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Abstract. – OBJECTIVE: Widespread hypovit-
aminosis D and an increased incidence of meta-
bolic syndrome (MetS) represent significant
problems of contemporary medicine but link be-
tween them remain unresolved. We aimed to de-
fine relationship between vitamin D serum con-
centration and exponents of MetS.

PATIENTS AND METHODS: The studies were
conducted on 70 individuals (51 with and 19 with-
out MetS). Concentrations of 25(OH)D (25-hydrox-
yergocalciferol and 25-hydroxycholecalciferol),
calcium, cholesterol, HDL, cholesterol LDL,
triglycerides, fasting glucose, blood pressure and
anthropometric parameters were measured.

RESULTS: Median concentration of vitamin D
in the research population amounted to 41.46
nmol/L. Concentration of 25(OH)D in MetS group
was lower than in remainder participants (38.45
nmol/L vs. 58.50 nmol/L, p = 0.0104). An inverse
correlation was demonstrated between 25(OH)D
level on one hand and body weight, waist and
hips circumference, adipose body weight, Body
Mass Index, Waist to Height Ratio (WHtR), gly-
caemia and number of MetS components on the
other in persons free of MetS. No such relation-
ships could be documented in MetS group. In
the entire population values ofWaist to Hip Ratio
(WHpR) and WHtR indices manifested correla-
tion with hyperglycaemia, hypertriglyceridaemia,
low HDL concentrations.

CONCLUSIONS: In persons without MetS a re-
lationship was detected between vitamin D con-
centration and exponents of metabolic syn-
drome, although further studies on this problem
are required.
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represent significant problems of contemporary
medicine. Epidemiological data conducted on
groups of heterogeneous age document decreased
blood concentrations of vitamin D both in young
and in old individuals. It is estimated that around
40% of general population may suffer from defi-
ciency of vitamin D although the proportion varies
depending of geographic location. Above 35° of
geographic width (on both hemispheres) intensity
of sun light is insufficient for optimum dermal
biosynthesis of the vitamin, in particular in obese
individuals, in whom excess of visceral adipose
tissue represents an additional factor which pro-
motes deficiency of vitamin D1-4. In recent years
readers’ attention is increasingly drawn to
pleiotropic effects of vitamin D. Its active form,
both at the level of transcription and through
membrane receptors is involved in control of ex-
pression of several genes, linked mainly to calci-
um-phosphate, carbohydrate and lipid metabolism,
immune response and anti-neoplastic activities5-7.
The metabolic syndrome encompasses such

disturbances as visceral obesity, diminished tol-
erance of glucose, insulin resistance and/or hy-
perinsulinaemia, dyslipidaemia or arterial hy-
pertension, which increase the risk of cardiovas-
cular disturbances with arteriosclerotic back-
ground4. Pathogenesis of the syndrome remains
to be fully clarified. Several factors predispos-
ing to MetS manifestation used to be quoted, in-
cluding genetic conditioning, involving i.a.
polymorphisms and mutations in genes which
code for vitamin D receptors (VDR) or environ-
mental factors, such as high caloric, atherogenic
diet or low physical activity. The dominating
traits of metabolic syndrome involve excessive
amounts of visceral adipose tissue in abdominal
cavity and insulin resistance8.

2015; 19: 2180-2187



It still remains unresolved whether exponents
of metabolic syndrome manifest links to defi-
ciency of vitamin D. Some data suggested that
low serum concentration of 25(OH)D predispos-
es to development of metabolic disturbances9,10.
On the other hand, other investigators failed to
confirm such a relationship11-13. Moreover, it still
remains to be established whether MetS repre-
sents the cause or the effect of vitamin D defi-
ciency14,15.
Therefore, the principal aim of the study in-

volves definition of the relationship between
serum vitamin D concentration and exponents
of the metabolic syndrome. The exponents of
MetS were accepted to include waist circumfer-
ence, fasting blood glycemia (FGB), arterial
systolic and diastolic blood pressure (SBP,
DPB), triglyceridemia (TG) and level of HDL
cholesterol. The aim could be implemented due
to: (1) estimations of vitamin D, calcium con-
centrations, parameters of lipid metabolism,
glycaemia and arterial blood pressure in pa-
tients with metabolic syndrome or free of this
syndrome; (2) verification of usefulness mani-
fested by selected anthropometric parameters in
identification of MetS exponents; (3) analysis
of correlation between concentration of vitamin
D and number/type of metabolic syndrome ex-
ponents.

Patients and Methods

The protocol of analyses received consent of
the local Bioethical Commission (consent No.
491/12).

