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 The study showed for the first time the possibility of using the method of 

X-ray fluorescence analysis as a method for monitoring the balance of 

micronutrients in the bodies of both males and females with different body 

mass indexes. Young people aged ≥ 18 years old living in the Grodno 

region showed zinc, calcium, iron, potassium, and copper imbalances, 

depending on their BMI. As a consequence, nutrition may be corrected 

early. The results show that the imbalance in the elemental status in patients 

with overweight, both males and females in the age group ≥ 18 years 

(Young people), is clearly correlated with the level of hormonal 

background (T3, T4, TSH, cortisol), metabolites, substrates, and enzymes 

of blood plasma (glucose, CH, LDL, TG, alanine aminotransfer. As a result 

of an imbalance in mineral metabolism, dysmicroelementosis develops as 

well as metabolic processes are disrupted. Vitamin D deficiency was found 

in 50% of males and females with a BMI = 25–29.9 (males and females). 

A high TSH level is linked to an increased risk of weight gain and obesity. 

Among adults with a BMI = 25–29.9, a high TSH level raises the risk of an 

increase in BMI and, when combined with other risk factors, is an 

additional autonomous sign of the danger of obesity (increased TSH 

concentration correlates with increased glucose levels). The characteristics 

of the lipid spectrum and the level of TSH have been found to have a 

moderate direct association. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Obesity is a medical problem (metabolic disorder) in which increased body fat accumulates as a result of an 

energy intake/exhaustion imbalance [1]. It has been associated to an increased risk of illnesses such as 

diabetics, high blood pressure, atherosclerosis, and some cancers [2], [3]. The increased prevalence of 

overweight is now recognized as one of the most serious problems facing the global health system, and it has 
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been named a global epidemic. As shown in a WHO report, obesity has risen globally since 1975, and by 

2020, there will be 39 million children under the age of five (39 percent of adults aged 18 and over were 

overweight in 2016, and 13 percent were obese). 

 

Hair research has recently gained popularity as a means of determining the state of micro- and macroelement 

exchange in the body, beside the blood, blood plasma, and urine studies. 

 

Interest in the study of the elemental composition of biological material (hair) is due to the active participation 

of bioelements in the activity of enzymes, hormones, and in the processes of regulation of body systems. A 

lot of data has been accumulated on the content and biochemical effects of chemical elements in the body, 

but, despite this, their physiological and biochemical roles remain insufficiently studied. It is known that Fe, 

Co, Mn, Zn, Mo, V, B, and W are necessary for protein, carbohydrate, and fat metabolism; Mg, Mn, Fe, Co, 

Cu, Ni, and Cr are involved in protein synthesis; Co, Ti, Cu, Mn, Ni, and Zn are involved in hematopoiesis; 

and in respiration, Mg, Fe, Cu, Zn, Mn, and Co [4], [5]. To date, there is little information about the 

biochemical mechanisms of interaction between two or more elements, which can be very complex and 

ambiguous. Trace elements in the composition of enzymes accelerate or slow down various biochemical 

processes; that is, they act as catalysts or inhibitors. This leads to the fact that the concentration of individual 

proteins, fats, carbohydrates, and other substances necessary for life either increases or decreases. 

 

The goal of this study is to determine the Bio-elements and Bio-chemical status of people with normal and 

increased BMIs. 

 

2. Materials and methods 

An assessment of changes in the characteristics of mineral, biochemical, and hormonal metabolism was 

carried out in 100 practically healthy individuals of both sexes living in Grodno. The age of the examined 

people was 24.3±0.24 for females and 25.5±0.52 for males. All individuals were evaluated for body mass 

index (BMI). BMI (kg/m2) was calculated as follows: BMI (kg/m2) = weight (kg)/height (m2) [6]. In 

accordance with WHO recommendations, the study used the interpretation of BMI indicators: 18–24.9 

(normal), 25–29.9 (overweight, preobesity). 

 

Characteristics of the surveyed groups: 

- Females group 1: n = 25 (BMI = 18–24.9; weight: 52.6±4.58 kg). 

- Females, group 2: n = 25 (BMI = 25–29.9; weight: 64.4±1.77 kg). 

