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Oxidative stress is an important pathogenetic mechanism for the development of type 
2 diabetes mellitus (T2DM) and its complications. Oxidative stress is an imbalance of 
the generation of free radicals (reactive oxygen species [ROS] and reactive nitrogen 
species [RNS]) and their neutralization by the antioxidant mechanisms. Increased lev-
els of ROS and RNS lead to damage of lipids, proteins, and DNA, ultimately causing the 
destruction of the islet cells of pancreas through apoptosis. Another important factor 
in the development of diabetes mellitus and metabolic syndrome is inflammation. We 
studied oxidative stress in type 2 diabetic patients, patients with obesity, metabolic 
syndrome, and T2DM with iron-deficiency anemia. The elevation of oxidative stress in 
these conditions along with the increase in inflammation suggests that both oxidative 
stress and inflammation may heighten the risk for the development of T2DM and its 
complications.

Abstract

Keywords
 ► oxidative stress
 ► diabetes mellitus
 ► obesity
 ► anemia

DOI https://doi.org/ 
10.1055/s-0039-1698544 
ISSN 0379-038X.

©2019 National Academy of 
Medical Sciences (India)

Introduction

Type 2 diabetes mellitus (T2DM) is a rapidly increasing prob-
lem in India. The prevalence has been estimated at 8.8%.1 This 
has been attributed to an underlying high genetic risk, which 
is abetted by the environmental factors of obesity, lifestyle, 
and stress. The role of the initiating factors like  oxidative 
stress and inflammation has been studied in T2DM. The risk 
factors of the metabolic syndrome, which is one of the main 
pathogenetic factors apart from insulin deficiency, should be 
the target to address before the onset of glucotoxicity and 
lipotoxicity. Metabolic syndrome encompasses a cluster of 
risk factors like glucose intolerance, hyperinsulinemia, dys-
lipidemia, and clinical features such as increased abdominal 
circumference, acanthosis nigricans, and polycystic ovarian 
disorder. Variations in the definitions have led to difficulties 
in determining the prevalence of  metabolic syndrome in the 
population.2

In the progression of metabolic syndrome to T2DM, there 
are inherent genetic factors, like polymorphism of the apo-
lipoprotein E4, aldose reductase, angiotensin converting 
enzyme, and toll receptor genes. The initiating events include 

inflammation, oxidative stress, activation of protein kinase C, 
selectins, vascular cell adhesion molecules and interleukins, 
tumor necrosis factor α and nuclear factor kappa β (NF-κB) and 
nitrotyrosine. If these initiating events are not targeted early, 
they progress to functional and pathologic changes of lipotox-
icity and glucotoxicity to diabetes and its complications.3

Oxidative stress is a state in which there is an excessive 
generation or incomplete removal of reactive oxygen rad-
icals (ROS) and reactive nitrogen species (RNS), resulting in 
the damage to cellular macromolecules by these reactants. 
The ROS include superoxide, hydrogen peroxide,  hydroxyl 
 radicals, and singlet oxygen and RNS include nitric oxide 
and peroxynitrite. In a healthy human being, the endoge-
nous sources of oxidative stress include mitochondria, per-
oxisomes, lipoxygenase, nicotinamide adenine dinucleotide 
phosphate oxidase, and cytochrome P450 system; the exog-
enous sources include ultraviolet light, ionizing radiation, 
 chemotherapeutics, inflammatory cytokines, and environ-
mental toxins.4 Low levels of ROS act as physiological and 
 normal cell signaling molecules that mediate cellular differen-
tiation, survival, and metabolism.5 However, increased levels 
of oxidative stress lead to impaired physiological conditions of 
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decreased proliferative response and defective host response. 
A balance is maintained by the antioxidant defenses of enzy-
matic systems of catalase (CT), glutathione peroxidase, super-
oxide dismutase, and nonenzymatic systems of glutathione, 
vitamins A, C, and E and molecules like uric acid and biliru-
bin.5 If the antioxidant mechanism is defective then there is 
cellular damage and specific signaling pathways are affected 
leading to aging, disease, and cell death.

