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Investigation of the Relationship Between Antioxidant
Levels and Body Mass Index and Obesity

ABSTRACT

Objective: Today, it is well known that obesity plays a role in the pathogenesis of many
diseases, and one of these mechanisms of action is oxidative stress. There are many studies on
the formation of oxidative stress in obesity, but its effect on young adults (18-35 years old) is
not fully known.

Methods: In this context, we investigated oxidative stress levels by measuring oxidant (MDA)
and antioxidant (SOD) parameters in young adult obese and overweight individuals with ELISA
method. Our hypothesis is that the oxidant parameter (MDA) is high and the antioxidant
parameter (SOD) is low in young adult obese individuals due to oxidative stress.

Results: According to the study results, a statistically significant difference was found in the
SOD and MDA values of overweight individuals (P<.001) and a statistical difference was found
in the SOD and MDA values of obese individuals (P<.05). According to the results of our study,
oxidative stress is high not only in obese but also in overweight individuals. In fact, a higher rate
of oxidative stress was observed in overweight individuals compared to obese individuals.
Conclusion: These data show us the importance of weight control in preventing the
development of diseases by preventing the formation of oxidative stress. With further
research, the effect of oxidative stress in young individuals will be understood more clearly.
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INTRODUCTION

Obesity, characterized by an increase in body weight resulting in excessive fat accumulation,
represents a worldwide social problem? and has been recognized as a key factor in the
pathogenesis of various diseases.? Unfortunately, obesity affects an increasing number of
individuals in developed countries. Recently, obesity has also been found to be associated
with low-grade chronic systemic inflammation in adipose tissue. This is influenced by the
activation of the innate immune system, which promotes a pro-inflammatory state and
Oxidative Stress (OS) in adipose tissue, triggering a systemic acute phase response. Various
chronic diseases are also the result of obesity (e.g., metabolic syndrome, diabetes mellitus,
liver and cardiovascular diseases, and cancer) and are associated with 0S.2 Therefore, it has
been suggested that adipose tissue inflammation in obese patients plays a critical role in the
pathogenesis of obesity-related complications.?

Adipose tissue is an endocrine and storage organ necessary for energy homeostasis. This
tissue, consisting mainly of adipocytes, also contains other cells (e.g. fibroblasts, fibroblastic
pre-adipocytes, endothelial and immune cells)* that secrete hormones and cytokines
(adipokines or adipocytokines) that exert endocrine, paracrine and autocrine effects. In
physiological and pathological conditions, adipokines also induce the production of Reactive
Oxygen Species (ROS), producing OS and, in turn, driving massive, dysregulated production
of other adipokines.> Various mechanisms play a role in creating OS in obesity. OS and
proinflammatory processes are strongly associated.>® Upon activation, many immune cells
produce free radicals and likewise ROS synthesis promotes an inflammatory state. Adipose
tissue is not just a fat depot. It is integral to various physiological functions, including
metabolic regulation and energy storage.®
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ROS (Reactive Oxygen Species) occur under physiological
conditions and in many diseases, causing direct or
indirect damage to different organs; Therefore,
Oxidative Stress (0S) is known to be involved in
pathological processes such as obesity, diabetes,
cardiovascular disease and atherogenic processes. It has
been reported that obesity can induce systemic OS, and
OS, in turn, is associated with dysregulated adipokine
production, which contributes to the development of
metabolic syndrome.* The sensitivity of C-Reactive
Protein (CRP) and other biomarkers of oxidative damage
is higher in individuals with obesity and is directly related
to Body Mass Index (BMI) and body fat percentage, LDL
oxidation and Trigliseride (TG) levels®; On the contrary,
antioxidant defense markers are lower compared to the
amount of body fat and central obesity.>® One study
showed that a diet high in carbohydrates caused a
significant increase in OS stress and inflammation in
people with obesity.’