Research Group
Basing on criteria of IDF (International Dia-

betes Federation) and AHA/NHLBI (American
Heart Association/National Heart, Lung, and
Blood Institute) from 200916, the studies were
conducted on 70 persons of Caucasian race, in-
cluding 51 patients with MetS (MetS+) and 19
persons free of the MetS (MetS-), 30 to 60 years
of age (Table I). In the studies harmonized defin-
ition of metabolic syndrome was taken into ac-
count. MetS was diagnosed on the basis of at
least three of five exponents of the syndrome, in-
cluding waist circumference (above 94 cm in
men and 80 cm in women, in line with IDF rec-
ommendations for European inhabitants), elevat-
ed blood triglycerides concentration (> 1.7
mmol/L), decreased level of HDL cholesterol (<

1.0 mmol/L for men and < 1.3 mmol/L for
women), elevated arterial blood pressure (> 130
mmHg for systolic blood pressure and > 85
mmHg for diastolic blood pressure) and elevated
level of fasting glycaemia (> 5.6 mmol/L), with
possible corrections of the values due to modify-
ing effects of hypotensive, hypoglycaemic treat-
ments and/or dyslipidaemia therapy16. In the
group of MetS- 42.1% population exhausted two
(most frequently waist circumference and arterial
hypertension) and 31.6% exhausted one (most
frequently arterial hypertension) of five criteria
used to include the patient to victims of metabol-
ic syndrome.

Inclusion Criteria
In qualification of patients to the studies the

following inclusion criteria were accepted: a neg-
ative anamnesis linked to manifestation of neo-
plastic and autoimmune diseases, absence of
clinical signs of hepatic, renal, adrenal, thyroid
diseases, no signs of alcohol disease or acute in-
fection in three months preceding analyses. None
of study participants was administered vitamin D
or calcium supplements in 6 months preceding
the analyses or manifested physical restrictions
or other conditions which might influence syn-
thesis of vitamin D (e.g. immobilization, frequent
hospital stays, current or past steroid therapy).
All the participants obtained oral and written in-
formation on the studies and expressed their in-
formed consent to the participation.

Examined Parameters
Anthropometric measurements, involving

evaluation of body height and weight, were con-
ducted using a stadiometer and a legalized elec-
tronic balance. Waist circumference was mea-
sured at half a distance between lower margin
of costal arch and iliac crest while hips circum-
ference was measured at the height of
trochanter major. The obtained results were
used to calculate BMI (Body Mass Index),
WHpR (Waist to Hip Ratio) and WHtR (Waist
to Height Ratio). In addition in both groups
(MetS+ and MetS-) relative and absolute con-
tents of adipose tissue, lean body mass and
body content of water were estimated using
electric bioimpedance (Bodystat 1500 appara-
tus). The analyses were conducted on fasting
individuals, wearing only underwear. Arterial
blood pressure was estimated on three occa-
sions, in sitting position, after at least 10 min
rest, using mercury sphygmomanometer.
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cance (Mann-Whitney, Student’s t, Chi2) tests
and Spearman correlation matrix were used. The
level of p < 0.05 was accepted as indicate signifi-
cance of differences.

Results

Anthropometric studies evaluating, i.a. body
mass, waist and hips circumferences, and body
composition (Table I) demonstrated that in the
group of patients with metabolic syndrome (n =
51) median value (quartiles of 25% and 75%) of
body weight amounted to 104.3 (94.25; 127.25)
kg, and in persons free of this syndrome (n = 19)
it amounted to 71.6 (63.10; 85.95) kg. Median
value (quartiles of 25% and 75%) of Body Mass
Index in MetS+ group amounted to 36.1 (32.35;
42.90) kg/m2, while in MetS- group it amounted
to 25.2 (23.25; 26.95) kg/m2. Adipose tissue ac-
counted for 44.8% of body mass in patients with
metabolic syndrome, i.e. it was much higher rep-
resented than in MetS- group (p < 0.0001), in
which it comprised 25.0% of body mass.
Results of biochemical analyses showed that

median value (25% and 75% quartiles) of vitamin
D concentrations in sera of the entire examined
population (n = 70) amounted to 41.46 (25.35;
58.74) nmol/L, and this value was lower in pa-
tients with metabolic syndrome than in persons
free of this syndrome [38.45 (24.29; 54.65)
nmol/L for MetS+ group and 58.50 (41.71; 66.20]
nmol/L for MetS- group, respectively). Significant

Laboratory Measurements
Blood samples were accumulated for 12

months, beginning at February, 2013. Venous
blood samples for biochemical assays were sam-
pled from all participants (from cubital vein, sam-
pled at 7:00-8:00 a.m., 12 hours after the last
meal). The samples were saved and frozen at the
temperature of –20ºC. Concentrations of total cho-
lesterol (TC), its HDL and LDL fractions, triglyc-
erides and glucose were determined using enzy-
matic techniques and standardized commercial
tests. Concentrations of 25(OH)D (25-hydroxyer-
gocalciferol and 25-hydroxycholecalciferol) were
determined using electroluminescence in a Cobas
E immunoanalyser (Roche Diagnostic,
Mannheim, Germany) while total calcium (Ca)
level was estimated by a complexometric tech-
nique with application of Cobas E Roche/Hitachi
system (Roche Diagnostic, Mannheim, Germany).

