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Abstract: Obesity is one of the factors leading to the development of atherosclerosis. This metabolic 
disorder is associated with an increased production of reactive oxygen species, which affect the 
oxidative stress levels. The aim of this study was to evaluate oxidative/antioxidative status and 
to investigate the correlation between redox markers and anthropometric parameters and body 
composition in adult patients after myocardial infarction and in individuals without a cardiovascular 
event in the past. Descriptive data on socio-demographic, clinical, and anthropometric features and 
blood samples were collected and categorized into two equal groups: after myocardial infarction 
(study group (SG), n =  80) and without a cardiovascular event (control group (CG), n =  80). 
The oxidative/antioxidative status was assessed in plasma on the basis of total oxidative/capacitive 
status (PerOx), total antioxidative status/capacity (ImAnOx), and oxidized low-density lipoprotein 
(oxLDL). The oxLDL was significantly higher in the CG group compared to the SG group (p =  0.02). 
No significant differences were found with regard to PerOx and ImAnOx values between the groups 
studied. A significant positive correlation between PerOx and percentage of adipose tissue (FM%) and 
body adiposity index (BAI) was found in the two studied groups. ImAnOx significantly positively 
correlated with visceral adiposity indexes(VAIs) in SG and FM% in CG. OxLDL negatively correlated 
with body mass index and waist to hip circumference ratio in CG. The total oxidative/antioxidative 
status is related to the amount of adipose tissue and the BAIs of the subjects. It was observed that it 
correlates more frequently with the visceral distribution of body fat.

Keywords: oxidative status; antioxidant status; oxidative stress; cardiovascular diseases;
overweight; obesity

1. Introduction

Cardiovascular diseases (CVDs) constitute a major health problem worldwide, and reducing
mortality due to these diseases and their consequences is one of the important priorities for healthcare
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industries in the developed countries [1]. Atherosclerosis underlies most CVDs and is a disease 
that is characterized by multifactorial etiopathogenesis [2]. The origin and course of atherosclerosis 
is strongly influenced by oxidative stress in blood vessel walls, which is defined as an imbalance 
between the production of reactive oxygen species (ROS) in cells and the antioxidant capacity of 
the organism [3]. Oxidative stress is responsible for causing oxidative damage to lipids, proteins, 
and nucleic acids, and results in the modification of their structures and functional properties [4,5]. 
ROS include small and highly reactive compounds— such as free radicals, containing an unpaired 
electron;e.g., a peroxide anion (O2- ) anda hydroxyl radical (OH )— and hydrogen peroxide (H2O2), 
which is not a free radical. Physiologically, ROS participate in many important cellular processes, such 
as growth, proliferation, differentiation, apoptosis, gene expression regulation, protein phosphorylation, 
and immune defense mechanisms. However, in the case of oxidative/antioxidative balance disorders, 
ROS are produced in excess and contribute to many pathological processes involved in the formation 
and progression of atherosclerosis. There are three types of ROS activities. Oxidative stress induces 
strong oxidation and causes damage to proteins, lipids, phospholipids, cell membranes, and DNA, 
thus contributing to cell dysfunction and destruction. ROS produced in excess react with nitric oxide 
(NO), which impairs the bioavailability of NO, and thus weakens the vasodilatation function of the 
endothelium. Moreover, ROS modulate the activity of many cellular proteins and signal pathways 
(redox signaling), thus inducing specific acute or chronic changes in the phenotype and functioning of 
the cells [6 ]. The sources of ROS in the cell include: respiratory chain, xanthine oxidase, uncoupled 
endothelial NO synthase, cyclooxygenase, myeloperoxidase, andlipoxidase [7]. Among these sources, 
enzymes belonging to the NADPH oxidase family seem to be the key enzymes responsible for ROS 
production in the cells of vascular walls [6 ]. M any studies have demonstrated that oxidative stress 
is associated with CVDs and that many atherosclerosis risk factors influence the level of oxidative 
stress [8- 10].

Obesity, i.e., an excessive accumulation of adipose tissue, is considered to be one of the CVD 
risk factors, and at the same time, a factor influencing oxidative stress level [11,12]. Adipose tissue, 
the organ that affects energy homeostasis of the organism, is mainly composed of adipocytes and 
other cells (e.g., fibroblasts, fibroblastic pre-adipocytes, and endothelial and immune cells) that secrete 
hormones and cytokines (adipokines or adipocytokines), which subsequently exert endocrine, paracrine, 
and autocrine effects in the organism. Production of excess energy results in energy accumulation in 
adipocytes, hypertrophy of adipose tissue, and its hyperplasia. Obesity alters metabolic and endocrine 
functions of adipose tissue and leads to increased release of hormones, fatty acids, and proinflammatory 
molecules that contribute to obesity-related complications [13]. In physiological states, and even 
more so in pathological ones, adipokines induce ROS production, affecting oxidative stress formation. 
Several mechanisms are involved in the development of oxidative stress in obese individuals, and the 
mechanisms related to oxidative stress formation are strongly associated with pro-inflammatory 
processes that cause endothelial damage and excessive formation of free radicals. The presence of 
excessive adipose tissue was found to be a source of pro-inflammatory cytokines, including tumor 
necrosis factor alpha, interleukin (IL)-1p and IL-6 [14], C-reactive protein, leptin, and resistin [15].

The formation of ROS and NO is an inseparable phenomenon accompanying biochemical changes 
occurring in the human body, which under hemostasis conditions have developed mechanisms to 
protect biomolecules against the harmful effects of free radicals. Protective functions are performed by 
enzymes like peroxide dismutase, catalase, and glutathione peroxidase; water; fat-soluble antioxidants 
(e.g., glutathione, ascorbate (vitamin C), a-tocopherol (vitamin E), and p-carotene); and endogenous 
antioxidants (e.g., albumin, bilirubin, and uric acid) [16,17]. Studies show that mitochondria of 
white adipose tissues, especially in obese individuals, are the main sites of ROS generation with 
participation of an increased expression of NDPH and decreased expression of antioxidant enzymes [18]. 
Oxidative damage to important cellular structures is one of the factors responsible for the development 
of obesity-related complications such as atherosclerosis, hypertension, insulin resistance, and type 
2 diabetes [19,20].
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Many markers are currently used to evaluate oxidative and antioxidative status in an individual. 
These include total oxidant capacity (TOC), total antioxidant capacity (TAC); oxidative stress index, 
which expresses the TOC/TAC ratio; and oxidized low-density lipoproteins (oxLDLs), which are lipid 
peroxidation metabolites [21- 24]. Although there are many studies on oxidative stress in obese adults 
in the literature, to our knowledge there are no reports on this topic in the group of patients who 
were hospitalized during the beginning phase of cardiovascular rehabilitation program following 
myocardial infarction and were continuing with motor, diet, and pharmacological therapy. Therefore, 
the aim of this study was to assess the oxidative/antioxidative status and to investigate the correlation 
between redox markers and anthropometric parameters and body composition in adult patients after 
an episode of myocardial infarction and in those who did not suffer from a cardiovascular event 
previously. The first hypothesis was that people without a cardiovascular event in the past have higher 
levels of antioxidative markers and lower levels of oxidative ones. The second hypothesis was that the 
oxidative/antioxidative status is associated with obesity parameters, especially those describing the 
visceral distribution of adipose tissue.

2. Materials and Methods

2.1. Study Design and Population

Based on published research [4,10,21] the study was powered to detect the significant correlation 
equal to 0.33 between oxidative status and anthropometric factors describing the composition of body 
weight. In order to detect the postulated correlation with 80% power using a two-sided, 5% level test, 
a minimum of 70 participants in each group were required for the final analysis. A cross-sectional 
study was conducted during the period from August to December 2017 among 160 adults divided into 
two equal groups: study group and control group.

Study group (SG) included patients, who after suffering from a myocardial infarction were 
hospitalized during the early period of cardiac rehabilitation (up to 14 days after discharge from 
full revascularization) and who continued with physiotherapy, dietary, and pharmacological therapy 
in the "Uzdrowisko Nałeczów" S.A. Health Resort in Nałeczów and in the Railway Health Resort 
Hospital in Nałeczów (in eastern Poland). The study included patients from consecutive rehabilitation 
periods, which were held at 21 or 28 day intervals. All patients in this group were treated with primary 
percutaneous coronary intervention after the first myocardial infarction. The criteria for inclusion 
in the SG were as follows: age 40-65 years;being hospitalized after myocardial infarction;in active 
employment;and provide written consent to participate in the study. Exclusion criteria were as follows: 
renal failure, cancer, history of pulmonary or rheumatic diseases, and ages under 40 years and over 
65 years. Other exclusion criteria included factors that may influence oxidative status, such as infection 
(e.g., respiratory tract infections) and antioxidant vitamin intake.

The control group (CG) included professionally active adults without a cardiovascular event in 
the past but reporting for follow-up examinations to the occupational physician as part of periodic 
examinations. Respondents were recruited from the Provincial Center for Occupational Medicine 
of the Center for Prophylaxis and Therapy in Lublin (eastern Poland). The criteria for inclusion 
in the study were as follows: age between 40 and 65 years, no history of a cardiovascular event, 
low 10-year risk of a cardiovascular event (SCORE index <  5) [25], professional status (working 
person), no chronic diseases (renal failure, cancer, rheumatism, and lung diseases), no cardiovascular 
ailments that could suggest the existence of atherosclerotic CVD, no acceptance of preparations 
modifying the risk of atherosclerosis, and receiving no therapy for hypertension, pre-diabetes mellitus, 
and hypercholesterolemia. The exclusion criteria were as follows: active infection, intake of drugs or 
dietary supplements that may affect oxidative status (e.g., vitamins), and long-term use of fruit and 
vegetable diets only [26] .
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During the initial visit, all participants were investigated using an extensive questionnaire, 
interview, physical examination, and additional tests (anthropometric measurements), and the next 
day after the patient was prepared (12 h of fasting), laboratory tests were carried out.

