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Background: The aim of this study was to investigate the relationships between serum and bone concentrations of selected 
bioelements, ie, zinc (Zn), copper (Cu), iron (Fe), chrome (Cr), magnesium (Mg), and selenium (Se), and a heavy metal, ie, lead 
(Pb), and the selected indicators of metabolic disorders - Visceral Adiposity Index (VAI), Lipid Accumulation Product (LAP) and 
Body Mass Index (BMI).
Material and Methods: The study comprised 151 men aged 60 to 75 years who were scheduled for hip replacement surgery due to 
osteoarthritis. The concentrations of elements in the serum and bone tissue were measured using inductively coupled plasma optical 
emission spectrometry (Mg, Zn, Cu, Cr, Fe, and Pb) and the spectrofluorometric method (Se). Fasting plasma glucose (FPG), high- 
density cholesterol (HDL-Ch), and triacylglycerols (TAG) were determined. Lipid accumulation product (LAP) and visceral adiposity 
index (VAI) were calculated.
Results: There was no relationship between serum and bone concentrations of bioelements and lead and the BMI index. Bone Mg was 
significantly higher in men with higher VAI, but no such relation was observed in the serum. Similarly, bone Mg and Zn were higher in 
patients with higher LAP, which was not observed in the serum. Multivariate logistic regression analysis with adjustment for age was 
performed. There was a correlation between serum Zn concentration and the cut-off point for VAI. The cut-off point for LAP was 
related to the bone tissue concentrations of Mg, Zn, and Cu.
Conclusion: We found some relationships between the concentrations of selected bioelements and Pb and VAI, LAP, and BMI in 
bone but not in the serum. VAI positively correlated with bone Mg, while LAP positively correlated with bone Cu, Zn, and Mg.
Keywords: aging men, indicators of fat accumulation, adiposity, metabolic disorders, bone tissue, bioelements

Introduction
The relationships between macronutrient and micronutrient concentrations in various body tissues and metabolic 
disorders are varied but still not entirely understood. They are responsible for maintaining normal osmotic pressure 
and electrolyte balance, they regulate various metabolic processes and are the elements of hormones, enzymes, and 
coenzymes.

Magnesium (Mg) deficiency in serum is associated with METS through the concept that metabolic syndrome is 
conditioned by the formation and development of inflammation. Mg deficiency is associated with stress and activates the 
hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system. Activation of the renin-angiotensin- 
aldosterone system is a factor in the development of insulin resistance by increasing oxidative stress.1 Copper (Cu), zinc
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(Zn), and iron (Fe) are involved in numerous antioxidant enzymes. Blood concentrations of Cu and Fe may be positively 
related to diabetes risk.2 In turn, a higher dietary intake of Zn may be associated with a reduced risk of METS.3 The 
relationship between serum Pb concentration and the diagnosis of obesity is unclear. Studies show different results, eg 
a positive correlation4,5 and a negative correlation,6 with the relationship between type 2 diabetes diagnosis and Pb 
concentration frequently described as positive.7,8

Although literature describes a link between macronutrient concentrations and metabolic disorders, the data are often 
inconclusive,9–11 which may be related to the multiplicity of indices used to assess fat accumulation and metabolism. 
Among the anthropometric parameters used to assess body fat, the most common is body mass index (BMI). However, 
BMI is not the most objective index for assessing adipose tissue function as it does not take into account factors that 
affect visceral fat mass and its function.12 That is why the visceral adiposity index (VAI) is used as a marker of visceral 
adipose tissue dysfunction. The mathematical model for calculating VAI covers both anthropometric and biochemical 
parameters.13 VAI has been shown to be associated with both tissue insulin sensitivity and visceral adipose tissue.14 

Another useful tool is the lipid accumulation product (LAP) which adds waist circumference and triglyceride levels and 
has been recognized as an effective marker of metabolic syndrome in adult populations.15,16

