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Abstract

Introduction

Osteoprotegerin has been shown to play a role in vascular calcification, atherosclerosis and the
pathogenesis of cardiovascular diseases. We aimed to evaluate whether excess fat mass affects
serum osteoprotegerin concentrations and to evaluate its associations with chosen cardiometabolic
risk factors in overweight and obese children.

Material and methods

We enrolled 105 children ranging from 7.0 to 17.8 years of age. Among them 70 individuals were
overweight and obese, and 35 were healthy with normal physical parameters. In all patients,
anthropometric measurements and laboratory tests were performed. Atherogenic and insulin
resistance indices were calculated.

Results

We did not find any differences in serum osteoprotegerin concentrations between overweight and
obese children and their lean peers. In all studied patients, together with elevated quartiles of
osteoprotegerin concentration, insulin resistance status decreased, and low-density lipoprotein
cholesterol concentration increased. In the group of overweight and obese children osteoprotegerin
was associated with low-density lipoprotein cholesterol, total cholesterol, and non high-density
lipoprotein cholesterol. In the multiple linear regression analysis osteoprotegerin correlated only with
low-density lipoprotein cholesterol (8 = 0.140, p = 0.005).

Conclusions

Insulin resistance and lipid profile seem to influence circulating osteoprotegerin levels, but most likely
needs more time to change its concentration in overweight and obese patients. The association of
osteoprotegerin with low-density lipoprotein cholesterol may suggest its link with atherogenesis.



Introduction

Overweight and obesity in children and adolescents are serious health problems,
responsible for an atherogenic lipid profile, insulin resistance, diabetes mellitus type 2,
hypertension and, in the long term, cardiovascular diseases. Excess adiposity also impacts
liver function, the musculoskeletal system, as well as bone metabolism, increasing the risk
of the development of osteoporosis [1-4].

A low-grade systemic inflammation, termed “metabolic inflammation,” plays a
crucial role in the etiology of cardiometabolic disorders [2,5]. Hypertrophied adipocytes,
resident lymphocytes and macrophages produce and secrete many hormones, cytokines and
chemokines, which activate multiple signaling pathways affecting systemic inflammation,
immunity, glucose and lipid metabolism, angiogenesis and hemostasis. Despite the well-
known endocrine and immune function of adipose tissue (AT), the pathogenesis of AT-
related disturbances is still a very active field of research. There is a hormonal cross-link
between AT and bone. Proinflammatory cytokines, especially tumor necrosis factor alfa
(TNFa) and Interleukins 1 and 6 (IL-1, IL-6) regulate the expression of the
osteoprotegerin/receptor activator of nuclear factor- «f ligand (OPG/RANKL) system [6-8].
Moreover, OPG was found to have an inverse relationship with leptin [9] and a direct
relationship with adiponectin [10].

Osteoprotegerin is a secretory glycoprotein belonging to the tumor necrosis factor
(TNF) receptor superfamily and is composed of 401 amino acids containing 7 domains. OPG
is produced by a variety of tissues, primarily in osteoblasts and bone marrow stromal cells,
but its expression was also confirmed in AT [8,11]. It is well known as an important regulator
of osteoclastogenesis. By binding the receptor activator of nuclear factor- xf ligand

(RANKL), OPG blocks its interaction with Receptor Activator for Nuclear Factor NF- kappa



B (RANK) expressed on the membrane of osteoclast precursors and inhibits the
differentiation and maturation of osteoclasts, thus inhibiting bone resorption [7,8,11,12]. The
intensity of the process of bone remodeling depends on the balance between OPG and
RANKL. The OPG/RANKL ratio can also be modulated by glucocorticoids, parathormone
(PTH), 1,25 dihydroxyvitamin D and prostaglandin E2, which increase bone resorption and
diminish bone density, and also transform growth factors (TGF-3) and estrogens, which have

a protective effect [7,8].