Statistical Analysis
Results of the studies were subjected to statis-

tical analysis, encompassing descriptive statistics
and statistical procedures of extrapolated results
of studies, including analyses of correlation and
regression of studied variables and analysis of
variance. Statistical processing of the results took
advantage of STATISTICA 10.0 software (Stat-
Soft Inc.). Normal distribution of data was exam-
ined using the test of Shapiro-Wilk. Parametric
values were presented as means (± SEM), while
non-parametric ones in the form of median val-
ues, 25% and 75% quartile. Two-tailed signifi-

Characteristic Total (n = 70) MetS+ (n = 51) MetS- (n = 19) p

Age (years) 46.50 (40.25; 53.75) 50.00 (42.00; 54.00) 45.00 (38.00; 50.00) 0.0211*
Sex (W/M) 34/36 24/27 10/9 0.6782***
Body weight (kg) 96.35 (84.28; 119.85) 104.3 (94.25; 127.25) 71.60 (63.10; 85.95) < 0.0001*
Height (cm) 170.73 ± 1.27 171.04 ± 1.48 169.90 ± 2.53 0.6915**
Waist circumference (cm) 110.13 ± 2.55 119.57 ± 2.22 84.79 ± 2.43 < 0.0001**
Hip circumference (cm) 111.00 (105.25; 125.00) 120.00 (110.00; 129.50) 102.00 (94.50; 106.50) < 0.0001*
BMI (kg/m2) 33.65 (28.15; 41.20) 36.10 (32.35; 42.90) 25.20 (23.25; 26.95) < 0.0001*
WHpR 0.96 (0.87; 1.04) 1.00 (0.95; 1.06) 0.82 (0.80; 0.87) < 0.0001*
WHtR 0.65 ± 0.01 0.70 ± 0.01 0.50 ± 0.01 < 0.0001**
Body fat mass (%) 39.85 (30.65; 47.43) 44.80 (38.20; 50.30) 25.00 (23.05; 28.85) < 0.0001*
Body lean mass (%) 60.15 (52.56; 69.35) 55.20 (49.70; 61.80) 75.00 (71.15; 76.95) < 0.0001*
Water content in the body (%) 43.73 ± 0.98 39.82 ± 0.72 54.22 ± 1.07 < 0.0001**

Table I.Anthropometric characteristics of patients with metabolic syndrome and in participants free of the syndrome.

n: number of examined persons; MetS+: patients with metabolic syndrome; MetS-: participants free of metabolic syndrome; p:
level of statistical significance; W: women; M: men; BMI: Body Mass Index; WHpR: Waist to Hip Ratio; WHtR: Waist to
Height Ratio; *Level of statistical significance in the test of Mann-Whitney for groups of MetS+ vs. MetS-; **Level of statisti-
cal significance in Student’s t test for groups of MetS+ vs. MetS-; ***Level of statistical significance in Chi2 test for the groups
of MetS+ vs. MetS-. Parametric values were presented in the form of means (± SEM), while non-parametric ones in the form
of median values (25% and 75% quartile).



2183

Relationship between deficiency of vitamin D and exponents of metabolic syndrome

differences were disclosed between median vita-
min D concentrations in sera of patients with
metabolic syndrome and sera of participants free
of the syndrome (p = 0.0104) (Figure 1).
In line with recommendations given by En-

docrine Society in 2011, related to “Evaluation,
Treatment, and Prevention of Vitamin D Defi-
ciency”17, in all participants of the studies, defi-
ciency of vitamin D (serum concentrations below
50 nmol/L) was disclosed in 61.4% of the partici-
pants. Most of participants manifesting such con-
centrations of 25(OH)D belonged to the group of
patients with metabolic syndrome (81.4% MetS+
vs. 18.6% MetS-). On the other hand, the recom-
mended values of vitamin D concentration D (>
75 nmol/L) were disclosed in 5 participants (2
persons of the MetS+ group and 3 persons of the
MetS- group).
Significant differences were disclosed between

median (or mean) concentrations of MetS expo-
nents (SBP, DBP, HDL, TG, FBG) in participants
of MetS+ group as compared to participants free
of the syndrome (Table II). In the case of serum
concentration of total cholesterol a tendency was
disclosed (p = 0.0717) for differences in the para-
meter between the analysed groups (MetS+ vs.
MetS-). Moreover, differences were documented
in total calcium concentrations in sera between
MetS+ and MetS- participants (p = 0.0222).
While both groups contained individuals with
normal values of calcemia, patients with meta-
bolic syndrome manifested lower values of this
parameter.

Among patients free of metabolic syndrome
BMI and WHtR indices (Table I) manifested a
negative relationship with HDL cholesterol con-
centration (BMI Spearman rank (Rs) = -0.53; p <
0.02 and WHtR Rs = -0.68; p < 0.01). Both in
MetS+ group and in MetS- group WHtR mani-
fested positive correlation with values of gly-
caemia (MetS+ Rs = 0.34; p < 0.02 and MetS-
Rs = 0.46; p < 0.05). In the case of WHpR para-

Figure 1.Median values of serum vitamin D concentration
in patients with metabolic syndrome (MetS+) and in partici-
pants free of this syndrome (MetS-).