OS biomarkers such as Malondialdehyde (MDA) and F-2
isoprostanes (F2-1soPs) are products of peroxidation of
polyunsaturated fatty acids. One study showed that BMI
was significantly associated with the concentration of F2-
IsoPs. Additionally, dietary factors were analyzed and it
was observed that fruit consumption was inversely
proportional to the lipid peroxidation level. This same
study found that women showed a higher level of
peroxidation compared to men, which may be due to the
higher percentage of fat they have. Additionally, another
study found a positive relationship between lipid
peroxidation level and plasma cholesterol
concentration.® When obesity persists for a long time,
antioxidant resources can be depleted by reducing the
activity of enzymes such as Superoxide Dismutase
(SOD).? The activity of SOD in individuals with obesity is
significantly lower compared to healthy individuals, with
implications for the development of obesity-related
health problems.° Our hypothesis in our study, based on
the datain the literature, is that obesity creates oxidative
stress, increasing oxidant parameters and decreasing
antioxidant parameters. Additionally, in our study,
overweight individuals will be included and the oxidative
stress status in overweight individuals will be examined.
The results of our study will contribute to the literature
by confirming previous research or presenting different
results.

Obesity occurs when the amount of energy taken from
food exceeds the amount of energy consumed by
metabolism and physical activity. Oxidative stress can be
defined as the disruption of the balance between oxidant
and anti-oxidant systems in favor of oxidant systems,
resulting in the release of lipid peroxidation and reactive
oxygen products (ROS), causing cellular damage in the
organism. The balance between free radical formation

and excretion is important. As a result of a certain
increase in the formation of free radicals in the cell or a
certain decrease in their excretion, oxidative stress
occurs and damages the organism. Increased oxygen
consumption leads to an increase in free radical
production. These free radicals produce enzymatic
(superoxide dismutase, catalase, glutathione
peroxidase) or nonenzymatic (vitamins A, C, E, folic acid,
glutathione, alpha lipoic acid, mixed carotenoids,
coenzyme Q10, various bioflavonoids, uric acid, albumin,
antioxidant minerals) antioxidants. It is neutralized by a
defense system containing Oxidative stress is a critically
important event in the pathogenesis of many diseases.
One of the reasons put forward for the mechanism of
obesity-related increase in oxidative stress is that obesity
increases the metabolic and mechanical workload of the
myocardium. As a negative result of increased oxygen
consumption in the myocardium, mitochondrial
respiration increases and this may lead to the emergence
of ROS.

In the light of these data the aim of our study is,

1. To examine the oxidant (MDA) change between
groups with different Body Mass Index,

2. To examine the antioxidant (SOD) change between
groups with different Body Mass Index,

3. To examine the effects of obesity and overweight on
young adults.

Our aim is to seek an answer to the question of how

serum oxidant/antioxidant levels change as body mass

index increases. According to our hypothesis, we expect

oxidants (MDA) to increase and antioxidants (SOD) to

decrease in serum.

METHODS

Study Design

Our study included 30 people with a Body Mass Index
between 18-25 kg/m?, 30 people with a Body Mass Index
between 25-30 kg/m?, and 30 people with a Body Mass
Index between 30-35 kg/m?, totaling 90 young healthy
adults between the ages of 18-35 living in Artvin. Half of
the individuals in the groups are women (15 people) and
half are men (15 people). In our study, a comparison of 3
groups will be made. People with chronic diseases (acute
renal failure, chronic respiratory failure, nephrotic
syndrome, malignancy), end-stage liver disease, acute
infection, those with any health problems requiring
urgent intervention, smokers, alcohol consumers,
medication users, pregnant women, and those who
consume food supplements were included in the study.
Users were excluded from the study. Ethical approval
was received from Atatlirk University Faculty of
Medicine Clinical Research Ethics Committee with
number B.30.2.ATA.0.01.00/205 dated 30.03.2023.
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Sample collection

Blood samples will be taken after 8 hours of fasting and
serum will be separated by centrifuging at 1250 x g for
10 minutes. Aliquoted sera were stored in the freezer at
-20°C. Frozen samples were gradually thawed just before
analysis on the day of the study. All chemicals and
serums were brought to room temperature (18-26 °C)
before use. Serum samples were analyzed on the same
day and according to standard laboratory methods.

Biochemical Analyzes

MDA Analysis

First, the MDA standard and sample are pipetted into the
Epondorf. After incubating at 96°C for 1 hour, it is cooled,
centrifuged at 16,000 g for 10 minutes, 200 uL of the
upper phase is taken and added to all microplate wells,
with standard solutions of different concentrations
prepared from 1.1.3.3 tetraethoxypropane (200 pumol/L,
100 pumol/L). L, 50 umol/L, 25 pmol/L, 12.5 pmol/L, 6.25
umol/L, 3.125 umol/L) MDA standard graph will be
drawn from the device at 532 nm (Benchmark Plus
Microplate Reader (Biorad, Segrate- Milan, Italy) and
serum MDA concentrations are expressed in umol/L for
all samples.