The research project received a positive opinion from the Bioethics Committee at the Medical 
University of Lublin (KE-0254/197/2017) and was conducted in accordance with the Helsinki Declaration. 
All respondents were presented with the purpose of the study and then asked for written consent to 
participate in the study.

2.2. Blood Sample

Blood samples were taken from the elbow vein of fasting subjects in the morning (07:00-09:00) 
after an overnight rest in two tubes with clotting activator and separating agent (granules) and were 
delivered to the laboratory within 1 h. Samples were stored at 4 °C until the blood sample was 
delivered to the laboratory. The plasma was separated by centrifugation at a rate of 3000 rpm for 
10 min. The serum from one tube was used for biochemical assays, while the serum from the second 
sample was transferred to Eppendorf tubes immediately after centrifugation, then frozen at - 80 °C, 
and stored until the markers of oxidative/antioxidative status were determined.

Centrifuged serum from one of the tubes was used to determine the lipid profile (total 
cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C)), serum glucose, 
and creatinine using standard laboratory methods. Low-density lipoprotein cholesterol was calculated 
from the Friedewald formula (when TG <  400 mg/dL), estimated glomerular filtration rate from 
the Cockcroft-Gault formula, and non-HDL from the non-HDL formula =  TC [mg/dL] -  HDL-C 
[mg/dL] [27].

2.3. Anthropometric Measurements

Anthropometric measurements of body height and weight were performed on all patients. 
Height was measured with the accuracy of 0.1 cm using an altimeter and body weight was measured 
without shoes and top-wear using a platform scale with the accuracy of 0.1 kg. Then, the body mass 
index (BMI) index, defined as body weight in kilograms (kg) divided by the height in square meters 
(kg/m2), was calculated for all subjects [28]. A non-flexible measuring tape was used to measure the 
waist circumference (WC), between the lower edge of the ribbed arch and the upper comb of the hip 
bone, and the hip circumference (HC), at the level of the curve of the larger femur. Both measurements 
were taken in a standing position. Then, the ratios of waist to hip circumference (WHR) and waist to 
height circumference (WHtR) were calculated [29].

The percentage of adipose tissue content (FM%) was assessed using an electrical bioimpedance method 
with a body composition analyzer (OMRON Model BF306) according to the manufacturer's algorithm.

Visceral adiposity indexes (VAIs) and body adiposity index (BAIs) were calculated for all 
respondents on the basis of anthropometric measurements and biochemical results, but VAIs were 
calculated separately for women and men. VAI for women =  (WC/(36.58 +  (1.89 X BMI))) X (TG / 
0.81) X (1.52/HDL); VAI for men =  (WC/(39.68 +  (1.88 X BMI))) X (TG/1.03) X (1.31/HDL) [30], where TG 
represents triglycerides and HDL represents high-density lipoprotein. BAI =  (HC (cm)/height (m) X 1.5) 
-  18 [31,32].

2.4. Determination o f Oxidative/Antioxidative Status Markers

Oxidative stress markers such as total oxidative/capacitive status (PerOx (TOS/TOC)) and 
total antioxidative status/capacity (ImAnOx (TAS/TAC)) were evaluated using the photometric 
technique. The quantitative immunoenzymatic method was used to measure oxidized LDL(oxLDL). 
The determinations were performed by ELISA tests using the original reagents (ImmunDiagnostik, 
Bensheim, Germany).



Int. J. Environ. Res. Public Health 2019,16, 4077 5 of 16

2.5. Statistical Analysis

Continuous variables are summarized by means ±  standard deviations or by medians and 
interquartile ranges (q1-q3). Categorical data are presented as numbers and percentages (%). 
Comparison of variables of interest between clinical and control study groups was done using 
t-tests or Mann-Whitney tests for continuous variables, and we usedthe chi-squared test for categorical 
variables. Due to skewness in the antioxidant values of oxLDL, PerOx values (right-skewed) were 
natural logarithm transformed and the ImAnOx values (left-skewed) were squared. Associations 
between log oxLDL, log PerOx, and the square of ImAnOx and anthropometric variables were assessed 
by linear regression. Multiple liner regression models were performed to take into account the influence 
of gender (model I), age (model II), or smoking status (model III) on tested relationships. All analyses 
were performed in the whole sample and in study and control groups. Statistical analyses were 
performed using IBM SPSS Statistical for Windows, version 25.0 (IBM Corporation, Armonk, NY, USA). 
A p-value <  0.05 was considered to be statistically significant.

3. Results

3.1. Characteristics o f Participants

Table 1 presents the characteristics of the studied groups. The study involved 160 patients who were 
divided into two groups. The mean age in SG was 53.34 ±  4.74 years, and in CG it was 49.25 ±  6.23'years. 
No significant differences were observed in terms of gender, marital status, and family history of CVD 
in the groups studied (p >  0.05). Taking weight parameters into account, the SG was characterized by 
significantly higher BMI, WHR, WHtR, and VAI values (p< 0.05) compared to those observed in CG.

Table 1. Baseline characteristics of the study population.

Variables Study Group (n = 80) Control Group (n =  80) P
Demgraphic data:

Age [years] b 53.34 ± 4.74 49.25 ± 6.23 <0.001
Sex (Female vs. Male) a 22 (27.5) vs. 58 (72.5) 28 (35.0) vs. 52 (65.0) 0.32

Marital status (free vs. in relationship) a 16 (20.0) vs. 64 (80.0) 11 (13.7) vs. 69 (86.3) 0.398

Clinical variables:

Family history of CVD—on the mother's side a 46 (57.5) 42 (52.5) 0.634
Family history of CVD—on the father's side a 49 (61.3) 39 (48.8) 0.153

Diabetes a 19 (24.0) 0 (0.0) <0.001
Arterial hypertensions a 54 (68.0) 0 (0.0) <0.001

Smoking a 25 (31.2) 9 (11.2) <0.001

Anthropometric variables:

BMI [kg/m2] b 28.89 ± 4.91 26.64 ± 4.04 0.002
WC [cm] b 103.9 ± 12.48 93.36 ± 12.50 <0.001
HC [cm] b 105.0 ± 10.83 102.9 ± 7.72 0.15

WHRb 0.99 ± 0.08 0.91 ± 0.09 <0.001
WHtRb 0.60 ± 0.07 0.54 ± 0.07 <0.001
FM% b 31.08 ± 7.71 29.65 ± 7.05 0.22
VAI b 2.12 ± 1.56 1.06 ± 0.7 <0.001
BAI b 28.63 ± 6.44 27.79 ± 4.73 0.35

Biochemical parameters:

Total cholesterol [mg/dL] b 147.81 ± 37.00 221.98 ± 44.22 <0.001
Triglyceride [mg/dL] c 134.52 (103.25-174.35) 102.91 (73.41-141.15) <0.001

HDL-C [mg/dL] b 46.16 ± 11.50 64.05 ± 19.14 <0.001
non-HDL [mg/dL] b 101.50 ± 34.31 157.90 ± 47.22 <0.001

LDL-C [mg/dL] b 70.24 ± 25.86 134.81 ± 42.37 <0.001
Glucose [mg/dL] c 102.51 (97.01-112.01) 102 (97.51-109.51) 0.78

Creatinine [mg/dL] b 0.85 ± 0.15 0.86 ± 0.18 0.97
eGFR [mL/min/1.73 m2] b 93.52 ± 12.56 95.40 ± 13.33 0.35

Date are presented as: a n(%);b mean ± SD; c median (Q1-Q3). BMI: body mass index; WC: waist circumference; HC: 
hip circumference; WHR: waist to hip ratio; WHtR: waist-to-height ratio; FM%: body fat percentage; VAI: visceral 
adiposity index; BAI: body adiposity index; HDL-C: high-density lipoprotein; LDL-C: low-density lipoprotein.
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3.2. Oxidative/Antioxidative Status

Table t  shows the oxidative/antioxidative status in the groupsstudied. There were no significant 
differences in PerOx levels between SG 9nd CG patients, although the median -value of this p arameter 
was higher in CG and amounted to 718.01 |omol/L compared to SG, in which the median value was 
699.44 pmol/L. Similarly, no significant differences were observed en the ImAnOx levels between the 
groups (p =  0.35). However, the higher mtdian od this parameter wao characteristic for SG (293.8 gmol/L) 
compared to CG (276.09 pmol/L). On the other hand, oxLDL was significantly higher in the group 
of patitnts wirhouO a cardiovascular event than in the group of patients after myocardial infarction 
(p =  0.02!).

Figure 1 illustrates a comparison of the oxidative/antioxidative status distribution in gender 
groups and depending; on the smoking status oi the entire sample. Gender oignificantly differentiated 
the overall oxidation/capacity (PerOx) staiuo; higher valuts were found in women compared to men 
(p <  0.001). In other cases, no significant differences were found.

p<0.001 p=0.59 p=0.24

men w omen

Gender

p=0.16 p=0.95 p=0.055

Current Never or former 

Smoking status

Current Never or former 

Smoking status Smoking status

Figure 1. Comparison of the Vistribution of oxfdatien/antioxidative status paromerers between men and 
wemen and smoking status (n =  160). PerOx: total oxidative staius/capacity; ImAnOx: total antioxidative 
statusicapacity; oxLDL: oxidized low-density lieoprotein.