Characteristic Total (n = 70) MetS+ (n = 51) MetS- (n = 19) p

SBP (mmHg) 140 (130; 150) 140 (140; 150) 125 (117; 144) 0.0030*
DBP (mmHg) 90 (80; 95) 90 (89.5; 100) 87 (77; 92) 0.0192*
TC (mmol/L) 5.58 ± 0.13 5.72 ± 0.15 5.20 ± 0.21 0.0717**
HDL (mmol/L) 1.22 (0.98; 1.56) 1.11 (0.93; 1.28) 1.45 (1.28; 1.89) < 0.0001*
LDL (mmol/L) 3.44 (2.78; 4.03) 3.51 (2.82; 4.04) 3.31 (2.65; 3.87) 0.2698*
TG (mmol/L) 1.87 (1.30; 2.51) 2.28 (1.76; 2.87) 1.29 (0.94; 1.43) < 0.0001*
FBG (mmol/) 5.61 (5.06; 6.09) 5.82 (5.32; 6.42) 4.72 (4.30; 5.52) < 0.0001*
25(OH)D (nmol/L) 41.46 (25.35; 58.74) 38.45 (24.29; 54.65) 58.50 (41.71; 66.20) 0.0104*
Ca (mmol/L) 2.37 (2.29; 2.47) 2.35 (2.29; 2.45) 2.41 (2.37; 2.53) 0.0222*

Table II. Characteristics of arterial blood pressure and blood biochemical profile in participants with metabolic syndrome and
those free of the syndrome.

n: number of examined persons; MetS+: patients with metabolic syndrome; MetS-: participants free of metabolic syndrome; p:
level of statistical significance; SBP: systolic blood pressure; DBP: diastolic blood pressure; TC: concentration of total choles-
terol; HDL: concentration of high density lipoprotein; LDL: concentration of low density lipoprotein; TG: concentration of
triglycerides; FBG: concentration of fasting blood glucose; 25(OH)D: concentration of 25-hydroxyvitamin D; Ca: concentra-
tion of calcium; *Level of statistical significance in the test of Mann-Whitney for groups of MetS+ vs. MetS-; **Level of sta-
tistical significance in Student’s t test for groups of MetS+ vs. MetS-. Parametric values were presented in the form of means
(± SEM), whole non-parametric ones in the form of median values (25% and 75% quartile).



meter a positive correlation was detected with
triglycerides level in the group of MetS+ (Rs =
0.38; p < 0.03), while in the group of MetS- the
WHpR parameter showed positive correlation
with glycemia (Rs = 0.38; p < 0.01) and a nega-
tive one with concentration of high density
lipoproteins (Rs = -0.74; p < 0.001). All of those
relationships were statistically significant.
In the group free of metabolic syndrome

serum concentration of 25(OH)D manifested sta-
tistically significant negative correlation with an-
thropometric parameters, including body weight
(Rs = -0.60; p < 0.007), waist circumference (Rs
= -0.60; p < 0.007) and hips circumference (Rs =
-0.67; p < 0.002), weight of adipose tissue in the
body (Rs = -0.54; p < 0.02), BMI (Rs = -0.52; p
< 0.03) and WHtR (Rs = -0.52; p < 0.03) while
statistically significant positive correlation was
detected between concentration of 25(OH)D and
percentage of water content in the body (Rs =
0.54; p < 0.02). Moreover, concentration of vita-
min D was found to manifest negative correlation
with values of glycemia (Rs = -0.48; p < 0.04)
and with the number of metabolic syndrome
components (Rs = -0.60; p < 0.007). No such re-
lationships could be detected in the participants
of the MetS group. Neither in the investigated
nor in the reference group correlations could be
detected related to calcium concentration in
serum.

Discussion

In the present studies serum concentration of
vitamin D in most of participants has been lower
than the reference value (< 75 nmol/L). The rela-
tively frequent (68.6%) manifestation of defi-
ciency of vitamin (< 50 nmol/L) among patients
with metabolic syndrome deserves attention.
Low concentrations of vitamin D in persons with
MetS were detected also in other clinical stud-
ies9,18. Moreover, deficiency of vitamin D was
found to accompany an excessive body weight
due to marked content of adipose tissue19. In
studies of Wortsman et al20, exposure to UVB (at
the dose of 27 mJ/cm2) was found to be followed
24 hours later by an increase of serum vitamin D
concentration, which was by 57% lower in per-
sons with obesity (BMI > 30 kg/m2) than in per-
sons of an appropriate body weight. The differ-
ence in vitamin D concentrations among patients
with an excessive body weight and persons with
normal BMI may reflect existence of a natural
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barrier in form of adipose tissue, which manifests
capacity to influence concentration of the com-
pound. Among other, the tissue promotes seques-
tration of vitamin D, impedes its transport to cir-
culation and disturbs metabolic processing of the
compound21.
In studies conducted in patients with MetS

