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Abstract

Background: Obesity is associated not only with an array of metabolic disorders (e.g. insulin resistance, hiperinsulinemia,
impaired tolerance of glucose, lipid disorders) but also skeletal and joint abnormalities. Recently, a pleiotropic role of
vitamin D has been emphasized. Obese children frequently present with vitamin D deficiency, and greater fat mass is
associated with lower serum concentration of this vitamin. Although some evidence suggests that weight loss may
affect vitamin D status, this issue has not been studied extensively thus far. The aim of a double-blind placebo-controlled
study is to assess long-term health effects of vitamin D supplementation in vitamin D deficient obese children
participating in an integrated weight-loss programme.

Methods: A randomized double-blind, placebo-controlled trial analysing the effects of vitamin D3 supplementation in
overweight or obese vitamin D deficient (<30 ng/ml) children participating in an integrated weight-loss programme.
Children are randomized to receive either vitamin D (1200 IU) or placebo for 26 weeks. Primary endpoints include
changes in BMI (body mass index), body composition and bone mineral density at the end of the study period, and
secondary endpoints — the changes in laboratory parameter reflecting liver and kidney function (transaminases,
creatinine) and glucose homeostasis (glucose and insulin levels during oral glucose tolerance test).

Discussion: The effects of vitamin D supplementation in obese individuals, especially children, subjected to a
weight-loss program are still poorly understood. Considering physiological processes associated with puberty and
adolescent growth, we speculate that supplementation may enhance weight reduction and prevent bone loss in
obese children deficient in this vitamin.

Trial registration: NCT 02828228; Trial registration date: 8 Jun 2016; Registered in: ClinicalTrials.gov. The trial was
registered retrospectively.
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Background

Obesity is associated with an array of metabolic disor-
ders, such as insulin resistance, hiperinsulinemia, im-
paired glucose tolerance, abnormal fasting glycaemia,
symptomatic diabetes mellitus, dyslipidaemia and car-
diovascular disorders, namely arterial hypertension.
Moreover, overweight or obese subjects are at increased
risk of joint and skeletal disorders, respiratory problems,
kidney diseases and alimentary dysfunction, especially
non-alcoholic fatty liver disease. High risk of com-
plications associated with childhood obesity justifies
early implementation of intervention programmes. Many
previous studies demonstrated that the most effective
form of intervention are integrated multidisciplinary
weight-loss programmes, involving not only children but
also their family members [1-3]. Reduction of fat mass
is associated with normalization of metabolic parame-
ters, such as inflammatory markers, lipid profile, insulin
resistance and arterial blood pressure [3—6]. Thus, early
effective intervention increases the likelihood of staying
healthy at older age.

Role of vitamin D in energetic metabolism has been
emphasized quite recently. Many obese children present
with low blood concentrations of vitamin D [7-9], prob-
ably due to its insufficient dietary intake and too small
amount of outdoor physical activity [10, 11]. Also
greater fat mass seems to be associated with lower blood
concentration of vitamin D, which may, at least partially,
result from sequestration of this vitamin in adipose tis-
sue [12]. Animal experiments with labelled vitamin D
demonstrated that it is accumulated in adipose tissue
and slowly released to circulation [13].

Another important issue is contribution of vitamin D
to the etiopathogenesis of metabolic syndrome. Previous
studies documented inverse relationships between blood
concentration of vitamin D, waist circumference, systolic
blood pressure, insulin resistance, fasting glycaemia,
total cholesterol, triglyceride and LDL cholesterol levels
in paediatric subjects, as well as positive associations be-
tween concentrations of vitamin D and HDL cholesterol
[7, 14, 15]. Vitamin D seems to interfere with insulin
secretion both directly, binding to its receptors (VDR)
on pancreatic B cells, and indirectly, modulating extra-
cellular concentration of calcium [16].