The relationship between the indicators of metabolic disorders and concentrations of bioelements in tissues is poorly 
described, and the available data are often discrepant. Earlier studies have shown that there may be a correlation between 
serum Zn and BMI and serum Fe in older adults.17 A study on an animal model has shown that chronic supplementation 
with high doses of Zn induces visceral adipose tissue hypertrophy and impairs protein kinase B signaling.18 A study 
analyzing the relationship between Cu concentrations and lipid parameters indicates that deficiencies of this element can 
result in increased lipid levels in the peripheral circulation; this concerns glycolipids, cholesterol, triglyceride, and 
phospholipids.19 High serum Cu concentrations are associated with obesity; it has been shown that Cu positively 
correlates with body mass index (BMI) and leptin and insulin levels.20 Although metabolic syndrome may be aggravated 
by heavy metals, also abnormal serum concentrations of bioelements can coexist with METS. It has also been shown that 
patients with diabetes have higher Ca and Mg levels in serum, and Cr and Mn are higher in obese men.21 Finally, there is 
very little data on the concentrations of bioelements in bone tissue compared to the indicators of metabolic disorders. 
Studies widely report the relationship between body mass indexes and bone mineral density22 but they rarely consider 
bone mineral composition.

Comparisons of element concentrations in bone and serum can provide valuable information on the relationship 
between these tissues in the human body. The wide variety of diagnostic methods for detecting metabolic disorders 
makes it difficult to compare test results and analyze the relationship between metabolic disorders and element 
concentrations. It is worth noting that bone is a compartment in which the dynamics of changes in element concentrations 
is slower than in other tissues of the body.

The aim of this study was to investigate the relationship between serum and bone concentrations of selected 
bioelements (Zn, Cu, Fe, Cr, Mg, and Se) and Pb and the VAI, LAP, and BMI.

Materials and Methods
Study Participants
The study comprised 151 men aged 60 to 75 years who were scheduled for hip replacement surgery due to osteoarthritis 
at the Department of Orthopaedics, Traumatology, and Musculoskeletal Oncology at the Pomeranian Medical 
University. Exclusion criteria were a history of cancer, alcohol abuse, liver or kidney failure, New York Heart 
Association (NYHA) class III or IV heart failure, and the use of neuroleptics, chemotherapeutic agents, immunosup
pressive drugs, corticosteroids or antidepressants, and testosterone-treated patients. This study was performed according 
to the guidelines of the Bioethics Committee at the Pomeranian Medical University in Szczecin (KB-0012/159/12), 
which abides by the Helsinki Declaration on ethical principles for medical research involving human subjects. All the 
participants were informed about the purpose and course of the research, and all gave written, voluntary and informed 
consent for the study.
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Collection of Test Material
All patients were operated on by the same experienced orthopedic surgeon via a standard anterolateral approach. After 
the longitudinal incision of the capsule, the hip was dislocated anteriorly. Capsular attachments and surrounding soft 
tissues were sharply removed. The osteotomy of the femoral neck allowed to collect femoral head with the proximal part 
of femoral neck for further examination. Approximately 1 cm3 of bone tissue from each patient during the hip 
replacement surgery was collected from surgical waste and immediately frozen in a freezer at −80°C. In the laboratory, 
the material was dried at 105°C for 3 weeks in a forced circulation air dryer (Binder GmbH, Germany) so that the water 
content could be determined (gravimetric method) before assays were performed, then the bone was separated into 
fractions and the material ground in a mortar. Tests on bone tissues were performed using spongy bone samples.

All venous blood samples were collected following overnight fasting and were stored at −80°C until processed. 
Determinations were performed by enzyme-linked immunosorbent assay (ELISA, DRG Medtek, Warsaw, Poland). The 
participants underwent anthropometric measurements: body mass (scale), body height (growth meter), and abdominal 
circumference (tape measure). Body mass index (BMI) was calculated.