SOD Analysis

The samples and the Assay reagent are pipetted into the
relevant wells of the microplate, mixed and incubated at
25 °C for 20 minutes. The absorbance of the purple
complex formed after 20 minutes is measured at 560 nm
in a microplate reader (Benchmark Plus Microplate
Reader (Biorad, Segrate-Milano, Italy). The greater the
coloration, the less SOD (since it is inhibited).

- Calculation: SOD activity is calculated with the formula
below and the results are expressed as U/mL

1U: % 50 NBT inhibition

% inhibition: (A blanck - A sample ) x 100
A blanck
SOD (U/mL): % inhibition / (50x 0,01)

Statistical analysis

Determination of the study sample number and power
analysis were performed using the G-Power package
program (Faul, Erdfelder, Lang,; Buchner). The power
calculated as 1-B was taken as minimum 85% in our
clinical study. Data analysis was done in GraphPad Prism
10.3.0 program. Shapiro-Wilk test was performed to
examine the normal distribution of the parameters. The
p value was found to be greater than .05 in both groups
(normal distribution. The results were evaluated within
the 95% confidence interval and the p value <.05 was
considered statistically significant. One Way ANOVA test
was used to compare the groups has been used.

RESULTS

Half of the individuals included in the study are female
and half are male. Demographic information of the
individuals participating in the study is given in Table 1.

Table 1. Demographic information of individuals

Group Age BMI

Number of Number of

(Mean) (MeanzSD) Males (n) Females (n)
Control 21.7 21.81+1.712 15 15
Overweight 21.4 27.02+1.433 15 15
Obese 23.3 32.39+£1.894 15 15

In overweight individuals, SOD levels were significantly
lower (P<.01) while MDA levels were significantly higher
(P<.01). In similar, in obese individuals, SOD levels were
significantly lower (P<.05) while MDA levels were
significantly higher (P<.05). SOD and MDA values of the
groups are given in Table 2.

Table 2. Serum SOD and MDA levels in overweight and obese
control group

Group SOD Levels PvalueMDA Levels P
(Mean (Mean value
(U/mL) £ SD) (umol/L)%SD)

Control 107.7+£9.917 - 3.192+1.164 -

Overweight 97.97 +12.98* <001 4.246+1.208° <.001

Obese 99.56 + 10.45° <.05 4.090 +1.377° <.05

a: Statistically highly significant difference at the P<.01 level
b: Statistically significant difference at the P<.05 level

When SOD values were compared between groups, a
significant relationship was found between BMI and SOD
values. Again, when MDA values were compared
between groups, a significant relationship was found
between BMI and MDA values. Similar to obese, SOD and
MDA values were observed to change significantly in
overweight individuals. SOD and MDA distributions of

the groups are given in Figure 1.
*
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Figure 1. a) SOD values of individuals (U/mL) b) MDA values of
individuals (umol/L)
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DISCUSSION

Our study evaluated the relationships between BMI and
oxidative stress markers and antioxidant enzyme activity
in a sample of individuals with different body mass
indexes (normal, overweight and obese) in late healthy
individuals. There were higher levels for superoxide
dismutase (SOD) and lower levels for malondialdehyde
(MDA) in normal weight individuals compared to
individuals with higher BMI. Increased MDA and
decreased SOD values observed together with increased
BMI in young adults may be related to oxidative stress
and metabolic disorders. The relationship between
serum antioxidant levels, body mass index (BMI) and
obesity is an area of increasing research interest,
especially due to the effects of oxidative stress in
metabolic disorders. Several studies have identified that
lower serum antioxidant levels are generally associated
with higher BMI and obesity, suggesting that
antioxidants may play a protective role against the
metabolic consequences of excess body fat.>10-12

One of the key findings in this area is that serum
antioxidant capacity is inversely related to BMI. For
example, lower serum antioxidant status has been
shown to be associated with metabolic syndrome, which
is generally characterized by obesity and increased
BMI.12 Research suggests that individuals with higher
BMI tend to have lower antioxidant levels, which may
contribute to the oxidative stress observed in obese
populations. This is consistent with the findings of a
study reporting a significant decrease in total antioxidant
capacity in serum among older adults, which was
associated with increasing BMI.2 These findings suggest
that the body's ability to resist oxidative stress decreases
as body weight increases.

