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ABSTRACT

Background: It is considered that obesity and metabolic syndrome are accompanied with vitamin D deficiency. We
aimed to examine the interrelations between vitamin D status and biomarkers for metabolic syndrome in Bulgarian
pre-pubertal children.

Methods: The study enrolled 51 pre-pubertal children (29 boys, 22 girls) examined for serum 25-xydroxyvitamin D,
and routine parameters for metabolic syndrome. Obesity was evaluated by body mass index and waist circumference.
Results: More than half (57.1%) of the studied children were vitamin D deficient, prevalent in girls than in boys
(65.0% vs. 51.7% respectively). A tendency for worse metabolic status in the vitamin D-deficient group, expressed by
higher fasting insulin, total cholesterol, total cholesterol/HDL-ratio and Homeostasis Model Assessment (HOMA)-
index was observed. A trend for negative correlation was established between 25-xydroxyvitamin D and waist

circumference, HOMA-index, and fasting insulin.

Conclusions: Vitamin D deficiency and inverse relationships between 25-xydroxyvitamin D and waist
circumference, HOMA-index, and insulin were found amongst studied children.
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INTRODUCTION

It is considered that there is a relationship between the
risk of chronic disease development in adult age and
vitamin D deficiency during childhood.* Data recorded in
the past years shows that 20-42% of healthy children
aged 11-18 years are vitamin D deficient.?

It is widely accepted that the best indicator for
assessment of vitamin D status is the circulating form of
cholecalciferol - 25-xydroxyvitamin D (250HD).
According to the American Endocrinology Society the
serum circulating 25-hydroxyvitamin D level should be
used to evaluate high-risk individuals for deficiency,
which is defined as a 250HD <50 nmol/L. Deficiency

also may include insufficiency, which is defined as
250HD of 50 nmol/L to 72.5 nmol/L.?

The extensive NHANES research, conducted between
2001-2004 by the Centre for Control and Disease
Prevention in the USA, involving about 10000 children
(1-21 years), indicates that 9% of them have severe
vitamin D deficiency (under 37.5nmol/L), and 61%
display levels between 37.5 and 72.5nmol/L.* A study on
vitamin D status for children in the preadolescent age,
carried out in the USA, reveals that 48% of the residents,
living at the middle latitude of 440 are vitamin D
deficient (<50nmol/L) all year round. Those from more
southern regions, with middle latitude of 32°, experience
vitamin D deficiency only during the winter season.’
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Similar studies, undertaken in Europe, confirm the high
percentage of vitamin D deficiency amongst the child
population.® Bulgaria is a South European country with
main latitude 43° North. Therefore, it is very likely to
expect similar rate of vitamin D deficiency amongst
Bulgarian children in this age, as well. Beside the
geographic location of Bulgaria, another prerequisite to
expect high rate of vitamin D deficiency in children is
recently proved high rate of vitamin D deficiency in
adults.’

Vitamin D synthesis starts in the skin and dependents on
sun exposure, specifically UVB radiation. Ordinarily,
vitamin D deficiency is related to inadequate dietary
intake and insufficient sun exposure. The widespread
sunscreen use decreases the dermal biosynthesis of
vitamin D and is considered as a reason for vitamin D
deficiency. An additional factor for decreased
bioavailability of vitamin D can be its increased uptake in
the adipose tissue. There are publications, verifying the
negative correlation between serum levels of 250HD and
accumulated adipose tissue for children with obesity.?? It
is suggested, that the fat-soluble vitamin D is absorbed in
the subcutaneous adipose tissue, leading to decreased
plasma 250HD levels. Henceforth, the remaining tissues
are vitamin D insufficient.®'* The frequently observed
increased levels of PTH in children with high body mass
index (BMI), could be a result of vitamin D
deficiency.®™* There is a hypothesis suggesting that
increased PTH boosts the intracellular calcium in
adipocytes, which stimulates the lipogenesis and leads to
additional weight gain.*®

Consequently, a causal vicious cycle is being created,
linking vitamin D deficiency, PTH and obesity. Therefore
the interrelation between vitamin D deficiency and
indexes evaluating metabolic syndrome — increased BMI,
blood pressure, impaired glucose tolerance, reduced
HDL-cholesterol is intensively studied in obese
children.?**

There is a limited number of studies on vitamin D status
in pre-pubertal children, and its relation to obesity and
prognostic biomarkers for metabolic risk.

