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Abstract: Oxidative stress and dyslipidemia are present in childhood obesity. Selenoproteins are 

important antioxidants. Glutathione peroxidase and thioredoxin reduce the level of peroxides while the 

conversion of the tyroid hormon T4 to T3 needs also a selenoenzyme. Selenium deficiency can reduce 

the selenoproteins activity. The aim of this study was to determine the serum: selenium (Se), thioredoxin 

level (Trx) and activity of  glutathione peroxidase (GPx) in obese  children with dysmetabolism. The 

lipid profile, the hormones (free T4 and TSH), serum Se, serum Trx and GPx activity and atherogenic 

indexes (TG/HDLc, total cholesterol/HDLc, apoB/apoA-I ) were determined in 20 healthy children (10-

16 years old) versus 41 overweight/obese children, same age, in an observational study. Spectro-

photometer and ELISA methods were used. The GPx activity and the serum Se level had similar values 

in the studied groups , while the serum Trx level was lower in the obese children. The GPx activity was 

positively correlated with atherogenic indexes, negatively correlated with apo A-I (r= -0.74) and  Se 

was positively correlated with apo B (r=0.52).  The obese children had TSH and freeT4 in the normal 

range, but freeT4 was significantly higher in comparison with the values observed in the normal weight 

children. In conclusion, in childhood obesity, the normal serum range values for selenium or for 

selenium dependent proteins can “hide”a dysmetabolism of selenium because there are significant 

differences for the values of these parameters versus the ones from normal weight children. In childhood 

obesity, serum GPx activity and selenium values were strongly correlated with the atherogenic indexes. 
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1. Introduction 
According to WHO criteria, in Romania, almost one in four children was overweight or obese 

between 2006 and 2015 [1]. Obesity increases the risk of metabolic syndrome, dyslipidemia, insulin 

resistance, cardiovascular diseases, type II diabetes, and cancer [2,3]. Oxidative stress is one of the main 

molecular mechanisms involved in the development of obesity associated complications [4].  

Even in young subjects, the abdominal type obesity is characterized by accumulation of intervisceral 

fat [5]. Excessive visceral fat releases cytokines, such as tumor necrosis factor-alfa (TNF-alfa) and 

interleukin 6 (IL-6) and subsequent, the systemic oxidative stress and inflammation are increased [4,6]. 

Excessive visceral adiposity alters metabolic pathway of very low density lipoprotein cholesterol 

(VLDL) and secondary, results on higher levels of low density lipoprotein (LDL) particles. Oxidized 

LDL particles are formed in the systemic oxidative stress medium and these particles are more 

aggressive on vascular endothelium and represent a risk factor for atherosclerosis [7].  

Laboratory studies suggest that selenium (Se) plays a role in the pathophysiology of obesity due to 

its properties as an antioxidant and anti-inflammatory factor [8,9]. Selenium is an essential component 

of several antioxidant enzymes required for normal health, as glutathione peroxidase (GPx) and 

tioredoxin reductase (TrxR) [10]. Glutathione peroxidase 3 is the main extracellular isoenzyme of the 

glutathione peroxidase family (GPx).  It is a tetrameric enzyme and each monomer contains a selenium 
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 atom in the form of selenocysteine. This antioxidant enzyme, GPx acts on H2O2 and on phospholipid 

hydroperoxides and transform them into harmless products. The thioredoxin system consists of 

thioredoxin (Trx), the enzyme thioredoxin reductase (TrxR) and NADPH. Thioredoxin acts as a specific 

electron donor for peroxidases. Thioredoxine reductase (TrxR), a selenoprotein belongs to the category 

of proteins with redox activity and catalyse the reaction for Trx recovery [11,12]. 

It is known that GPx and paraoxonase are major HDL-associated antioxidant enzymes [13]. In 

experimental studies it was demonstrated that Se deficiency leads to up regulation of apoB expression 

[14] and also, that low GPx activity and low Trx level are associated with trombosis [15,16]. Taken 

together, Se has a protective role against atherosclerosis [17,18]. 

