
Research Article
Oxidative Stress in Association with Metabolic Health and
Obesity in Young Adults

Grzegorz K. Jakubiak ,1,2 Kamila Osadnik ,1 Mateusz Lejawa ,1

Sławomir Kasperczyk ,3 Tadeusz Osadnik ,1,4 and Natalia Pawlas 1

1Department of Pharmacology, Faculty of Medical Sciences in Zabrze, Medical University of Silesia, Jordana 38,
41-808 Zabrze, Poland
2Department and Clinic of Internal Medicine, Angiology and Physical Medicine, Faculty of Medical Sciences in Zabrze,
Medical University of Silesia, Batorego 15, 41-902 Bytom, Poland
3Department of Biochemistry, Faculty of Medical Sciences in Zabrze, Medical University of Silesia, Jordana 19, 41-808 Zabrze, Poland
42nd Department of Cardiology and Angiology, Silesian Center for Heart Diseases, Marii Skłodowskiej-Curie 9,
41-800 Zabrze, Poland

Correspondence should be addressed to Grzegorz K. Jakubiak; grzegorz.k.jakubiak@gmail.com

Received 11 March 2021; Revised 27 May 2021; Accepted 9 June 2021; Published 28 June 2021

Academic Editor: Jolanta Czuczejko

Copyright © 2021 Grzegorz K. Jakubiak et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Introduction. Obesity is one of the most important public health problems in the world. Among obese people, there are those who,
apart from excessive body weight, do not exhibit other metabolic dysfunctions, have a lower risk of developing cardiovascular
diseases (CVDs), and show lower mortality. According to the theory, they are referred as metabolically healthy obese (MHO), in
contrast to metabolically unhealthy obese (MUO). Metabolic disturbances occurring with obesity have been well established to
be associated with oxidative stress. Aim. The purpose of this study was to analyse the association between selected
anthropometric and biochemical parameters with oxidative stress in MHO, MUO, and normal weight young adults. Material
and Methods. Individuals with age between 18 and 36 years with no history of chronic diseases and use of medicaments, with or
without obesity, participated in the study. Complete blood counts, biochemical measurements, and parameters of oxidative
stress such as total antioxidant capacity (TAC), total oxidative status (TOS), oxidative stress index (OSI), serum concentration
of malondialdehyde (MDA), ceruloplasmin, thiol groups and lipid hydroperoxides (LPH), concentration of lipofuscin (LPS) in
erythrocytes, and the activity of superoxide dismutase (SOD) were measured. Results. 422 patients who met the inclusion criteria
were enrolled in the study. Among the study participants, 208 people (49.29%) were offspring of patients with angiographically
confirmed coronary artery disease. Among the participants, 16 patients have been included in the group of metabolically healthy
obese (MHO) people and 61 patients in the group of metabolically unhealthy obese (MUO) people and 345 patients had normal
body weight. Significant differences between metabolically unhealthy obese and normal weight patients, as well as between
women and men, have been found. Conclusions. We showed significant differences in the selected parameters of oxidative stress
between metabolically unhealthy obese (MUO) individuals and young volunteers with normal body weight as well as without
significant medical history.

1. Introduction

Obesity is a significant risk factor for metabolic disorders
leading to multiple diseases such as diabetes mellitus, cancer,
and cardiovascular diseases [1]. It has been observed that
there is a subgroup of patients, called metabolically healthy

obese (MHO), with no metabolic abnormalities despite
excessive body weight. Patients with metabolic disorders in
the course of obesity belong to metabolically unhealthy obese
(MUO) individuals [2]. According to the current definition,
body mass index (BMI) above 30 kg/m2 allows the diagnosis
of obesity. Obesity causes worsening of quality of life and
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poses economic burden for countries worldwide [3]. The
prevalence rate of obesity increased by 27.5% between 1980
and 2013 [4].

Cardiovascular diseases (CVDs), such as coronary heart
disease and stroke, belong to the most important causes of
mortality worldwide [5, 6]. The incidence of CVDs among
young people has increased past two decades, and it may be
associated with increasing incidence of obesity [7]. Athero-
sclerosis is the main mechanism leading to CVDs [8].
Oxidative stress is suspected to play an important role in
the pathogenesis of atherosclerosis [9].