Despite the increased occurrence of overweight and obese
children in young age®™, studies in Bulgaria about the
prevalence of vitamin D deficiency for this particular age
group are lacking. We aimed to perform a pilot research
on vitamin D status in normal and overweight pre-
pubertal children evaluating its seasonality and
interrelations  with  anthropometric  indexes and
biomarkers related to the metabolic risk.

METHODS

The present pilot study enrolled 51 consecutive healthy
pre-pubertal children, the parents/guardians of whom
gave written informed consent, 29 males (56.9%) and 22
females (43.1%) from Varna region who were

investigated at the First Pediatric Clinic at the University
Hospital of VVarna. The age of the studied group was 4.0-
8.0 years (boys: 4.75-11.0 years; girls: 4.0-10.0 years).
All participants were pre-pubertal (Tanner stage I).
Sixteen children with normal weight (BMI<85-th
percentile), and 35 children with overweight/obesity
(BMI>95-th percentile), according to the IOTF reference
for BMI were included in the study.'® Subjects with pre-
existing chronic diseases of calcium-phosphate
metabolism or other diseases affecting calcium
metabolism, chronic inflammatory disorders, and
infectious diseases were excluded from the study. The
usage of vitamin D, calcium or phosphorus medications
during the last 6 months prior the study was another
exclusion criterion. All children were healthy at the time
of investigation. The required information was obtained
by a parental structured interview and full physical
examination of the participants.

Auxological and Blood pressure measurements. All
anthropometric measures were taken by the same well-
trained investigator with children wearing light clothing
and no shoes. Weight was measured to the nearest 0.1 kg
using a calibrated digital scale (TANITA Ltd.,
Middlesex, UK). Height was measured to the nearest 1
mm with a portable stadiometer (Seca Ltd., Hamburg,
Germany), with the child upright and the head in the
Frankfurt plane. WC was measured to the nearest 1 mm
with a flexible, non-elastic tape midway between the
tenth rib and the iliac crest at the end of a gentle
expiration. BMI was calculated as weight (kg)/height?
(m?). Pubertal development was clinically assessed based
on secondary sexual characteristics according to Tanner’s
criteria. None of the subjects had begun puberty. Blood
pressure (BP) was measured using a mercury
sphygmomanometer KaWeM5  (Kirchner&Wilhelm
GmbH+Co. KG, Asperg, Germany) according to the
recommendations of the National High Blood Pressure
Education Program (NHBPEP) Working Group on High
Blood Pressure in Children and Adolescents.”

Biochemical tests

Fasting blood samples were collected and transferred to
the Clinical laboratory for analysing the routine
laboratory parameters. Fasting blood glucose (FBG), total
cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C),
and triglycerides (TG) were measured by homogeneous
colorimetric enzyme technique. FBG was measured by
enzyme (hexokinase) UV technique. Routine colorimetric
method was used for quantitation of serum calcium (Ca)
levels. C-reactive protein (CRP) was determined by
turbidimethric method. AIll these parameters were
measured on ADVIA®1800 Clinical Chemistry System
(Siemens Healthcare Diagnostics, USA).
Chemiluminiscent immunometric methods and Immulite
2000 Immunoassay System (Siemens Healthcare
Diagnostics, USA) were used for measuring fasting blood
insulin (FBI) and intact parathyroid hormone (iPTH).
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Insulin resistance (IR) was estimated by the homeostasis
model assessment (HOMA).

250HD assay

Serum samples for measuring 250HD were collected
only once — at the time of their admittance to the
Pediatric Clinic. All serum samples were frozen, and
stored at -80°C until analysis. Serum 250HD was
assayed by a validated HPLC-UV method.*® The vitamin
D status was defined as severe deficiency
(250HD<25nmol/L), deficiency (250HD<50nmol/L),
sufficiency (250HD>50nmol/L).

Statistical analysis

Categorical variables were presented as frequencies (%).
GraphPad Prism v. 6.00 for Windows (GraphPad
Software, La Jolla, CA, USA) was used for statistical
analysis of continued variables. One way ANOVA with
Bonferoni’s multiple comparison post-test was used for
comparison of means of different parameters. Mann
Whitney t-test was performed to evaluate the differences
between medians of two unmatched groups. The level of
significance was P<0.05. The Pearson correlation
coefficient (r) was used to determine the degree of linear
relationships between 250HD and other tested

parameters.
As this is not a follow-up study all parameters were

measured only once. RESULTS

Table 1: Demographic, anthropometric, and biochemical parameters of the studied group.