Determination of Biochemical Parameters
Fasting plasma glucose (FPG), high-density cholesterol (HDL-Ch), and triacylglycerols (TAG) were determined in the 
serum using a spectrophotometric method employing ready-made reagent kits (Biolabo, Aqua-Med, Łódź, Poland). Lipid 
accumulation product (LAP) was calculated using the formula: LAP = [WC (cm) - 65] × TAG (mmol/L).23 Visceral 
adiposity index (VAI) was calculated according to the formula: VAI = WC (cm)/[39.68 + (1.88 × BMI)] × [(TAG/1.03) × 
(1.31/HDL-Ch)].14 Metabolic syndrome was evaluated using the 2009 IDF (International Diabetes Federation) classifica
tion. The criteria to be met to recognize metabolic syndrome included mandatory waist circumference greater than 94 cm 
in men, and two of the following: triglyceride (TG) levels greater than 150 mg/dL or treatment for hypertriglyceridemia, 
HDL levels<40 mg/dL or treatment for this lipid disorder, systolic blood pressure ≥130 mm Hg or diastolic blood 
pressure ≥85 mm Hg or treatment for hypertension, fasting plasma glucose levels greater than or equal to 100 mg/dL, or 
diagnosed type 2 diabetes.

Determination of Bioelements and Pb in Serum and Bone Tissue
The concentrations of Mg, Zn, Cu, Cr, Fe, and Pb in the serum and bone tissue were measured using inductively coupled 
plasma optical emission spectrometry (ICP-OES; polypropylene cyclonic spray chamber; Thermo Fisher Scientific, 
Waltham, MA, USA). ICP-OES is a well-established and powerful technique commonly used for the quantification of 
elements in liquid and solid samples.

All venous serum samples were collected following overnight fasting and were stored at −80°C until processed. Bone 
samples were dried to constant weight and 0.1 g was taken from each same to analysis. Serum samples were thawed to room 
temperature and 1 mL of each sample was collected. Both bone and serum were digested using a CEM MARS 5 microwave 
digestion system. Samples were transferred to polypropylene tubes, 4 mL of high-purity 65% HNO3 reagent (Suprapur, 
Merck, Darmstadt, Germany) and 1mL of non-stabilized 30% H2O2 solution (Suprapur, Merck, Darmstadt, Germany) were 
added. After completion of the pre-reaction time, the samples were placed in special Teflon vessels and heated in 
a microwave digestion system for 35 min at 180°C (15 min ramp up to 180°C, then at 180°C for 20 min). In a clean 
hood, samples were transferred to acid-washed 15-mL polypropylene sample tubes. Further fivefold (serum) and 20-fold and 
50-fold (bone) dilutions were performed prior to ICP-OES measurement. The samples were then spiked with an internal 
standard to provide a final concentration of 0.5 mg/L Yttrium and 1 mL of 1% Triton (Triton X-100, Sigma) and diluted to 
a final volume of 10 mL with 0.075% nitric acid (Suprapur, Merck, Germany). Blank samples were prepared by adding 
concentrated nitric acid to the tubes without a sample and subsequently diluted in the same manner as described above. The 
calibration standards (ICP multi-element standard solution IV; Merck; Phosphorus ICP Standard, AccuStandard Inc., New 
Haven, CT, USA) and the reference materials (National Institute of Standards and Technology (NIST) SRM 8414 Bovine 
Muscle, NIST SRM 1486 Bone Meal, Gaithersburg, MD, USA) were prepared in the same manner as the patient samples 
and blanks. The analysis of the sample was performed only if the correlation linearity of the standard curve (R2) was above
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0.998. The limits of detection (µg/L) were as follows: Zn 0.19, Cu 0.39, Fe 0.25, Pb 1.06, and Mg 0.01. Y recovery during 
analysis was between 89% and 100% for samples and between 93% and 97% for standards.

