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A b s t r a c t

Introduction: Various forms of vitamin D and factors involved in their me-
tabolism can play a role in the etiopathogenesis of metabolic disorders. This 
paper aims to define the relationship between concentration of the hydrox-
ylated form of vitamin D (25(OH)D), the fraction of free and bioavailable 
vitamin D, and of vitamin D binding protein (VDBP) levels on the one hand 
and the prevalence of metabolic syndrome components on the other.
Material and methods: The studies were conducted on 79 people, includ-
ing 52 with metabolic syndrome (MetS+) and 27 without it (MetS–). Bio-
chemical measurements (lipid profile, glycemia, 25(OH)D, VDBP, albumin, 
calcium, parathyroid hormone) were performed, concentration of free and 
bioavailable vitamin D was mathematically calculated, and anthropometric 
and blood pressure measurements were taken.
Results: The mean ± SD concentration of 25(OH)D among MetS+ individuals 
(41.90 ±13.12 nmol/l) was lower (p < 0.0001) than among the MetS– group 
(66.09 ±18.02 nmol/l). Differences between groups were observed in rela-
tion to medians/means of concentrations of free and bioavailable vitamin D  
(p < 0.0001) but not in the case of VDBP. In the entire study population, 
25(OH)D correlated with all metabolic syndrome components, whereas its 
free and bioavailable fraction correlated with particular components of the 
syndrome. In the MetS+ group, VDBP concentration negatively correlated 
with body mass index (p = 0.037) and levels of diastolic pressure (p = 0.022). 
In the case of the MetS– group, the free fraction of vitamin D negatively 
correlated with triglyceridemia (p = 0.049).
Conclusions: The evaluation of various forms of vitamin D and VDBP in dif-
ferent population groups seems to have significant clinical value in evaluat-
ing the prevalence of metabolic disorders.
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Introduction

Metabolic syndrome includes a  number of disorders whose coexis-
tence increases the risk of development of, among others, atheroscle-
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rotic cardiovascular system diseases and type 2 
diabetes mellitus. The pathogenesis of metabol-
ic syndrome (MetS) has not been fully explained 
[1]. Recently, attention has been paid to the pres-
ence in the human body of various forms of vi-
tamin D and their participation in the etiology of 
civilization-related diseases. The various forms of 
vitamin D include not only its hydroxylated form 
(25(OH)D), but also the free and bioavailable frac-
tion of this vitamin, as well as factors engaged in 
its metabolism such as the so-called membrane 
transport protein (Gc-globulin).

Vitamin D is responsible for regulating the ex-
pression of many genes (at the level of transcription 
or by membrane receptors) that are mainly asso-
ciated with the homeostasis of calcium and phos-
phate, carbohydrates, and lipids, as well as with the 
immune response or anticancer activity [2]. The ap-
propriate concentration of vitamin D is important in 
many diseases, including abdominal obesity, type 2 
diabetes mellitus, and dyslipidemia [3, 4]. It is be-
lieved that excessive body weight is a  significant 
factor that leads to lower serum concentrations of 
the vitamin. Moreover, the complex metabolism of 
vitamin D, including its transformations and trans-
port, determines its total and bioavailable pool, and 
it also depends on the calcium and parathyroid hor-
mone concentrations in the blood [3, 5, 6]. 

Several forms of vitamin D can be distinguished 
in the human body. About 88% of the 25(OH)D 
and 85% of the 1,25(OH)D are bound to vitamin D 
binding protein, and a further 10–13% to albumin. 
The rest constitutes the so-called free fraction of 
vitamin D, which is not bound to serum proteins. 
Together with the vitamin D bound to albumin, 
this makes up the bioavailable fraction. It should 
be noted that free vitamin D, although it consti-
tutes only a small percentage (0.1–2%) of the total 
vitamin in all forms in the human body, is char-
acterized by high biological activity (in accordance 
with the “free hormone hypothesis”, only unbound 
molecules can freely migrate through cell mem-
branes and cause particular metabolic effects) [7].