lower concentrations of calcium were detected in
blood as compared to persons free of is this syn-
drome (even of normocalcemia was maintained
in the entire analysed population). Calcium is
thought to be capable of modulating the number
of adipocytes. An increase in intracellular calci-
um concentration is suggested to provide a cer-
tain mediating agent, which augments apoptosis
of adipocytes (with involvement of µ-calpain and
caspase-12), pointing to its obesity-counteracting
effect. It should be stressed that absorption of
calcium in intestines and general calcium home-
ostasis are controlled by i.a. active form of vita-
min D and dietary supply of this mineral compo-
nent22-25.
Individual anthropometric indices are thought

to manifest a variable usefulness in identifica-
tion of MetS exponents. In this study the index
of Waist to Hip Ratio has been found to mani-
fest correlation with incidence of metabolic dis-
turbances, i.e. with higher than recommended
serum concentrations of glucose and triglyc-
erides and with lower concentrations of HDL
cholesterol. Similar relationships have been ob-
tained in the case of Waist to Height Ratio,
while Body Mass Index has been found to be
less applicable for the purpose. Similar results
were obtained by Al-Odat et al26 and Esmail-
lzadeh et al27, who showed that WHpR mani-
fested most pronounced correlation with expo-
nents of MetS. In turn, in analyses conducted by
Ashwell and Gibson28 WHtR was found to be of
a much greater use (as compared to BMI, waist
circumference and WHpR) in evaluation of cor-
relations between various risk factors of cardio-
vascular diseases. In contrast to results of the
above quoted studies, Mooney et al29 showed
that no single principal predictor of MetS can
be distinguished. Nevertheless, these authors
stress high significance of anthropometric
analyses in verification of cardiometabolic dis-
turbances. Body measurements (including waist
and hips circumferences) and calculation of an-
thropometric indexes (including BMI, WHpR,
WHtR) are broadly used in evaluation of viscer-
al obesity manifestation. Even if the analyses
are easy to conduct, their usefulness for the pur-
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pose used to be challenged because, i.a. they
cannot directly measure body content of adipose
tissue30. Despite of the above, simple anthropo-
metric measurements used to accepted as equal-
ly valuable to direct analyses of body composi-
tion. Moreover, their execution poses no risk for
the patients and provides highly valuable prog-
nosis related to manifestation of MetS compo-
nents31.
We have documented negative correlations

between vitamin D concentration and exponents
of metabolic syndrome in persons free of this
syndrome. In parallel, such relationships have
not been presented in cases of MetS patients.
The data do not contradict results of analyses in
other investigative centres32-34, which demon-
strated an inverse relationship between concen-
tration of vitamin D and manifestation of sever-
al metabolic syndrome components in popula-
tion of persons free of traits typical of the syn-
drome as well as in the group of persons prone
to develop the syndrome in future (i.e. burdened
with a single or two risk factors of MetS). It
was suggested that potential deficits of the com-
pound may provide background for MetS devel-
opment35. Low concentration of 25(OH)D in
blood predisposes for manifestation of several
disturbances, including higher values of
glycemia, insulinemia, visceral obesity and dys-
lipidaemia34,36,37. Vitamin D manifests correla-
tion with elevated level of apolipoprotein A-1
(linked to high density cholesterol), normaliza-
tion of triglyceridemia and exerts effects on
renin-angiotensin-aldosterone system and of
pancreatic β-cells4,38. In meta-analysis evaluating
relationships between serum concentration of vi-
tamin D on one hand and risk of MetS, diabetes
type 2 or insulin resistance on the other (in a
group of over 210 thousand participants), high
levels of this vitamin in blood were found to re-
duce frequency of such disturbances39. It should
be added that in the treatment of morbid obesity,
one of the effective methods of therapy is
bariatric surgery. The meta-analysis of random-
ized controlled trials40 assessing the efficacy of
non-surgical treatment of obesity versus bariatric
surgery have shown that this procedure leads not
only to greater loss of body weight, but also to
the remission of type 2 diabetes and reduction of
the prevalence of metabolic syndrome among
obese people. In addition, other studies41 have
shown that bariatric surgeries contribute to car-
diovascular risk reduction among the obese, e.g.
by lowering blood pressure and increasing HDL

cholesterol level. Moreover, it is believed that
the use of vitamin D supplementation in obese
subjects and people with type 2 diabetes can im-
prove their metabolic profile. Thus, an appropri-
ate concentration of vitamin D in blood may rep-
resent a specific prevention against manifesta-
tion of MetS components.
However, studies of Rueda et al13 failed to ful-