Analyses were performed in both radial and axial modes, depending on the element and matrix. Multiple wavelengths 
were generally monitored for each element to provide confirmation of quantitative results. Ongoing calibration check 
samples were analyzed at most after every tenth sample and consisted of a blank measurement to monitor carryover and 
mid-range calibration standards from both the low- and high-concentration calibration curves. The wavelengths (nm) 
were as follows: Zn 206.200, Cu 224.700, Fe 238.204, Pb 220.353, and Mg 280.270. Instrumental operating parameters 
for ICP OES, ICAP 7400, and Thermo are presented in Table 1.

Analysis of Selenium Concentration in Bones
Selenium concentrations in bones were determined using the spectrofluorometric method. The samples (0.5–1.5 g) were 
digested in HNO3 at 230°C for 180 min and in HClO4 at 310°C for 20 min. Then samples were hydrolyzed with 9% HCl. 
Selenium was derivatized with 2,3-diaminonaphthalene (Sigma-Aldrich) under controlled pH (pH 1–2) with the formation of 
the selenodiazole complex. This complex was extracted into cyclohexane. EDTA and hydroxylamine hydrochloride were used 
as masking agents. Se concentration was determined fluorometrically using a Shimadzu RF-5001 PC spectrofluorophotometer. 
The excitation wavelength was 376 nm, and the fluorescence emission wavelength was 518 nm. The calibration curve was 
calculated using a series of standard solutions containing Se at concentrations from 0.001 to 1.200 µg/mL). The accuracy of the 
method was verified using certified reference material BCR-185R (bovine liver) (European Commission Joint Research Centre 
Institute for Reference Materials and Measurements). A recovery of 90% was obtained.24,25 The limit of detection was 0.3 µg/L.

Statistical Analysis
Statistical analyses were performed using Statistica (version 13.0, StatSoft Poland, Cracow, Poland). Quantitative 
variables were presented as median and quartile range. Data were checked for normality using the Shapiro–Wilk test. 
In the case of a normal distribution, means were compared using Student’s t-test; otherwise, the nonparametric Mann– 
Whitney U-test was used. The accuracy was measured using the area under the curve (AUC) with a 95% confidence 
interval (CI). To determine the specific cutoff point the score with the highest combination of sensitivity and specificity 
(Youden’s index) was considered optimal. Multivariate logistic regression analysis with age adjustment was performed. 
The significance level was set at p≤0.05.

In this study, the men were divided into groups according to cut-off points obtained in the ROC curve analysis. For 
BMI the cut-off point was 28.63 kg/m2, for VAI the cut-off point was 2.27, and for LAP the cut-off point was 67.09.

Table 1 Instrumental Operating Parameters for 
ICP OES, ICAP 7400, Thermo Scientific

Parameter Value

RF power 1150 W

Plasma gas flow 12 L/min

Auxiliary gas flow 0.5 L/min

Nebulizer gas flow 05 L/min

Nebulizer model K-Type Concentric

Plasma view Axial and Radial

Peristaltic pump flow 0.8 mL/min

Calibration Linear Calculated Intercept
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Results
Population Characteristics
A total of 151 men aged between 60 and 75 years (Me=66.0) participated in the study (Table 2). For the analyses with 
body mass index and body fat accumulation in the first step of the analysis, a ROC plot was used to distinguish the study 
groups (Table 3, Figure 1). In the analysis, the state variable was the presence of MetS. In the analysis, the cut-off point 
for BMI was 28.63 kg/m2 (p<0.007), for VAI 2.27 (p<0.001), and for LAP 67.09 (p<0.001).

The Levels of Biometals and Pb vs BMI, VAI, and LAP
The bioelements and metal concentrations between the groups were compared to the indices of adipose tissue accumula
tion and function (Table 4). There was no relationship between serum and bone concentrations for the BMI index. The 
analysis of VAI showed that Mg concentration in bone tissue was significantly higher in men with higher values of VAI 
(p=0.050), but no relation was observed for the serum concentration. Similarly, when analyzing the relationship between 
bone tissue concentration and LAP index, it was shown that both Mg and Zn concentrations were higher in patients with 
higher LAP values (p=0.003 for Mg; p=0.012 for Zn), but it was not observed in the serum.