- Males, group 1: n=25 (BMI=18–24.9; weight: 71.6±3.94 kg). 

- Males, group 2: n=25 (BMI=25–29.9; weight: 86.5±1.10 kg). 

 

Material for research: the blood serum of patients and hair. Informed consent was obtained from all patients 

and participants involved in the study. 

 

X-ray fluorescence analysis (XRF) on a CEP-01 or ElvaX device with Elvatech MCA Software and MK-RE-

Ob software was used to determine the macro- and microelement composition of hair. 

 

The determination of the spectrum of biochemical parameters in the blood (calcium, potassium, zinc, copper, 

iron, total protein, total bilirubin, glucose, urea, creatinine, cholesterol, high-density lipoprotein (HDL) 

cholesterol, low-density lipoprotein (LDL) cholesterol, triglycerides, alanine aminotransferase – ALT, 

aspartate aminotransferase – AST) was carried out using the BS-330 analyzer (Mindray, China) and reagents 

manufactured by Diasense (Belarus). The study of hormones and vitamins in the blood (thyroxine, 
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triiodothyronine, pituitary thyroid stimulating hormone/TSH, vitamin D) was carried out by immunochemical 

analysis on the MiniVidas analyzer (BioMerioux, France) using reagents from BioMerioux, France. To 

control the quality of laboratory studies, control samples produced by Diasens (Belarus), BioMerioux 

(France) and Human (Germany) were used. 

 

Samples of biological material were obtained in a standard way (using Vacutainer vacuum systems 

manufactured by Beckton Dickinson, USA). Preparation of blood samples for research was carried out in a 

standardized way: centrifugation in a Fenox-24M centrifuge (China) at 3000 g for 10 minutes. Serum samples 

were taken into separate systems in which the study was conducted. 

 

Statistical processing of the research material was performed using the SPSS Statistica 22.0 statistical 

software package. Differences in the compared groups were considered statistically significant at p<0.05. 

 

3. FINDINGS AND DISCUSSION 

To assess the features and criteria of the bioelemental status affecting the increase in body mass index, the 

median values of the content of bioelements in the hair of groups of females and males with a body mass 

index of 18–24.9 and 25–29.9 (first and third quartiles) were calculated, as well as a comparative analysis of 

the concentrations of microelements in the blood serum. 

 

The results of statistical processing of data on the content of bioelements in hair are showed in tables 1.1-1.2. 

 

Table 1.1. – Quantitative assessment of the availability of bioelements for a group of females depending on 

the body mass index according to the elemental analysis of hair, µg/g 

 Ca Zn K Fe Cu Se Mn Cr S Co Mo Pb Cd Hg Ca/K Zn/Cu 

Females 18-24,9 

Quartile 1 1231,6 134,6 63,4 15,94 17,07 0,46 1,33 1,38 24780 0,00 0,82 1,73 0,17 0,51 12,5 5,4 

Median 1613,0 170,3 89,8 25,26 20,78 0,65 1,92 2,97 27980 0,44 0,93 2,94 0,31 0,79 22,7 7,9 

Quartile 3 2597,0 249,3 117,3 33,63 31,88 1,07 2,48 3,92 31387 0,85 1,83 4,16 0,44 0,99 32,7 11,7 

Females 25-29,9 

Quartile 1 686,4 134,0 58,32 15,76 14,03 0,45 1,04 1,16 24278 0,64 0,39 0,85 0,21 0,68 6,0 6,1 

Median 1213,0 214,3 72,5 21,06 20,4 0,63 1,41 2,47 26411 1,12 1,14 2,27 0,37 0,81 16,0 9,5 

Quartile 3 1617,0 281,0 172,9 27,65 29,93 1,03 2,66 4,68 29774 1,48 1,89 3,66 0,53 1,2 28,0 12,5 

 

Table 1.2.- Quantitative assessment of the availability of bioelements for a group of males, depending on 

the body mass index according to the elemental analysis of hair, µg/g 

 Ca Zn K Fe Cu Se Mn Cr S Co Mo Pb Cd Hg Ca/K Zn/Cu 

Males 18-24,9 

Quartile 1 403,9 135,7 49,9 12,85 12,91 0,51 0,72 1,06 22144 0,44 0,46 0,87 0,11 0,34 5,20 8,13 