Studies have suggested that OPG, by interplay with other ligands, are implicated in
various biological processes [12]. OPG can influence immune and inflammation processes
and, by blocking TNF-related apoptosis ligand (TRAIL), may be involved in promoting
cancer cell survival [4,12]. Moreover, OPG is expressed by endothelial cells and vascular
smooth muscle cells thus having an impact on the vascular system [11]. A link has been
suggested between OPG and vascular calcification, atherosclerosis and the pathogenesis of
cardiovascular diseases [13-15]. The mechanism of this effect is not clear and seems to
involve multiple players beyond RANKL and TRAIL [12]. In clinical trials evaluating the
adult population, elevated OPG levels were found to be positively correlated with traditional
risk factors of cardiovascular disease (CVD) such as smoking, hypercholesterolemia,
hypertension, diabetes, metabolic syndrome, microalbuminuria, as well as with incidents of
CVD and mortality [13-21]. OPG is considered to be a biomarker of endothelial cell
dysfunction [15,16,22,23]. In adults with obesity, decreased levels of OPG in circulation
have been reported [10,24,25], but this finding is not present in every patient [26]. Moreover,
data concerning the association between serum OPG and cardiometabolic abnormalities
related to fat mass are scarce and inconsistent [10,13,24-26], especially in the pediatric

population [9,27-29].



Therefore, the purpose of this study was to evaluate whether excess fat mass affects

serum OPG concentrations and to evaluate its associations with chosen cardiometabolic risk

factors in overweight and obese children and adolescents.

Material and methods

This study was performed in the Department of Paediatrics and Endocrinology at the
Medical University of Warsaw. We recruited 105 children and adolescences ranging from
7.0 to 17.8 years of age. Thirty-five of them (21 girls, 14 boys, mean age 13.8 + 2.8 years)
were healthy with normal physical parameters. The remaining 70 children (36 girls, 34 boys,
mean age 13.0 + 2.8) had excess fatty mass. According to the values of z-score BMI, 17
patients met the criteria for being overweight (z-score BMI > 1), and 53 were obese (z-score
BMI > 2).

All patients had a negative history of severe chronic disease and did not take any
medications regularly, including vitamin D. Genetic and endocrine causes of excess fat mass,
as well as diabetes, hypertension and hepatic and renal disturbances were excluded in all
overweight and obese children.

This study received approval from the Ethical Committee at the Medical University
of Warsaw. Informed consent was obtained from legal guardians of all participants and also
from children older than 16 years.

Anthropometric measurements

The children enrolled in the study underwent anthropometric measurements: height
(cm), body weight (kg), waist circumference and hip circumference (cm), and thickness of
skinfolds (mm): under the triceps brachii muscle and under the inferior scapular angle.
Wearing only underwear, body weight was measured by means of medical scales to the

nearest 0.1 kg, and height by means of a stadiometer (Holtain Limited) to the nearest 0.1 cm.



Measurements of waist and hip circumference using a metric tape measure and thickness of
skinfolds using a skinfold caliper Harpenden type were done according to the
recommendations of the World Health Organization (WHO) [30]. The measurements were
taken by a qualified anthropologist twice, then the results were averaged.

The obtained data were used to calculate body mass index (BMI), z -score BMI (SDS
BMI, standard deviation score) by means of the LMS (lambda, mu, sigma) method to
normalize the data for age and sex using polish reference values [31,32], waist to hip ratio
(WHR), waist to height ratio (WHtR) as well as the percentage of fat tissue (Y%BFM) from
the sum of 2 skinfolds using the Slaughter formula [33]. Additionally, in overweight and
obese children body composition was estimated by bioelectrical impedance analysis using
the Maltron Body Fat Analyzer BF-905.
Laboratory analysis

Osteoprotegerin (OPG), soluble nuclear factor kappa B ligand (SRANKL), glucose
and insulin, acute-phase protein (CRP) and uric acid concentrations, as well as lipid profile
and calcium-phosphate metabolism parameters were measured in peripheral blood serum
with the patient in a fasting state. Moreover, in overweight and obese children a standard

oral glucose test (OGTT) was carried out.