Multiple Logistic Regression Analysis
Multiple logistic regression analysis with adjustment for age was performed (Table 5). There was a correlation between 
serum Zn concentration and cut-off point VAI (OR=4.774, p=0.024). The cut-off point LAP value was related to the bone 
tissue concentrations of Mg (p=0.031, OR=1.015), Zn (p=0.038, OR=1.010), and Cu (p=0.041, OR=2.311).

Table 2 Descriptive Characteristics of the Study Group (n=151)

Variable Me SD Lower Quartile Upper Quartile

Age [years] 66.00 5.03 62.00 70.00

Body weight [kg] 90.00 15.16 80.00 100.00
WC [cm] 102.50 11.61 97.50 113.00

BMI [kg/m2] 29.41 3.130 26.73 32.00

VAI 2.27 1.58 1.73 3.46
LAP 67.48 40.20 46.21 96.47

CHT [mg/dl] 177.80 46.48 147.00 205.10

HDL [mg/dl] 39.85 10.59 32.40 46.90
TG [mg/dl] 154.65 68.84 115.00 204.30

Non-HDL [mg/dl] 134.70 46.17 105.30 169.50

LDL [mg/dl] 99.72 50.65 71.24 131.86

Abbreviations: Me, median; SD, standard deviation; WC, waist circumference; BMI, body mass 
index; VAI, visceral adiposity index; LAP, lipid accumulation product; CHT, total cholesterol; HDL, 
high-density lipoprotein; TG, triglyceride; Non-HDL, non-HDL cholesterol levels; LDL, low- 
density lipoprotein.

Table 3 ROC Curve Parameters

Parameter AUC P Cut-off Point CI AUC Lower 95% CI AUC Upper 95%

BMI 0.638 0.007 28.63 0.537 0.738
VAI 0.750 <0.001 2.27 0.650 0.849

LAP 0.774 <0.001 67.09 0.683 0.866

Note: The results of the ROC analysis. 
Abbreviations: BMI, body mass index; VAI, visceral adiposity index; LAP, lipid accumulation product; AUC, area under the 
ROC diagram; p, statistical significance; CI, confidence interval.
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Discussion
Bone is a structure that is subject to continuous modification through resorption and accretion processes that are regulated 
by factors such as mechanical and hormonal stimuli and the concentration of elements in the bone tissue. Both 
deficiencies and excesses of trace element concentrations in bone tissue can be factors that affect metabolism and 
bone density.26 The relationship between body weight and bone mineral density is most commonly described as 
a positive correlation.27 However, the study of this relationship in relation to bone mineral composition and various 
indices describing visceral fat accumulation still remains to be clarified. The identification of simple and modifiable 
indices reflecting bone tissue quality and structure presents a major diagnostic challenge.

About 50% of accumulated Cu is found in the bone and muscle tissue.28 Cu participates in collagen synthesis in bones 
and connective tissue.29 In our study, LAP was related to Cu concentration in bone tissue but not in the serum of the men. 
It has previously been shown that there is a relationship between blood Cu concentration and the frequency of diagnosis 
of obesity.30 Copper-zinc superoxide dismutase protects cells from damage caused by superoxide ions. Cu concentration 
in blood is important to avoid oxidative damage and also reduce the risk of obesity.31 Cu deficiency has also been shown 
in severely obese men qualified for bariatric surgery.32 However, the relationship between Cu and bone fat accumulation 
remains unclear.