Median 530,6 166,5 66,9 17,80 16,01 0,67 1,27 2,59 28784 0,74 1,13 1,99 0,24 0,61 9,07 10,69 

Quartile 3 680,2 193,2 94,3 29,13 20,19 0,92 1,77 4,35 33247 0,99 1,58 3,10 0,48 0,97 11,82 12,90 

Males 25-29,9 

Quartile 1 265,0 107,9 54,1 14,67 12,84 0,43 0,61 1,69 23219 0,53 0,77 2,60 0,30 0,27 2,30 8,40 

Median 338,8 141,4 108,0 18,65 15,63 0,64 1,24 2,58 29803 0,79 1,46 4,00 0,43 0,55 3,60 10,42 

Quartile 3 630,1 166,0 185,5 29,00 19,47 0,83 1,83 4,68 32032 1,46 2,49 6,53 0,61 0,89 12,00 11,76 
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As shown by the data in Table 1.1-1.2, there is an imbalance of essential bioelements: calcium, potassium, 

zinc, copper, and iron in a group of people aged 18–29.9 years, regardless of gender, with a BMI increase of 

25–29.9. 

 

Pearson's paired correlation coefficients were calculated to clarify the relationship between various features, 

as well as to establish their direction and measure their tightness. 

 

In the group of males with BMI = 25–29.9 (observation group), there is a statistically significant inverse 

relationship between the concentrations of K and Ca, Zn and Mo, Pb and Cd, as well as K and the ratio of Ca 

to K at a significance level of 0.05. They also established an inverse relationship (p = 0.001) between the 

concentration of Cu and the ratio of Zn to Cu. 

 

In the group of males with BMI = 18–24.9 (control group), there is a statistically significant inverse 

relationship between the concentrations of Zn and Mo, S and Cd, as well as the Ca/K and Zn/Cu ratios at a 

significance level of 0.05. An inverse relationship (p = 0.001) between Cu concentration and Zn to Cu ratio, 

K concentration and Ca/K ratio, Ca and K, Cr, and Cd concentrations were established. To construct a 

multiple regression equation, a matrix of paired correlation coefficients of factor levels was calculated and 

analyzed. 

 

When analyzing data separately for males, the regression equation showing the dependence of the zinc and 

copper ratio in the biomaterial (hair) on the content of these elements in food has the following form: 

 

YZn/Cu = 1,625 – 0,016X Zinc in food+ 17,605XСopper in food 

 

In the regression equation, partial correlation coefficients are statistically significant p˂0.05. 

 

The obtained value of the coefficient of determination (R2 = 0.866; F = 67.812, at p<0.001) indicates a highly 

significant relationship between the status of the examined man and the content of these elements in food, 

which proves the high importance of zinc and copper in the food consumed for predicting impaired 

metabolism of zinc and copper in males. 

 

The regression equation for the ratio of zinc to copper, taking into account all elements and BMI, is: 

YZn/Cu = 21,809 + 0,029X Zinc + 0,005Х Calcium – 0,276Х Сopper  + 0,371Х Sulfur– 13,138ХCadmium 

 

In the regression equation, partial correlation coefficients are statistically significant p˂0.05. 

 

The obtained value of the coefficient of determination (R2 = 0.867; F = 3.922, p = 0.05) indicates a highly 

significant relationship between the status of the examined man and the content of these elements in food, as 

well as with increased body weight. The studied parameters determine the ratio of Zn/Cu in the group of 

males by 86.7%. 

 

When analyzing data separately for males, the regression equation showing the dependence of the calcium 

and potassium ratio in the biomaterial (hair) on the content of these elements in food has the following form: 

YСa/K = – 0,077 – 6,645X Сalcium in food + 30,660Xpotassium in food 

 

In the regression equation, partial correlation coefficients are statistically significant p˂0.05. 
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The obtained value of the coefficient of determination (R2 = 0.935; F = 157.778, at p<0.001) indicates a 

highly significant relationship between the status of the examined man and the content of these elements in 

food. group of males. 