Importantly, a positive association has been found
between concentration of vitamin D and sensitivity to
insulin in obese children; furthermore, the level of this
vitamin correlated inversely with concentration of gly-
cated haemoglobin (HbAlc) [17]. Moreover, obese chil-
dren with low concentrations of vitamin D presented
with elevated levels of inflammatory mediators, such as
cathepsin S, chemerin and soluble vascular cell adhesion
molecule (sVCAM); this may imply indirectly that
vitamin D acts as an immunomodulator [14]. Although
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supplementation of vitamin D contributed to a decrease
in insulin resistance in obese adolescents, their levels of
inflammatory markers (CRP, TNF-«, IL-6) remained
unchanged [18].

These findings imply that vitamin D deficient obese
children may be at increased risk of many metabolic
disorders, such as insulin resistance, hiperinsulinemia,
impaired glucose tolerance, abnormal fasting glycaemia,
symptomatic diabetes mellitus, dyslipidaemia and arter-
ial hypertension. Indeed, a number of observational
studies documented a substantial role of vitamin D
deficiency in etiopathogenesis of metabolic syndrome
and other obesity-related complications. However, we
still lack evidence from interventional studies confirming
causal character of these relationships.

Metabolic effects of obesity on bone growth and
maturation are still not fully understood. Moreover, the
results of previous studies analysing bone mass and bone
density in obese individuals are highly inconclusive.
While according to some authors, bone mass decreases
with body weight [19], others did not document a
significant effect of body weight on bone mineral density
[20, 21] or even demonstrated that obese children,
adolescents and adults presented with relatively higher
bone mass and dimensions [22, 23]. An increase in bone
mass and bone density in obese subjects is postulated to
result from greater mechanical load, direct effect of
leptin or enhanced enzymatic activity of aromatase
[23-26]. Nevertheless, obesity was also shown to be
associated with a marked increase in bone fracture risk in
paediatric population [23].

Vitamin D plays an important biological role in the
process of bone maturation and mineralization. Previous
studies documented an inverse relationship between
blood concentration of vitamin D and bone mineral
density [27, 28]. In a recently published meta-analysis,
supplementation of vitamin D was shown to improve
both bone mineral density and total bone mass in
subjects deficient with this vitamin [29]. The effects of
the supplementation seem to be particularly favourable
in premenarcheal girls with normal body weight, in
whom administration of vitamin D was shown to result
in an increase in both bone mass and fat-free mass [30].

Surprisingly, the results of previous studies analysing a
relationship between obesity, vitamin D and bone metab-
olism are sparse and highly inconclusive. An analysis of 58
morbidly obese teenagers demonstrated that individuals
with physiological blood concentrations of parathyroid
hormone (PTH) presented with normal bone mineral
density, irrespectively of their vitamin D levels [31].

In contrast, a recently published study including a
small group of adolescents with obesity (n = 24) or nor-
mal body weight (n = 25) showed that the former pre-
sented with higher bone mineral density than their
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normal-weight peers; this relationship turned out to be
independent of blood concentration of vitamin D, phys-
ical activity level and fat-free mass content. However, in
the same study, bone mineral density correlated with
blood concentrations of leptin and insulin [25].

The abovementioned data suggest that further re-
search on the role of vitamin D in bone metabolism of
obese individuals may be of vital importance.

Aside from many unquestioned favourable health ef-
fects, weight loss may also contribute to enhanced bone
turnover and cause a decrease in bone mineral density.
The results of a recently published systemic review
imply that a decrease in bone mass may be a conse-
quence of a calorie-restricting diet, rather than a result
of an exercise-induced weight-loss [32]. However, this
evidence originates mostly from studies conducted
among adults [33-35] and to the best of our knowledge,
the issue in question was a subject of only one study in-
cluding adolescents after bariatric surgeries [36]. Further-
more, the results of intervention studies suggest that a
low-calorie albeit high-protein (ca. 30%) diet, with high
amounts of dairy products, may prevent bone mass loss
and protect against a decrease in bone mineralization [37].