Oxidative stress results from imbalance between prooxi-
dative and antioxidant factors in favour of prooxidative fac-
tors [10]. Representatives of reactive oxygen species (ROS),
highly reactive radical or nonradical molecules generated in
the course of oxygen metabolism, are superoxide anion,
hydroxyl radical, and hydrogen peroxide [11]. Superoxide
dismutase (SOD), glutathione peroxidase, and catalase are
main antioxidant enzymes in humans [12]. Ascorbic acid,
glutathione, beta-carotene, tocopherols, and tocotrienols
belong to nonenzymatic antioxidants [13]. Reactive oxygen
species can damage macromolecules such as proteins, lipids,
and deoxyribonucleic acid (DNA) [14]. Lipid peroxidation
assessment by measurement of malondialdehyde blood con-
centration is a useful marker of oxidative stress [15]. Oxidative
stress was shown to be a distinctive feature of obesity [16].

Although there is a distinction between MHO and MUO,
research results show thatMHO individuals have a greater risk
of developing cardiovascular diseases and cardiovascular
events than normal weight individuals but less than MUO
individuals. Research on the differences in metabolic status
betweenMUO andMHO individuals may contribute to a bet-
ter understanding of the metabolic heterogeneity phenome-
non in obese people and the pathogenesis of cardiovascular
disease in the course of obesity. It was recently documented
that such abnormalities as increased serum myeloperoxidase
(MPO) activity, nitric oxide (NO) formation, and nitrosative
damage to proteins are associated with the progression of
metabolic disturbances of obesity as well as elevated
ONOO—blood concentration may be a valuable predictor of
development of hypertension and metabolic syndrome in
obese individuals [17].

The purpose of this study was to analyse the association
between selected anthropometric and biochemical parame-
ters with oxidative stress in young healthy adults with and
without obesity and metabolic disturbances.

2. Materials and Methods

Blood samples were taken from healthy volunteers, both
descendants of people with premature angiographically con-
firmed CHD and healthy volunteers from the MAGNETIC
study (Metabolic and Genetic Profiling of Young Adults with
and without a Family History of Premature Coronary Heart
Disease). The detailed recruitment procedure of the MAG-
NETIC study, which was a case-control study, was published
[18]. Individuals were recruited from offspring of patients
hospitalized in the Silesian Centre for Heart Diseases due to
premature CHD and from untreated people aged 18–36 years

without a family history of CHD. From the whole group of
recruited volunteers, we selected obese individuals and those
with normal weight. The group was divided into two sub-
groups: metabolically healthy obese (MHO) persons and
metabolically unhealthy obese (MUO) persons. The control
group constituted of normal weight persons without the met-
abolic syndrome. Criteria of metabolic health according to
Buscemi et al. have been used [19]. Subjects who met at least
two of the following conditions are considered metabolically
unhealthy: (1) systolic blood pressure ðSBPÞ ≥ 130mmHg or
diastolic blood pressure ðDBPÞ ≥ 85mmHg or use of antihy-
pertensive medication; (2) triglycerides ≥ 150mg/dL or use
of lipid-lowering medication; (3) high density lipoprotein
(HDL) cholesterol < 40mg/dL (1.0mmol/L) (men) or < 50
mg/dL (1.2mmol/L) (women); (4) total cholesterol > 200
mg/dL (5.2mmol/L) or use of cholesterol-lowering medica-
tion; (5) glucose > 100mg/dL (5.55mmol/L) or diabetes
mellitus type 2. People who met one or no criterion are con-
sidered metabolically healthy.

Inclusion criteria for the study group were as follows: (1)
age between 18 and 36 years, (2) obesity, (3) no use of medi-
caments, and (4) agreement for participation in trial. Inclu-
sion criteria for the control group were as follows: (1) age
between 18 and 36 years, (2) normal weight, (3) no metabolic
syndrome, (4) no use of medicaments, and (5) agreement for
participation in the trial. Exclusion criteria for both groups
were as follows: (1) age below 18 years or above 36 years,
(2) use of medicaments, and (3) acute or chronic disease.

Blood pressure was measured with a certified automatic
apparatus. Blood samples were obtained from every individ-
ual between 7 am and 9 am, approx. 8–10 h after the last meal.
The serum sample was obtained for oxidative stress analyses
and frozen immediately at -80 C. Complete blood counts
(CBC) were analysed by a Sysmex XE2100 (Sysmex Corpora-
tion, Kobe, Japan). Biochemical measurements were analysed
by a Cobas 6000 (Roche Diagnostics, Indianapolis, IN, USA)
using Roche reagents. The following parameters were
assessed: uric acid, total cholesterol, low density lipoprotein
(LDL) cholesterol, high density lipoprotein (HDL) choles-
terol, triglycerides, and glucose. The measurements were
done in a clinical laboratory. In all patients, the body mass,
height, BMI, waist-hip ratio (WHR), visceral adipose index
(VAI), SBP, and DBP were measured. VAI was calculated
from waist circumference (WC), BMI, triglycerides (TG)
blood concentration, and high density lipoprotein (HDL)
concentration based on the methodology described by
Amato et al. [20] according to the following rules:

Males : VAI =
WC

39:68 + 1:88 × BMI

� �
×

TG
1:03

� �
×

1:31
HDL

� �
,

Females : VAI =
WC

36:58 + 1:89 × BMI

� �
×

TG
0:81

� �
×

1:52
HDL

� �
:

ð1Þ

The thiol (SH) group serum concentration was measured
according to the methodology described by Koster et al. 5,5′
-Dithiobis (2-nitrobenzoic acid) (DTNB) is reduced by
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compounds containing SH groups, yielding the yellow anion
derivative, 5-thio-2-nitrobenzoate, absorbing at a wavelength
of 412nm [21]. An automated PerkinElmer analyser was
applied. Results have been shown as the thiol group concen-
tration per gram of protein.

Total antioxidant capacity (TAC) was determined by the
colorimetric method developed by Erel. Ions 2,2′-azinobis-3-
ethylbenzothiazoline-6-sulfonate change colour, and they are
measured as the modification in absorbance at 660 nm [22].
This procedure was conducted in an automated PerkinElmer
analyser calibrated with Trolox.

The methodology described by Erel has been used to
measure serum total oxidative status (TOS). Oxidizing agents
in an acidic medium cause the oxidation of ferrous ions to
ferric ions. Xylenol orange changes colour in the presence
of ferric ions, and it is measured as the change in absorbance
at 560nm [23]. This assay was conducted in an automated
analyser (PerkinElmer) calibrated with hydrogen peroxide.

Oxidative stress index (OSI) has been calculated as per-
centage ratio of TOS to TAC.

Malondialdehyde (MDA) serum concentration was mea-
sured fluorometrically according to Ohkawa et al. with mod-
ifications. Samples were mixed with 8.1% sodium dodecyl
sulfate, 20% acetic acid, and 0.8% 2-thiobarbituric acid. Sam-
ples were vortexed and then incubated for one hour at 95
Celsius degrees. In the next step, butanol-pyridine 15 : 1
(v/v) was added. The mixture was shaken for ten minutes
and then centrifuged. The butanol-pyridine layer was mea-
sured fluorometrically at 552nm and 515nm excitation (Per-
kinElmer, Waltham,Massachusetts). Tetraethoxypropane was
used as the standard. 2-Thiobarbituric acid-reactive substance
concentration values are expressed as MDA equivalents [24].

Ceruloplasmin (CER) serum concentration has been
determined by the methodology described by Richterich. It
is based on the ability of ceruloplasmin to catalyse the oxida-
tion of p-phenylenediamine to the coloured product which
can be detected spectrophotometrically [25].

Measurements of lipid hydroperoxides (LPH) concentra-
tion were conducted basing on the methodology developed
by Sődergren et al. It is associated with colour change of xyle-
nol orange in the presence of ferric ions, followed by the
addition of methanol and butylated hydroxytoluene (BHT).
The change of absorbance was measured at 560nm in the
Victor X3 automated analyser (PerkinElmer), which was cal-
ibrated with hydrogen peroxide [26].

Concentration of lipofuscin (LPS) in erythrocytes has
been measured according to Jain as fluorescence of the
extraction of erythrocytes in a mixture of isopropanol and
chloroform [27]. Results were shown in relative units (RUs).

The activity of superoxide dismutase (SOD) has been
measured according to the method published by Oyanagui.
In this method, the activity of SOD is negatively proportional
to the concentration of coloured product generated in the
reaction of nitric ions with naphthalene diamine and sulfani-
lic acid. Nitric ions are products in the reaction of superoxide
ions (generating by xanthine oxidase) with hydroxylamine.
Absorbance was measured using an automated PerkinElmer
analyser at a wavelength of 550nm. The enzymatic activity
of SOD was expressed in nitric units (NUs). The activity of

SOD isoenzymes such as MnSOD and CuZnSOD has been
determined using KCN as the inhibitor of the CuZnSOD
activity [28].

The experimental protocol has been approved by the Bio-
ethics Committee at the Institute of Occupational Medicine
and Environmental Health in Sosnowiec (no. 03/2013) and
further extended by the Bioethics Committee at the Medical
University of Silesia (no. KNW/0022/KB1/118/18/19).

Statistical analysis has been performed by Statistica 10
(Statsoft, Tibco). The normality of distribution was checked
with the Shapiro-Wilk as well as Lilliefors test. Spearman’s
rank correlation has been performed for the analysis of corre-
lations between determined parameters in the group of all
participants and for both men and women separately.
Mann–Whitney U test has been used to analyse the associa-
tions of measured parameters with sex. Kruskal-Wallis
ANOVA and post hoc test were used to find differences
between MHO, MUO, and metabolically healthy normal
weight (MHNW) participants. Statistical tests were per-
formed correcting for multiple comparisons (Dunn’s test).
Frequencies of categorical values were compared using the
χ2 test. Box plots and respective tests were prepared in the
R software.