Parameters Value (mean+SD Parameters mean+SD
Gender Age, years 7.99+1.82

Boys, n/N (%) 29/51 (56.9%) Boys 8.58+1.60

Girls, n/N (%) 22/51 (43.1%) Girls 7.00+£1.72

Weight, kg 39.39+14.17 Height, cm 130.00+14.48

Boys 44.04+14.41 Boys 134.6+13.93

Girls 33.25+11.48 Girls 124.1+13.22

BMI, kg/m? 22.50+5.26 WC, cm 77.70+£11.17

Boys 23.54+5.03 Boys 81.95+9.88

Girls 21.13+5.36 Girls 71.73+10.29

Normal, (%) 16.05+2.22, (31.40%) Normal, (%) 65.48+5.90, (30.53%)
Boys 17.82+3.29, (37.26%) Boys 69.70+5.52, (19.60%)
Girls 16.37+2.53, (19.60%) Girls 61.86+3.34, (21.56%)
Overweight + obese, (%) 25.45+3.17, (68.60%) Overweight/obese, (%) 82.95+8.41, (69.77%)
Boys 26.55+2.51, (19.60%) Boys 85.82+7.47, (34.26%)
Girls 25.10+3.44, (23.53%) Girls 78.01+7.86, (21.56%)
SBP, mmHg 104.60+12.00 DBP, mm Hg 66.48+9.79

Boys 105.9+14.14 Boys 67.0£10.73

Girls 102.8+8.47 Girls 65.79+8.71

FBG, mmol/L 5.10+0.81 FBI, uU/ml 14.314£8.25

Boys 5.11+0.82 Boys 13.66+8.47

Girls 5.09+0.81 Girls 15.15+8.14
HOMA-index 3.43+2.25 TC/HDL ratio 4.24+6.22

Boys 3.22+£2.32 Boys 3.50£0.75

Girls 3.70£2.19 Girls 5.85+9.10

TG, mmol/L 0.97+0.39 TC, mmol/L 4.82+4.74

Boys 1.05+0.37 Boys 4.31+1.01

Girls 0.88+0.40 Girls 5.46+7.10

HDL-C, mmol/L 1.26+0.26 LDL-C, mmol/L 2.43+0.85

Boys 1.26+0.17 Boys 2.58+0.92

Girls 1.27+£0.34 Girls 2.2840.76

CRP, mg/L 2.73+2.48 Calcium, mmol/L 2.49+0.10

Boys 2.51+2.37 Boys 2.46x0.09

Girls 3.0+2.65 Girls 2.52+0.14

iPTH, ng/L 26.83+26.57

Boys 25.36+£17.94

Girls 28.68+35.26

1 BMI — body mass index; WC — waist circumference; SBP — systolic blood pressure; DBP — diastolic blood pressure; FBG — fasting
blood glucose; FBI — fasting blood insulin; TG — triglycerides; TC — total cholesterol; CRP — C-reactive protein; iPTH — intact
parathyroid hormone.
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The means and SD were calculated by descriptive
analysis. N, Total number of studied children = 51 (Table
1).

Demographic,  anthropometric, and  biochemical
parameters are shown in Table 1.

The mean 250HD levels of the studied group
(49.65+19.82nmol/L) almost approach the cut-off value
of 50nmol/L, which defines vitamin D sufficiency. Forty
nine children were tested for 250HD levels and stratified
by their vitamin D status. Twenty one subjects of them
(42.9%) were vitamin D sufficient, showing values above
50nmol/L; 28 subjects (57.1%) were vitamin D deficient

with 250HD<50nmol/L; 4 children (8.2%) were severely
deficient with 250HD<25nmol/L. Only 6 children
(12.2%) reached 250HD levels above the desirable
threshold of 75nmol/L. After categorization by gender
48.3% of boys and 35.0% of girls were vitamin D
sufficient. Values above the threshold of 75nmol/L were
found in 13.79% of boys and in 10.0% of girls. Vitamin
D deficiency was detected in 51.7% of pre-pubertal boys
and in 65.0% of the girls. One boy (3.4%) and 3 girls
(15.0%) were with severe vitamin D deficiency, showing
values of 16.94nmol/L and 18.83+6.06nmol/L,
respectively. There was no statistical significance in
vitamin D status between boys and girls (Table 2).