The aim of this study was to determine the serum: selenium (Se), thioredoxin level (Trx) and activity 

of glutathione peroxidase (GPx) in overweight and obese children and to correlate their values with 

biomarkers of dyslipidemia. 

 

2. Materials and methods 
A total of 41 obese children (10-16 years old), and 20 healthy lean children (control group), same 

age, were enrolled in an observational study. Children with a medical history of taking corticosteroids, 

renal and/or endocrine disease, acute or chronic inflammation were excluded. All subjects were 

nonsmokers. The study protocol was approved by the Ethical Commission of “Carol Davila” University 

of Medicine, Bucharest and a written informed consent was obtained from each parent. 

 

2.1. Clinical characteristics 

Anthropometric measurements: weight, height, waist circumference (WC) were assessed. The BMI 

was calculated as the ratio between weight (kg) divided by square height (m2). Overweight is defined as 

85-95th BMI percentile and obesity as ≥ 95th BMI percentile. 

 

2.2. Biochemical measurements 

Fasting blood samples were collected and stored in a sealed plastic bag in a dry and cool condition 

under room temperature until measurement. The usual plasma variables were measured by using an 

automatic analyzer HITACHI and kits with standard methods from Diasys (Germany). Low-density 

lipoprotein-cholesterol (LDL-C) was calculated according to the Friedewald equation [19].  

Plasma Se concentration was measured by atomic absorption spectrophotometry, using AAnalyst 

800 Perkin Elmer apparatus, integrated flame & graphite furnace type, controlled by computer, equipped 

with a selenium cathode tube, autosampler, dehydrator using argon. 

Plasma GPx level was determined by an UV method based on that of Paglia and Valentine [20]. GPx 

catalyses the oxidation of GSH by Cumene Hydroperoxide. In the presence of Glutathione Reductase 

and NADPH the oxidised Glutathione (GSSG) is immediately converted to the reduced form with a 

concomitant oxidation of NADPH to NADP+. GSH-Px activity is measured by the decrease in 

absorbance at 340 nm (Kit RANSEL). 

Thioredoxin was determined by the enzyme-linked immunosorbent assay, ELISA (Thioredoxin 

Reductase Assay Kit, batch number 70463, BioVision, USA), by the clinical laboratory ALCOS 99 

S.R.L. TSH and FT4 were determined by the ELISA enzyme immunoassay, in the analysis laboratory 

of the Emergency Clinical Hospital for Children "Grigore Alexandrescu" (RomGerM Laboratories). 

The source of variation between the lean children and the obese children was assessed by the 

unpaired Student t-test. The Pearson correlation coefficient was calculated and the threshold for 

significance was set at p < 0.05.   

 

3. Results and discussions 
Dyslipidemia, inflammation and the oxidative stress are linked pathogenic mechanisms in obesity 

and atherosclerosis and they act in a vicious circle [12]. Data literature emphasize that dyslipidemia is 

present in more than half of the obese and overweight children, and the pattern of the dyslipidemia is 
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usually, with high triglycerides and low HDLc [21]. In our study, the HDLc levels were similar between 

the studied groups, but the serum triglycerides and each atherogenic index, calculated as a ratio 

(TG/HDLc, total cholesterol/HDLc, apoB/apoA-I) were highly increased in the obese children versus 

the control.  

Nowadays, the research on lipid-transporting apolipoproteins is on focus. ApoB transports the all 

potentially atherogenic particles: very low-density lipoprotein (VLDL), intermediate-density lipoprotein 

(IDL) and LDL particles. ApoA-I transports and acts as the major antiatherogenic protein and is present 

only on the HDL particles surface [22]. One molecule of apoB exists per lipoprotein particle. Thus, in 

fasting plasma, the quantity of apoB predicts the number of LDL and VLDL particles [23,24]. Also, 

apolipoprotein B (apoB) assures the interaction between LDL and LDL receptor [25]. There are 

researchers who consider that serum levels of apolipoprotein A-I (ApoA-I), apolipoprotein B (ApoB) 

and of ApoB/ApoA-I ratio are more informative indicators of cardiovascular disease than conventional 

serum lipids.  