 

The regression equation for the ratio of calcium to potassium, taking into account all elements and body mass 

index (BMI), is: 

YCa/K = – 18,525 + 0,920XBMI + 0,026ХСalcium – 0,025Х Potassium+ 0,371ХIron + 2,924ХMolybdenum – 

– 2,092Х Lead– 16,563ХСadmium 

 

In the regression equation, partial correlation coefficients are statistically significant p˂0.05. 

 

The obtained value of the coefficient of determination (R2 = 0.977; F = 25.256, p<0.001) indicates a highly 

significant relationship between the status of the examined man and the content of these elements in food, as 

well as with increased body weight. The studied parameters of calcium and potassium determine the Ca/K 

ratio in the group of males by 97.7%. 

 

In the group of females with BMI = 18–24.9 (control group), there is a statistically significant inverse 

relationship between the concentrations of Fe and Co, as well as the Ca/K ratio and the Fe concentration, the 

Zn/Cu ratio and the Cu content at a significance level of 0.05. An inverse relationship (p = 0.001) between 

the concentrations of K and Mn and the ratio of Ca to K was established. 

 

In the group of females with BMI = 25–29.9 (observation group), there is a statistically significant inverse 

relationship between the concentrations of K and Cd, as well as the Ca/K ratio and the K concentration, the 

Zn/Cu ratio and the Cu content at a significance level of 0.05. 

 

The regression equation for the ratio of zinc and copper, taking into account all elements and BMI, is: 

YZn/Cu = 6,080 + 0,074XZink – 0,001ХСalcium – 0,193ХСopper + 0,267ХIron 

 

In the regression equation, partial correlation coefficients are statistically significant p˂0.05. 

 

The obtained value of the coefficient of determination (R2 = 0.952; F = 11.993, at p = 0.001) indicates a 

highly significant relationship between the status of the examined female and the content of these elements 

in food, as well as with increased body weight. The studied parameters determine the Zn/Cu ratio in the 

female group by 95.2%. 

 

The regression equation for the ratio of calcium and potassium, taking into account all elements and BMI, is: 

Y Ca/K = –59,428 + 0,019ХСalcium – 14,463ХManganese – 0,003ХSulfur 

 

In the regression equation, partial correlation coefficients are statistically significant p˂0.05. 

 

The obtained value of the coefficient of determination (R2 = 0.799; F = 2.391, at p = 0.05) indicates a highly 

significant relationship between the status of the examined female group and the content of these elements in 

food, as well as with increased body weight. The studied parameters determine the Ca/K ratio in the female 

group by 79.9%. The data obtained are presented in Figures 1-4. 
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Figure 1 - Ca / K ratio in the group females                   Figure 2 - Zn/Cu ratio in the group females 

 

 
Figure 3 - Ca / K ratio in the group males                       Figure 2 - Zn/Cu ratio in the group males 

 

Because the composition of microelements in the blood is relatively constant, changes in their content can 

indicate the existence of a variety of medical diseases in a person. The results of the analysis of the content 

of bioelements in the blood serum are shown in Table 2. 

 

Table 2 - The concentration of microelements in blood serum in individuals with different BMI 

Microelements 
Females 

Microelements 
Males 

BMI 18–24,9 BMI 25–29,9 BMI 18–24,9 BMI 25–29,9 

Calcium, mg/ml 51,5±1,7 58,8±1,33* Calcium, mg/ml 50,5±1,1 60,4±2,01* 

Zinc, mg / ml 4,75±0,25 4,8±0,15 Potassium, mg/ml 1422,9±84,0 1277,3±42,1* 

Copper, mg/ml 1,22±0,03 0,97±0,02* Zinc, mg / ml 4,15±0,31 4,44±0,27 

Vitamin D, ng / ml 28,6±3,3 19,8±2,54* 

Copper, mg/ml 1,12±0,02 0,92±0,021* 

Iron, mg/ml 371,09±22,6 352,8±13,5 

Vitamin D, ng / ml 37,5±2,4 26±3,04* 

* – p<0,05 

 