Table 2: Stratification of the studied group by the serum 250HD levels.

Total studied group

Vitamin D status meanSD. (n

Pre-pubertal boys
meanzSD, (n

Pre-pubertal girls
meanzSD, (n

Severe deficiency

(250HD<25nmol/L) 18.36+5.04, (4) 16.94, (1) 18.8316.06, (3)
?ZeSfé;:Iij[r;inOnmoI/L) 38.2011.51, (28) 39.03+9.047, (15) 33.83+10.94, (13)
f’;sfgﬂﬁﬁﬁmmom 67.74+16.43, (21) 67.56+17.29, (14) 65.99+13.42, (7)
?Zessgﬁ'%t:;?nh;g " 88.33+11.50, (6) 90.16+13.87, (4) 84.68+6.67, (2)

1 250HD - 25-hydroxy vitamin D. The data for 250HD are given in nmol/L

Table 3: Seasonality of serum 250HD levels.

Total study  Pre-pubertal

group boys girls

mean£SD, mean£SD, meanSD,

45.74+17.23, 49.98+16.91,

Pre-pubertal

39.09£16.12,

Winter 6y 22) (14)
cummer 6048 61.68426.45, 59.09+20.81,
2307, (13)  (7) (6)

Since the 250HD levels show considerable seasonality,
we stratified the studied population by the season of
blood drawing as follows: winter (November-March),
and summer (April-July). Thirty six subjects (73.5%)
were assayed during winter and 13 (26.5%) in the
summer. There were significant differences between the
winter and summer mean 250HD levels (P<0.05) (Table
3). During the summer the 250HD levels for both
genders were in the range of vitamin D sufficiency, while
for the winter season vitamin D deficiency was detected
for both groups. Twenty eight percent higher values for
males were detected during winter compared to females
(P=0.06). During summer the mean values for both
genders are almost the same.

WC [cm]
3

0 20 4'0 60 80 100
250HD [nmol/L]

Figure 1: Negative relationship between 250HD levels
and waist circumference (WC) in pre-pubertal girls
(Pearson r=-0.38, P>0.05).

Next we stratified the studied subjects into vitamin D
deficient (250HD<50nmol/L) and vitamin D sufficient
(250HD>50nmol/L) groups. The differences in 250HD
levels between these groups, 67.74+16.43 vs.
36.62+10.13 nmol/L, were found to be statistically
significant (P<0.001). Lower WC values were detected
for the vitamin D sufficient group (75.27+£9.81 cm), and
higher WC for vitamin D deficient children
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(80.20+7.73cm). The difference between both groups
reached a borderline value for statistical significance
P=0.055. Examining the relationship between 250HD
and WC, we established a trend for negative correlation:
Pearson r=-0.38, P>0.05 (Figure 1). Surprisingly the BMI
values did not differ significantly between these two
groups. Tendency for worsened metabolic parameters in
the vitamin D deficient group were expressed by higher
FBI (p=0.13) and HOMA-index (p=0.08). There were no
differences between the groups for systolic or diastolic
blood pressure FGB, TG, TC, HDL-C, LDL-C, TC/HDL-
C, and Ca levels.

Not surprisingly we found a significant negative
correlation between 250HD levels and PTH for the entire
studied group, Pearson r=-0.38, P=0.03 (Figure 2). This
negative relationship was more strongly expressed in the
group of pre-pubertal girls (Pearson r = -0.60, P=0.018).

1504 °

100+

g

iPTH [ng/L]

Q

250HD [nmol/L]

-50-

Figure 2: Negative association between 250HD levels
and iPTH for the studied pre-pubertal children
(Pearson r=-0.38, P=0.03).

Serum 250HD levels were inversely associated with
HOMA-index and FBI levels for the entire studied group
(Figure 3). The same non-significant tendency for both
parameters was observed when the participants were
stratified by gender. For the association HOMA/250HD
the Pearson r was -0.24 and -0.25 for pre-pubertal boys
and girls, respectively; for the association FBI/250HD
the Pearson r was -0.27 and -0.21 for pre-pubertal boys
and girls.