3. Results

422 patients who met inclusion criteria have been enrolled in
the study. In this group, 44.8% (189) were men and 55.2%
(233) were women. The average age was 27:67 ± 4:48 years
in the whole group, 27:69 ± 4:41 years among men and
27:64 ± 4:54 years among women. 16 patients were classified
as metabolically healthy obese people (7 women and 9 men).
61 patients met the definition of metabolically unhealthy
obese (19 women and 42 men). 345 patients were classified
as metabolically healthy with normal weight (MHNW) (207
women and 138 men). Among the study participants, 208
people (49.29%) were offspring of people with angiographic-
ally confirmed CHD (98 men and 110 women). 76 partici-
pants were current smokers (37 men and 39 women), 47
persons were past smokers (27 men and 20 women), and
298 participants had never smoked (125 men and 173
women). Differences between MHNW, MHO, and MUO
individuals in terms of epidemiologic, anthropometric, and
biochemical data are presented in Table 1.

There were significant differences between men and
women in biochemical parameters and unhealthy behaviour
such as alcohol consumption between men and women as
well as the parameters of oxidative stress (Table 2). Oxidative
stress parameters assessed in the study may be divided into
three groups: antioxidant barrier (SH groups, SOD, MnSOD,
CuZnSOD, and CER), parameters associated with total anti-
oxidant/oxidant status (TAC, TOS, and OSI), and oxidative
damage (MDA, LPH, and LPS). In the whole group of partic-
ipants, TOS, OSI, and SOD activities (total SOD, MnSOD,
and CuZnSOD) and LPS and ceruloplasmin concentrations
were significantly higher among women than men. The thiol
group concentration per gram of protein was significantly
lower among women than men. In both males and females,
TAC positively correlated with uric acid concentration.
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Among men, significant differences associated with
metabolic status in LPH and LPS blood concentration
and SOD blood activity (total and CuZnSOD, but not
MnSOD) were observed. LPH concentration in MUO
was higher than in MHNW. LPS concentration was the
highest in MHNW and the lowest in MHO. SOD total
blood activity and CuZnSOD activity were highest in
MHNW (Figure 1, Supplementary table 1). There were
no differences between MHO and MUO regarding
oxidative stress parameters.

Among women, significant differences associated with
metabolic status in SH group concentration per gram of pro-
tein (PSH), TAC, and total SOD activity (but not MnSOD

and CuZnSOD) were observed. TAC was the highest in
MUO and the lowest in MHNW. Total SOD activity was
higher in MHNW than in MUO (Figure 2, Supplementary
table 2).

In men, we observed significant negative correlation
between age and TAC, SOD, and CuZnSOD. The LPS nega-
tively correlated with age, total cholesterol, LDL, triglycer-
ides, BMI, WHR, and VAI while positively with HDL. SOD
activity negatively correlated with triglycerides, BMI, WHR,
and VAI, while opposite correlation was found between the
latter parameters and LPH. TAC was negatively correlated
with age and HDL cholesterol, while positively with triglycer-
ides, uric acid, and VAI (Table 3).

Table 2: Differences between men and women in terms of biochemical and oxidative stress parameters as well as epidemiologic and
anthropometric data.

Variable
Men

Mean (SD) (n (%))/
median (Q1; Q3)

N
Women

Mean (SD) (n (%))/
median (Q1; Q3)

N
p value

U Mann–Whitney/χ2∗

Age (years) 27.69 (4.41) 189 27.6374 (4.54) 233 ns

Alcohol (yes) 159 (84%) 189 155 (67%) 232 0.001∗

Smoking
(i) Current
vs.
(ii) Past
(iii) Never

37 (20%)
27 (14%)
125 (66%)

189
39 (17%)
20 (9%)
172 (74%)

231 ns∗

Family history of premature coronary heart
disease (CHD) (yes)

98 (52%) 189 109 (47%) 232 ns∗

Family history of type 2 diabetes (T2D) (yes) 91 (48%) 189 130 (56%) 232 ns∗

Total cholesterol (TC) (mmol/L) 4.83 (1.06) 189 4.82 (0.86) 233 ns∗

Low density lipoprotein cholesterol
(LDL-C) (mmol/L)

2.98 (0.96) 189 2.70 (0.81) 233 0.0072

High density lipoprotein cholesterol
(HDL-C) (mmol/L)