OPG (pmol/l) and total SRANKL (pmol/l) concentrations were measured using an
enzyme immunoassay - ELISA test (DRG Instruments GmbH, Germany). Total cholesterol
(TC, mg/dl), high-density lipoprotein cholesterol (HDL-C, mg/dl) and triglyceride (TG,
mg/dl) concentrations were determined by the calorimetric enzymatic method using the
VITROS 5600 Chemistry Analyzer (Ortho-Clinical Diagnostics, USA). Glucose
concentrations were carried out on the same analyzer using the glucose oxidase colorimetric

method. Low-density lipoprotein cholesterol concentration (LDL-C, mg/dl) was calculated



using the Friedewald formula [34]. Serum concentrations of insulin were determined by

Immunoassay using an IMMULITE 2000 Xpi Analyzer (Siemens, Erlangen, Germany).

Calcium (Ca, mg/dl) and phosphorus (P, mg/dl) levels and total alkaline phosphatase
(ALP, U/L) activity in blood serum, as well as CRP (mg/dl) and urid acid (mg/dl) were
measured by the dry chemistry system using a VITROS 5600 Chemistry Analyzer. The
concentrations of intact parathyroid hormone (PTH, pg/ml) and 25-hydroxyvitamin D
(25(0OH)D, ng/ml) were determined by immunoassay using a IMMULITE 2000 Xpi

Analyzer and ARCHITECT Analyzer (Abbott Diagnostics; Abbott Park, IL), respectively.

Results of lipid profiles were interpreted according to the American Heart
Association [35]. Based on the obtained data, the atherogenic indices TG/HDL-C ratio and
non-HDL cholesterol (calculated as TC minus HDL-C) were calculated [36,37].
Homeostasis model assessment for insulin resistance index (HOMA-IR), fasting insulin to
glucose ratio (I/G) and quantitative insulin sensitivity check index (QUICKI) were assessed
for the evaluation of insulin resistance status [38]. A fasting insulin level of > 15.0 uIU/ml
[38], HOMA-IR > 3.0 [39], I/G > 0.3 [40] and QUICKI < 0.34 [41] were adopted as values
indicative of insulin resistance.

Statistical analysis

Detailed statistical calculations were performed using SPPS 13.1 software. Shapiro-
Wilk test was used to check the normality of distribution. Data were presented as means and
standard deviation (SD) or median with interquartile range (IQR), as appropriate. For a better
understanding and to explore the role of OPG in obesity, study participants were stratified
according to quartiles of OPG. The obtained data were also analyzed between overweight
and obese children and their healthy, lean peers. Depending on the distribution of the studied

variables, a Student’s T-test or U Mann-Whitney test was performed to compare the two



groups. When comparing more than three groups, One-Way Analysis of Variance (ANOVA)
or a Kruskal- Wallis test was used. To precisely assess which groups stratified according to
quartiles of serum OPG levels, Tukey post-hoc tests with Bonferroni
corrections were made for the ANOVA test and U-Mann-Whitney test for the Kruskal-
Wallis test. Relationship analyses were performed using the Spearman’s rank correlation
coefficient. In order to assess the influence of selected anthropometric and laboratory
parameters on serum OPG concentration, a multivariable linear regression analysis was used.
To accept or reject the statistical hypothesis a materiality level corresponding to a probability
level of p < 0,05 was assumed.