Analysis of the results showed that the concentration of microelements in the blood serum significantly 

differed in both females and males. with different BMI values. We found a higher content of calcium, but a 

lower content of copper, both in females and in males with overweight compared to people with normal BMI 

values (p = 0.01). In addition, only overweight males have lower potassium values than males with lower 

BMI values. A conditional deficiency (a downward trend) of vitamin D among males and females was found 

in both groups of overweight subjects (p = 0.01). 
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Several mechanisms appear to underlie the association between overweight (obesity) and vitamin D 

deficiency. First, with increasing body weight, fat-soluble vitamin D is distributed in a larger volume, which 

leads to a decrease in its concentration in plasma. This determines the decrease in the bioavailability of 

vitamin D, both ingested and synthesized in the skin. Secondly, it can be assumed that in obesity, the natural 

production of vitamin D in the skin is reduced under the influence of sunlight since obese people wear more 

closed clothes and spend less time in the sun [7]. 

 

An analysis of the results of a clinical biochemical study and the level of hormones in the blood serum of 

females and males is shown in tables 3 and 4. 

 

Table 3-Biochemical parameters of blood serum in females and males with different BMI values 

Indicator Females Males 

 BMI 18–24,9 BMI 25–29,9 BMI 18–24,9 BMI 25–29,9 

Glucose, mmol/l 4,48±0,11 5,29±0,21* 4,63±0,13 5,79±0,18** 

Cholesterol, mmol/l 4,18±0,3 6,38±0,23** 4,22±0,28 6,62±0,64** 

Cholesterol-HDL, mmol/l 0,59±0,19 0,78±0,21 0,42±0,14 0,62±0,12 

Cholesterol-LDL, mmol/l 2,99±0,49 3,69±0,45 2,09±0,34 4,04±0,53** 

Triglycerides, mmol/l 1,43±0,16 1,91±0,18* 1,22±0,28 2,07±0,48* 

ALT, IU/L 19,7±2,6 27,7±1,5* 24,67±3,17 29,67±2,17* 

AST, IU/L 21,6±2,1 24,96±1,6 23,9±1,21 24,9±1,36 

* – p<0,05; ** – p<0,01 

 

We found that the concentration of glucose, cholesterol, and triglycerides in both males and females with an 

increased body mass index was higher than in individuals with a lower body weight (p = 0.001; p = 0.004; p 

= 0.01). At the same time, the cholesterol content exceeded the value of the clinical norm [8]. It should be 

noted that the content of HDL cholesterol and LDL cholesterol in females did not significantly differ with an 

increase in BMI, while in the examined males, the content of LDL cholesterol was higher in people with BMI 

= 25–29.9 compared with people with BMI = 18–24.9% (p = 0.003). The fact of changes in enzyme activity 

was noted: alanine aminotransferase activity is higher in individuals with higher BMI values, both among 

females and males, p = 0.01 and p = 0.03, respectively. This fact attracts attention against the background of 

an imbalance in mineral metabolism, which leads not only to the development of dysmicroelementoses but 

also to a violation of metabolic processes. 

 

In Table 3, the concentration of hormone levels in the blood serum among females and males with different 

BMIs is presented. 

 

Table 4-Serum hormone levels in females and males 

Indicator 
Females  Males 

BMI 18–24,9 BMI 25–29,9 BMI 18–24,9 BMI 25–29,9 

Thyroid-stimulating hormone (TSH) 
μU/mL 

2,45±0,15 4,45±0,27** 2,01±0,11 4,64±0,31* 

Triiodothyronine (Free T3) pg/mL 

 
3,45±0,19 3,38±0,23 3,12±0,33 4,01±0,11* 

Thyroxine(FreeT4) 
ng/dL 

 

17,27±0,21 12,41±0,29** 15,44±0,17 11,02±0,41** 

Cortisol µg/dL 262,1±29,8 370,44±84,5* 240,68±13,6 489,1±54,9** 

* – p<0,05; ** – p<0,001 

 

Indicators of hormonal status according to the results of studies of the level of TSH, free thyroxine, free 

triiodothyronine, and cortisol in males and females with BMI = 18–24.5 were within the physiological 

http://www.endmemo.com/sconvert/microgram_deciliter.php.php
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reference values, but were significantly higher in individuals with BMI = 25–29.9 (in males and females): 