1.44 (0.35) 189 1.82 (0.44) 232 <0.001

Triglycerides (TG) (mmol/L) 1.32 (1.52) 189 0.91 (0.50) 232 0.00049

Glucose (mmol/L) 5.06 (0.46) 188 4.87 (0.43) 232 <0.001
Uric acid (UA) (μmol/L) 342.63 (64.03) 189 255.67 (55.81) 233 <0.001
Body mass index (BMI) (kg/m2) 25.52 (5.20) 189 22.54 (4.27) 233 <0.001
Systolic blood pressure (SBP) (mmHg) 130.89 (14.64) 189 120.35 (11.79) 233 <0.001
Diastolic blood pressure (DBP) (mmHg) 79.76 (10.58) 189 76.55 (9.45) 233 0.0022

Thiol group concentration (PSH)
(μmol/g protein)

4.39 (4.00; 4.70) 189 4.00 (3.60; 4.20) 233 <0.001

Ceruloplasmin (CER) (mg/dL) 36.10 (31.80; 41.40) 189 45.10 (38.70; 55.10) 233 <0.001
Total antioxidant capacity (TAC) (mmol/L) 1.02 (0.950; 1.130) 189 1.04 (0.940; 1.130) 233 0.905

Total oxidative status (TOS) (μmol/L) 4.70 (3.600; 6.100) 189 5.300 (4.40; 6.950) 232 0.0024

Oxidative stress index (OSI) (%) 0.45 (0.36; 0.61) 189 0.51 (0.41; 0.67) 232 0.0034

Lipid hydroperoxides (LPH) (μmol/L) 2.39 (1.90; 3.10) 188 2.50 (2.00; 3.10) 232 0.36

Superoxide dismutase (SOD) (NU/mL) 19.63 (18.44; 21.651) 189 21.10 (19.70; 22.70) 233 <0.001
MnSOD (NU/mL) 10.80 (9.77; 11.90) 189 11.40 (10.10; 12.50) 233 0.0015

CuZnSOD (NU/mL) 9.066 (8.10; 10.30) 189 9.80 (8.60; 11.00) 233 0.00026

Lipofuscin (LPS) (RU/L) 190.30 (114.01; 302.30) 189 275.20 (196.40; 350.20) 233 <0.001
Malondialdehyde (MDA) (μmol/L) 1.66 (1.29; 2.06) 186 1.690 (1.310; 2.110) 233 0.52

Mean (SD): mean value (standard deviation) calculated for quantitative features; n (%): the number of people (the percentage of this number in relation to the
subgroup) given in the case of qualitative features; N : size of the subgroup; MHNW: metabolically healthy normal weight individuals; MHO: metabolically
healthy obese individuals; MUO: metabolically unhealthy obese individuals; ns: not significant; Q1: first quartile; Q3: third quartile. ∗χ2 test.
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In women, we observed significant negative correlation
between age and SOD and CuZnSOD, while positive with
TAC and LPS. The LPH positively correlated with triglycer-
ides, SBP, and VAI. TAC was positively correlated with
cholesterol, triglycerides, and uric acid (Table 4).

4. Discussion

Our results show that gender differences have a significant
impact on parameters related to oxidative stress. In some
parameters, we observed a significant trend related to the
number of metabolic disturbances from healthy persons with
normal weight to metabolically unhealthy obese. Comparing
to other studies, our subjects were younger and they were not
treated for any disease.

The strength of our study is undoubtedly the participa-
tion of young people, without a significant medical history
and medication administration. The limitation of our work
is the design and the lack of follow-up which could allow us
to investigate the relationship between selected parameters
of oxidative stress, in the predisposition to develop coro-
nary artery disease. The prospective studies are needed.
The study presented by us is a case-control study; therefore,
it allows only to determine the presence of specific correla-
tions, not a cause-and-effect relationship. Another limita-
tion of the study is the lack of evaluation of oxidative
stress in red blood cells and the lack of oxidative nucleic
acid as well as protein damage. Another limitation is the
lack of one accepted definition of MHO and MUO; thus,
the necessity to choose one of the suggested. We used the
criteria according to Buscemi, which take into account
parameters such as blood pressure, blood glucose concen-

tration, and plasma lipid profile (TG, TC, and HDL-C).
The criteria for the diagnosis of MUO developed by other
authors take into account also other parameters. For exam-
ple, the Karelis criteria and the Wildman criteria include
the value of the homeostasis model assessment of insulin
resistance (HOMA-IR) index [29], which was not calcu-
lated in our study.

