphosphate, which ampli!es the activity 
of NOX4.23 As a result, ROS levels increase, further activate 
pathways that divert glucose transporter type 4 to lysosomes, 
instead of the cell membrane. This hinders glucose transport, 
and hyperglycemia persists. This explains the negative correla-
tion between PON-1, QUICKI, and HOMA-IR C. Lesser the 
insulin sensitivity, the more is the oxidative stress and hence 
higher is the PON-1 activity to combat free radicals.

A signi!cant association between PON-1 activity and dia-
betes mellitus, as well as three times higher risk of T2DM in 
subjects with elevated PON-1 levels, supports the mutual or 
bidirectional association between PON-1 and T2DM.

A reciprocal relationship between PON-1 and diabetes, so that 
diabetes reduces PON-1 levels, and the PON-1 genotype may 
additionally have a role in the risk of T2DM development.7 PON-1 
may have a protective effect on the β-cells against high-concen-
tration glucose cytotoxicity and may play a role in the secretion 
of insulin from these cells.24 In this context, Lee and colleagues25 
indicated that the cell-permeable fusion proteins PEP-1–PON-1 
play a bene!cial role in protecting β-cells from cytokine-induced 
cytotoxicity and restoring insulin secretion through alleviating 
oxidative/nitrosative stress, in"ammation, and ER stress, and it 
might be an effective method to decrease the destruction and dys-
function of pancreatic β-cells in autoimmune diabetes.

A study by Gluzer et al has demonstrated that PON-1 
decreases fasting blood glucose levels, improves glucose toler-
ance, as well as the HOMA estimation of IR, and increases the 
sensitivity of peripheral tissue to insulin.26

ROC analysis in our study showed low sensitivity, speci!city, 
as well as AUC for PON-1 as a marker of T2DM, as well as IR.

However, PON-1 can be a good marker to predict T2DM in 
insulin-resistant individuals.

In conclusion, it can be concluded from our study that PON-1 
activity is elevated in T2DM patients, which might be bene!cial. 
A strong association between PON-1 activity and T2DM sug-
gested that PON-1 might be a marker to predict T2DM.
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