One of the substances responsible for the 
transport of vitamin D is Gc-globulin, also called 
vitamin D binding protein (VDBP). This is a  gly-
coprotein with multidirectional activities. Unlike 
25(OH)D, VDBP is probably not subject to seasonal 
variations [8, 9]. Research based on knocking out 
the gene coding for Gc-globulin in mice has shown 
that this protein has a  significant impact on vi-
tamin D activity. The animals were characterized 
by lower concentrations of hydroxylated forms 
of this vitamin in the blood (both 25-hydroxyvi-
tamin D, and 1,25-dihydroxyvitamin D) than were 
mice with the properly functioning gene [10]. The 
relation between the level of VDBP and the con-
centration of 25(OH)D in the blood has also been 

demonstrated in humans [11, 12]. However, to 
date, there have been no evaluations of the con-
centration of the various forms of vitamin D and 
of vitamin D binding protein in the population of 
people with metabolic syndrome. 

The aim of the study was to identify and evalu-
ate the relationship of 25(OH)D concentration, the 
fraction of free and bioavailable vitamin D, and the 
level of vitamin D binding protein, on one hand, 
with the prevalence of metabolic syndrome com-
ponents, on the other.

Material and methods

The research was approved by the Local Ethical 
Committee (no. 456/14).

Research group

Based on the consensus of the International 
Diabetes Federation and the American Heart As-
sociation and the National Heart, Lung, and Blood 
Institute from 2009 [13], the study includes a har-
monized definition of metabolic syndrome. MetS 
was diagnosed based on the presence of at least 
three of the five components of this syndrome. 
The components of MetS included: waist circum-
ference greater than 94 cm for men and 80 cm 
for women, increased level of fasting glycemia  
(> 5.6 mmol/l), increased arterial blood pressure 
(> 130 mm Hg for systolic pressure or > 85 mm Hg  
for diastolic pressure), hypertriglyceridemia (> 1.7  
mmol/l), and lowered levels of high-density lipo-
protein (HDL) cholesterol (< 1.0 mmol/l for men 
and < 1.3 mmol/l for women), or adequate drug 
therapy for hyperglycemia, hypertonia arterialis, 
or dyslipidemia [13]. The study included 79 Cau-
casians aged 30–60 years. The research group 
consisted of 52 people with metabolic syndrome 
(MetS+), all patients of the Department of Internal 
Medicine, Metabolic Disorders and Hypertension, 
Poznan University of Medical Sciences. Twenty-sev-
en volunteers without metabolic syndrome (MetS–),  
matched for age and gender, formed the control 
group. In the MetS+ group, 30.75% of people met 
five of the criteria for metabolic syndrome, 38.50% 
met four, and 30.75% met three. In the MetS– 
group, 25.93% of the population met two criteria 
(most often slightly increased waist circumference 
and level of arterial blood pressure) and 37.04% 
met only one (most often slightly increased level 
of arterial blood pressure). Recruitment for the re-
search and control groups was performed simulta-
neously for 20 months starting in March 2013.

Anthropometric and biochemical 
measurements

Measurement of the height and mass of the 
participants, fasting and dressed only in under-
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wear, was carried out using a  stadiometer and 
a  certified electronic scale (SECA 285 Wireless, 
Hamburg, Germany). The measurements of waist 
circumference (measured midway between the 
costal arch and the upper iliac crest) and of hip 
circumference (at the level of the greater trochan-
ters) were made. The obtained results were used 
to calculate the body mass index (BMI) and the 
waist-to-hip ratio (WHR). Measurements of arte-
rial blood pressure (systolic/diastolic, SBP/DBP 
respectively) were repeated three times with the 
patient sitting, and after at least a  10-minute 
rest, using a certified sphygmomanometer (model 
705IT, Omron Corporation, Kyoto, Japan) in accor-
dance with the recommendations of the European 
Society of Hypertension and the European Society 
of Cardiology [14]. 