4.1. Gender Differences in Terms of Oxidative Stress. Accord-
ing to the results of the study conducted on the healthy
population by Brunelli et al., the state of oxidative stress is
higher in women than in men. In this study, such parame-
ters as diacron reactive oxygen metabolite (dROM) and bio-
logical antioxidant potential (BAP) have been assessed [30].
Higher lipid peroxidation among women has been reported
in the study conducted by Block et al. [31] In the other
study, higher oxidative stress in men than in women mea-
sured by blood concentration of the thiobarbituric acid-
reacting substances (TBARS) and urinary concentration of
8-iso-PGF2α has been documented [32]. Nielsen et al. have
shown that MDA concentration is slightly but significantly
higher in men than in women [33]. The data available in
the literature therefore show discrepancies in the relation-
ship between sex and oxidative stress, which our study also
confirms; however, we have also shown higher intensity of
oxidative stress in women than in men regarding following
parameters: PSH, CER, TOS, SOD, MnSOD, CuZnSOD,
and LPS.

Due to the described differences between men and
women in terms of the parameters of oxidative stress in our
cohort, we decided to analyse the relationship between body
weight and metabolic health status and the parameters of oxi-
dative stress separately for women and men.
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Figure 1: Oxidative stress parameters—differences between men with different metabolic status. MHNW: metabolically healthy normal
weight individuals; MHO: metabolically healthy obese individuals; MUO: metabolically unhealthy obese individuals. Data are presented in
boxes as median, first, and third quartile values. (a) Thiol group concentration; (b) ceruloplasmin; (c) total antioxidant capacity; (d) total
oxidative status; (e) oxidative stress index; (f) lipid hydroperoxides; (g) superoxide dismutase; (h) Mn-dependent superoxide dismutase; (i)
Cu- and Zn-dependent superoxide dismutase; (j) lipofuscin; (k) malondialdehyde.
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4.2. Oxidative Stress in Association with Body Weight and
Metabolic Health

4.2.1. Oxidative Stress Parameters Related to Antioxidant
Barrier. Gol et al. studied the differences in the concentration
of native thiol groups (-SH) and the total concentration of

thiol groups (-SH and -S-S-) between people who lead a sed-
entary lifestyle, people who are overweight or obese, and peo-
ple who exercise regularly. There was no significant
difference between these groups in the native thiol groups.
In terms of the total number of thiol groups, the highest value
was found among people who exercise regularly and the
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Figure 2: Oxidative stress parameters—differences between women with different metabolic status. MHNW: metabolically healthy normal
weight individuals; MHO: metabolically healthy obese individuals; MUO: metabolically unhealthy obese individuals. Data are presented in
boxes as median, first, and third quartile values. (a) thiol group concentration; (b) ceruloplasmin; (c) total antioxidant capacity; (d) total
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Cu- and Zn-dependent superoxide dismutase; (j) lipofuscin; (k) malondialdehyde.
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lowest among people who lead a sedentary lifestyle [34]. In
our study, we assessed the concentration of thiol groups per
gram of protein. In women, the value of this parameter was
decreased both in MHO and in MUO, which implies the
higher intensity of oxidative stress, and was negatively corre-
lated with triglycerides and BMI and there was no association
with uric acid, while in men, the parameter positively corre-
lated with triglycerides and uric acid, while negatively with
HDL cholesterol concentration. Decreased concentration of
reduced thiol groups may be a result of increased oxidative
stress in those individuals and indicated different prooxidant
and antioxidant mechanisms in men and in women.

Alissa et al. published the results of a study aimed at
assessing the relationship between selected parameters of
iron metabolism and dietary iron supply and risk factors
for coronary heart disease among men from Saudi Arabia.
270 men participated in the study: 130 of whom underwent
coronary angiography (<50% stenosis was found) consti-
tuted the study group and 140 persons without grounds for
suspecting coronary artery disease constituted the control
group. There was a significantly higher incidence of such car-
diovascular risk factors as diabetes mellitus, hypertension,
and metabolic syndrome in the research group. People in
the study group were also significantly older than those in
the control group (55:6 ± 1:1 vs. 41:2 ± 1:5 years). It was
found that in the research group, the concentration of cerulo-
plasmin in the blood was significantly higher [35]. In our
study, no significant differences in the concentration of ceru-
loplasmin were found between the groups with or without
metabolic disturbances; however, we observed that it was sig-
nificantly higher in women. Perhaps the increase in cerulo-
plasmin concentration occurs only at a later stage of
metabolic disorder progression than in the population we
studied.