Results
Biochemical characteristic of study population

Serum concentrations of Ca and P were within the normal range in all studied
children and adolescents. Fifty-six (53.3%) of them had 25(OH)D concentrations below 20
ng/ml, most of whom (44 children, 78.6%) were with excess fat mass. Forty-two (40%)
children had 25(OH)D concentrations between 20-30 ng/ml (half lean and half overweight
and obese), and only seven (6.7%) children had concentrations above 30 ng/ml. If we
consider overweight and obese patients separately, most of them, 44 (63%) had a significant
deficiency below a 25(OH)D concentration of 20 ng/dl, 21 (30%) between 20-30 ng/dl and,
in general, they had higher median ALP activity as compared to normal weight children. In
healthy, non-obese children, 12 (34%) had 25(OH)D concentrations below 20 ng/dl and 21
(60%) between 20-30 ng/dl. As we expected, overweight and obese children had a higher
insulin resistance status and incorrect atherogenic lipid profiles as compared to non-obese
children (data in Table 1). Among them, increased fasting insulin concentrations (> 15.0

ulU/ml), HOMA-IR > 3.0, I/G > 0.3 and QUICKI < 0.34 were detected in 30 (42.8%), 32



(45.7%), 9 (12.9%) and 37 (52.8%) overweight and obese individuals, respectively. Incorrect
concentrations of HDL-C (< 40 mg/dl) and TG (> 110 mg/dl) were detected in 21 (30.0%)
and 28 (40.0%) children, respectively, in the same group. Moreover, overweight and obese
children had significantly lower concentrations of SRANKL compared to the normal weight
control group (median 276.95 vs 325.90, p=0.011). We did not find any differences in serum
OPG concentrations between these two groups.

The comparison of selected anthropometric and biochemical parameters between
healthy children with proper physical status and children with excess fat mass are presented
in Table I.

OPG quartiles groups

After classifying all of the studied children into groups according to quartiles of OPG
values (Table 1) we observed that elevated quartiles of OPG concentration coincided with a
decreased median of body weight, BMI, BMI SDS and %BFM, but these changes were not
statistically significant. We also found some dependencies of insulin resistance parameters
on OPG. Children in the lower quartiles (Q1, Q2, Q3) of OPG concentrations had a higher
median value of fasting insulin concentration, I/G ratio and HOMA-IR compared to children
in the highest quartile (Q4) of OPG (Q1 vs Q4, Q2 vs Q4, Q3 vs Q4 for insulin: p = 0.046;
0.023; 0.046 respectively, for I/G ratio: p =0.039; 0.035; 0.053, respectively, for HOMA: p
= 0.056; 0.020; 0.035, respectively). A similar observation applies to median PTH
concentrations (Q1 vs Q4, p = 0.030). Moreover, together with elevated quartiles of OPG
we saw elevated mean concentrations of LDL-C (Q1 vs Q4, p = 0.042), and TC (Q1 vs Q4,
p = 0.089).

When we analyzed the distribution of anthropometric and biochemical variables

according to quartiles of OPG in the group of overweight and obese children only, we found



elevated LDL-C and TC concentrations together with elevated quartiles of OPG levels
(Table I11). We also observed some changes in median HOMA-IR, TG/HDL-C ratio, non-
HDL and PTH, but without statistical significance (Table I11).
Correlation of OPG with anthropometric and biochemical parameters

In the Spearman correlation coefficient analysis, serum OPG weakly correlated with
I/G ratio (R = - 0.23, p = 0.028), HOMA-IR (R = - 0.23, p = 0.030), QUICKI (R = 0.23, p =
0.030) and TC (R = 0.24, p = 0.023) and LDL-C (R = 0.27, p = 0.009) in all examined
children. Based on results obtained from classifying all children into subgroups according to
quartiles of OPG and Spearman coefficients, a multiple linear regression analysis was
performed using OPG as the dependent variable and BMI, BMI SDS, % BFM, PTH, TC,
LDL-C, TG/HDL-C, I/G, HOMA-IR as the independent variables. We found that serum
OPG was independently correlated with LDL-C ( = 0.062, p = 0.004) and BMI SDS (f = -
1.300, p = 0.076).