Figure 1 ROC plot against METS and fat accumulation indices.
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In a previous study, we showed that the Zn/Cu ratio in bone was positively associated with bone density and bone 
mineral content in the whole body.33 Bone in humans contains up to 30% of the Zn accumulated in the body. Zn 
deficiencies may cause delayed bone growth.34,35 In our study, we demonstrated that LAP may be a factor reflecting 
changes in Zn concentration in bone tissue. In the available literature, indices such as BMI are factors used as an 
adjustment for studies on the relationships between elemental concentrations and bone tissue quality. Dietary Zn intake 
and plasma Zn concentration have been shown to be positively correlated with BMD in men.36 A meta-analysis has 
shown that Zn supplementation can improve lipid metabolism and glucose homeostasis in patients with type 2 diabetes.37 

In bone, Zn is an essential component for protein synthesis in the skeletal structure. Deficiencies of this element can lead 
to decreased collagen synthesis and turnover. In addition, adequately high Zn concentration has been shown to stimulate 
osteoblastic cells.38 The relationship between Zn concentration in bone and lipid concentration is poorly described and 
the biological mechanism of this relationship is unclear. It is worth emphasizing that studies in animal models show that 
dietary Zn deficiency can induce oxidative stress due to Fe accumulation and reduced antioxidant levels in bone tissue. In 
addition, Zn deficiency can stimulate the expression of osteoclastogenesis-related genes.39

Mg is the second most abundant intracellular cation in the human body. The main reservoir of this element is bone 
tissue.40 Many studies show a correlation between low Mg concentrations in food intake and the incidence of MetS, 
regardless of gender, age, physical activity, and other factors.41–43 It is worth noting that Mg2+ ions are natural 
antagonists of calcium ions - the main component of bone tissue. A metanalysis by Han et al44 showed that high dietary 
Ca2+ intake reduces the risk of MetS. Mg2+ and Ca2+ ions regulate the metabolic response in overweight patients, and 
disruption of this homeostasis maximizes the effect of their single deficiency.45 In our study, we showed that the LAP 
index can be a good indicator to describe the changes in the concentration of Mg in bone tissue. However, we did not 
observe this relationship in the serum. Most of the studies on Mg concentration concern its serum concentration in 
relation to the occurrence of osteoporosis in postmenopausal women. These studies report that women with osteoporosis 
show significantly lower serum Mg concentrations compared to control.46–48 Finally, a study by Hayhoe et al 2015 
indicated a relationship between the risk of spinal fractures and Mg concentration in men.49

In our study, there was no correlation between serum and bone tissue Pb concentrations and parameters describing 
accumulation and metabolism in adipose tissue. It has previously been shown that environmental Pb exposure can be 
associated with an increase in obesity expressed as BMI.50

In our study, we found no relationship between LAP, VAI, and BMI and the levels of Cr, Se, and Fe in serum and 
bone. The available literature on the relationship between the concentration of these elements in bone tissue and 
metabolic parameters is scarce. Se is a trace element present in bone that affects its metabolism.51 It is essential for 
the synthesis of selenoproteins and is crucial for normal skeletal growth and development.52 Studies on the relationship 
between Fe and bone mineral composition have shown that Fe deficiency can cause a decrease in osteoclast activity, 
which may have a positive effect on improving bone density. The biological mechanism of this relationship depends on 
the action of lactoferrin, an iron-binding glycoprotein which inhibits osteoclastogenic differentiation of monocytes and 
improves bone density by reducing the receptor activator for nuclear factor κB ligand/osteoprotegerin ratio.53

Studying the concentration of bioelements and heavy metals in various tissues of the body is important in terms of 
finding modern solutions to contribute to the treatment of patients and to the improvement of metabolic functions. 
Examples supporting this thesis include the use of vanadium core-shell nanorods in the treatment of diabetic 
retinopathy54 or the rapid diagnosis of Coronary Heart Disease using Deep Stabilizer. These are advanced molecular 
tools for the metabolic characterization of diseases that may guide decisions for personalized medicine in the future.55

Our study also had some limitations. The study concerned correlations between the levels of bioelements and lead and 
indices describing the composition and distribution of adipose tissue. These relations may be but do not have to be 
causal, as our analysis did not include other parameters influencing the levels of bioelements and heavy metals, such as 
smoking and patients’ lifestyles. Another limitation was the selection of patients for the study; all subjects were 
diagnosed with hip osteoarthritis so caution should be exercised in generalizing the results to other populations.
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Conclusions
In our study, we showed that the relationships between the concentration of selected bioelements and heavy metals in 
serum and bone and the values of VAI, LAP, and BMI differed depending on the analyzed tissue. VAI positively 
correlated with the bone Mg, while LAP positively correlated with bone Cu, Zn, and Mg.