SOD is one of the most important antioxidant enzymes
in the human organism [36]. Baynes and Thorpe suggested
that in response to oxidative stress, cells increase the produc-
tion of this enzyme to prevent mitochondria from oxidative
damage [37, 38]. The function of this enzyme is to catalyse
the dismutation reaction of the highly reactive superoxide
radical anion. SOD occurs in the form of three isoenzymes:
cytosolic CuZnSOD, mitochondrial MnSOD, and extracellu-
lar SOD (EC-SOD). It has been shown that oxidative stress
causes increase in the expression of antioxidant enzymes
such as SOD [39]. The data available in the literature on
the dependence of SOD activity on body weight and meta-
bolic health status are not unequivocal. Isogawa et al. pub-
lished data that gave partially similar conclusions to ours.
According to the results of their study, SOD activity nega-
tively correlates with BMI. They have shown also that lower
SOD activity correlates with increased carotid intima-media
thickness which is a well-known indicator of increased car-
diovascular risk, but on the other hand, existence of carotid
plaque positively correlates with SOD activity [40]. Among
the population we studied, the relationship is even stronger
in obese individuals with a metabolically unhealthy pheno-
type and is slightly greater in women than in men. Yubero-
Serrano et al. showed that the activity of SOD in patients
with two components of metabolic syndrome is signifi-

cantly lower than in patients with three or more concomi-
tant components of the metabolic syndrome. They have
concluded that SOD activity could be the most relevant
biomarker of oxidative stress in patients suffering from
metabolic syndrome [41]. It is noteworthy that in both
above-mentioned studies, mean age of participants was
similar and higher than in our study. Isogawa et al. per-
formed their study on the group of patients in which only
some of the participants had components of the metabolic
syndrome, but Yubero-Serrano et al. enrolled only people
with metabolic syndrome. Farah et al. have shown no
significant difference in SOD activity between MHO and
MUO patients [42]. According to our results, the total
blood SOD activity was significantly lower in MUO than
in MHNW, both in women (difference 6.37%; p = 0:0025)
and in men (difference 11.79%; p = 0:0321). According to
our research, the determination of total blood SOD activity
could be a marker of obesity-related metabolic disorders,
both in women and in men.

4.2.2. Oxidative Stress Parameters Related to Total
Antioxidant/Oxidant Status. The term TAC of plasma or tis-
sue fluid refers to the total capacity to neutralize the prooxi-
dative potential of reactive oxygen species. It is important
that the determination of the TAC takes into account the
synergistic or antagonistic effect of the various antioxidants
present in the plasma or tissue fluid, as opposed to the mea-
surement of the concentration of individual antioxidants
[43]. A high fraction of TAC is attributed to uric acid as the
endogenous antioxidant molecule [44]. That is why we
observed a strong correlation in the whole group.

OSI is the percentage ratio of TOS to TAC. In a study by
Nowicki et al., in which people after cardiovascular events
(study group) and those without a history of cardiovascular
events (control group) participated, no significant difference
was found in OSI between the research and the control
group, as well as no significant correlation was found
between OSI and BMI [45]. Our study also showed no signif-
icant difference in terms of OSI between the MUO, MHO,
and MHNW groups. Romuk et al. conducted a study to
investigate the differences in the parameters of oxidative
stress between patients with ischemic and nonischemic car-
diomyopathy. It has been found that in patients with ische-
mic cardiomyopathy, the TAC value is significantly higher
and the OSI value is significantly lower. There were no signif-
icant differences in TOS. In the study, people with normal
body weight or overweight participated [46]. In obese and
overweight adolescents, TAC and TOS measured in the
plasma and saliva were documented to be higher than in
the control group [47]. Higher BMI was shown to be an inde-
pendent risk factor for the lower total antioxidant status
(TAS) which may be correlated with increased carotid
intima-media thickness in patients with arterial hypertension
[48]. In our study, TAC was significantly higher in obese
women with metabolic diseases, and we found an increasing
correlation of TAC with increasing metabolic disorders,
measured as total cholesterol and triglyceride level. This
may suggest that obesity and related metabolic disturbances
may contribute to the development of coronary artery disease

15Oxidative Medicine and Cellular Longevity



in a young population. In our results, the TAC among MHO
women was 2.91% higher than that among MHNW women,
and the TAC value among MUO women was 10.68% higher
than that among MHNW women (p = 0:0042). Our results
suggest that TAC could be a marker of metabolic disorders
developing in the course of obesity in women, but more
research is needed in this direction.

4.2.3. Oxidative Stress Parameters Related to Oxidative
Damage. Simão et al. conducted a study that compared the
parameters of oxidative stress in patients who had suffered
an ischemic stroke, depending on the coexistence or absence
of features of the metabolic syndrome. In the group of
patients with metabolic syndrome, a significantly higher con-
centration of lipid hydroperoxides and a significantly higher
value of the oxidative stress index were found. In the entire
population studied by us, as well as among men analysed sep-
arately, the concentration of lipid hydroperoxides was signif-
icantly higher in metabolically obese patients (MUO) but, as
already mentioned, without significant differences in OSI
[49]. As shown in this study, MUO subjects had increased
hydroperoxide lipid levels compared to MHNW and MHO
individuals. It has been previously demonstrated that hydro-
peroxides derivatives are the main primary products of lipid
oxidation, particularly in several human inflammatory
diseases including diabetes, hypertension, dyslipidaemia,
and metabolic syndrome [50, 51].