Table 2. Oxidative/antioxidative status markers comparison of studied groups.

Variables Study Group (n =  80) Control Group (n =  80) p

PerOx (TOS/TOC) [pmol/L] 699.44 (379.71-1152.36) 718.01 (298.35-1274.61) 0.77
ImAnOx (TAS/TAC) [pmol/L] 293.8 (246.52-317.92) 276.09 (233.76-333.33) 0.35

oxLDL [ng/mL] 54.25 (36.09-119.34) 75.91 (49.38-143.32) 0.02

PerOx (TOS/TOC): total oxidative status/capacity; ImAnOx (TAS/TAC): total antioxidative status/capacity; oxLDL: 
oxidized low-density lipoprotein.
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3.3. Correlation between Oxidative/Antioxidative Status and Anthropometric Measures

Tables 3- 5 show the relationships between oxidative/antioxidative status and anthropometric 
factors. In simple linear regression models, significant positive associations between PerOx and FM% 
(SG: b =  0.043, p <  0.001; CG: b =  0.042, p <  0.001) and BAI (SG: b =  0.043, p <  0.001; CG: b =  0.058, 
p =  0.01) were found in the two studied groups and among all the respondents (FM%: b =  0.042, 
p <  0.001; BAI: b =  0.048, p <  0.001). Significant negative associations between PerOx and WHR 
(b =  -2 .63 , p =  0.01) and VAI (b =  -0 .184, p <  0.001) were observed in CG and in the whole examined 
population (WHR: b =  -1.769, p =  0.01; VAI: b =  -0.103, p =  0.01). Moreover, in CG group, PerOx was 
negatively related with WC (b =  -0 .02 , p =  0.02). ImAnOx TAS/TAC were significantly and positively 
related with VAI (b =  6176.0, p <  0.001) in SG, with FM% (b =  1431.0, p =  0.04) in CG, and with these 
two parameters in the whole group (VAI: b =  3754.0, p =  0.02; FM%: b =762.0, p =  0.049). OxLDL were 
negatively related with WHR (b =  -2 .37 , p =  0.04) in CG and with WHR (b =  -1 .969, p =  0.01) in the 
whole examined group. After adjustment for age or smoking status, the results were similar to those 
obtained in the simple linear regression models (Tables 1- 3). However, after adjustment for gender, 
the relationships between PerOx and WHR, FM%, WC, and BAI lost statistical significance.

Table 3. Correlation between oxidative/antioxidative status and anthropometric measures in study group.

Variables Model
Log PerOx (TOS/TAC) 

[pmol/L]
Square ImAnOx (TAS/TAC) 

[pmol/L] Log oxLDL [ng/mL]

b (SE) P b (SE) P b (SE) P
0 0.02 (0.019) 0.300 64 (666.0) 0.310 0.009 (0.021) 0.680

BMI I 0.014 (0.017) 0.407 714.9 (669.72) 0.289 0.009 (0.021) 0.661
II 0.015 (0.019) 0.415 735.11 (675.86) 0.280 0.003 (0.021) 0.892
III 0.018 (0.019) 0.335 711.0 (688.23) 0.291 0.008 (0.021) 0.719

0 0.001 (0.007) 0.86 85.9 (392.9) 0.83 0.002 (0.008) 0.78

WC I 0.007 (0.007) 0.33 210.9 (268.3) 0.43 0.002 (0.008) 0.83
II 0.0003 (0.007) 0.97 259.3 (265.5) 0.33 0.0003 (0.008) 0.97
III 0.0008 (0.007) 0.91 250.4 (262.9) 0.34 0.002 (0.008) 0.81

0 -1.43 (1.081) 0.190 60,029.0 (37,916.0) 0.120 -0.999 (1.218) 0.410

WHR I 1.009 (1.174) 0.393 63,250.68 (45,055.06) 0.164 -1.736 (1.439) 0.234
II -1.207 (1.081) 0.268 58,633.78 (38,483.66) 0.132 -0.696 (1.209) 0.567
III -1.358 (1.078) 0.211 58,559.73 (38,063.40) 0.128 -0.950 (1.222) 0.439

0 1.989 (1.23) 0.110 30,831.0 (43,917.0) 0.480 0.797 (1.396) 0.570

WHtR I 1.523 (1.136) 0.184 34,488.18 (44,262.36) 0.438 0.862 (1.412) 0.543
II 1.623 (1.250) 0.198 36,756.69 (45,068.24) 0.417 0.234 (1.404) 0.863
III 1.879 (1.228) 0.130 33,562.45 (44,083.30) 0.449 0.719 (1.403) 0.610

0 0.043 (0.011) <0.001 148.0 (426.0) 0.730 0.013 (0.013) 0.350
I 0.022 (0.015) 0.153 720.46 (597.12) 0.231 0.032 (0.019) 0.092
II 0.040 (0.011) <0.001 195.5 (436.75) 0.656 0.0008 (0.013) 0.570
III 0.041 (0.011) <0.001 195.97 (430.33) 0.650 0.011 (0.014) 0.407

0 -0.055 (0.05) 0.280 6176.0 (1647.0) <0.001 -0.019 (0.057) 0.740

VAI I -0.066 (0.046) 0.153 6277.41 (1650.05) <0.001 -0.018 (0.057) 0.745
II -0.056 (0.050) 0.264 6192.41 (1654.50) <0.001 -0.021 (0.056) 0.706
III -0.034 (0.054) 0.537 6506.22 (1779.96) <0.001 -0.002 (0.061) 0.974

0 0.043 (0.014) <0.001 -255.0 (510.0) 0.620 0.018 (0.016) 0.260

BAI I 0.018 (0.016) 0.260 -67.94 (624.32) 0.914 0.032 (0.019) 0.102
II 0.039 (0.014) 0.008 -199.5 (538.29) 0.712 0.009 (0.017) 0.567
III 0.041 (0.014) 0.004 -209.32 (514.55) 0.685 0.017 (0.016) 0.210

Model 0: simple linear regression; Model I: after adjustment for gender; Model II: after adjustment age; Model III: 
after adjustment for smoking status; b: coefficient form liner regression; SE: standard error;BMI: body mass index; 
WC: waist circumference; WHR: waist to hip ratio; WHtR: waist-to-height ratio; FM%: body fat percentage; VAI: 
visceral adiposity index; BAI: body adiposity index; PerOx (TOS/TOC): total oxidative status/capacity; ImAnOx 
(TAS/TAC): total antioxidative status/capacity; oxLDL: oxidized low-density lipoprotein.
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Variables Model
Log PerOx (TOS/TAC) 

[pmol/L]
Square ImAnOx (TAS/TAC) 

[pmol/L] Log oxLDL [ng/mL]

b (SE) P b (SE) P b (SE) P
0 -0.02 (0.025) 0.410 40.0 (1212.0) 0.970 -0.047 (0.025) 0.060

BMI I 0.010 (0.022) 0.649 735.4 (1226.18) 0.550 -0.043 (0.026) 0.097
II -0.023 (0.025) 0.364 281.0 (1207.22) 0.816 -0.047 (0.025) 0.066
III -0.022 (0.025) 0.382 -60.9 (1210.39) 0.960 -0.047 (0.025) 0.063

0 -0.02 (0.008) 0.02 239.2 (262.2) 0.36 -0.01 (0.008) 0.08

WC I 0.0004 (0.008) 0.96 624.3 (434.5) 0.15 -0.01 (0.009) 0.16
II 0.02 (0.008) 0.01 235.5 (397.3) 0.56 -0.01 (0.01) 0.09
III -0.02 (0.008) 0.02 82.7 (391.5) 0.83 -0.01 (0.008) 0.09

0 -2.627 (1.015) 0.010 25,426.0 (51,798.0) 0.620 -2.373 (1.109) 0.040

WHR I 0.682 (1.153) 0.556 149,410.3 (62,602.48) 0.019 -2.548 (1.388) 0.071
II -3.203 (1.060) 0.003 58,629.4 (53,765.78) 0.279 -2.606 (1.189) 0.032
III -2.619 (1.017) 0.012 26,115.1 (51,603.93) 0.614 -2.337 (1.227) 0.041

0 -1.069 (1.463) 0.470 75,144.0 (71,489.0) 0.300 -2.436 (1.508) 0.110

WHtR I 0.340 (1.283) 0.792 109,285.4 (70,845.72) 0.127 -2.219 (1.534) 0.152
II -1.327 (1.494) 0.383 -1510.8 (789.92) 0.060 -2.474 (1.552) 0.115
III -1.188 (1.470) 0.422 67,786.8 (71,593.44) 0.347 -2.454 (1.515) 0.110

0 0.042 (0.013) <0.001 1431.0 (679.0) 0.04 0.004 (0.014) 0.760
I 0.0005 (0.016) 0.972 881.1 (881.35) 0.321 -0.004 (0.019) 0.618
II 0.045 (0.013) 0.001 1295.21 (681.61) 0.061 0.004 (0.015) 0.783
III 0.0418 (0.0138) 0.003 1292.9 (704.02) 0.070 0.003 (0.015) 0.862

0 -0.184 (0.06) <0.001 -189.0 (3144.0) 0.950 -0.04 (0.065) 0.540

VAI I -0.126 (0.54) 0.022 1361.2 (3158.71) 0.668 -0.028 (0.066) 0.680
II -0.184 (0.060) 0.003 -158.7 (3109.71) 0.959 -0.040 (0.066) 0.548
III -0.183 (0.060) 0.003 -154.2 (3132.82) 0.961 -0.038 (0.066) 0.560

0 0.058 (0.02) 0.01 137.0 (1024.0) 0.180 0.007 (0.022) 0.750

BAI I 0.0001 (0.022) 0.996 192.0 (1257.17) 0.879 -0.010 (0.027) 0.713
II 0.060 (0.020) 0.004 1203.0 (1021.22) 0.242 0.006 (0.022) 0.772
III 0.056 (0.020) 0.007 1181.7 (1039.78) 0.259 0.005 (0.022) 0.831

Model 0: simple linear regression; Model I: after adjustment for gender; Model II: after adjustment age; Model III: 
after adjustment for smoking status; b: coefficient form liner regression; SE: standard error;BMI: body mass index; 
WC: waist circumference; WHR: waist to hip ratio; WHtR: waist-to-height ratio; FM%: body fat percentage; VAI: 
visceral adiposity index; BAI: body adiposity index; PerOx (TOS/TOC): total oxidative status/capacity; ImAnOx 
(TAS/TAC): total antioxidative status/capacity; oxLDL: oxidized low-density lipoprotein.