154 .
2
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Figure 3: Negative association between 250HD levels
for the studied pre-pubertal children and: A) HOMA-
index (Pearson r=-0.26, P>0.05); B) FBI levels
(Pearson r=-0.26, P>0.05).

We stratified the studied children into two groups by WC
according to the clinical cut-off for abnormal levels using
the Bulgarian reference for children and adolescents into
two groups: not abdominally obese < 90-th percentile,
abdominally obese > 90-th percentile.® Significant
differences between non-obese (31.25+7.34kg) and obese
group (47.39+£11.03kg) were observed for body weight,
P<0.001; WC (65.48+5.92cm vs. 82.95+8.41cm,
P<0.001) and PTH levels (16.49+11.56 vs 33.07+£31.99,
P<0.001). Despite all parameters related to glucose and
lipid metabolism were in their reference ranges
unfavourable but still non-significant changes were
observed in the obese group. Most pronounced changes
were noted for TC, increase by 23%, and for HDL-
cholesterol, decrease by24% and thus the ratio TC/HDL-
cholesterol was increased by 57%. Although non-
significant, the reduced levels of Ca and 250HD in the
obese group result in significant increase of iPTH:
16.49+11.56 vs. 33.07+£31.99ngr/L, P<0.001.

Serum C-reactive protein (CRP) was used as indicator for
chronic inflammatory response related to obesity. Despite
the non-significant difference between the obese and non-
obese group (3.91+3.81 vs. 2.24+2.55mg/L) the increase
in CRP levels in the obese group are closer to the upper
reference limit.

DISCUSSION

Considerable amount of research reveals that vitamin D
deficiency is epidemic worldwide not only among adults
but also in children.?®?

The best indicator of vitamin D status is serum 250HD
concentration.?? Most commonly, vitamin D deficiency is
defined as 250HD serum concentrations below 50nmol/L
and severe vitamin D deficiency less than 25nmol/L.%%
Comparing our results with the accepted cut-off values
for vitamin D deficiency, we found a borderline value of
49.65nmol/L for the entire studied population, indicating
that Bulgarian pre-pubertal children are at risk of
development vitamin D deficiency. Until now, there is no
published data on the vitamin D status in Bulgarian pre-
pubertal children. According to Spiro and Buttriss®® the
mean year-round levels of 250HD were 48.0nmol/L for
UK pre-pubertal girls aged (4-10 years) and 52.3nmol/L
for UK pre-pubertal boys. Our preliminary results show
very close values for Bulgarian pre-pubertal girls and
boys to those from UK — 45.09nmol/L and 52.80nmol/L,
respectively. Higher rate of vitamin D deficiency was
established among the pre-pubertal girls when compared
to pre-pubertal boys, 65% vs 51.7%. Similar results for
vitamin D status were found for Turkish and US
children.*# A prevalence of severe vitamin D deficiency
among girls (15%) than in boys (3.4%) was found when
the participants were categorized by the degree of vitamin
D deficiency.

It is well known vitamin D status shows a considerable
seasonality, related to variations in the intensity of solar
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UV-B radiation with the season.?” Our data are in
agreement with the lower values for 250HD in winter
found by others.®?? Sjoen et al found a significant
difference in 250HD concentration between winter and
spring or summer samples.”® Similarly vitamin D
deficiency in more than 50% of school age children and
adolescents in winter was reported by Shin et al.” More
over our results indicated relatively higher values for
boys during winter compared to girls (P=0.06), whereas
during summer such tendency was not observed.

Additional factor determining the vitamin D variations
among children is the body fat deposition. It is considered
that vitamin D, being fat-soluble, can be sequestrated by
fat tissue.*® Widely used anthropometric parameter for
categorization of thinness, overweight and obesity in
children using international cut-offs is the BMI. A
disadvantage of this parameter is that it does not
distinguish between lean and fat mass.*" Another simply
measured anthropometric parameter is WC that correlates
with visceral adiposity in children and increases with the
deposition of fat. WC is recognized as a predictive risk
indicator for IR, dyslipidaemia and diabetes in children.*