Lipofuscin is a conglomerate of highly oxidized proteins
and lipids considered to be a marker of cell aging. Oxidative
stress plays a role in the formation of lipofuscin [52]. There is
not a large amount of data elucidating the clinical relevance
of LPS measurement in metabolic syndrome. Cazzola et al.
have documented that overweight and obesity are associated
with increased LPS content in erythrocytes. Taking into
account the overall results of this study, it is probably associ-
ated with increased lipid peroxidation and the making of
aldehydes promoting the formation of cross-links between
proteins and phospholipids. Only metabolically healthy
females have been enrolled into the study [53]. Our results
are therefore not fully comparable as we showed a downward
trend for LPS content with increasing metabolic abnormali-
ties. Further studies are needed to better understand the role
of LPS as a possible marker of oxidative stress in the course of
metabolic disorders.

Research shows that metabolically healthy obesity
(MHO) is not a permanent condition. Echouffo-Tcheugui
et al. showed that in a four-year follow-up, 43% of MHO
women and 46% of MHO men develop disorders that allow
them to qualify as metabolically obese patients (MUO)
[54]. Moreover, even obese people who are metabolically
healthy have an increased health risk. According to the
results of the meta-analysis carried out by Zheng et al.,
MHO individuals have a significantly higher risk of cardio-
vascular events than metabolically healthy normal weight
people (MHNW) (RR 1.5; 95% CI 1.27–1,77) [55]. Bell
et al. demonstrated an increased risk of developing type 2
diabetes in this population [56], and Arnlöv et al. showed
an increased risk of developing CVD [57]. The state of
MHO should therefore not be regarded as completely normal

but rather as a transition period between the state of health
and the development of overt metabolic syndrome, as well
as a condition associated with an increased risk of morbidity.

4.3. Can Supplementation of Antioxidants Be a Useful
Direction in Therapy? The results presented in this study
show that obese people with metabolic disorders show more
disturbances in the parameters of oxidative stress than people
with normal body weight without metabolic disorders. The
literature suggests the usefulness of many nutraceuticals with
antioxidant properties in obese patients, but much of the
information on this topic is based mainly on the results of
basic research [58]. Recently, the role of isoflavones in the
prevention and therapy of type 2 diabetes has been described
in detail [59], as well as the properties of phytoestrogens in
the context of their use in the prevention of obesity and the
resulting disorders [60]. However, it should be noted that this
subject is of great interest, and in recent years, the results of
clinical trials and meta-analyses evaluating the importance
of antioxidant supplementation in the context of the treat-
ment of obesity and related metabolic disorders have been
published. Suliburska et al. presented the results of a random-
ized, double-blind study, which showed that a 3-month sup-
plementation of green tea extract has a positive effect on body
weight, lipid profile, blood glucose concentration, and TAS in
obese people, as well as on zinc and magnesium metabolism
[61]. A systematic review and meta-analysis of clinical trials
showed that spirulina supplementation is associated with
weight loss in obese subjects [62]. Saffron has documented
beneficial effects on waist circumference and fasting blood
glucose [63]. The supplementation of certain nutraceuticals
with antioxidant properties has a beneficial effect on the met-
abolic status of obese people and may be considered in the
treatment of obese people. However, it should be remem-
bered that such an approach should be of an auxiliary nature
and cannot replace a lifestyle change, including a rational diet
and exercise, leading to weight loss.

5. Summary

Our findings suggest that metabolically unhealthy obese
patients have more pronounced oxidative stress parameters
comparing to those with normal weight without metabolic
disturbances. The significant differences between men and
women may imply different mechanisms leading to oxidative
stress and its complications. Our results are partially con-
firmed by the studies that have been conducted so far, which,
however, mainly concerned patients with already developed
disease entities, which are complications of obesity.

An important achievement of our research is the demon-
stration that the total SOD activity is statistically significantly
lower in MUO compared to MHNW in both women and
men, while the TAC value increases significantly in MUO
women. Our study involved young people, untreated for
chronic diseases; therefore, these parameters of oxidative
stress could be considered for use in clinical practice as early
markers of the development of metabolic disorders with
weight gain. More research is needed. These results show that
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obesity is always a pathological condition, despite the lack of
specific disease entities already developed.
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