Table 5. Correlation between oxidative/antioxidative status and anthropometric measures in all participants.

Variables Model
Log PerOx (TOS/TAC) 

[pmol/L]
Square ImAnOx (TAS/TAC) 

[pmol/L] Log oxLDL [ng/mL]

b (SE) P b (SE) P b (SE) P
0 0.003 (0.015) 0.850 561.0 (632.0) 0.380 -0.019 (0.016) 0.230

BMI I 0.011 (0.013) 0.386 646.75 (633.42) 0.309 -0.018 (0.016) 0.252
II -0.001 (0.015) 0.920 752.2 (642.87) 0.244 -0.021 (0.016) 0.199
III 0.003 (0.014) 0.852 561.20 (634.03) 0.377 -0.019 (0.016) 0.241

0 -0.007 (0.005) 0.13 230.7 (215.63) 0.29 -0.09 (0.005) 0.12

WC
I 0.003 (0.005) 0.47 371.1 (228.6) 0.11 -0.008 (0.06) 0.15
II -0.01 (0.005) 0.047 337.7 (224.0) 0.13 -0.01 (0.006) 0.08
III -0.007 (0.005) 0.17 231 (2216.8) 0.29 -0.008 (0.005) 0.15

0 -1.769 (0.669) 0.01 47,355.0 (29,309.0) 0.110 -1.969 (0.742) 0.01

WHR
I 0.740 (0.724) 0.308 99,864.4 (34,768.77) 0.005 -2.426 (0.882) 0.007
II -2.174 (0.685) 0.002 61,337.32 (30,174.96) 0.044 -2.203 (0.770) 0.005

III -1.656 (0.673) 0.015 48,195.28
(296,499.25) 0.106 -1.841 (0.753) 0.016

0 0.443 (0.874) 0.610 59,313.0 (37,497.0) 0.120 -1.167 (0.954) 0.220

WHtR I 0.845 (0.771) 0.275 63,389.59 (37,496.78) 0.093 -0.138 (0.957) 0.236
II 0.069 (0.916) 0.940 81,717.4 (39,115.65) 0.038 -1.405 (1.005) 0.164
III 0.481 (0.870) 0.581 59,362.16 (37,630.96) 0.117 -1.103 (0.952) 0.248
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Table 5. Cont.

Variables Model
Log PerOx (TOS/TAC) 

[pmol/L]
Square ImAnOx (TAS/TAC) 

[pmol/L] Log oxLDL [ng/mL]

b (SE) P b (SE) P b (SE) P
0 0.042 (0.009) <0.001 762.0 (392.0) 0.05 0.007 (0.01) 0.460
I 0.011 (0.011) 0.320 764.13 (520.57) 0.144 0.006 (0.013) 0.664
II 0.041 (0.008) <0.001 785.61 (391.16) 0.046 0.007 (0.010) 0.470
III 0.004 (0.009) <0.001 778.39 (397.22) 0.052 0.005 (0.010) 0.595

0 -0.103 (0.038) 0.01 3754.0 (1639.0) 0.02 -0.045 (0.041) 0.280

VAI I -0.084 (0.033) 0.013 3993.86 (1639.74) 0.016 -0.043 (0.041) 0.039
II -0.110 (0.037) 0.003 3999.9 (1640.06) 0.016 -0.047 (0.042) 0.262
III -0.094 (0.039) 0.018 4081.83 (1710.957) 0.018 -0.030 (0.043) 0.489

0 0.048 (0.011) <0.001 356.0 (517.0) 0.490 0.013 (0.013) 0.320

BAI I 0.011 (0.013) 0.389 -12.94 (624.18) 0.983 0.012 (0.016) 0.433
II 0.046 (0.011) <0.001 437.4 (519.48) 0.401 0.013 (0.013) 0.337
III 0.046 (0.011) <0.001 359.78 (522.24) 0.492 0.011 (0.013) 0.403

Model 0: simple linear regression; Model I: after adjustment for gender; Model II: after adjustment age; Model III: 
after adjustment for smoking status; b: coefficient form liner regression; SE: standard error;BMI: body mass index;
WC: waist circumference; WHR: waist to hip ratio; WHtR: waist-to-height ratio; FM%: body fat percentage; VAI: 
visceral adiposity index; BAI: body adiposity index; PerOx (TOS/TOC): total oxidative status/capacity; ImAnOx 
(TAS/TAC): total antioxidative status/capacity; oxLDL: oxidized low-density lipoprotein.

4. Discussion

The relationship between oxidative stress and CVD is of immense interest to many researchers. 
It was demonstrated that both excessive oxidative stress and inadequate antioxidative defense 
mechanisms may cause an early onset of CVD [33]. Increased oxidative stress markers act in 
synergy with standard risk factors for CVDs [34,35]. In this cross-sectional study, we evaluated 
the oxidative/antioxidative status in parallel groups and examined the correlation between redox 
markers and anthropometric parameters and body composition in the group of adult patients 
undergoing cardiac rehabilitation after suffering from myocardial infarction and in individuals who 
had not suffered from a cardiovascular event in the past. This is probably the first study to evaluate 
the oxidative/antioxidative status of a group of people who enrolled in a cardiovascular rehabilitation 
program following myocardial infarction and in those without a cardiovascular event, during the 
subclinical development of atherosclerosis, and to identify which patients required primary prevention 
(CG) or secondary prevention (SG) based on the risks of cardiovascular complications. The results of 
our study did not confirm the first hypothesis. The markers of oxidative/antioxidative status were 
better indicated in SG than in CG. The second hypothesis was confirmed because our study proved 
that visceral fat distribution is correlated with oxidative/antioxidative status, so management should 
place particular emphasis on weight reduction.

Our study showed that lipid peroxidation (oxLDL) was much stronger in CG than in 
SG patients. The result we obtained were completely different from the results obtained by 
Dominguez-Rodriguez et al. [36], who evaluated nighttime oxLDL and melatonin levels in patients 
with acute coronary syndrome (ACS) and healthy subjects without symptomatic atherosclerosis. In this 
study, the group of patients with ACS had higher levels of oxLDL and lower levels of melatonin than 
CG patients. However, in Renko et al.'s [37] study conducted on a group of 120 men after myocardial 
infarction, whichhad 250 men in the CG, no significant differences between groups were found in 
the oxLDL level. The results of our study wereobtained in a group of patients who, after suffering 
from myocardial infarction were receiving early cardiological rehabilitation, including physiotherapy, 
pharmacotherapy, and dietary treatment. As the literature indicates, the occurrence of myocardial 
infarction leads to the modification of lifestyle-related behaviors to more pro-healthy ones, especially 
in the context of dietary changes [38]. The change of the diet tothe one containing less fat resulted 
in a decrease in oxLDL levels in the group consisting of obese women, which was demonstrated by 
Elizabeth et al. [39] in their study, as well as in the patients who participate regularly in Nordic walking,
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in the study by Cebula et al. [40]. Moreover, higher oxLDL levels in CG in our study may be associated 
with higher levels of LDL-C in this group, because the processes involved in the modification of this 
cholesterol fraction play a key role in the formation of atherosclerotic plaque [41]. The above arguments 
may also influence the results obtained with respect to other markers of oxidative status, such as PerOx, 
which was lower in SG, and antioxidative status, such as ImAnOx, which was higher in CG, although 
these differences were not statistically significant (p >  0.05). In our study, CG was characterized by 
higher blood lipid indices compared to SG (TC, p <  0.001; LDL-C, p <  0.001; and non-HDL, p <  0.001). 
The available literature data indicate a close correlation between the development of atherosclerotic 
plaque, determined by the thickness of the intima-media complex, and the concentration of not only 
TC, but also its individual lipid fractions in blood [42- 45] . A selection of respondents for CG was 
conditioned by the non-administration of preparations modifying the risk of atherosclerosis; therefore, 
it can be assumed that high lipid levels correlate with the development of atherosclerotic plaque, 
and the changes in vascular endothelium are reflected in oxidative/antioxidative disorders.