T2DM, Oxidative Stress, and Inflammation
The fundamental abnormality in T2DM is hyperglycemia, 
which is associated with oxidative stress. The metabolic 
pathways induced by hyperglycemia are: the polyol pathway, 
the hexosamine pathway, activation of protein kinase C, and 
the advanced glycation end products pathway; alterations in 
these pathways cause enhanced oxidative stress.6 Increased 
ROS lead to the damage of DNA, lipids, and proteins. As the 
diabetes progresses, the ROS can cause β-cell failure and 
insulin resistance. β-cells are particularly susceptible to ROS 
due to low expression of antioxidants like catalase and super-
oxide dismutase 2.7 Oxidative stress at the cellular level leads 
to pancreatic islet cell damage as well as the microvascular 
complication of the eyes, nerves, and kidney.

Oxidative stress and inflammation associated with obesi-
ty and metabolic syndrome probably contribute to the pro-
gression of the clinical manifestations of the metabolic syn-
drome.8 Insulin has been shown to exhibit anti-inflammatory 
activity: it suppresses several proinflammatory transcription 
factors like NF-κB, Egr-1, and activating protein-1 and their 
corresponding genes that mediate inflammation.8 However, 
insulin resistance would cause the activation of these tran-
scription factors leading to inflammation.

Oxidative Stress in T2DM
To understand oxidative stress in diabetes and the link 
between hyperglycemia and enhanced free radical activity, 
we studied the lipid peroxidation and protein carbonyl lev-
els in diabetics. We studied 60 diabetics and age- and sex-
matched controls. Malondialdehyde, measured as thiobarbi-
turic acid reactive substances; an index of lipid peroxidation) 
and protein carbonyl levels (index of protein damage by free 
radicals), was studied and compared with normal healthy 
individuals. Both malondialdehide (MDA) and protein car-
bonyl levels were significantly increased in the type 2 diabet-
ics. The enhanced lipid peroxidation leads to increase in free 
radical activity and together with protein damage increases 
insulin resistance and cell damage.9,10

Obesity, Metabolic Syndrome, and Oxidative 
Stress
Obesity, a growing problem in India and the world over, is 
associated with oxidative stress and low-grade inflamma-
tion.11 We studied oxidative stress in obesity.

Obese patients were divided into two groups of obesity 
and metabolic syndrome and compared with 30 age- and 

sex-matched controls. As expected, weight, waist and hip 
circumference, and the waist hip ratio were more in patients 
with obesity and metabolic syndrome. The systolic and dia-
stolic blood pressure was also high in patients with  metabolic 
syndrome. In the metabolic parameters, the  triglyceride and 
very low density lipoproteins were significantly more in both 
the obese and the  metabolic syndrome groups and there was 
a trend of increasing cholesterol in the metabolic syndrome 
group but was not significant. We measured lipid soluble 
and water soluble hydroperoxides and the total antioxidant 
capacity. While the water soluble hydroperoxide level was 
 significantly increased in the obese and metabolic syndrome 
patients, the lipid soluble hydroperoxides and total antiox-
idant capacity did not show any change.12 In another study, 
the levels of high-sensitivity C-reactive protein (hs-CRP), a 
nonspecific marker of inflammation was measured in obese 
women and compared with nonobese age-matched controls. 
The enhanced levels of hs-CRP in obese women indicate an 
increase in the levels of inflammation.11 We concluded that 
early identification of at-risk obese patients by markers like 
increased oxidative stress, insulin resistance, inflamma-
tion, dyslipidemia, and some anthropometric parameters 
may decrease the progression of complications of metabolic 
syndrome.