The relationship between serum antioxidant levels,
particularly  superoxide dismutase (SOD) and
malondialdehyde (MDA), and body mass index (BMl) is a
complex interaction that has received significant
attention in recent studies. This relationship is
particularly important in the context of obesity, which is
known to cause oxidative stress and alter the balance
between oxidants and antioxidants in the body.**

Oxidative stress occurs when the oxidative component is
favored in an oxidant and antioxidant system. Reactive
oxygen species, the primary oxidant component in the
human body, are produced during normal metabolic
processes. However, it has been documented that in
excess adiposity, reactive oxygen species levels increase
and exceed the capacity of the antioxidant system,
where the antioxidant enzymes superoxide dismutase
(SOD), glutathione peroxidase (GPx), and catalase (CAT)
play an important role.

Preclinical, clinical and epidemiological studies have
reported the association between metabolic diseases
and oxidative stress through the accumulation of lipid
and protein oxidation products and decreased activity of
antioxidant systems.®

Oxidative stress may result from an imbalance between
increased production of reactive oxygen species (ROS)
and/or decreased antioxidant defenses.>1!
Malondialdehyde (MDA), the main end product of lipid
oxidation caused by ROS, can cause cross-linking
polymerization of proteins, nucleic acids, and other living
macromolecules and cause great damage to the
activities of the mitochondrial respiratory chain complex
and key enzymes in mitochondria. At present, numerous
evidences have confirmed that MDA in blood is an
important indicator of the degree of oxidative damage in
vivo and in vitro.*!

Coversely, SOD, an important antioxidant enzyme that
catalyzes the conversion of superoxide radicals into
hydrogen peroxide and oxygen, tends to be lower in
individuals with higher BMI. This decrease in SOD activity
may exacerbate oxidative stress as the body loses the
ability to neutralize harmful free radicals.!¥*> Studies
have highlighted that lower SOD levels are associated
with increased MDA levels and that there is a negative
correlation between these two biomarkers.'*> When we
look at the literature, we see that BMI| and serum
antioxidant levels are related, similar to the results of our
study; they stated that oxidative stress and decreased
antioxidant  parameters are  associated  with
hyperinsulinemia, hypertension and dyslipidemia
findings and that this oxidative stress state may
contribute to metabolic syndrome and cardiovascular
diseases.!14

Oxidative stress contributes to the pathology of cancer,
cardiovascular diseases, diabetes, neurological disorders
(Alzheimer's and Parkinson's diseases, Down syndrome),
psychiatric diseases (depression, schizophrenia, bipolar
disorder), kidney disease, lung disease (chronic
pulmonary obstruction, lung cancer), and aging.>® The
amelioration/reversal of the harmful effects of oxidative
stress occurs through the coordinated action of
antioxidants. When the literature is examined, it is stated
that the amelioration of the harmful effects of oxidative
stress is carried out by antioxidant enzymes (Superoxide
dismutases-SODs, catalase, glutathione peroxidase-GPx)
and small molecular weight antioxidants (vitamins C and
E, flavonoids, carotenoids, melatonin, ergothioneine,
and others).*®In our study, overweight individuals were
included as well as obese individuals, and serum MDA
and SOD values were significantly higher than those of
normal weight individuals (P<.001).
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Therefore, it can be said that serum antioxidant levels
and oxidative stress levels in overweight individuals are
parallel to those in obese individuals, and this oxidative
stress status may contribute to the pathology of
metabolic syndrome, cardiovascular diseases, diabetes,
neurological disorders, and aging.

In summary, the relationship between serum antioxidant
levels of SOD, MDA, and BMI is characterized by a
consistent pattern of increased oxidative stress in
individuals with higher BMI. In our study conducted in a
healthy young adult sample, MDA and SOD levels were
significantly different in overweight individuals
compared to healthy individuals, parallel to those in
obese individuals. Elevated MDA levels serve as a marker
of oxidative damage, while SOD levels generally reflect
the body's antioxidant defense capacity. Oxidative
damage and antioxidant levels that play a role in
repairing damage in overweight individuals as well as in
obese patients may lead to adverse health outcomes.
The interaction between these markers is influenced by
a variety of factors, including physical activity,
inflammation, and metabolic health. Future research
should continue to explore these relationships to better
understand the health consequences associated with
increased BMI and the implications for potential
therapeutic interventions.
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