In the present study, we found that from the parameters
defining whole-body obesity (BMI) and abdominal fat
(WC) the latter differs significantly between 250HD
deficient and sufficient groups. Vitamin D deficiency
(250HD<50nmol/L) relates to a larger WC (P=0.055).
Studies on Belgian (4-11 years) and Spanish children (9-
13 years) concluded that 250HD correlate significantly
with BMI and WC and these parameters influenced the
appearance of vitamin D insufficiency (250HD between
50 and 75nmol/L) in children.?®** The lack of statistical
significance between 250HD groups and BMI in our
study may be due to the small number of studied
children, which is one of its limitations. Examining the
relationship between 250HD and WC, we established a
trend for negative correlation (Pearson r =-0.38, P>0.05).
Sioen et al found a similar correlation between 250HD
and WC (Pearson r = -0.108, P<0.05) in Belgian
children.?®

There are several mechanisms by which 250HD can
affect glucose homeostasis. As a regulator of calcium
levels 250HD may affect insulin secretion and signalling
by calcium-dependent manner.*** Considering the
negative impact of systemic inflammation on insulin
sensitivity, it is proposed that sufficient 250HD, due to
its immunomodulatory effects, may prevent IR.%

Aypak et al reported a significant inverse correlation
between serum 250HD and HOMA-IR in pubertal obese
children, but not in pre-pubertal.?®® In our study the
correlation analyses showed inverse trend between serum
250HD and HOMA-index (Pearson r = -0.26), serum
250HD and FBI levels (Pearson r = -0.26) for the entire
studied group. The same non-significant tendency for
both parameters was observed when the participants were
stratified by gender. Study on Asian-Indian children and

adolescents (6-17 years) reveals also inverse relationship
trends between 250HD, glucose, and insulin. The authors
did not establish statistically significant correlation
between 250HD and parameters of insulin sensitivity or
resistance.”’

Inflammatory cytokines produced in visceral fat cause
elevation of serum C-reactive protein (CRP), which is
reported to be positively correlated with some metabolic
alterations.® CRP significantly increases in obese
children compared to normal-weight, and positively
correlate with BMI.** However, the increase of CRP is
lower than during acute episodes of inflammation or
infection. Significant increase in CRP is found mainly in
cases of severe (morbid) obesity. In our study only 2
children have BMI above 30 kg/m? which could explain
the lack of significant increase of CRP in obese children
compared to non-obese.

Strengths and limitations

The present pilot study is the first attempt to evaluate the
vitamin D status in Bulgarian pre-pubertal children and to
examine its relationships with parameters of whole body
obesity and IR. To assess vitamin D status we used
HPLC assay — the most robust method for measuring the
serum concentration of 250HD.*° One of the limitations
of the study is the small number of enrolled patients.
Another is that the degree of adiposity was assessed by
BMI and WC which may not truly reflect body fat status.
The observed gender differences in vitamin D status may
be due to the different physical activity and dietary intake
between boys and girls which is not assessed in our
study.

CONCLUSIONS

This pilot study shows that half of the studied Bulgarian
pre-pubertal children were vitamin D deficient, more
prevalent in the winter. The preliminary negative trends
found between serum 250HD levels and WC, as a
parameter of abdominal fat, HOMA-index for IR, and
serum insulin concentrations may provide grounds for
further larger studies to examine these associations in
more depth.

ACKNOWLEDGEMENTS

This publication is a part of a research project entitled
“Assessment of vitamin D status of target groups by
selective chromatographic method for measurement of
25-hydroxy vitamin D” funded by the research fund at
the University of Varna, Bulgaria.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

International Journal of Research in Medical Sciences | February 2016 | Vol 4 | Issue 2  Page 366



Galunska BT et al. Int J Res Med Sci. 2016 Feb;4(2):361-368

REFERENCES

1.

10.

11.

12.

13.

14.

Razzaghy-Azar M, Shakiba M. Assessment of
vitamin D status in healthy children and adolescents
living in Tehran and its relation to iPTH, gender,
weight and height. Ann Hum Biol. 2010;37:692-01.
Smotkin-Tangorra M, Purushothaman R, Gupta A,
Nejati G, Anhalt H, Ten S. Prevalence of vitamin D
insufficiency in obese children and adolescents. J
Pediatr Endocrinol Metab. 2007;20:817-23.