T2DM, Anemia, and Oxidative Stress
Iron-deficient anemia is a common global nutritional dis-
order highly prevalent in the developing countries. There 
is a close association between the metabolisms of iron and 
 glucose: while insulin is required for the uptake of iron in 
cells, in the liver, iron influences glucose metabolism and 
the uptake and metabolism of insulin. Iron plays a direct 
and causal role in diabetes pathogenesis by mediating both 
β-cell failure and insulin resistance. Iron (Fe2+) is a prooxi-
dant and catalyzes the generation of highly reactive hydroxyl 
radical, resulting in damage to cellular macromolecules. Iron 
overload states increase the incidence of T2DM, which may 
be reversed by the reduction of iron load.13 Oxidative stress 
due to the prooxidant role of iron may  contribute to tissue 
damage and enhance the risk for diabetes.13  Iron-containing 
proteins like catalase and peroxidase function as antioxi-
dants and reduction in the levels of iron would impair the 
antioxidant defense system. Hence, the role of iron on oxi-
dative stress in iron deficiency together with diabetes was 
studied. We studied two groups of 30 patients, each having 
diabetes with and without iron deficiency, and compared 
them to normal individuals. We studied the parameters of 
anemia, namely, iron profile, and markers of oxidative stress 
(MDA levels as a  marker of lipid peroxidation and serum uric 
acid levels).14 Serum iron was significantly low in the patients 
with iron deficiency anemia. A significant increase in the 
malondialdehyde levels and decrease in the uric acid levels 
in the iron-deficient diabetic patients when compared with 
diabetics without iron deficiency, were observed. We con-
cluded that diabetes is a state of lower antioxidant defenses 
because in iron deficiency the enzymes involved in the anti-
oxidant defense system would be functionally defective due 
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to decreased levels of iron-containing enzymes like catalase 
and peroxidase, which are important free radical scaven-
gers.15 Thus, iron deficiency also results in enhanced oxida-
tive stress. Elevated serum ferritin levels observed in diabetes 
without iron deficiency suggest the increase in inflamma-
tion. Increased oxidative stress and inflammation progress to 
the development of T2DM and its complications.

Discussion
There are many studies on diabetes and oxidative stress in 
the world literature.16 The association of obesity and oxi-
dative stress has also been studied. Their findings are sim-
ilar to our studies and they have found oxidative stress to 
be increased in obese (independent of glycemic intoler-
ance) and diabetic patients. Although oxidative stress with 
iron overload has been studied extensively, there are few 
reports of oxidative stress in iron-deficiency anemia.15 We 
have found that iron-deficiency with diabetes also leads 
to enhanced oxidative stress due to decreased antioxidant 
levels.

In the presence of hyperglycemia, there is enhanced 
oxidative stress in several tissues. The ROS, in turn, acti-
vate stress sensitive signaling pathways that regulate gene 
expression resulting in the deterioration of the islets β-cells 
of the pancreas, thus resulting in reduced release of insulin.17 
Also, interference with the insulin signaling pathways results 
in the development of insulin resistance.18

Another risk factor of diabetes mellitus is inflammation.17 
The inflammatory condition triggers the development of 
insulin resistance and diabetes mellitus through a very com-
plex mechanism consisting of several kinases and signaling 
pathways.18 Mechanistically, the adipocytes and immuno-
cytes produce various proinflammatory cytokines including 
interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) that 
are involved in the pathogenesis of diabetes mellitus.19 These 
cytokines are involved in the activation of the NF-κB pathway 
leading to serine phosphorylation of insulin receptor sub-
strate resulting in the insulin resistance.20 Further, diabetes 
is also induced by the islets β-cells dysfunctioning caused by 
excessive IL-6 and TNF-α.21

Conclusion
Oxidative stress and inflammation are important pathoge-
netic factors in the initiation of diabetes and its complica-
tions. To control the epidemic of diabetes in our country we 
will have to look at the factors generating oxidative stress for 
primary prevention of diabetes and secondary prevention of 
complication of diabetes.
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