Drugs taken by the patient are very important for determining the level of oxidative stress. 
The respondents after myocardial infarction were staying in the Health Resort Hospital and each 
of the respondents took their medicines systematically. Some of the drugs are known to influence 
the level of oxidative stress. Aspirin, statins, angiotensin converting enzyme II (Ang II) inhibitor, 
and metformin are commonly used in the secondary prevention of cardiovascular events and treatment 
of concomitant diseases; they also exhibit many pleiotropic effects [46]. The Paseban et al.'s [47] study 
showed that the combined use of the above-mentioned drugs enhances their antioxidant effect. Aspirin 
has an antioxidant effect by reducing the production of free radicals, such as peroxide, and prevents 
a decrease in the activity of antioxidant enzymes (catalase and peroxide dismutase) [48]. Statins, due to 
their antioxidant activity by inhibition of NAD(P)H oxidase and active exchange of free radicals [49- 51], 
reduce chronic inflammation [52], and thus reduce oxidative stress [53]. Ang II inhibitor may selectively 
reduce Ang II, endothelin, and oxidative stress levels, which may potentially play a role in the lowering 
of blood pressure [54] . Moreover, in our sample, 24% of SG patients are diabetics. M etformin is the 
first hypoglycemic drug used in the treatment of patients with type 2 diabetes, and it has been shown 
to reduce ROS by enhancing the activity of antioxidant enzymes [55] .

Studying the relationship between gender and oxidative/antioxidant status is vital, as oxidative 
stress is a factor in the development of numerous diseases, including cardiovascular diseases, and at 
the same time, these diseases occur differently in men and women.It was proven that oxidative stress 
was lower in male rats than in females [56].There was observed as a significant difference in the PerOx 
(TOS/TAC) distribution between males and females in the presented research (Figure 1). Higher values 
were determined in women. Furthermore, significantly higher values of WC, WHR, FM%, and BAI 
characterized female participants (data non shown). The existence of the above significant relationships 
may explain the loss of relationships between PerOx (TOS/TAC), WHR, FM%, WC, and BAI after 
adjusting for gender. Ide et al. [57] showed that biomarkers of oxidative stress in vivo were higher in 
young men than in women of the same age. In other studies, it was observed that ROS production was 
higher in blood vessel cells in men than in women [58], and women were found to have the greater 
antioxidant potential [59] . Other studies indicate that there is a difference in the expression and/or 
activity of antioxidant enzymes between men and women. These enzymes are present in various body 
tissues. In regard to SOD, there is no uniform consensus on gender differences, although it is suggested 
that there may be variances in different tissues. Chen et al. [60] showed that the level of SOD activity in 
brain tissue and lungs was higher in female mice, but there were no significant differences in the level of 
SOD activity between females and males in the kidney and heart. However, Barp et al. [56] established 
that female rats had a higher level of SOD activity in the heart than males. Interestingly, they also 
found that after castration, the level of SOD activity in both male and female rats was significantly 
reduced compared to the control group. The results of the cited researchers indicate that there may be 
a relationship between sex hormones and the level of SOD activity. However, some studies have not 
shown differences in the level of SOD activity between men and women; therefore, there are some



Int. J. Environ. Res. Public Health 2019,16, 4077 11 of 16

differences regarding the association of SOD activity and gender [57,61]. Chan et al. [60] revealed that 
catalase activity in both female and male mice was the same in the brain, lungs, and heart, but higher 
in females in a kidney. However, some studies did not demonstrate differences in the level of catalase 
activity between men and women [56,57,62]. Thus, the studies cited above indicate that gender and 
sex hormones do not affect catalase activity, and thus, the degradation of hydrogen peroxide [63]. 
Several studies have shown that GPx activity was lower in women than in men [56,57,60], although 
there was no significant change in GPx levels after castration, suggesting that sex hormones may not 
affect GPx [56]. The fact that GPx levels were lower in women seems counterintuitive because women 
are thought to be less prone to oxidative stress than men. This observation suggests that women 
possess other mechanisms to protect themselves against oxidative stress. Although there may be some 
differences in the level of antioxidant enzyme activity between men and women, as discussed earlier, 
the difference in antioxidant properties is probably due to estrogen [63]. This sex hormone acts as 
an antioxidant, scavenging free radicals due to the presence of a phenolic hydroxyl group [56]. In the 
presented research, the overall oxidation/capacitance status (PerOx) was higher in women than in men. 
The explanations for this result can be seen in the menopausal or postmenopausal period in which the 
women were examined, which reduced the concentration of estrogens in the studied group.

Obesity is considered to be an important risk factor leading to the development of many diseases, 
such as ischemic heart disease, diabetes, hypertension, dyslipidemia, stroke, and some types of 
cancer [64,65]. This metabolic disorder is associated with an increased ROS production and oxidative 
stress formation. Increased ROS production in obese individuals is associated with an excessive supply 
of macronutrients in the diet, mitochondrial dysfunction, excessive ROS production at the endoplasmic 
reticulum level, and inflammatory response [66,67]. Obesity is one of the factors leading to oxidative 
stress, which in turn leads to atherosclerosis of vessels, and consequently, may lead to myocardial 
infarction. Amirkhizi et al. [68] conducted a study on obese women and found that obesity, even in 
the absence of smoking, diabetes, kidney, and liver diseases, it may reduce protective antioxidant 
mechanisms by increasing systemic oxidative stress.

In our study, anthropometric and physiological measurements (WHR, FM%, VAI, and BAI) 
significantly correlated with the oxidative/antioxidative status in SG and CG patients, as well as 
in the entire sample. Moreover, we discovered several significant correlations between VAI and 
BAI and oxidative/antioxidative status in both groups. In our study, the oxidative/antioxidative 
status was more often correlated with FM%, VAI, and BAI than with BMI. Although BM I is used to 
measure overweight and obesity, it does not take into account factors such as body size and adipose 
tissue distribution. Studies suggest that abdominal obesity is more strongly associated with chronic 
diseases [69,70], because visceral fat secretes several metabolites that cause chronic diseases [71,72]. 
Chrysohoou et al. [73] concluded in their study that the total oxidative capacity (TAC) was significantly 
correlated with the central obesity index rather than with obesity. Visceral fat accumulation (measured 
by computed tomography), as a factor associated with enhanced oxidative state, was also demonstrated 
by Araki et al. [74]. The importance of adipose tissue distribution in the context of oxidative stress 
in obesity was demonstrated by other authors who found a correlation between anthropometric 
parameters (WC and BMI) and the level of oxidative stress activation [75,76].Similarly, in the presented, 
original research, a significant relationship was observed between WC and PerOx (TOS/TAC) in CG. 
Pihl et al. [77] conducted research among former athletes who had ceased their professional activity 
at least 15 years before joining the study. A control group of 54 males and the investigation group 
constituted a study population of 114 men. The study population was divided into a clinical group 
(n  =  60), former competitive athletes who still lead an active lifestyle, and a control group (n  =  54) 
including people who did not practice competitive sports in the past and were not physically active 
at the time of the study. The cited study indicated that oxidized LDL-C had a significant association 
with WC but also with BMI and WHR. Interestingly, this relationship was demonstrated in the control 
group, not in the clinical group, and the correlation analysis among the entire study group showed 
that those relationships were affected by the level of physical activity. Amirkhizi et al. [78] studied
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the relationship between oxidative stress and total antioxidant capacity in a group of women with 
general and abdominal adiposity. Authors established that overweight and obese women were 
characterized by higher plasma malondialdehyde (MDA) levels compared to normal weight women. 
In addition, abdominal obesity was found to be significantly associated with increased plasma MDA 
levels. The authors also established the potential relationship between oxidative stress levels and 
visceral fat distribution. Total plasma antioxidant capacity (TAC) was impaired in participants with 
central and visceral obesity, which confirmed increased MDA levels and reduced TAC plasma levels.

Limitations

Our study has a few limitations. First, it is a cross-sectional study, so neither temporality nor 
causality can be established. Second is the inclusion of a relatively small number of patients fromasingle 
center, especially inregard to patients qualified to be included in SG. The third limitation of our study 
is the use of bioelectrical impedance analysis (BIA), which is an indirect method for the evaluation of 
body composition. However, comparative studies have shown significant correlations between BIA 
data and body composition measured by densitometry (dual-energy X-ray absorptiometry (DXA)), 
which is the golden standard for this type of analysis [79]. Unfortunately, DXA is associated with 
exposure to X-rays, which limitsthe regular use of this method. The fourth limitation of our study 
was the non-inclusion of drugs taken by patients in the analysis of oxidative stress levels in particular 
groups, although the main aim of the study was to assess the parameters related to obesity and 
oxidative/antioxidative status, but these drugs may have influenced the results of the study.

5. Conclusions

To sum up, our study shows that total oxidative/antioxidative status is related to the adipose 
tissue contents and skewness BAIs of the subjects, but it was observed that it correlates more frequently 
with the visceral distribution of adipose tissue. Given the significant association of visceral fat 
distribution with oxidative/antioxidative status, further studies are needed to investigate the impact of 
fat distribution on the risk of cardiometabolic diseases, especially in conjunction with other common 
cardiovascular risk factors.

Author Contributions: G.J.N. and B.S. developed the concept of the study. G.J.N. and M.P. analyzed the data and 
contributed to its interpretation. G.J.N. interpreted the data and wrote the original draft. G.J.N., B.S., and A.P. 
were involved in writing, reviewing, and editing the manuscript. G.J.N., M.C.-K., and E.R.-D. were responsible for 
funding acquisition and supervision. All authors were involved in critically revising the manuscript, and have 
given their approval to the manuscript submitted.