The concentrations of bioelements and heavy metals in bone tissue reflect the long-term dynamics of changes in 
elemental concentrations in this tissue, which may also be affected by metabolic disorders associated with increased body 
weight. Searching for simple and easy-to-diagnose indicators of the influence of metabolic disorders on the structure and 
function of bone tissue is an important factor from the point of view of public health and the effectiveness of bone tissue 
disease prevention.

The study shows that LAP may be a good predictor of changes in the concentration of elements in bone tissue in men. 
This metabolic index is easy to determine on the basis of basic blood tests and therefore it deserves attention as the most 
reliable of the analyzed indices.

Table 5 Multiple Logistic Regression Analysis with Adjustment for Age (n=151)

Effect BMI Cut-off Vert VAI Cut-off Vert LAP Cut-off Vert

p OR CI −95% CI 95% p OR CI −95% CI 95% p OR CI −95% CI 95%

Serum concentration Zn 0.879 0.930 0.367 2.359 0.024* 4.774 1.228 18.565 0.051 0.875 0.075 1.005

Cu 0.635 0.635 0.097 4.155 0.526 2.052 0.223 18.894 0.691 0.643 0.073 5.672

Fe 0.400 0.777 0.433 1.397 0.906 1.041 0.537 2.018 0.552 1.229 0.623 2.422

Cr 0.662 0.283 0.753 1.931 0.155 0.648 0.583 1.872 0.760 0.017 0.001 0.956

Mg 0.392 0.967 0.897 1.044 0.207 1.056 0.970 1.150 0.707 1.013 0.947 1.083

Bone concentration Zn 0.095 0.993 0.985 1.001 0.108 1.008 0.998 1.017 0.0358* 1.010 1.001 1.020

Cu 0.276 1.291 0.815 2.044 0.121 0.578 0.289 1.156 0.041* 2.311 1.033 5.168

Fe 0.223 0.997 0.993 1.002 0.850 1.000 0.996 1.005 0.894 1.000 0.995 1.004

Cr 0.275 1.065 0.951 1.191 0.106 0.807 0.623 1.046 0.224 1.118 0.934 1.339

Mg 0.384 1.000 1.052 1.157 0.107 0.963 0.850 1.001 0.031* 1.015 0.997 1.000

Notes: Multivariate logistic regression analysis. *Statistically relevant parameter. 
Abbreviations: BMI, body mass index; VAI, visceral adiposity index; LAP, lipid accumulation product; p, static significance; CI, confidence interval; OR, odds ratio; p, 
statistical significance.
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Table 4 Differences in the Concentrations of Bioelements and Pb Between Groups, n=151

Variables BMI VAI LAP

Above Cut-off Vertical Below Cut-off Vert p Above Cut-off Vertical Below Cut-off Vert p Above Cut-off Vertical Below Cut-off Vert p

Me SD Lower 

Quartile

Upper 

Quartile

Me SD Lower 

Quartile

Upper 

Quartile

Me SD Lower 

Quartile

Upper 

Quartile

Me SD Lower 

Quartile

Upper 

Quartile

Me SD Lower 

Quartile

Upper 

Quartile

Me SD Lower 

Quartile

Upper 

Quartile

Age 66.00 5.11 61.00 69.00 66.00 5.00 64.00 71.00 0.269 66.00 5.02 62.00 69.00 65.27 4.773 64.000 71.00 0.511 66.00 5.13 62.00 69.00 65.00 5.41 63.00 71.00 0.704