ly confirm the described relationships: a lowered
blood concentration of vitamin D manifested no
association with the occurrence of metabolic syn-
drome. Also other investigators11,12 detected no
relationships between vitamin D concentration
and exponents of MetS in persons with an exces-
sive body weight but on the other hand, an in-
creased risk of metabolic disturbances was found
to correlate with elevated parathormone levels.
The study of Manco et al42 conducted in a group
of 116 obese women (BMI > 40 kg/m2) undergo-
ing malabsorptive bariatric surgery, proves there
is no relationship between low serum of vitamin
D level and the increased level of insulin resis-
tance (one of most important components of
MetS). Measurements of the concentrations of
the 25(OH)D and parameters of insulin resis-
tance before the surgery and, next, 5 and 10 years
after this procedure showed the decrease in vita-
min D levels in the serum of obese subjects (39.2
± 22.3, 27.4 ± 16.4 and 25.1 ± 13.9 nmol/L, re-
spectively) while their level of insulin sensitivity
reverted to normal. In turn, the detected in pre-
sented studies absence of relationships between
vitamin D concentration and exponents of MetS,
including values of SBP, DBP, HDL, TG, might
have resulted from metabolic activity of adipose
tissue cells or the applied treatment (e.g. by phar-
macotherapy of dyslipidaemia, hyperglycemia,
hypertension).
It is worth noting that in meta-analysis of Vi-

maleswaran et al43, encompassing 21 cohorts
(over 42 thousand individuals), originating from
Great Britain, Germany, Sweden, Finland, Cana-
da and USA, a pronounced unidirectional rela-
tionship was documented between Body Mass
Index and hypovitaminosis D in sera. The au-
thors suggested that the excessive body weight
represented the main cause of decreased concen-
tration of vitamin D while deficiency of the com-
pound may predispose to higher BMI values to a
negligible extent only. Therefore, the presented
equivocal results related to relationship between
vitamin D concentration in blood and manifesta-
tion of metabolic disturbances argues for contin-
uation of analyses in this investigative field.
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Conclusions

Decreased concentrations of vitamin D were
encountered both in patients with metabolic syn-
drome and in persons free of this syndrome.
Deficiency of vitamin D (with preserved nor-

mocalcemia) was more frequent in patients with
metabolic syndrome than in persons free of this
syndrome.
Significance of WHpR and WHtR anthropo-

metric indices was confirmed as predictors helpful
in identification of the metabolic syndrome risk.
Relationships between concentration of vita-

min D on one hand, selected anthropometric
traits (waist circumference, BMI) and selected
biochemical parameters (glycemia) on the other
were not seen in patients with metabolic syn-
drome but were observed in persons free of this
syndrome.

–––––––––––––––––––––––––––––––––
Declaration of Founding Interests
This research was supported by grants from Poznan Univer-
sity of Medical Sciences (Grant No. 502-14-02228371-
99662 and Grant No. 502-01-02228371-04458).

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) HILGER J, FRIEDEL A, HERR R, RAUSCH T, ROOS F, WAHL

DA, PIERROZ DD, WEBER P, HOFFMANN K. A system-
atic review of vitamin D status in populations
worldwide. Br J Nutr 2014; 111: 23-45.

2) LAROSE TL, CHEN Y, CAMARGO JR CA, LANGHAMMER A,
ROMUNDSTAD P, MAI XM. Factors associated with vit-
amin D deficiency in a Norwegian population: the
HUNT Study. J Epidemiol Community Health
2014; 68: 165-170.

3) LIPS P. Vitamin D status and nutrition in Europe
and Asia. J Steroid Biochem Mol Biol 2007; 103:
620-625.

4) PACHOLCZYK M, FERENC T, KOWALSKI J. The metabolic
syndrome. Part II: Its mechanisms of development
and its complications. Postepy Hig Med Dosw
2008; 62: 543-558.

5) GRANT WB, TANGPRICHA V. Vitamin D: Its role in dis-
ease prevention. Dermatoendocrinol 2012; 4: 81-83.

6) HOLICK MF. Vitamin D deficiency. N Engl J Med
2007; 357: 266-281.

7) TUKAJ C. Adequate level of vitamin D is essential
for maintaining good health. Postepy Hig Med
Dosw 2008; 62: 502-510.

2186

M. Kramkowska, T. Grzelak, M. Walczak, P. Bogdanski, D. Pupek-Musialik, K. Czyzewska

8) BOUCHER BJ. Is vitamin D status relevant to meta-
bolic syndrome? Dermatoendocrinol 2012; 4:
212-224.

9) BARCHETTA I, DE BERNARDINIS M, CAPOCCIA D, CAPOC-
CIA D, BARONI MG, FONTANA M, FRAIOLI A, MORINI S,
LEONETTI F, CAVALLO MG. Hypovitaminosis D is inde-
pendently associated with metabolic syndrome in
obese patients. PLoS One 2013; 8: e68689.

10) GUASCH A, BULLO M, RABASSA A, BONADA A, DEL

CASTILLO D, SABENCH F, SALAS-SALVADO J. Plasma vita-
min D and parathormone are associated with
obesity and atherogenic dyslipidemia: a cross-
sectional study. Cardiovasc Diabetol 2012; 11:
149. doi: 10.1186/1475-2840-11-149.

11) HJELMESAETH J, HOFSO D, AASHEIM ET, JENSSEN T, MOAN

J, HAGER H, ROISLIEN J, BOLLERSLEV J. Parathyroid hor-
mone, but not vitamin D, is associated with the
metabolic syndrome in morbidly obese women and
men: a cross-sectional study. Cardiovasc Diabetol
2009; 8: 7. doi: 10.1186/1475-2840-8-7.