Several studies suggested that the tyroid hormone, triiodotyronine, T3 is directly involved in the 

regulation of LDL-R and apoB expression [26,27]. Also, it is known that by 5'-deiodination, in peripheral 

tissues, major amount of T3 is produced from T4 [28]. The enzyme responsible for deiodination is a 

selenoprotein which activity decreases during selenium deficiency [29,30].  

In our study, the obese and nonobese children had similar values of TSH. In the obese children, the 

free serum T4 level was in the normal range, but significantly higher than in the normal weight ones. 

Free T3, it wasn’t measured. It is hard to say if the differences for free T4, between the obese and the 

control children are due to a weak function of the enzyme involved in deiodination, in obese children 

[28]. The multiple correlations between higher levels of triglycerides, apoB, and lower levels for 

albumin, selenium, free T3 and unchanged level for TSH were described, also, in another disease, like 

in euthyroid sick syndrome in maintenance hemodialysis patients [31]. 

The antioxidant defence system depends on environmental factors and on nutrient intake. Selenium 

is known as a mineral involved in decreasing the oxidative stress and in reducing cellular membranes 

lesions. Besides its anti-inflammatory and antioxidative capacities, Selenium can regulate adipogenesis 

via PPAR (peroxisome proliferator activated receptors) [32]. 

 

 
Figure 1. Correlation between serum selenium and apo B ratio 

 

In our study, selenium had similar values in the studied groups and it was positively correlated with 

apo B (r= 0.52, p<0.05) (Figure 1). The influence of selenium metabolism on dyslipidemia and oxidative 

stress was more studied in experimental studies and less on clinical ones. In an experimental study done 

on Sprague Dawley rats the researchers demonstrates that Se deficiency leads to up regulation of apoB 

expression during experimental hypercholesterolemia [14]. In obese mice, Lee at al. demonstrated that 

“defective GPx3 expression in adipose tissue is associated with reduced systemic GPx activity and 

increased oxidative stress” [33]. It seems that hypoxia and inflammation in the adipose tissue have an 

important contribution for the down-regulation of GPx3 inside the tissue. But, the serum level of GPx3 
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depends on its adipose tissue’s level. In our study, the serum GPx activity had similar values in the 

studied groups. We demonstrated that in the obese children, the enzyme activity was positively 

correlated with TG/HDL ratio (r=0.54, p<0.05) (Figure 2) and with cholesterol/HDL ratio (r=0.34, 

p<0.05). Also, apo B level was positively correlated with serum Se (r= 0.52, p<0.05), while apo A1 level 

was negatively correlated with GPx activity (r= -0.74, p<0.05) (Figure 3). 

 

 
Figure 2. Correlation between the GPx activity and the TG/HDL-c ratio 

 

 
Figure 3. Correlation between apoA1 and Gpx activity 

 

Our results on obese children are similar with those observed in obese and overweight adults (n=133) 

from central Mexico. In 2012, this was the first clinical study, which demonstrated that GPx3 activity 

was correlated with the TG/HDLc index and insulin sensitivity. The authors considered that GPx3 

undergoes changes in its messenger RNA (mRNA) expression in obesity and the stage (severity) of the 

disease is important. So it is a great task to get a proper interpretation of GPx activity. The enzyme is 

either induced or repressed, according to the factors from the medium [34]. In overweight and obese 

children, like those involved in our study, a weak systemic and local (in adipose tissue) inflammatory 

and oxidative stress status were described [21]. 

Data literature, showed that in severe diseases, characterized by increased oxidative stress, like end 

stage renal disease ESRD patients, marked reduction of serum apoA-1 were associated with low plasma 

paraoxonase and glutathione peroxidase (GPx) activities and reduced HDL-cholesterol level [35]. It was 

demonstrated that low activity of the enzyme GPx increases the risk of trombosis and reduce NO (nitric 

oxide) [15].  
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Figure 4.  The comparison of the average values for serum selenium,  

Se (μg/dL), serum glutathione peroxidase (GPx) activity (U/mg protein) and  

serum thioredoxin level Trx (ng/g) for the obese group versus the control group.  