Blood samples were taken in the morning 
and either used immediately for testing or saved 
and frozen at a temperature of –20°C. Indicators 
of fasting blood glucose (FBG) and lipid profile, 
such as total cholesterol (TC), HDL fraction, and 
triglyceride level (TG), were measured using enzy-
matic methods and standardized tests performed 
at the clinical laboratory in Poznan. Because tri-
glyceridemia was defined as a  TG level below  
4.52 mmol/l, the concentration of low-density lipo-
protein (LDL) was calculated based on the following 
formula: LDL = TC – (HDL + TG/5). The total concen-
tration of 25(OH)D (25-hydroxyergocalciferol and 
25-hydroxycholecalciferol) was evaluated using 
the electrochemiluminescence method on a cobas 
e immunoanalyzer (Roche Diagnostic, Mannheim, 
Germany); the total calcium was evaluated using 
the complexometric method on a  Roche/Hitachi 
cobas e system (Roche Diagnostic, Mannheim, 
Germany), and parathyroid hormone levels were 
determined with the immunoradiometric method 
(Immunotech, Marseille, France). An automated 
technique using bromocresol green was performed 
in order to measure albumin concentration (Abbott 
Laboratories, Irving, Texas, U.S.A.). The serum con-
centration of vitamin D binding protein was iden-
tified using the ELISA method in accordance with 
the manufacturer’s instructions (DRG Instruments 
GmbH, Marburg, Germany). 

Calculating free and bioavailable vitamin D

The concentration of the free fraction of 25(OH)D  
in the blood serum was calculated in accordance 
with the following formula [15]: free 25(OH)D 
[pmol/l] = 25(OH)D/1 + (6 × 103 × [albumin]) +  
(7 × 108 × [VDBP]).

The concentration of bioavailable vitamin D 
was calculated using this equation [16]: bioavail-
able 25(OH)D [nmol/l] = (K

alb × [albumin] +1) × [free 
25(OH)D], where K

alb is a  constant for 25(OH)D  
binding with albumin (6 × 105 mol–1).

Statistical analysis 

The obtained research results were subjected 
to statistical analysis, including elements of de-
scriptive statistics and statistical procedures, such 
as correlation and regression analysis of the stud-
ied variables and analysis of variance. The statis-
tical analysis of the results was performed using 
Statistica 10.0 (StatSoft Inc., Tulsa, OK, USA) pro-
gram. Normal data distribution for smaller groups 
was proved using the Shapiro-Wilk test, while for 
groups of over 50 people, the Kolmogorov-Smirn-
ov test was used. The level of statistical signifi-
cance was set at p < 0.05.

Results

The results of the anthropometric analysis 
showed, as expected, statistically significant dif-
ferences in the body composition of individuals 
from the MetS+ and MetS– groups. The individ-
uals with metabolic syndrome were character-
ized by notably higher mean body weight, waist 
circumference, and BMI than those without the 
syndrome. The results of the biochemical analysis 
revealed statistically significant differences in the 
concentration medians (or mean values) of met-
abolic syndrome components (SBP, DBP, HDL, TG, 
FBG) between the individuals with MetS+ and the 
people without the syndrome (Table I). In the case 
of total cholesterol concentration (p = 0.062) and 
LDL fraction (p = 0.07), the differences between 
the analyzed groups (MetS+ vs. MetS–) were not 
significant. 