In the group of overweight and obese children OPG correlated with PTH (R = - 0.33,
p =0.024), TC (R = 0.29, p = 0.016), LDL-C (R = 0.35, p = 0.003), non-HDL (R = 0.27, p
= 0.024). No correlation of OPG was observed with SRANKL, CRP, glucose and insulin
levels during OGTT, insulin resistance indicis, nor Ca, P, ALP and 25(OH)D. In the multiple
linear regression analysis where OPG was the dependent variable, we found a significant
correlation with LDL-C (B =0.140, p = 0.005) after taking into account PTH, TC, non-HDL,
fasting insulin, HOMA-IR and TG/HDL-C ratio as the independent variables (Figure 1).

Discussion

In our study we did not find differences in serum OPG levels between overweight
and obese children and adolescents and their normal weight peers. However, taking into
account that children with excess fat mass had lower levels of SRANKL and consequently

higher OPG/sRANKL ratio, our findings could suggest that fat excess favors the OPG



pathway. The relationships between nutritional status, carbohydrate and lipid metabolism
and OPG levels are not clear and reports available in literature are inconsistent. Yesilkaya et
al [42] showed that there are no statistically significant differences in serum OPG and
RANKL levels between obese and non-obese children and there are no associations between
OPG and RANKL and weight SDS, BMI and BMI SDS. In our study of children and
adolescents in a similar age range, in contrast to the above-mentioned results, we observed
a tendency towards negative dependencies between OPG and body fat mass parameters. In
a group of healthy children aged 0.5-19 years it has been confirmed that serum OPG did not
depend on age, sex, Tanner stage and physical state (height, weight and BMI percentile),
while SRANKL levels positively correlated with age and body weight percentiles [43]. In
studies conducted by Dimitri et al [9] and Erol et al [27] serum OPG levels were significantly
lower in obese children and adolescents compared to non-obese controls, while Suliburska
et al [28] found that obesity coincided with significantly higher OPG levels. Kotanidou et al
[29] reported higher OPG levels in obese adolescents. They demonstrated that obese insulin-
resistant (IR) children exhibited significantly higher OPG levels compared to non-insulin
resistant (non-IR) obese counterparts and compared to normal weight controls, which did
not differ in regards to OPG concentrations [29]. Similar positive correlations between OPG
levels and insulin resistance indices in obese children have been confirmed by Suliburska et
al [28]. This suggests that serum OPG levels may be related to insulin resistance status, a
finding that has also been highlighted in adult studies [18-20,25,44]. In our study we noticed
an inverse relationship between serum OPG and insulin resistance parameters when looking
at all of the studied participants as a whole. However, when taking into account only the
overweight and obese children, those associations were not present. Some studies have also

failed to show differences in OPG levels between obese insulin-resistant children and obese



children with normal HOMA-IR values, as well as no correlation with HOMA-IR and
QUICKI index [27,42]. The link between OPG and insulin resistance has not been clearly
delineated. It is suggested that OPG may play a role in the pathogenesis of insulin resistance
and diabetes through the inflammatory process [18-21].

The number of studies evaluating the relationship between serum OPG and lipid
metabolism parameters are scare and mainly concern adults [21,22]. In 286 Korean women
serum OPG levels were higher in those with increased concentrations of TC and LDL-C,
with LDL-C being a positive predictor for OPG [45]. In another study consisting of 151
healthy men, serum OPG was negatively correlated with TG, however, the stepwise
regression analysis did not confirm those findings [44]. Also, in a group of 106 obese
patients, the positive association of OPG with TC and TG disappeared after adjustments
were made for age [26]. Only Yesilkaya et al [42] analyzed the relationship between OPG
and lipid profiles and atherogenic index in obese children, obtaining no statistical
dependence. Our study was in agreement with the previously mentioned observations [45].
We found that OPG positively correlated with TC, LDL-C and non-HDL, but in a multiple
linear regression analysis, after taking into account other factors that could affect the OPG
levels, the only statistically significant relationship was found with LDL-C both in total
participants and in the group of overweight and obese children. Infiltration and retention of
LDL-C into the subendothelial space initiates an inflammatory response, macrophage
infiltration, oxidative stress and cytokine/chemokine secretion. Inflammatory cytokines and
injury to the endothelium activates cellular expression of OPG, which induces expression of
adhesion molecules and promotes leucocyte adhesion [22,46]. It is implied that the
participation of the OPG pathway in the development of atherosclerosis is initiated by