Funding: The research was financed from the own resources of the Medical University of Lublin as part of the 
statutory activity in the area of maintaining research potential (MNmb 615 and DS 519).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Alberti, K.G.; Zimmet, P.; Shaw, J. Metabolic syndrome-a new world-wide definition. A Consensus Statement 
from the International Diabetes Federation. Diabet. Med. 2006,23, 469-480. [CrossRef]

2. Libby, P. Inflammation and cardiovascular disease mechanisms. Am. J. Clin. Nutr. 2006, 83, 456S-460S. 
[CrossRef]

3. Madamanchi, N.R.; Runge, M.S. Redox signaling in cardiovascular health and disease. Free Radic. Biol. Med. 
2013, 61, 473-501. [CrossRef]

4. M artm-Gallan, P.; Carrascosa, A.; Gussinye, M.; Dominguez, C. Changes in oxidant-antioxidant status in 
young diabetic patients from clinical onset onwards. J. Cell. Mol. Med. 2007,11,1352-1366. [CrossRef]

5. Prakash, R.; Singapalli, T. Review of oxidative stress in relevance to uremia. Clin. Queries Nephrol. 2012, 3, 
215-221. [CrossRef]

6. Bryk, D.; Olejarz, W.; Zapalska-Downar, D. The role of oxidative stress and NADPH oxidase in the 
pathogenesis of atherosclerosis. Postęp. Hig. Med. Dosw. 2017, 71, 57-68. [CrossRef]

http://dx.doi.org/10.1111/j.1464-5491.2006.01858.x
http://dx.doi.org/10.1093/ajcn/83.2.456S
http://dx.doi.org/10.1016/j.freeradbiomed.2013.04.001
http://dx.doi.org/10.1111/j.1582-4934.2007.00068.x
http://dx.doi.org/10.1016/j.cqn.2012.06.002
http://dx.doi.org/10.5604/17322693.1229823


Int. J. Environ. Res. Public Health 2019,16, 4077 13 of 16

7. Li, H.; Horke, S.; Forstermann, U. Oxidative stress in vascular disease and its pharmacological prevention. 
Trends Pharmacol. Sci. 2013, 34, 313-319. [CrossRef]

8. Furukawa, S.; Fujita, T.; Shimabukuro, M.; Iwaki, M.; Yamada, Y.; Nakajima, Y.; Nakayama, O.; Makishima, M.; 
Matsuda, M.; Shimomura, I. Increased oxidative stress in obesity and its impact on metabolic syndrome. 
J. Clin. Investig. 2004 ,1 1 4 ,1752-1761. [CrossRef]

9. Pignatelli, P.; Menichelli, D.; Pastori, D.; Violi, F. Oxidative stress and cardiovascular disease: Newinsights. 
Kardiol. Pol. 2018, 76, 713-722. [CrossRef]

10. Klima, Ł.; Kawecka-Jaszcz, K.; Stolarz-Skrzypek, K.; Menne, J.; Fijołek, K.; Olszanecka, A.; Wojciechowska, W.; 
Bilo, G.; Czarnecka, D. Structure and function of large arteries in hypertension in relation to oxidative stress 
markers. Kardiol. Pol. 2013, 71, 917-923. [CrossRef]

11. Marseglia, L.; Manti, S.; D 'Angelo, G.; Nicotera, A.; Parisi, E.; Di Rosa, G.; Gitto, E.; Arrigo, T. Oxidative 
stress in obesity: A critical component in human diseases. Int. J. Mol. Sci. 2 015 ,16, 378-400. [CrossRef]

12. Kisakol, G.; Guney, E.; Bayraktar, F.; Yilmaz, C.; Kabalak, T.; Ozmen, D. Effect of surgical weight loss on free 
radical and antioxidant balance: A preliminary report. Obes. Surg. 2 002 ,12, 795-800. [CrossRef]

13. Weisberg, S.P.; McCann, D.; Desai, M.; Rosenbaum, M.; Leibel, R.L.; Ferrante, A.W., Jr. Obesity is associated 
with macrophage accumulation in adipose tissue. J. Clin. Investig. 2003 ,1 1 2 ,1795-1808. [CrossRef]

14. Fonseca-Alaniz, M.H.; Takada, J.; Alonso-Vale, M.I.; Lima, F.B. Adipose tissue as an endocrine organ: 
From theory to practice. J. Pediatr. 2007, 83, S192-S203. [CrossRef]

15. Shoelson, S.E.; Lee, J.; Goldfine, A.B. Inflammation and insulin resistance. J. Clin. Investig. 2006, 116, 
1793-1801. [CrossRef]

16. Gutierrez-Salinas, J.; Garda-Orffz, L.; Morales Gonzalez, J.A.; Hernandez-Rodriguez, S.; Ramffez-Garda, S.; 
Nunez-Ramos, N.R.; M adrigal-Santillan, E. In vitro effect of sodium fluoride on malondialdehyde 
concentration and on superoxide dismutase, catalase, and glutathione peroxidase in hum an erythrocytes. 
Scientific. World J. 2013, 24, 834718. [CrossRef]

17. Dalle-Donne, I.; Rossi, R.; Colombo, R.; Giustarini, D.; Milzani, A. Biomarkers of oxidative damage in human 
disease. Clin. Chem. 2006, 52, 601-623. [CrossRef]

18. Roberts, C.K.; Barnard, R.J.; Sindhu, R.K.; Jurczak, M.; Ehdaie, A.; Vaziri, N.D. Oxidative stress and 
dysregulation of NAD(P)H oxidase and antioxidant enzymes in diet-induced metabolic syndrome. Metabolism  
2006, 55, 928-934. [CrossRef]

19. Di Meo, S.; Reed, T.T.; Venditti, P.; Victor, V.M. Harmful and beneficial role of ROS. Oxidative Med. Cell. Longev. 
2016, 2016,7909186. [CrossRef]

20. Janssen, I.; Katzmarzyk, P.T.; Ross, R. Body mass index, waist circumference, and health risk: Evidence 
in support of current National Institutes of Health guidelines. Arch. Intern. Med. 2002, 162, 2073-2079. 
[CrossRef]

21. Faienza, M.F.; Francavilla, R.; Goffredo, R.; Ventura, A.; Marzano, F.; Panzarino, G.; Marinelli, G.; Cavallo, L.; Di 
Bitonto, G. Oxidative stress in obesity and metabolic syndrome in children and adolescents. Horm. Res. Paediatr. 
2012, 7 8 ,158-164. [CrossRef]

22. Clapp, B.R.; Hingorani, A.D.; Kharbanda, R.K.; Mohamed-Ali, V.; Stephens, J.W.; Vallance, P.; MacAllister, R.J. 
Inflammation-induced endothelial dysfunction involves reduced nitric oxide bioavailability and increased 
oxidant stress. Cardiovasc. Res. 2004, 64,172-178. [CrossRef]

23. Bonnefont-Rousselot, D.; Bastard, J.P.; Jaudon, M.C.; Delattre, J. Consequences of the diabetic status on the 
oxidant/antioxidant balance. Diabetes Metab. 2000,26,163-176.

24. Morita, M.; Ishida, N.; Uchiyama, K.; Yamaguchi, K.; Itoh, Y.; Shichiri, M.; Yoshida, Y.; Hagihara, Y.; Naito, Y.; 
Yoshikawa, T.; et al. Fatty liver induced by free radicals and lipid peroxidation. Free Radic. Res. 2012, 46, 
758-765. [CrossRef]

25. Zdrojewski, T.; Jankowski, P.; Bandosz, P.; Bartuś, S.; Chwojnicki, K.; Drygas, W.; Gaciong, Z.; Hoffman, P.; 
Kalarus, Z.; Kazmierczak, J.; et al. A new version of cardiovascular risk assessment system and risk charts 
calibrated for Polish population. Kardiol. Pol. 2015, 73,958-961. [CrossRef]

26. Bacchetti, T.; Turco, I.; Urbano, A.; Morresi, C.; Ferretti, G. Relationship of fruit and vegetable intake to 
dietary antioxidant capacity and markers of oxidative stress: A sex-related study. Nutrition 2019, 6 1 ,164-172. 
[CrossRef]

http://dx.doi.org/10.1016/j.tips.2013.03.007
http://dx.doi.org/10.1172/JCI21625
http://dx.doi.org/10.5603/KP.a2018.0071
http://dx.doi.org/10.5603/KP.2013.0226
http://dx.doi.org/10.3390/ijms16010378
http://dx.doi.org/10.1381/096089202320995574
http://dx.doi.org/10.1172/JCI200319246
http://dx.doi.org/10.1590/S0021-75572007000700011
http://dx.doi.org/10.1172/JCI29069
http://dx.doi.org/10.1155/2013/864718
http://dx.doi.org/10.1373/clinchem.2005.061408
http://dx.doi.org/10.1016/j.metabol.2006.02.022
http://dx.doi.org/10.1155/2016/7909186
http://dx.doi.org/10.1001/archinte.162.18.2074
http://dx.doi.org/10.1159/000342642
http://dx.doi.org/10.1016/j.cardiores.2004.06.020
http://dx.doi.org/10.3109/10715762.2012.677840
http://dx.doi.org/10.5603/KP.2015.0182
http://dx.doi.org/10.1016/j.nut.2018.10.034


Int. J. Environ. Res. Public Health 2019,16, 4077 14 of 16

27. Boekholdt, S.M.; Arsenault, B.J.; Mora, S.; Pedersen, T.R.; LaRosa, J.C.; Nestel, P.J.; Simes, R.J.; Durrington, P.; 
Hitman, G.A.; Welch, K.M.; et al. Association of LDL cholesterol, non-HDL cholesterol, and apolipoprotein B 
levels with risk of cardiovascular events among patients treated with statins. a meta-analysis. JAMA  2012, 
3 0 7 ,1302-1309. [CrossRef]

28. World Health Organization (WHO). Physical Status: The Use an Interpretation o f  Anthropometry. Report o f a WHO 
Expert Committee; WHO Technical Report Series 854; World Health Organization: Geneva, Switzerland, 1995.