Holick M, Binkley N, Bischoff-Ferrari H, Gordon
C, Hanley D, Heaney R. Evaluation, Treatment, and
Prevention of Vitamin D Deficiency: an Endocrine
Society Clinical Practice Guideline. J Clin
Endocrinol Metab. 2011;96:1911-30.

Kumar J, Muntner P, Kaskel F, Hailpern S,
Melamed M. Prevalence and Associations of 25-
Hydroxyvitamin D Deficiency in US Children:
NHANES 2001-2004. Pediatrics. 2009;124:e362-
70.

Sullivan S, Rosen C, Halteman W, Chen T, Holick
M. Adolescent girls in Maine are at risk for vitamin
D insufficiency. J Am Diet Assoc. 2005;105:971-
74.

Marrone G, Rosso |, Moretti R, Valent F,
Romanello C. Is vitamin D status known among
children living in Northern Italy? Eur J Nutr.
2012;51:143-9.

Borissova A, Shinkov A, Vlahov J, Dakovska L,
Todorov T, Svinarov D. Vitamin D status in
Bulgaria-winter data. Arch Osteoporos. 2013;8:133.
Alemzadeh R, Kichler J, Babar G, Calhoun M.
Hypovitaminosis D in obese children and
adolescents: relationship with adiposity, insulin
sensitivity, ethnicity, and season. Metabolism.
2008;57:183-91.

Kremer R, Campbell P, Reinhardt T, Gilsanz V.
Vitamin D status and its relationship to body fat,
final height, and peak bone mass in young women. J
Clin Endocrinol Metab. 2009;94:67-73.

Wortsman J, Matsuoka L, Chen T, Lu Z, Holick M.
Decreased bioavailability of vitamin D in obesity.
Am J Clin Nutr. 2000;72:690-93.

Vanlint S. Vitamin D and obesity. Nutrients
2013;5:949-56.

Ashraf A, Alvarez J, Saenz K, Gower B,
McCormick K, Franklin F. Threshold for Effects of
Vitamin D Deficiency on Glucose Metabolism in
Obese Female African-American Adolescents. J
Clin Endocrinol Metab. 2009;94:3200-06.

McCarty M, Thomas C. PTH excess may promote
weight gain by impeding catecholamine-induced
lipolysis-implications for the impact of calcium,
vitamin D, and alcohol on body weight. Med
Hypotheses. 2003;61:535-42.

Reis J, von Mthlen D, Miller E, Michos E, Appel L.
Vitamin D Status and Cardiometabolic Risk Factors
in the United States Adolescent Population.
Pediatrics. 2009;124:e371-79.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

lotova V, Galcheva S, Petrova K. Obesity is
increasing fast among Varna school children in the
last 5 years (2002-2007). Scripta Sci Med.
2009;41:1-34.

Cole T, Bellizzi M, Flegal K, Dietz W. Establishing
a standard definition for child overweight and
obesity worldwide: international survey. BMJ.
2000;320:1240-3.

National High Blood Pressure Education Program
Working Group on High Blood Pressure in Children
and Adolescents. The fourth report on the diagnosis,
evaluation, and treatment of high blood pressure in
children and adolescents. Pediatrics. 2004;114:555-
76.

Galunska B, Gerova D, Boncheva M, Svinarov D.
HPLC method for measuring the circulating levels
of 25-hydroxy vitamin D: Validation and
comparison with ID LC/MS/MS and immunoassay.
Integr Food Nutr Metab. 2014;1:1-6.

Galcheva S, lotova V, Yotov Y, Grozdeva K,
Stratev V, Tzaneva M. Waist circumference
percentile curves for Bulgarian children and
adolescents aged 6-18 years. Int J Pediatr Obes.
2009;4:381-8.

Holick M, Chen T. Vitamin D deficiency: a
worldwide problem with health consequences. Am J
Clin Nutr. 2008;87:1080S-6S.

Mithal A, Wahl D, Bonjour J, Burckhardt P,
Dawson-Hughes B, Eisman J. Global vitamin D
status and determinants of hypovitaminosis D.
Osteoporos Int. 2009;20:1807-20.

Braegger C, Campoy C, Colomb V, Decsi T,
Domellof M, Fewtrell M. Vitamin D in the Healthy
Paediatric Population: A Position Paper by the
ESPGHAN Committee on Nutrition. J Pediatr
Gastroenterol Nutr. 2013;56:692-01.