Only for the Trx levels the differences were statistically significant (p<0.05) 

 

Trx is another protein, involved in thrombosis, and its level can be indirectly influenced by selenium 

level. An endothelial prothrombotic phenotype in mouse models was explained by downregulation of 

thioredoxins [16]. The level of Trx depends on the activity of TrxR (thioredoxin reductase - a 

selenoprotein). When the TrxR has low activity, the recovery of Trx is weak. In our study, the 

thioredoxin Trx had a low value in obese versus control children (Figure 4).  

 

Table 1. The average values and the standard deviation values for the studied parameters 
Parameters Control group Obese p 

Cholesterol mg/dL 134.46± 16,39 177.2± 34.3 <0.01 

Triglycerides mg/dL 68.4±28.7 110.25±52.6 <0.001 

HDL-C mg/dL 51.37±12.9 53.38±12.9 Ns 

LDL-C mg/dL 83.7 ± 7.7 104.23±30.4 <0.03 

apoA 1.20±0.15 1.34±0.26 Ns 

Apo B 0.51±0.03 0.74±0.15 <0.01 

apoB/apoAI 0.43±0.04 0.53±0.1 <0.01 

Col/HDL 3.23±0.67 3.38±0.803 Ns 

Tg/HDL 1.15±0.59 1.90±0.91 0,05 

Uric Acid  mg/dL 3.48 ± 0.5 5.8±1.44 <0.002 

GGT (UI/l) 13.85 ± 1 16.06 ±5.03 Ns 

Glycemia mg/dL 85.2 ± 3.4 86.2±7.5 Ns 

ALT(UI/l) 13.07 ± 2 18.8±7.5 <0.05 

Creatinine mg/dL 0.80±0.15 0.75±0.16 Ns 

Bilirubin mg/dL 0.55±0.29 0.5 ±0.31 Ns 

Fibrinogen g/L 3.23±0.12 3.26±0.12 Ns 

CRP mg/dL 0.95±0.35 2.3±1.02 <0.04 

Ceruloplasmin mg/dL 29.82 ± 3 34.02 ±5.33 <0.02 

Albumin g/dL 4.21±0.4 3.93±0.31 <0.002 

Free T4(pg/mL) 12.94±0.71 14.63±1.44 <0.001 

TSH (mIU/mL) 2.27±0.88 2.96±1.57 Ns 

 

This study has some limitation because of the small number of subjects involved. But it underlines 

that levels in the normal range for a parameter, at the upper or the lower limit, in the obese subjects can 

be significantly different from those of normal weight children. There is a paucity of data about selenium 

metabolism and selenoproteins in obese children and this is a pilot study which shows the importance of 

this topic.  

Selenium is “one of the most powerful antioxidative trace elements”. In adults it was shown that low 

selenium status has been associated with increased risk of mortality, poor immune function, cognitive 
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decline, increased risk for autoimmune thyroid disease. The selenoprotein thioredoxin reductase (TrxR) 

is an essential antioxidant enzyme that reduces Coenzyme Q10. This coenzyme is vital for mitochondrial 

respiratory chain, whose main function is to produce adenosine triphosphate (ATP), and it has an 

important place at the crosslinking of the sugar and lipid metabolism [36, 37]. 

In obese children, in order to prevent the young adulthood dysmetabolism, the physicians have to 

prescribe diets rich in selenium, like lentils, beef and eggs. In the future, the doses of selenium intake 

from supplemments will be established. 

 

4. Conclusions 
The serum selenium level, the lipid profile and the selenoprotein enzymes activities are linked. 

Selenium is a piece of a” puzzle” which has a place in oxidative stress, in dyslipidemia, inflammation 

and thrombosis “picture”. The relation cause or effect is not well understood, but a bidirectional relation 

is common.  
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