29. Ashwell, M.; Gunn, P.; Gibson, S. W aist-to-height ratio is a better screening tool than waist circumference 
and BMI for adult cardiometabolic risk factors: Systematic review and meta-analysis. Obes. Rev. 2 012 ,13, 
275-286. [CrossRef]

30. Amato, M.C.; Giordano, C.; Galia, M.; Criscimanna, A.; Vitabile, S.; Midiri, M.; Galluzzo, A.; AlkaMeSy Study 
Group. Visceral Adiposity Index: A reliable indicator of visceral fat function associated with cardiometabolic 
risk. Diabetes Care 2010, 33, 920-922. [CrossRef]

31. Bergman, R.N.; Stefanovski, D.; Buchanan, T.A.; Sumner, A.E.; Reynolds, J.C.; Sebring, N.G.; Xiang, A.H.; 
Watanabe, R.M. A better index of body adiposity. Obesity 2011 ,1 9 ,1083-1089. [CrossRef]

32. Gallagher, D.; Heymsfield, S.B.; Heo, M.; Jebb, S.A.; Murgatroyd, P.R.; Sakamoto, Y. Healthy percentage body 
fat ranges: An approach for developing guidelines based on body mass index. Am. J. Clin. Nutr. 2000, 72, 
694-701. [CrossRef]

33. Chisolm, G.M.; Steinberg, D. The oxidative modification hypothesis of atherogenesis: An overview. Free Radic. 
Biol. Med. 2000,2 8 ,1815-1826. [CrossRef]

34. Mallika, V.; Goswami, B.; Rajappa, M. Atherosclerosis pathophysiology and the role of novel risk factors: 
A clinic biochemical perspective. Angiology 2007, 58, 513-522. [CrossRef]

35. Morrow, J.D. Quantification of isoprostanes as indices of oxidant stress and the risk of atherosclerosis in 
humans. Arterioscler. Thromb. Vasc. Biol. 2005, 25, 279-286. [CrossRef]

36. Dominguez-Rodriguez, A.; Abreu-Gonzalez, P.; Garcia-Gonzalez, M.; Ferrer-Hita, J.; Vargas, M.; Reiter, R.J. 
Elevated levels of oxidized low-density lipoprotein and impaired nocturnal synthesis of melatonin in patients 
with myocardial infarction. Atherosclerosis 2 005 ,1 8 0 ,101-105. [CrossRef]

37. Renko, J.; Kalela, A.; Jaakkola, O.; Laine, S.; Hóyhtya, M.; Alho, H.; Nikkari, S.T. Serum matrix 
metalloproteinase-9 is elevated in men with a history of myocardial infarction. Scand. J. Clin. Lab. Investig. 
2004, 64, 255-261. [CrossRef]

38. Żysnarska, M.; Jarmuz, L.; Kara, I.; Adamek, R.; Gromadecka-Sutkiewicz, M.; Kłos, J.; Kalupa, W.; 
Maksymiuk, T.; Marcinkowski, J.T. Health behavior-related choices made by patients after myocardial 
infarction. Probl. Hig. Epidemiol. 2014, 95, 488-490.

39. Elizabeth, G.B.; Irinea, Y.S.; Panduro, A.; Lopez, E.M. M oderated-fat diet supplemented with green tea 
reduces oxLDL levels and fat mass in obese women. J. Nutr. Food Sci. 2015, 5, 2.

40. Cebula, A.; Tyka, A.K.; Pilch, W.; Szyguła, Ż.; Pałka, T.; Sztafa-Cabała, K.; Frączek, B.; Tyka, A. Effects of 
6-week nordic walking training on body composition and antioxidant status for women >  55 years of age. 
Int. J. Occup. Med. Environ. Health 2017, 30, 445-454. [CrossRef]

41. Gaut, J.P.; Heinecke, J.W. Mechanisms for oxidizing low-density lipoprotein. Insights from patterns of 
oxidation products in the artery wall and from mouse models of atherosclerosis. Trends Cardiovasc. Med. 
2001,11,103-112. [CrossRef]

42. Bots, M.L.; Evans, G.W.; Tegeler, C.H.; Meijer, R. Carotid intima-media thickness measurements: Relations 
with atherosclerosis, risk of cardiovascular disease and application in randomized controlled trials. 
Chin. Med. J. 2016 ,129, 215-226. [CrossRef]

43. Markus, R.A.; M ack, W.J.; Azen, S.P.; Hodis, H.N. Influence of lifestyle modification on atherosclerotic 
progression determined by ultrasonographic change in the common carotid intima-media thickness. Am. J. 
Clin. Nutr. 1997, 6 5 ,1000-1004. [CrossRef]

44. Pit'ha, J.; Kovar, J.; Skodova, Ż.; Q fkova, R.; Stavek, P.; Cervenka, L.; Sejda, T.; Lanska, V.; Poledne, R. 
Association of intima-media thickness of carotid arteries w ith remnant lipoproteins in m en and women. 
Physiol. Res. 2015, 64, 377-384.

45. Słomka, T.; Drelich-Żbroja, A.; Jarzabek, M.; Szczerbo-Trojanowska, M. Intima-media com plex thickness 
and carotid atherosclerotic plaque formation in Lublin's population in the context of selected comorbidities. 
J. Ultrason. 2018 ,1 8 ,133-139. [CrossRef]

http://dx.doi.org/10.1001/jama.2012.366
http://dx.doi.org/10.1111/j.1467-789X.2011.00952.x
http://dx.doi.org/10.2337/dc09-1825
http://dx.doi.org/10.1038/oby.2011.38
http://dx.doi.org/10.1093/ajcn/72.3.694
http://dx.doi.org/10.1016/S0891-5849(00)00344-0
http://dx.doi.org/10.1177/0003319707303443
http://dx.doi.org/10.1161/01.ATV.0000152605.64964.c0
http://dx.doi.org/10.1016/j.atherosclerosis.2004.11.003
http://dx.doi.org/10.1080/00365510410006054
http://dx.doi.org/10.13075/ijomeh.1896.00860
http://dx.doi.org/10.1016/S1050-1738(01)00101-3
http://dx.doi.org/10.4103/0366-6999.173500
http://dx.doi.org/10.1093/ajcn/65.4.1000
http://dx.doi.org/10.15557/JoU.2018.0019


Int. J. Environ. Res. Public Health 2019,16, 4077 15 of 16

46. Piepoli, M.F.; Hoes, A.W.; Agewall, S.; Albus, C.; Brotons, C.; Catapano, A.L.; Cooney, M.T.; Corra, U.; 
Cosyns, B.; Deaton, C.; et al. 2016 European Guidelines on cardiovascular disease prevention in clinical 
practice: The Sixth Joint Task Force of the European Society of Cardiology and Other Societies on 
Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of 10 societies and by 
invited experts): Developed w ith the special contribution of the European Association for Cardiovascular 
Prevention& Rehabilitation (EACPR). Eur. Heart J. 2016, 37, 2315-2381.

47. Paseban, M.; Mohebbati, R.; Niazmand, S.; Sathyapalan, T.; Sahebkar, A. Comparison of the neuroprotective 
effects of aspirin, atorvastatin, captopril and metformin in diabetes mellitus. Biomolecules 2019, 9, 118. 
[CrossRef]

48. Ou, H.C.; Lee, W.J.; Wu, C.M.; Chen, J.F.; Sheu, W.H. Aspirin prevents resistin-induced endothelial dysfunction 
by modulating AMPK, ROS, and Akt/eNOS signaling. J. Vasc. Surg. 2012, 55,1104-1115. [CrossRef]

49. Parizadeh, S.M.; Azarpazhooh, M.R.; M oohebati, M.; Nematy, M.; Ghayour-Mobarhan, M.; Tavallaie, S.; 
Rahsepar, A.A.; Amini, M.; Sahebkar, A.; Mohammadi, M.; et al. Simvastatin therapy reduces 
prooxidant-antioxidant balance: Results of a placebo-controlled cross-over trial. Lipids 2011, 46, 333-340. 
[CrossRef]

50. Inoguchi, T.; Sonta, T.; Tsubouchi, H.; Etoh, T.; Kakimoto, M.; Sonoda, N.; Sato, N.; Sekiguchi, N.; Kobayashi, K.; 
Sumimoto, H.; et al. Protein kinase C-dependent increase in reactive oxygen species (ROS) production in 
vascular tissues of diabetes: Role of vascular NAD(P)H oxidase. J. Am. Soc. Nephrol. 2003, 14 , S227-S232. 
[CrossRef]

51. Wassmann, S.; Laufs, U.; Baumer, A.T.; Muller, K.; Ahlbory, K.; Linz, W.; Itter, G.; Rósen, R.; Bóhm, M.; 
Nickenig, G. HM G-CoA reductase inhibitors improve endothelial dysfunction in normocholesterolemic 
hypertension via reduced production of reactive oxygen species. Hypertension 2001,37,1450-1457. [CrossRef]

52. Reuter, S.; Gupta, S.C.; Chaturvedi, M.M.; Aggarwal, B.B. Oxidative stress, inflammation, and cancer: How 
are they linked? Free Radic. Biol. Med. 2010, 4 9 ,1603-1616. [CrossRef]

53. Surensen, A.L.; Hasselbalch, H.C.; Nielsen, C.H.; Poulsen, H.E.; Ellervik, C. Statin treatment, oxidative stress 
and inflammation in a Danish population. Redox Biol. 2019, 2 1 ,101088. [CrossRef]

54. Bolterman, R.J.; Manriquez, M .C.; Ortiz Ruiz, M.C.; Juncos, L.A.; Romero, J.C. Effects of captopril on the 
renin angiotensin system, oxidative stress, and endothelin in normal and hypertensive rats. Hypertension  
2005, 46, 943-947. [CrossRef]

55. Mousavi, S.M.; Niazmand, S.; Hosseini, M.; Hassanzadeh, Z.; Sadeghnia, H.R.; Vafaee, F.; Keshavarzi, Z. 
Beneficial effects of teucrium polium and metformin on diabetes-induced memory impairments and brain 
tissue oxidative damage in rats. Int. J. Alzheimer's Dis. 2015, 2015, 493729.