Serum 

concentration

Zn [mg/L] 1.19 0.49 1.50 1.502 1.28 0.34 1.09 1.67 0.346 1.37 0.31 1.22 1.68 1.29 0.45 1.109 1.46 0.071 1.35 0.32 1.19 1.66 1.29 0.40 1.13 1.49 0.327

Cu [mg/L] 0.90 0.23 1.09 1.086 0.98 0.17 0.87 1.13 0.657 1.02 0.22 0.89 1.09 0.99 0.16 0.884 1.08 0.690 1.02 0.23 0.90 1.09 1.24 0.25 0.88 1.07 0.685

Fe [mg/L] 1.25 0.60 1.92 1.917 1.51 0.71 1.17 2.00 0.504 1.58 0.62 1.21 1.86 1.57 0.64 1.207 2.06 0.861 1.54 0.62 1.17 1.82 1.61 0.77 1.219 2.06 0.243

Cr [mg/L] 0.01 0.00 0.01 0.008 0.005844 0.003 0.01 0.01 0.657 0.006953 0.002 0.01 0.01 0.006276 0.003 0.004 0.01 0.133 0.006179 0.002 0.01 0.009 0.006445 0.002 0.005 0.009 0.881

Mg [mg/L] 22.34 4.00 27.94 27.935 24.76 6.54 22.02 26.75 0.323 26.17 4.46 22.63 28.03 25.35 7.41 21.908 26.75 0.232 25.53 7.89 22.97 27.58 25.36 3.75 21.23 27.60 0.498

Bone 

concentration

Zn [mg/kg] 164.09 47.8 240.31 240.310 185.77 58.23 137.40 213.68 0.065 203.82 55.85 183.96 236.04 188.51 51.64 136.305 215.67 0.065 210.74 56.97 183.96 236.04 186.04 57.21 136.30 209.29 0.012*

Cu [mg/kg] 0.96 1.50 1.67 1.665 1.27 0.62 0.98 2.11 0.858 1.22 1.38 0.98 1.71 1.29 0.64 1.024 2.18 0.254 1.19 1.38 0.98 1.60 1.41 0.65 1.04 2.18 0.117

Fe [mg/kg] 52.56 28.13 167.22 167.220 82.95 33.05 48.12 137.85 0.456 90.09 85.69 56.88 160.88 93.87 77.79 41.480 160.83 0.783 90.19 139.61 53.55 155.84 93.82 218.53 42.70 167.22 0.953

Cr [mg/kg] 0.43 2.322 0.35 1.35 0.79 2.39 0.34 1.719 0.60 0.72 2.62 0.42 1.26 0.98 2.20 0.367 3.93 0.335 0.72 2.98 0.43 1.50 0.68 2.67 0.33 3.91 0.911

Mg [mg/kg] 3996.79 1298.067 3070.77 4494.66 3411.04 1472.73 2502.69 4308.31 0.19 4039.33 1616.75 3424.30 4476.95 3461.18 1084.61 2445.68 4314.90 0.050* 4291.38 1572.24 3479.07 4698.45 3406.72 1548.61 2445.68 4032.77 0.003*

Pb [mg/kg] 2.48 2.265 1.46 3.99 2.12 1.82 1.41 3.03 0.28 2.47 2.32 1.49 3.86 2.26 1.67 1.59 3.77 0.897 3.17 2.23 1.60 4.06 2.13 1.89 1.46 2.85 0.123

Se [mg/g] 0.08 0.017 0.06 0.09 0.07 0.02 0.06 0.091 0.59 0.09 0.02 0.06 0.11 0.07 0.02 0.06 0.091 0.111 0.09 0.02 0.06 0.09 0.07 0.02 0.06 0.09 0.409

Notes: Student’s t-test or Mann–Whitney U-test. *Statistically significant parameter, unit of bone tissue per dry mass. 
Abbreviations: Me, median; SD, standard deviation; BMI, body mass index; VAI, visceral adiposity index; LAP, lipid accumulation product; p, statistical significance.
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