elevated LDL-C. The exact mechanism underling the association between LDL-C and OPG



is not clear [21]. Over time, the increased atherosclerotic burden and chronic inflammation
will most likely cause the overexpression of OPG in endothelial cells, which was not overly
present in our patients. The Tromso Study [47] including 6516 subjects aged 25-85 from the
general population indicated that OPG increases significantly with carotid intima media
thickness (cIMT) in older subjects and did not promote early atherosclerosis in younger
participants.

The role of obesity in the regulation of circulating OPG levels is not clear. What is
puzzling is the exact contribution of various tissue sources on serum OPG levels. In a study
by Mista et al [48] including 43 girls with anorexia nervosa, the highest levels of OPG were
found in those who had a bone density z-score lower than -1, while in girls with a normal
bone density and comparable BMI, OPG values were lower and did not differ significantly
from values in girls with a healthy weight. The authors [48] explained that elevated serum
OPG levels in girls with anorexia nervosa may be due to a compensatory response to bone
lose. Taking into account those observations, it is possible that in our study we did not
observe differences in circulating OPG levels between children with excess fat mass
compared to their normal weight peers, because they did not have reduced bone turnover
and therefore did not require the protective effects of OPG. It is possible that higher total
ALP activity in our overweight and obese children, and PTH concentrations comparable to
normal weight participants, may point towards increased bone formation. On the other hand,
most of the children in our study were undergoing puberty, during which growth hormone
and sex steroids play a fundamental role in the formation of proper bone mass [49] and the
negative impact of excess fat tissue and obesity related metabolic disturbances on bone

metabolism will presumably be seen in the near future.



The associations between OPG and obesity and metabolic disorders are
multifactorial. In our study, next to insulin resistance, one of the main factors impacting
circulating OPG levels appears to be LDL-C, which may suggest a link with atherogenesis.
In the literature, relationships with adipocytokines, glucose metabolism, CRP, sex hormones
status, markers of endothelial dysfunction and bone metabolism have also been documented
[6,7,9,10,13-16,25,26,44,47]. Studies in adult populations emphasized that an elevated
serum OPG level is interpreted as a compensatory mechanism to protect the body from the
acceleration of atherosclerosis and bone resorption [44,45]. As is in accordance with the
research of Yesilkaya et al [42], the conflicting results of the above-mentioned studies could
indicate that longer exposure to obesity and metabolic disturbances could be required to
produce clinical effects and changes in serum OPG levels. The main limitation of our study
was the small sample size, which may explain some of the weak correlations and
insignificant results. Further follow up studies including a larger group of children and
adolescents are needed to explain those relationships.

Conclusion

In our study we did not find any differences in circulating OPG levels between
overweight and obese children compared to their normal weight peers. We found
relationships between OPG and insulin resistance as well as lipid profiles in the total study
population. The association of serum OPG levels with LDL-C may explain its participation
in the atherosclerotic process.
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Table 1. The comparison of anthropometric measurements, OPG, SRANKL and biochemical

parameters between overweight and obese children and their peer with normal weight.