Greer F. 25-Hydroxyvitamin D: functional
outcomes in infants and young children. Am J Clin
Nutr. 2008;88:529S-33S.

Committee to Review Dietary Reference Intakes for
Vitamin D and Calcium. Institute of Medicine.
Dietary Reference Intakes for Calcium and Vitamin
D. Washington, DC, USA: The National Academies
Press. 2011.

Spiro A, Buttriss J. Vitamin D: An overview of
vitamin D status and intake in Europe. Nutr Bull.
2014;39:322-50.

Aypak C, Turedi O, Yiice A. The association of
vitamin D status with cardiometabolic risk factors,
obesity and puberty in children. Eur J Pediatr.
2014;173:367-73.

Holick M. Vitamin D deficiency. N Engl J Med.
2007;357:266-81.

Sioen I, Mouratidou T, Kaufman J, Bammann K,
Michels N, Pigeot I. Determinants of vitamin D
status in young children: results from the Belgian
arm of the IDEFICS (ldentification and Prevention
of Dietary- and Lifestyle-Induced Health Effects in
Children and Infants) Study. Public Health Nutr.
2012;15:1093-9.

International Journal of Research in Medical Sciences | February 2016 | Vol 4 | Issue 2  Page 367



29.

30.

31.

32.

33.

34.

35.

36.

Galunska BT et al. Int J Res Med Sci. 2016 Feb;4(2):361-368

Shin Y, Shin H, Lee Y. Vitamin D status and
childhood health. Korean J Pediatr 2013;56:417-23
Bischof M, Heinze G, Vierhapper H. Vitamin D
status and its relation to age and body mass index.
Horm Res. 2006;66:211-5.

Corsi D, Subramanyam M, Subramanian S.
Commentary: Measuring nutritional status of
children International Journal of Epidemiology.
2011;40:1030-6.

Bassali R, Waller J, Gower B, Allison J, Davis C.
Utility of waist circumference percentile for risk
evaluation in obese children. Int J Pediatr Obes.
2010;5:97-01.

Rodriguez-Rodriguez E, Navia-Lomban B, Lopez-
Sobaler A, Ortega R. Associations between
abdominal fat and body mass index on vitamin D
status in a group of Spanish schoolchildren. Eur J
Clin Nutr. 2010;64:461-7.

Li Z, Joyal J, Sacks D. Binding of IRS proteins to
calmodulin is enhanced in insulin resistance.
Biochemistry. 2000;39:5089-96.

Pittas A, Lau J, Hu F, Dawson-Hughes B. The role
of vitamin D and calcium in type 2 diabetes. A
systematic review and meta-analysis. J Clin
Endocrinol Metab. 2007;92:2017-29.

Talaei A, Mohamadi M, Adgi Z. The effect of
vitamin D on insulin resistance in patients with type
2 diabetes. Diabetol & Metab Syndr. 2013;5:8.

37.

38.

39.

40.

Khadgawat R, Thomas T, Gahlot M, Tandon N,
Tangpricha V, Khandelwal D. The Effect of Puberty
on Interaction between Vitamin D Status and Insulin
Resistance in Obese Asian-Indian Children. Int J
Endocrinol. 2012;2012:173581.

Ridker P, Buring J, Cook N, Rifai N. C-reactive
protein, the metabolic syndrome, and risk of
incident cardiovascular events: an 8-year follow-up
of 14719 initially healthy American women.
Circulation. 2003;107:391-7.

Namburi R, Ponnala A, Karthik T, Rani P,
Maheshwari R. A study on metabolic variables and
its association with high sensitive C-reactive protein
in obese children and adolescents Indian J
Endocrinol Metab. 2013;17:S360-S62.

Wallace A, Gibson S, de la Hunty A, Lamberg-
Allardt C, Ashwell M. Measurement of 25-
hydroxyvitamin D in the clinical laboratory: Current
procedures, performance characteristics and
limitations. Steroids. 2010;75:477-88.

Cite this article as: Galunska BT, Galcheva DI,
Gerova SV, lotova VM. Association between
vitamin D status and obesity in Bulgarian pre-
pubertal children: a pilot study. Int J Res Med Sci
2016;4:361-8.

International Journal of Research in Medical Sciences | February 2016 | Vol 4 | Issue 2  Page 368