The mean ± SD concentration of 25(OH)D in 
patients with metabolic syndrome was significant-
ly lower (p < 0.0001) than among those lacking 
the syndrome, and was 41.90 ±13.12 nmol/l for 
MetS+ and 66.09 ±18.02 nmol/l for MetS– (Ta-
ble II). In line with the 2011 recommendations 
of the Endocrine Society regarding the “Evalua-
tion, treatment, and prevention of vitamin D de-
ficiency” [17], vitamin D deficiency (< 50 nmol/l) 
can be observed in the group of individuals with 
metabolic syndrome, whereas in the MetS– group, 
the concentration was at an insufficient level 
(50–75 nmol/l). Statistically significant differences  
(p < 0.0001) between the groups were also ob-
served in the case of the concentration of free and 
bioavailable vitamin D, and in that of albumin in the 
serum (p < 0.0001). There were no differences in 
the levels of vitamin D binding protein, calcium, or 
parathyroid hormone between patients with met-
abolic syndrome and those without it (while main-
taining the reference values of the parameters).

In the entire studied population (n = 79), 
the concentration of 25(OH)D was significantly 
correlated with anthropometric markers (body 
weight, BMI, WHR) and with the biochemical 
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components of metabolic syndrome (SBP, DBP, 
HDL, TG, FBG) (Table III). In the case of the con-
centration of free and bioavailable vitamin D, 
a  correlation was observed with the results of 
the anthropometric analysis, and to a  lesser 
extent with the biochemical parameters (HDL, 
TG). Moreover, for the level of vitamin D binding 
protein, there was also a  correlation with few-
er anthropometric (body weight, BMI) and bio-

chemical components (SBP, DBP, FBG). None of 
these relations were found to hold in the case 
of calcium or of parathyroid hormone. In the en-
tire research group, 25(OH)D concentration cor-
related positively with the concentration of free  
(r = 0.7940, p < 0.0001) and bioavailable (r = 
0.8171, p < 0.0001) forms of vitamin D, where-
as VDBP concentration showed a  negative re-
lationship with those parameters (r = –0.4260,  

Table I. Anthropometric and biochemical characteristics of studied individuals with (MetS+) and without metabolic 
syndrome (MetS–)

Parameter MetS+ (n = 52) MetS– (n = 27) P-value

Body weight [kg] 109.98 ±22.28 105.20 (95.23; 122.58) 71.84 ±15.84 71.30 (58.70; 85.95) < 0.0001

Waist 
circumference 
[cm]

116.71 ±14.56 113.50 (104.00; 128.00) 82.63 ±10.87 82.00 (73.50; 91.50) < 0.0001

Hip 
circumference 
[cm]

119.73 ±13.93 119.50 (108; 130.50) 98.89 ±6.88 99 (93.50; 105.50) < 0.0001

BMI [kg/m2] 37.39 ±6.40 35.95 (31.73; 42.78) 24.46 ±3.06 25.00 (21.50; 26.95) < 0.0001

WHR 0.98 ±0.09 0.98 (0.93; 1.06) 0.83 ±0.07 0.82 (0.79; 0.89) < 0.0001

SBP [mm Hg] 143.19 ±17.70 140.00 (135.00; 150.00) 124.59 ±19.27 125.00 (106.00; 139.50) < 0.0002

DBP [mm Hg] 89.77 ±8.55 90.00 (84.25; 95.00) 81.33 ±10.20 80.00 (72.00; 91.00) < 0.003

TC [mmol/l] 5.67 ±1.16 5.84 (4.79; 6.53) 5.20 ±0.82 5.15 (4.58; 5.61) 0.062

HDL [mmol/l] 1.15 ±0.32 1.15 (0.97; 1.33) 1.76 ±0.43 1.78 (1.38; 1.95) < 0.0001

LDL [mmol/l] 3.65 ±1.14 3.53 (2.89; 4.37) 3.24 ±0.78 3.26 (2.65; 3.74) 0.07

TG [mmol/l] 2.26 ±1.05 1.97 (1.57; 2.75) 1.02 ±0.37 0.96 (0.77; 1.23) < 0.0001

FBG [mmol/l] 5.80 ±0.93 5.59 (5.20; 6.16) 4.94 ±0.52 4.94 (4.55; 5.41) < 0.0001

Ca [mmol/l] 2.42 ±0.18 2.38 (2.31; 2.51) 2.43 ±0.12 2.42 (2.37; 2.49) 0.2552

PTH [pmol/l] 4.00 ±1.59 3.86 (2.88; 5.12) 4.27 ±1.60 4.13 (3.22; 5.29) 0.4807

Albumin [μmol/l] 619.88 ±29.27 623.50 (594.50; 638.00) 663.24 ±42.29 667.00 (623.50; 688.75) < 0.0001