56. Barp, J.; Araujo, A.S.; Fernandes, T.R.; Rigatto, K.V.; Llesuy, S.; Belló-Klein, A.; Singal, P. Myocardial 
antioxidant and oxidative stress changes due to sex hormones. Braz. J. Med. Biol. Res. 2002, 35,1075-1081. 
[CrossRef]

57. Ide, T.; Tsutsui, H.; Ohashi, N.; Hayashidani, S.; Suematsu, N.; Tsuchihashi, M.; Tamai, H.; Takeshita, A. 
Greater oxidative stress in healthy young men compared with premenopausal women. Arterioscler. Thromb. 
Vasc. Biol. 2002, 22, 438-442. [CrossRef]

58. Matarrese, P.; Colasanti, T.; Ascione, B.; Margutti, P.; Franconi, F.; Alessandri, C.; Conti, F.; Riccieri, V.; 
Rosano, G.; Ortona, E.; et al. Gender disparity in susceptibility in oxidative stress and autoantibodies specific 
to RLIP76 in vascular cells. Antioxid. Redox Signal. 2011 ,15, 2825-2836. [CrossRef]

59. Bhatia, K.; Elmarakby, A.A.; El-Remessey, A.B.; Sullivan, J.C. Oxidative-stress contributes to sex differences 
in angiotensin II-mediated hypertension in spontaneously hypertensive rats. Am. J. Physiol. Regul. Integr. 
Comp. Physiol. 2012, 302, R274-R282. [CrossRef]

60. Chen, Y.; Ji, L.L.; Liu, T.Y.; Wang, Z.T. Evaluation of gender-related differences in various oxidative stress 
enzymes in mice. Chin. J. Physiol. 2011, 54, 385-390.

61. Brandes, R.P.; Mugge, A. Gender differences in the generation of superoxide anions in the rat aorta. Life Sci. 
1997, 60, 391-396. [CrossRef]

62. Gómez-Perez, Y.; Gianotti, M.; Lladó, I.; Proenza, A.M. Sex-dependent effects of high-fat-diet feeding on rat 
pancreas oxidative stress. Pancreas 2011, 40, 682-688. [CrossRef] [PubMed]

63. Kander, M.C.; Cui, Y.; Liu, Z. Gender difference in oxidative stress: A new look at the mechanisms for 
cardiovascular diseases. J. Cell. Mol. Med. 2017,2 1 ,1024-1032. [CrossRef] [PubMed]

64. Malnick, S.D.; Knobler, H. The medical complications of obesity. QJM. 2006, 99, 565-579. [CrossRef]

http://dx.doi.org/10.3390/biom9040118
http://dx.doi.org/10.1016/j.jvs.2011.10.011
http://dx.doi.org/10.1007/s11745-010-3517-x
http://dx.doi.org/10.1097/01.ASN.0000077407.90309.65
http://dx.doi.org/10.1161/01.HYP.37.6.1450
http://dx.doi.org/10.1016/j.freeradbiomed.2010.09.006
http://dx.doi.org/10.1016/j.redox.2018.101088
http://dx.doi.org/10.1161/01.HYP.0000174602.59935.d5
http://dx.doi.org/10.1590/S0100-879X2002000900008
http://dx.doi.org/10.1161/hq0302.104515
http://dx.doi.org/10.1089/ars.2011.3942
http://dx.doi.org/10.1152/ajpregu.00546.2011
http://dx.doi.org/10.1016/S0024-3205(96)00663-7
http://dx.doi.org/10.1097/MPA.0b013e31821f2645
http://www.ncbi.nlm.nih.gov/pubmed/21654542
http://dx.doi.org/10.1111/jcmm.13038
http://www.ncbi.nlm.nih.gov/pubmed/27957792
http://dx.doi.org/10.1093/qjmed/hcl085


Int. J. Environ. Res. Public Health 2019,16,4077 16 of 16

65. Kopp, H.P.; Kopp, C.W.; Festa, A.; Krzyzanowska, K.; Kriwanek, S.; Minar, E.; Roka, R.; Schernthaner, G. 
Impact of weight loss on inflammatory proteins and their association with the insulin resistance syndrome 
in morbidly obese patients. Arterioscler. Thromb. Vasc. Biol. 2003, 23,1042-1047. [CrossRef]

66. Fujita, K.; Nishizawa, H.; Funahashi, T.; Shimom ura, I.; Shimabukuro, M. Systemic oxidative stress is 
associated with visceral fat accumulation and the metabolic syndrome. Circ. J. 2006, 70, 1437-1442. 
[CrossRef]

67. Codoner-Franch, P.; Valls-Belles, V.; Arilla-Codoner, A.; Alonso-Iglesias, E. Oxidant mechanisms in childhood 
obesity: The link between inflammation and oxidative stress. Transl. Res. 2011,158,369-384. [CrossRef]

68. Amirkhizi, F.; Siassi, F.; Minaie, S.; Djalali, M.; Rahimi, A.; Chamari, M. Is obesity associated with increased 
plasma lipid peroxidation and oxidative stress in women? Arya Atheroscler. J. 2007, 2 ,189-192.

69. Baik, I.; Ascherio, A.; Rimm, E.B.; Giovannucci, E.; Spiegelman, D.; Stampfer, M.J.; Willett, W.C. Adiposity 
and mortality in men. Am. J. Epidemiol. 2 0 00 ,152, 264-271. [CrossRef]

70. Rexrode, K.M.; Carey, V.J.; Hennekens, C.H.; Walters, E.E.; Colditz, G.A.; Stampfer, M.J.; Willett, W.C.; 
M anson, J.E. Abdominal adiposity and coronary heart disease in women. JAM A  1998, 280, 1843-1848. 
[CrossRef]

71. Trayhurn, P. Bology of obesity. Proc. Nutr. Soc. 2005, 64, 31-38. [CrossRef]
72. Stanner, S. (Ed.) Cardiovascular Disease: Diet, Nutrition and Emerging Risk Factors; The Report of the British 

Nutrition Foundation Task Force; Balckwell Publishing Ltd.: Oxford, UK, 2005.
73. Chrysohoou, C.; Panagiotakos, D.B.; Pitsavos, C.; Skoumas, I.; Papademetriou, L.; Economou, M.; 

Stefanadis, C. The implication of obesity on total antioxidant capacity in apparently healthy men and 
women: The ATTICA study. Nutr. Metab. Cardiovasc. Dis. 20 0 7 ,17, 590-597. [CrossRef]

74. Araki, S.; Dobashi, K.; Yamamoto, Y.; Asayama, K.; Kusuhara, K. Increased plasma isoprostane is associated 
with visceral fat, high molecular weight adiponectin, and metabolic complications in obese children. 
Eur. J. Pediatr. 2 0 10 ,169, 965-970. [CrossRef]

75. Kelishadi, R.; Sharifi, M.; Khosravi, A.; Adeli, K. Relationship between C-reactive protein and atherosclerotic 
risk factors and oxidative stress markers among young persons 10-18 years old. Clin. Chem. 2007, 53, 
456-464. [CrossRef]

76. Codoner-Franch, P.; Boix-Garcia, L.; Simó-Jorda, R.; Del Castillo-Villaescusa, C.; M aset-M aldonado, J.; 
Valls-Belles, V. Is obesity associated with oxidative stress in children? Int. J. Pediatr. Obes. 2010, 5, 56-63. 
[CrossRef]

77. Pihl, E.; Zilmer, K.; Kullisaar, T.; Kairane, C.; Magi, A.; Zilmer, M. Atherogenic inflammatory and oxidative 
stress markers in relation to overweight values in male former athletes. Int. J. Obes. 2006, 30, 141-146. 
[CrossRef]

78. Amirkhizi, F.; Siassi, F.; Djalali, M.; Foroushani, A.R. Evaluation of oxidativestress and totalantioxidantcapacity 
in women with general and abdominaladiposity. Obes. Res. Clin. Pract. 2010, 4, e163-e246. [CrossRef]

79. de Lorenzo, A.; Sorge, S.P.; Iacopino, L.; Andreoli, A.; de Luca, P.P.; Sasso, G.F. Fat-free mass by bioelectrical 
impedance vs. dual-energy X-ray absorptiometry (DXA). Appl. Radiat. Isot. 1998, 49 ,739-741. [CrossRef]

©  2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1161/01.ATV.0000073313.16135.21
http://dx.doi.org/10.1253/circj.70.1437
http://dx.doi.org/10.1016/j.trsl.2011.08.004
http://dx.doi.org/10.1093/aje/152.3.264
http://dx.doi.org/10.1001/jama.280.21.1843
http://dx.doi.org/10.1079/PNS2004406
http://dx.doi.org/10.1016/j.numecd.2006.05.007
http://dx.doi.org/10.1007/s00431-010-1157-z
http://dx.doi.org/10.1373/clinchem.2006.073668
http://dx.doi.org/10.3109/17477160903055945
http://dx.doi.org/10.1038/sj.ijo.0803068
http://dx.doi.org/10.1016/j.orcp.2010.02.003
http://dx.doi.org/10.1016/S0969-8043(97)00099-7
http://creativecommons.org/licenses/by/4.0/.