TSH (males and females, p=0.0001), free triiodothyronine (males p=0.013), free thyroxine (men, females, 

p=0.0001), and cortisol (males, females, p=0.0006). TSH levels in people with a BMI = 25–29.9 ranged from 

0.05 U/ml to 13.1 U/ml, with an average of 4.56 4.04 U/ml. The average concentration of TSH among this 

category of people is higher than the reference value, p =0.04. The found correlations between the level of 

TSH and the level of lipids in the blood are significant: TSH/cholesterol (r = +0.37, p<0.05), 

TSH/triglycerides (r = +0.25, p<0.05). 

 

In individuals with elevated glucose levels and BMI = 25–29.9, the average TSH level is higher (2.97 ± 0.23 

μU/ml) than in individuals with a normal level of carbohydrate metabolism and BMI = 18–24.9 (2.45±0.09 

μU/ml); p<0.01. So, among patients with elevated glucose concentrations, TSH increased more often: 

elevated TSH levels were detected 1.5 times more often than in patients with normal glucose concentrations. 

The presence of an elevated TSH concentration was correlated with an elevated glucose level (OR = 1.93, CI 

1.11–1.36, p = 0.026). Among the examined individuals, with a significant difference in thyroid-stimulating 

hormone (p = 0.01), the correlation of the hormone with the lipid profile was assessed. The correlation 

between TSH level and lipid profile revealed a direct moderate relationship between all parameters: 

TSH/cholesterol (0.68, p = 0.0005), TSH/triglycerides (0.57, p = 0.0008), TSH/LDL cholesterol (0.68, 

p<0.05), TSH/HDL cholesterol (p >0.05). 

 

The study of the relationship between changes in the concentration of thyroid-stimulating hormones in 

individuals with BMI = 25–29.9 (males n and females) in combination with changes in the levels of 

microelements and vitamins showed the presence of a correlation between changes in indicators in the 

following pairs: 

 Females: TSH/vitamin D (r=0.60, p=0.02), triiodothyronine (free)/calcium (r=0.66, p=0.02), thyroxine 

(free)/calcium (r= 0.60, p=0.04), TSH/copper (r=0.54, p=0.03). 

 Males: TSH/zinc (r=0.53, p=0.04), thyroxine (free)/iron (r=0.69, p=0.02), TSH/vitamin D (r=0.61, p=0.03), 

triiodothyronine (free)/calcium (r=0.65, p=0.03), thyroxine (free)/calcium (r=0.67, p=0.02). 

A high level of TSH has a high rank of prognostic significance and increases the risk of developing UTI, 

which, along with known risk factors, may be an additional autonomous sign of obesity. The elevated serum 

TSH level with a normal serum free thyroxine level, which we observed in our study, may indicate a possible 

subclinical hypothyroidism (OR = 3.91, CI = 2.5–6.10), with general clinical health and normal biochemical 

parameters of the blood [9]. 

 

The level of cortisol in the subjects was within the physiological norm for these age groups, taking into 

account gender, but at the same time, its concentration in people with a higher body weight (persons of both 

sexes) was higher (p = 0.006). The analysis of correlations of cortisol with indicators of biochemical analysis 

established the dependence of changes in this hormone on glucose levels in males and females with BMI = 

25–29.9 (r = 0.57, p = 0.038; r = 0.61, p = 0.031). 

 

Thus, according to the results of the study of people with a BMI= 25–29.9, it can be argued that the 

concentration of glucose, cholesterol, and triglycerides increased with a change in body mass index (increase) 

in both males and females. Among the male half of the subjects, LDL cholesterol significantly increased with 

increasing body weight (p = 0.003), and the level of thyroid-stimulating hormone has a direct moderate 

relationship with the lipid profile. 

 

4. Conclusion 

1- X-ray fluorescence analysis is recommended for controlling the balance of macro- and microelements 
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in the body. Among males, with an increase in BMI, the correlations between the concentrations of elements, 

as well as among females, weaken, and their number decreases by 1.57 times. In this case, there are more 

connections between the concentrations of heavy metals in the body, which causes their accumulation and 

leads to the destruction of bonds between essential elements and leads to a violation of metabolic processes. 