Variable Non-obese children Overweight and obese | p - value

(n=35) children

(n=70)

Height (cm) 159.8 + 13.6 160.6 + 14.2 ns
Body weight (kg) 50.8 +12.7 77.0+21.0 <0.001
BMI (kg/m2) 18.7 (4.6) 29.4 (5.5) <0.001
BMI SDS 0.0 (1.1) 2.1 (0.4) <0.001
WC (cm) 64.7+6.2 87.9+105 <0.001
HC (cm) 83.7+9.4 103.1+13.0 <0.001
WHR 0.8+0.0 09+ 0.1 <0.001
WHIR 0.4+0.0 05+0.1 <0.001
% BFM (skinfold) 26.4 (8.1) 34.8 (7.4) <0.001
% BFM (BIA) - 40.8+6.6 -
OPG (pmol/l) 3.74 (1.58) 3.61 (1.36) ns
SRANKL (pmol/l) 325.90 (247.30) 276.00 (188.56) 0.011
OPG/sRANKL 0.01 (0.01) 0.02 (0.02) 0.013
fasting glucose (mg/dl) | 83.27 +6.97 85.85 + 6.45 ns
fasting insulin (uIU/ml) | 8.49 (7.92) 13.10 (11.77) <0.001
1/G 0.10 (0.10) 0.15 (0.12) <0.001
HOMA -IR 1.71 (1.59) 2.84 (2.62) <0.001
QUICKI 0.35 (0.06) 0.33 (0.04) <0.001
TC (mg/dl) 153.09 + 23.77 162.08 + 26.75 ns
HDL-C (mg/dl) 62.28 + 11.97 45.65+ 11.68 <0.001
LDL-C (mg/dl) 78.05 + 19.64 93.36 = 25.51 0.013
TG (mg/dl) 63.00 (18.00) 104.00 (34.00) <0.001
TG/HDL-C 1.00 (0.40) 2.32 (1.85) <0.001
non HDL 90.81+ 20.34 116.43 + 26.27 <0.001
Uric acid (mg/dl) 434 +1.17 5.82+1.09 0.001
Ca (mg/dl) 9.90 (0.40) 10.00 (0.35) ns
P (mg/dl) 4.60 + 1.00 4,92 +0.78 ns
25(0OH)D (ng/ml) 22.80 (7.40) 17.80 (10.70) 0.025
ALP (U/L) 110.00 (133.00) 170.00 (138.00) 0.032
PTH (pg/ml) 20.60 (20.00) 21.80 (25.80) ns
CRP (mg/dl) 0.5 (0.0) 0.5 (0.05) ns

Data are presented as mean + standard deviation (SD) or median values with interquartile

range (IGR) as appropriate.

BMI - body mass index, BMI SDS - body mass index standard deviation score, WC - waist
circumference, HC - hip circumference, WHR - waist-to-hip ratio, WHtR - waist-to-height
ratio, % BFM - % of body fat mass, BIA - Bioimpedance Analysis, OPG - osteoprotegerin,
SRANKL - soluble nuclear factor kappa B ligand, OPG/sRANKL — osteoprotegerin to soluble
nuclear factor kappa B ligand ratio, I/G - fasting insulin to glucose ratio, HOMA - IR-



Homeostasis model assessment for insulin resistance index, QUICKI - quantitative insulin
sensitivity check index, TC - total cholesterol, HDL-C - high-density lipoprotein cholesterol,
LDL-C - low-density lipoprotein cholesterol, TG - triglycerides, TG/HDL-C - triglycerides to
high-density lipoprotein cholesterol ratio, non-HDL - non high-density lipoprotein cholesterol,
Ca - calcium, P - phosphorus, 25(OH)D - 25-hydroxy vitamin D, ALP - alkaline phosphatase,
PTH - parathyroid hormone, CRP- acute-phase protein, ns - non significant