The parameter values are presented as means (± SD) and as medians (25% and 75% quartile); n – number of studies individuals, p – statistical 
significance level according to the Mann-Whitney U-test for the MetS+ vs. MetS– groups in the case of nonparametric distributions or the 
T-test for parametric data, BMI – body mass index, WHR – waist-to-hip ratio, SBP – systolic blood pressure, DBP – diastolic blood pressure, 
TC – concentration of total cholesterol, HDL – concentration of high-density lipoprotein, LDL – concentration of low-density lipoprotein, 
TG – concentration of triglycerides, FBG – concentration of glucose, Ca – concentration of calcium, PTH – concentration of parathyroid 
hormone.

Table II. Concentration of various forms of vitamin D and vitamin D binding protein in individuals with (MetS+) and 
without metabolic syndrome (MetS–)

Parameter MetS+ (n = 52) MetS– (n = 27) P-value

25(OH)D [nmol/l] 41.90 ±13.12 40.7 (34.24; 48.41) 66.09 ±18.02 65.13 (53.25; 79.99) < 0.0001

VDBP [μmol/l] 6.65 ±1.73 6.37 (5.42; 7.66) 7.14 ±1.26 6.84 (6.14; 8.41) 0.1941

Free 25(OH)D 
[pmol/l]

9.59 ±3.82 8.62 (7.00; 11.68) 13.55 ±4.12 14.73 (10.06; 16.77) < 0.0001

Bioavailable 
25(OH)D [nmol/l]

3.56 ±1.39 3.08 (2.63; 4.42) 5.39 ±1.65 5.71 (4.14; 6.71) < 0.0001

The parameter values are presented as means (± SD) and as medians (25% and 75% quartile); n – number of studies individuals,  
p – statistical significance level according to the Mann-Whitney U-test for the MetS+ vs. MetS– groups in the case of nonparametric 
distributions or the T-test for parametric data, 25(OH)D – concentration of 25-hydroxyvitamin D, VDBP – concentration of vitamin D 
binding protein, free 25(OH)D – concentration of free 25-hydroxyvitamin D, bioavailable 25(OH)D – concentration of bioavailable 
25-hydroxyvitamin D.
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p < 0.0001 for free 25(OH)D and r = –0.3847,  
p < 0.0001 for bioavailable 25(OH)D, respectively). 

In the MetS+ group, there were no relations 
between the total amount of 25(OH)D concen-
tration, its free or bioavailable fraction, and met-
abolic syndrome components. Such relations were 
found, however, in the case of VDBP concentra-
tion, which negatively correlated with BMI val-
ues (r = –0.2897, p = 0.037), hip circumference  
(r = –0.3108, p = 0.025), and diastolic blood pres-
sure levels (r = –0.3171, p = 0.022). In the MetS+ 
group, WHR showed a  negative relationship 
with HDL cholesterol concentration (r = –0.3009,  
p = 0.030) and a positive one with triglyceridemia 
(r = 0.3919, p = 0.004).

In both the Mets+ and MetS– groups, as in the 
entire studied population, the concentration of 
25(OH)D correlated positively with the concentra-
tion of free (r = 0.7003, p < 0.001 for the MetS+ 
group and r = 0.8061, p < 0.001 for the MetS– 
group) and bioavailable fraction of 25(OH)D  
(r = 0.7111, p < 0.001 for the MetS+ group and  
r = 7831, p < 0.001 for the MetS– group), where-
as VDBP concentration showed a  negative re-
lationship with these parameters (r = –0.5959,  
p < 0.0001 for free 25(OH)D; r = –0.5960, p < 
0.0001 for the bioavailable fraction of 25(OH)D in 
the MetS+ group and r = –0.4706, p = 0.013 for 
free 25(OH)D; r = –0.4752, p = 0.012 for the bio-
available fraction of 25(OH)D in the MetS– group).