In the group of females with an increase in the body mass index, the interrelationships of the accumulation of 

bioelements in the body are destroyed, which leads to the development of dysmicroelementoses and, as a 

result, to the violation of metabolic processes. Compared to the level of elements in the hair, the content of 

elements in the blood serum is more balanced. 

 

2- The Ca/K coefficient can be used to assess the activity of calcium-regulating hormones as a 

microelements expression of their effect. The Ca/K ratio was greater than 5 in 64% of males with a BMI = 

25–29.9, and the Zn/Cu ratio was greater than 8 in 7%. Thus, it can be seen that with increased body weight, 

the activity of calcium-regulating hormones is increased by 64.0%, which was not previously considered in 

the literature. Ca/K ratios were greater than 5 in 92% of females with a BMI of 25–29.9, and Zn/Cu ratios 

were greater than 8 in 56%. With increased body weight, the activity of calcium-regulating hormones is 

increased in 92% of females. The concentration of microelements in the blood serum has a significantly 

different character among both sexes with BMI = 18–24.9 and BMI = 25–29.9, both in the direction of 

decreasing and increasing the concentration of microelements. Analysis of the level of vitamin D supply 

showed significant differences among both groups (p = 0.01). In 50% of cases, there was a trend toward a 

decrease in vitamin D in groups with BMI = 25–29.9 (males / females). ratio can be considered as an indicator 

of the degree of calcium absorption by the bone tissue and as a violation of the hormonal activity of the 

endocrine glands that regulate calcium metabolism. 

 

3- The level of elements in the blood serum is balanced compared to the amount of microelements in 

the hair. There was escess calcium in the hair, both in males and females, and below the average level of this 

element, relative to the reference value in blood serum, in both sexes with BMI = 18–24.9, but a significant 

increase with BMI = 25–29,9. The established dissonance (excess and at the same time a deficiency of 

microelements) is an important link in the development of overweight. The established dissonance 

(excess/deficiency) of microelements is important in the development of overweight. Calcium, zinc, iron, 

copper, and potassium deficiency require nutritional correction. The concentration of glucose, cholesterol, 

and triglycerides in persons with a BMI = 25–29.9 significantly increased with weight gain, both in males 

and females. Among males, LDL cholesterol increased with increasing body weight (p = 0.003). An 

imbalance of calcium, zinc, iron, copper, and potassium was shown to cause changes in hepatocyte enzymatic 

activity (the level of ALT/AST increased with body weight in both sexes, p = 0.01; p = 0.03). The level of 

cortisol, with an increase in body weight (BMI = 25–29.9), tends to increase in females and significantly 

increases in the male population (p = 0.006). Analyzing the correlation component of cortisol with indicators 

of a biochemical study, a correlation was established with the glucose level in individuals with a BMI = 25-

29.9 (r = 0.57, p = 0.038). Subclinical hypothyroidism, identified among the subjects, is associated with 

dyslipidemia, impaired microelement status, and affects cell metabolism, being an additional factor in 

increasing body weight. Elevated TSH levels among individuals with a presumed history of "subclinical 

hypothyroidism" were correlated with high glucose levels (OR = 1.93, CI 1.11–1.36, p = 0.026). Screening 

for thyroid-stimulating hormone is indicated for all individuals with a BMI >25. An odds ratio study (Mantel-

Hensel method and logistic regression coefficients) showed that female gender is associated with an increased 

risk of borderline TSH (OR = 1.89, CI = 1.28–2.79) and subclinical hypothyroidism (OR = 3.91). CI = 2.5-

6.10). 

 

Thus, the data obtained indicate a clear, significant, and correlational dependence of the imbalance in the 
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elemental status in patients with overweight, both in males and females in the age group ≥ 18 years (Young 

people), a parallel effect on which is exerted by the level of both the hormonal background (hormones 

pituitary gland-TSH, thyroid hormones-T3/T4 free, adrenal hormones-cortisol), and metabolites, substrates, 

and enzymes of blood plasma (glucose, cholesterol, LDL cholesterol, triglycerides, alanine aminotransferase). 
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