Table 1l. Characteristics of chosen anthropometric and biochemical parameters after stratification according to OPG quartiles in all studied

children.
Variable Quiartile 1 Quiartile 2 Quiartile 3 Quartile 4 p-trend
(n=26) (n=26) (n=27) (n=26)
OPG range (pmol/l) <3.00 3.00-3.60 3.61-4.48 >4.49
Body weight (kg) 70.1 (59.1) 67.2 (73.3) 60.0 (96.7) 53.3 (89.6) 0.482
BMI 28.2 (17.1) 28.2 (24.7) 25.2 (26.2) 23.3 (24.4) 0.605
BMI SDS 2.0 (3.6) 2.1(4.3) 2.0 (4.2) 1.2 (3.7) 0.680
%BFM (skinfold) 34.3 (26.7) 33.2 (31.5) 32.8 (24.7) 31.0 (43.8) 0.299
Fasting insulin (uIU/ml) 14.35 (32.00) 11.70 (47.87) 11.65 (22.50) 8.83 (91.30)*" 0.078
/G 0.17 (0.37) 0.14 (0.25) 0.15 (0.29) 0.10 (0.97)™ 0.092
HOMA-IR 2.95 (6.77) 2.64 (10.93) 2.46 (4.94) 1.87 (21.05)*" 0.069
TC (mg/dl) 152.27+26.05 156.52 +24.96 16586 +25.13  167.90 +26.80 0147
LDL-C (mg/dl) 83,13 + 20.09 . 0.046
TG/HDL-C 82.51 +25.98 85.15 £24.06 1 8'2 .00 : 101.71 + 26.01 0.666
non HDL 2.16 (7.71) 2.20 (15.00) 82(4.02) 1.42 (4.20) 0.444
PTH (pg/ml) 103.55 £2825  108.87 +25.03 1;225 7i62§677 11814 £3053 0177
27.70 (73.10) 18.40 (58.40) 50 (76.60) 16.50 (35.90)"

Data are presented as mean + standard deviation (SD) or median values with interquartile range (IGR) as appropriate.

OPG — osteoprotegerin, BMI - body mass index, BMI SDS - body mass index standard deviation score, % BFM - % of body fat mass, I/G - fasting
insulin to glucose ratio, HOMA- IR - Homeostasis model assessment for insulin resistance index, TC - total cholesterol, LDL-C - low-density
lipoprotein cholesterol, TG/HDL-C - triglycerides to high-density lipoprotein cholesterol ratio, non HDL - non high-density lipoprotein cholesterol,
PTH - parathyroid hormone

* p <0.05 found in comparison of Q1 to Q4



# p < 0.05 found in comparison of Q2 to Q4
A p < 0.05 found in comparison of Q3 to Q4



Table 111. Characteristics of chosen anthropometric and biochemical parameters after stratification according to OPG quartiles in overweight and
obese children

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 p -trend
(n=18) (n=17) (n=18) (n=17)

OPG range (pmol/l) <2.99 2.99-3.60 3.61-4.40 >4.41

HOMA-IR 3.15 (6.7) 2.71 (10.4) 2.58 (4.7) 2.37 (21.0) 0.676

TC (mg/dl) 151.53 + 25.23 156.88 + 23.08 168.89 + 24.07 174.13 +£28.12 0.044

LDL-C (mg/dl) 83.51 + 25.68 87.00 + 22.63 95.90 + 20.91 110.43+24.65%  0.008

TG/HDL-C 2.50 (7.70) 2.30 (14.10) 2.20 (4.40) 2.20 (3.70) 0.740

non-HDL 106.41 + 28.70 113.65 +17.97 119.78 + 25.00 128.87 +27.95 0.080

PTH (pg/ml) 27.70 (73.10) 18.40 (55.30) 20.50 (76.60) 12.40 (22.50)" 0.102

Data are presented as mean + standard deviation (SD) median values with interquartile range (IGR) as appropriate.

OPG - osteoprotegerin, HOMA- IR - Homeostasis model assessment for insulin resistance index, TC - total cholesterol, LDL-C - low-density
lipoprotein cholesterol, TG/HDL-C - triglycerides to high-density lipoprotein cholesterol ratio, non-HDL - non high-density lipoprotein cholesterol,
PTH - parathyroid hormone

* p <0.05 found in comparison of Q1 to Q4

# p < 0.05 found in comparison of Q2 to Q4

A p < 0.05 found in comparison of Q3 to Q4
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