12) REIS JP, VON MUHLEN D, KRITZ-SILVERSTEIN D, WINGARD

DL, BARRETT-CONNOR E. Vitamin D, parathyroid hor-
mone levels, and the prevalence of metabolic
syndrome in community-dwelling older adults. Di-
abetes Care 2007; 30: 1549-1555.

13) RUEDA S, FERNANDEZ-FERNANDEZ C, ROMERO F, MAR-
TINEZ DE OSABA J, VIDAL J. Vitamin D, PTH, and the
metabolic syndrome in severely obese subjects.
Obes Surg 2008; 18: 151-154.

14) CANNOLL JJ, HOLLIS BW. Use of vitamin D in clinical
practice. Altern Med Rev 2008; 13: 6-20.

15) DING C, GAO D, WILDING J, TRAYHURN P, BING C. Vita-
min signaling in adipose tissue. Br J Nutr 2012;
108: 1915-1923.

16) ALBERTI KG, ECKEL RH, GRUNDY SM, ZIMMET PZ, CLEE-
MAN JI, DONATO KA, FRUCHART JC, JAMES WP, LORIA
CM, SMITH SC JR. Harmonizing the metabolic syn-
drome. A joint interim statement of the Internation-
al Diabetes Federation Task Force on Epidemiolo-
gy and Prevention; National Heart, Lung, and
Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis So-
ciety; and International Association for the Study of
Obesity. Circulation 2009; 120: 1640-1645.

17) HOLICK MF, BINKLEY NC, BISCHOFF-FERRARI HA, GOR-
DON CM, HANLEY DA, HEANEY RP, MURAD MH,
WEAVER CM. Evaluation, treatment, and prevention
of vitamin D deficiency: an Endocrine Society
clinical practice guideline. J Clin Endocrinol
Metab 2011; 96: 1911-1930.

18) MINAMBRES I, SANCHEZ-HERNANDEZ J, SANCHEZ-QUESA-
DA JL, RODRIGUEZ J, DE LEIVA A, PEREZ A. The associ-
ation of hypovitaminosis D with the metabolic syn-
drome is independent of the degree of obesity.
Endocrinol 2012; 2012: 691803.

19) CHEN S, MASSARO JM, FOX CS, LARSON MG, KEYES MJ,
MCCABE EL, ROBINS SJ, O’DONNEL CJ, HOFFMANN U,
JACQUES PF, BOOTH SL, VASAN RS, WOLF M, WANG TJ.
Adiposity, cardiometabolic risk, and vitamin D sta-
tus: the Framingham Heart Study. Diabetes 2010;
59: 242-248.



2187

Relationship between deficiency of vitamin D and exponents of metabolic syndrome

20) WORTSMAN J, MATSUOKA LY, CHEN TC, LU Z, HOLICK
MF. Decreased bioavailability of vitamin D in obe-
sity. Am J Clin Nutr 2000; 72: 690-693.

21) WANG C. Role of Vitamin D in cardiometabolic dis-
eases. J Diabetes Res 2013; 2013: 243934.

22) SERGEEV IN, SONG Q. High vitamin D and calcium
intakes reduce diet-induced obesity in mice by in-
creasing adipose tissue apoptosis. Mol Nutr Food
Res 2014; 58: 1342-1348.

23) SOARES MJ, PATHAK K, CALTON EK. Calcium and vita-
min D in the regulation of energy balance: where
do we stand? Int J Mol Sci 2014; 15: 4938-4945.

24) Song Q, Sergeev IN. Calcium and vitamin D in
obesity. Nutr Res Rev 2012; 25: 130-141.

25) DUSSO AS, BROWN AJ, SLATOPOLSKY E. Vitamin D. Am
J Physiol Renal Physiol 2005; 289: F8-F28.

26) AL-ODAT AZ, AHMAD MN, HADDAD FH. References
of anthropometric indices of central obesity and
metabolic syndrome in Jordanian men and
women. Diabetes Metab Syndr 2012; 6: 15-21.

27) ESMAILLZADEH A, MIRMIRAN P, AZIZI F. Waist-to-hip ra-
tio is a better screening measure for cardiovascu-
lar risk factors than other anthropometric indica-
tors in Tehranian adult men. Int J Obes 2004; 28:
1325-1332.

28) ASHWELL M, GIBSON S.Waist to height ratio is a sim-
ple and effective obesity screening tool for cardio-
vascular risk factors: Analysis of data from the
British National Diet and Nutrition Survey of
adults aged 19-64 years. Obes Facts 2009; 2: 97-
103.

29) MOONEY SJ, BAECKER A, RUNDLE AG. Comparison of
anthropometric and body composition measures
as predictors of components of the metabolic syn-
drome in a clinical setting. Obes Res Clin Pract
2013; 7: 55-66.

30) MULLER MJ, LAGERPUSCH M, ENDERLE J, SCHAUTZ B,
HELLER M, BOSY-WESTPHAL A. Beyond the body mass
index: tracking body composition in the pathogen-
esis of obesity and the metabolic syndrome. Obes
Rev 2012; 2: 6-13.