In the case of patients lacking metabolic syn-
drome, no relationships were found for the con-
centration of 25(OH)D or bioavailable vitamin D, 
whereas the free fraction negatively correlated 
with triglyceridemia (r = –0.3824, p = 0.049). Fur-
thermore, in this group, the anthropometric mark-

ers (BMI and WHR) correlated positively with gly-
cemia (r = 0.5291, p = 0.005; r = 0.5086, p = 0.007 
respectively). Additionally, BMI negatively cor-
related with the concentration of HDL cholesterol  
(r = –0.4176, p = 0.031).

Discussion

Epidemiological data show that vitamin D 
deficiency in various populations has become 
a  common phenomenon. It is thought that the 
decreased concentration of this vitamin in serum 
may correlate with the occurrence of metabolic 
diseases [18–20]. In the present study, the con-
centration of 25(OH)D in serum among the major-
ity of people was lower than the reference values 
(< 75 nmol/l). Deficiencies of the hydroxylated 
form of vitamin D, as well as significantly lower 
levels of the free and bioavailable fraction of the 
vitamin, were more frequently found in the group 
of patients with metabolic syndrome than in 
those without it. The mechanism behind the drop 
in 25(OH)D concentration in visceral obesity (the 
basis for the diagnosis of metabolic syndrome) 
has not been fully clarified. It is assumed that it 
may be connected with the presence of a  natu-
ral barrier in the form of excess adipose tissue, 
which, alongside other factors, supports vitamin D 
sequestration, makes its transport into the blood 
circulation system more difficult, and disturbs its 
metabolism [4]. Furthermore, Drincic et al. have 
suggested that vitamin D taken together with food 
or synthesized in the skin is diluted volumetrically 
in a large amount of adipose tissue, which results 
in the occurrence of a significant serum deficien-
cy of this type of compound in obese individuals 

Table III. Pearson correlation coefficient (r) and statistical significance level (p) of concentrations of 25-hydroxyvi-
tamin D (25(OH)D), free 25(OH)D, and the bioavailable fraction of 25(OH)D, as well as vitamin D binding protein, 
for the selected anthropometric and biochemical parameters of the entire studied population (n = 79)

Parameter 25(OH)D Free 25(OH)D Bioavailable 25(OH)D VDBP

r p r p r p r p

Body weight [kg] –0.4740 < 0.0001 –0.2892 0.010 –0.3357 0.003 –0.2363 0.036

Waist circumference 
[cm]

–0.5395 < 0.0001 –0.3889 < 0.0001 –0.4414 < 0.0001 –0.1612 0.156

BMI [kg/m2] –0.5498 < 0.0001 –0.3464 0.002 –0.3998 < 0.0001 –0.2678 0.017

WHR –0.3860 < 0.0001 –0.3709 0.001 –0.4057 < 0.0001 –0.0664 0.561

SBP [mm Hg] –0.2697 0.016 –0.0720 0.528 –0.1252 0.272 –0.2327 0.039

DBP [mm Hg] –0.3106 0.005 –0.1149 0.313 –0.1429 0.209 –0.2876 0.010

HDL [mmol/l] 0.4879 < 0.0001 0.4253 < 0.0001 0.4400 < 0.0001 0.0396 0.729

TG [mmol/l] –0.3969 < 0.0001 –0.3287 0.003 –0.3459 0.002 –0.0413 0.718

FBG [mmol/l] –0.2790 0.013 –0.1114 0.557 –0.1492 0.189 –0.2304 0.041

BMI – body mass index, WHR – waist-to-hip ratio, SBP – systolic blood pressure, DBP – diastolic blood pressure, HDL – concentration  
of high-density lipoprotein, TG – concentration of triglycerides, FBG – concentration of glucose.
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[21]. It is assumed that adipocytes may affect the 
expression of genes coding for the enzymes that 
take part in the activation and transformation 
of vitamin D. Wamberg et al. found that among 
obese patients, the expression of the genes cod-
ing 25-hydroxylase (CYP2J2) and 1α-hydroxylase 
(CYP27B1) is lower in the subcutaneous adipose 
tissue by respectively 71% and 49%, compared 
to people of appropriate body weight; in the case 
of body weight reduction, the concentration of 
25(OH)D in serum increased by 27% [22]. On the 
other hand, the possibility of vitamin D’s active 
participation in the process of adipogenesis and 
the remodeling of adipose tissue has been shown. 
In vitro research suggested that 1,25(OH)2D3 slows 
adipogenesis and promotes adipocyte apoptosis 
of the mouse cell line 3T3–L1 [23], whereas in 
humans this vitamin may promote the process 
of adipogenesis, which is associated with the 
replacement of mature adipocytes by new insu-
lin-sensitive cells of adipose tissue [24].

In our study, the levels of vitamin D binding 
protein in both groups (research and control) 
were similar, which was not the case for the in-
dividual fractions of vitamin D. The analysis in 
this area, performed by various research centers, 
has been ambiguous, and no such research was 
found dealing with patients with metabolic syn-
drome. Winters et al. observed similar levels of 
VDBP among African-American and white women 
[25], while Oberbach et al. found higher concen-
trations of this molecule among obese women 
and men, in comparison with people of appro-
priate body weight [26]. In other studies, when 
comparing the concentration of VDBP between 
obese and normal weight women, an increase in 
its level was also observed in the obese individu-
als. It is assumed that the concentration of vita-
min D binding protein in the case of women may 
be modulated by the level of estrogens affecting 
its hepatic production [27]. Moreover, three VDBP 
allelic variants (Gc1s, Gc1f, Gc2) can be distin-
guished; these condition affect the serum con-
centration of VDBP [28].

In our analysis, the concentration of the hydrox-
ylated form of vitamin D in the whole population 
is negatively correlated with all the components of 
metabolic syndrome. These data are in agreement 
with the results of the analysis of other research-
ers [3, 4]. The meta-analysis performed by Khan 
et al., which evaluated the occurrence of relations 
between the serum concentration of 25(OH)D and 
the risk of metabolic diseases and of type-2 dia-
betes mellitus, showed that low levels of this vita-
min predispose to these disorders [29]: vitamin D  
can stimulate the activity of the renin–angioten-
sin–aldosterone system, endothelium function, or 
pancreatic β-cell function, and a protective role in 

the prevention of metabolic diseases is therefore 
attributed to it [30].

A positive correlation of free and bioavailable 
vitamin D with the 25(OH)D form, and a negative 
correlation with VDBP level, were observed in our 
study, both for the whole population and in the 
two groups separately. Similar results were also 
obtained in the research of Wang et al. [31]. Ad-
ditionally, our analysis showed the existence of 
negative correlations between the concentration 
of free and bioavailable forms of vitamin D and 
the prevalence of particular components of met-
abolic syndrome in the entire studied population; 
for individuals without this syndrome, only the 
free fraction of the vitamin is negatively correlat-
ed with triglyceridemia. Experimental studies on 
mice have shown that vitamin D binding protein 
may be considered an inhibitor of the free fraction 
of vitamin D which, by binding its hydroxylated 
forms, allows them to be transported in the body; 
it also regulates their availability to specific cells, 
tissues, and organs [10]. Unlike the free fraction 
of vitamin D, VDBP does not have an influence on 
the bioavailable fraction of the vitamin (i.e., the 
albumin-bound vitamin D plus the free fraction). 
It is estimated that the bioavailable fraction of vi-
tamin D constitutes about 10% of all forms of this 
compound and may be an alternative to 25(OH)D  
indicators in some clinical trials [7]. The estab-
lishment of reference values for 25-hydroxyvita-
min D and its free fraction has been the subject 
of much discussion. Further population studies on 
various forms of vitamin D are therefore required, 
especially because of their role in the mainte-
nance of human health. Moreover, it is important 
to establish clinical recommendations for these 
compounds. The measurement of free 25(OH)D is 
generally labor-intensive (using ELISA strategies) 
and is not yet commercially available. The earli-
est work in this area did not allow this analysis 
to be used in routine clinical practice. As a  con-
sequence, alternative methods based on mathe-
matical models are useful in estimating the free 
and bioavailable forms of vitamin D, which can be 
meaningful markers of vitamin D status [32, 33].