31) LEE K, LEE S, KIM YJ. Waist circumference, dual-en-
ergy X-ray absortiometrically measured abdomi-
nal adiposity, and computed tomographically de-
rived intra-abdominal fat area on detecting meta-
bolic risk factors in obese women. Nutrition 2008;
24: 625-631.

32) KAYANIYIL S, HARRIS SB, RETNAKARAN R, VIETH R, KNIGHT
JA, GERSTEIN HC, PERKINS BA, ZINMAN B, HANLEY AJ.
Prospective association of 25(OH)D with meta-
bolic syndrome. Clin Endocrinol 2014; 80: 502-
507.

33) DURGA PRASAD K, HAVILAH P, VINODH P. A study of vi-
tamin D and metabolic syndrome in urban popu-
lation. Int J Biol Med Res 2012; 3: 1731-1734.

34) SKAABY T, HUSEMOEN LL, PISINGER C, JORGENSEN T,
THUESEN BH, FENGER M, LINNEBERG A. Vitamin D sta-

tus and changes in cardiovascular risk factors: a
prospective study of a general population. Cardi-
ology 2012; 123: 62-70.

35) FOSS YJ. Vitamin D deficiency is the cause of com-
mon obesity. Med Hypotheses 2009; 72: 314-321.

36) KIM MK, IL KM, WON OK, KWON HS, LEE JH, LEE
WC, YOON KH, SON HY. The association of serum
vitamin D level with presence of metabolic syn-
drome and hypertension in middle-aged Korean
subjects. Clin Endocrinol 2010; 73: 330-338.

37) VILARRASA N, VENDRELL J, MARAVALL J, ELIO I, SOLANO
E, SAN JP, GARCIA I, VIRGILI N, SOLER J, GOMEZ JM. Is
plasma 25(OH)D related to adipokines, inflamma-
tory cytokines and insulin resistance in both a
healthy and morbidly obese population. En-
docrine 2010; 38: 235-242.

38) JAIMUNGAL S, WEHMEIER K, MOORADIAN AD, HAAS MJ.
The emerging evidence for vitamin D-mediated
regulation of apolipoprotein A-I synthesis. Nutr
Res 2011; 31: 805-812.

39) KHAN H, KUNUTSOR S, FRANCO OH, CHOWDHURY R. Vita-
min D, type 2 diabetes and other metabolic out-
comes: a systematic review and meta-analysis of
prospective studies. Proc Nutr Soc 2013; 72: 89-97.

40) GLOY VL, BRIEL M, BHATT DL, KASHYAP SR, SCHAUER
PR, MINGRONE G, BUCHER HC, NORDMANN AJ.
Bariatric surgery versus non-surgical treatment
for obesity: a systematic review and meta-analy-
sis of randomised controlled trials. Br Med J 2013;
347: f5934.

41) RAFFAELLI M, GUIDONE C, CALLARI C, IACONELLI A, BEL-
LANTONE R, MINGRONE G. Effect of gastric bypass
versus diet on cardiovascular risk factors. Ann
Surg 2014; 259: 694-699.

42) MANCO M, CALVANI M, NANNI G, GRECO AV, IACONELLI
A, GASBARRINI G, CASTAGNETO M, MINGRONE G. Low
25-hydroxyvitamin D does not affect insulin sensi-
tivity in obesity after bariatric surgery. Obes Res
2005; 13: 1692-1700.

43) VIMALESWARAN K, BERRY DJ, LU C, TIKKANEN E, PILZ S,
HIRAKI LT, COOPER JD, DASTANI Z, LI R, HOUSTON DK,
WOOD AR, MICHAELSSON K, VANDENPUT L, ZGAGA L,
YERGES-ARMSTRONG LM, MCCARTHY MI, DUPUIS J,
KAAKINEN M, KLEBER ME, JAMESON K, ARDEN N,
RAITAKARI O, VIIKARI J, LOHMAN KK, FERRUCCI L, MEL-
HUS H, INGELSSON E, BYBERG L, LIND L, LORENTZON M,
SALOMAA V, CAMPBELL H, DUNLOP M, MITCHELL BD,
HERZIG KH, POUTA A, HARTIKAINEN AL, GENETIC INVESTI-
GATION OF ANTHROPOMETRIC TRAITS-GIANT CONSOR-
TIUM, STREETEN EA, THEODORATOU E, JULA A, WAREHAM

NJ, OHLSSON C, FRAYLING TM, KRITCHEVSKY SB, SPEC-
TOR TD, RICHARDS JB, LEHTIMAKI T, OUWEHAND WH,
KRAFT P, COOPER C, MARZ W, POWER C, LOOS RJ,
WANG TJ, JARVELIN MR, WHITTAKER JC, HINGORANI AD,
HYPPONEN E. Causal relationship between obesity
and vitamin D status: Bi-directional Mendelian
randomization analysis of multiple cohorts. PLoS
Med 2013; 10: e1001383.