The results of our research indicate that vita-
min D binding protein negatively correlates with 
body weight, BMI, levels of arterial blood pressure, 
and glycemia in the whole population. For people 
with metabolic syndrome, VDBP level negatively 
correlates with anthropometric parameters (hip 
circumference and BMI) and levels of diastolic 
pressure. Investigations by other researchers into 
the correlation between VDBP and anthropomet-
ric parameters vary in their results. Negative [32, 
34] and positive [35] correlations of vitamin D  
binding protein with body weight and BMI are 
shown, or such correlations are not demonstrated 
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[12, 25]. On the other hand, with regard to the bio-
chemical components of metabolic syndrome, it is 
suggested that the protein may be a  protective 
agent against their occurrence. In the analysis of 
Speeckaert et al., negative correlations between 
the VDBP concentration and the fraction of LDL 
lipoproteins, as well as triglyceridemia, were ob-
served [36]. In addition, it is thought that VDBP, 
by regulating the amount of active vitamin D in  
β-cells of the pancreas, may affect insulin secre-
tion, and thus affect the prevalence of insulin re-
sistance and type-2 diabetes mellitus [11]. 

The research model presented here has some 
limitations. The first is the size of the research and 
control groups, which translates into difficulties in 
dividing them into smaller subgroups that might 
take account of the impact of sunlight on the 
endogenous production of vitamin D, as well as 
other factors. Furthermore, only Caucasians par-
ticipated in the study, and so the results should 
be generalized with caution. Additionally, the re-
search included people with varying degrees of 
metabolic syndrome, presenting three, four, or 
five of its components; however, in accordance 
with the definition of metabolic syndrome, there 
is a broad population of people at risk of various 
metabolic disorders (obesity, hypertension, hy-
perglycemia, dyslipidemia). Another limitation of 
this research is that it takes into consideration the 
mathematically calculated concentrations of the 
free and bioavailable fraction of 25(OH)D. In prac-
tice, these formulas are used and accepted, and 
including them in the research allows the analysis 
to be expanded to include a complex evaluation 
of various forms of vitamin D in the human body. 
Nevertheless, the results of this research show 
that relations do exist between the various forms 
of vitamin D and vitamin D binding protein con-
centrations and the prevalence of metabolic dis-
orders, and thus form the basis for further, more 
extensive research in this area.

In conclusion, statistically significant differ-
ences were found in the concentration of 25-hy-
droxyergocalciferol and 25-hydroxycholecalciferol 
(25(OH)D), as well as of the free and bioavailable 
fraction of vitamin D, between people with and 
without metabolic syndrome. Such relations were 
not observed in the case of vitamin D binding pro-
tein. Moreover, significant correlations were not-
ed between the concentrations of vitamin D and 
VDBP in various forms and the presence of par-
ticular components of metabolic syndrome, both 
in the entire study population and in the research 
and control groups separately. Thus, the evalua-
tion of various forms of vitamin D and vitamin D  
binding protein in different population groups 
seems to have significant clinical value for evalu-
ating the prevalence of metabolic syndrome. 
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