Available data on the efficacy of vitamin D supplemen-
tation in adults subjected to a weight-loss intervention
are inconclusive and limited. Although in one study, ad-
ministration of vitamin D turned out to be associated
with more evident decrease in fat mass content in
persons being on a slimming diet [38], in another
experiment, similar intervention did not exert any effect
on total body weight [39, 40]. However, the abovemen-
tioned findings are not necessarily contradictory, as the
loss of fat mass is not an equivalent of a decrease in total
body weight.

Most of the previous studies dealing with the problem
in question were observational and centred around an
association between vitamin D status and bone mineral
density.

Owing a paucity of data on the biological role of vita-
min D supplementation during weight-loss intervention
in children, we decided to verify this association during
a double-blind placebo-controlled randomized trial. The
aim of the currently ongoing study is to verify if supple-
mentation of vitamin D to obese children deficient with
this vitamin exerts an effect on an outcome of an inte-
grated weight-loss intervention.

Design

Study design overview

This is a double-blind placebo-controlled randomized
study to asses long-term biological effects of vitamin D
supplementation to obese children deficient with this
vitamin during an integrated weight-loss intervention.
Vitamin D-deficient subjects participating in the
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intervention have been randomized to two arms, receiv-
ing vitamin D (1200 IU) or placebo for 26 weeks.

We hypothesized that supplementation of vitamin D
in obese children presenting with low serum levels of
vitamin D (25(OH)D3) may exert a beneficial effect on
the outcomes of an integrated weight-loss intervention,
namely on changes in BMI, muscle mass, bone mass,
bone mineral density and biochemical markers of meta-
bolic complications related to obesity.

Research plan

Integrated weight-loss intervention — “6-10-14 for health”
The study is conducted as a continuation and extension
of the “6-10-14 for Health” integrated weight-loss inter-
vention programme for obese children from Gdansk
municipality. Both participants of the programme and
their family members are offered a 12-month integrated
intervention, including medical, dietetic and psycho-
logical counselling, as well as educational workshops for
parents. The same intervention will be offered to all
subjects of our study as well.

The first phase of the programme, financed by the mu-
nicipality of Gdansk, has been conducted in 2011-2013.
The programme comprised of a screening and survey
conducted among all 6-, 10- and 14-year-old children at-
tending primary and grammar schools. A total of 18,162
children (including 7448 6-year olds, 6720 10-year olds
and 3994 14-year olds) were examined. The aim of the
screening was to identify a group of children with risk
factors of civilization-related disorders, i.e. overweight or
obesity defined according to BMI percentile charts de-
veloped within the framework of “OLAF” project [41]).
This group included 2798 (16.32%) children, among
them 9.17% of 6-year olds, 19.30% of 10-year olds and
20.48% of 14-year olds. All these children were enrolled
to intervention and education programme. A total of
1627 children who have been qualified on the basis of
the screening, eventually took part in the first edition of
the programme.

The intervention included four appointments with
participating children and their guardians: at enrolment,
as well as 3, 6 and 12 months thereafter. The appoint-
ments had form of individual consultations with various
specialists. The first visit included complex medical
examination, discussion on health status of a child, inter-
pretation of laboratory findings, and consultation with a
dietician, psychologist and physical education specialist.
Then, individual protocol of health intervention was de-
veloped for each subject. The aim of the intervention
was to implement dietary modifications, to enhance
health activity of the child, and to reinforce health-
oriented behaviours among his/her family members.
Compliance with the protocol and the results of the
intervention were verified during follow-up meetings
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with the specialists, and used as a basis for further
tailor-made management.

Interim evaluation of the programme’s effectiveness in-
cluded a group of 300 children. Mean BMI percentiles at
enrolment and following 12 months of the intervention
were 92.96 and 88.83, respectively. The tailor-made
intervention contributed to a significant decrease in both
BMI percentile (p = 0.0001) and fat mass content deter-
mined by means of bioimpedance (from 39.0% to 31.4%,
p = 0.0001).

Based on these findings, the municipality of Gdansk de-
cided to support the programme during subsequent years.

Intervention
26-week vitamin D supplementation (1200 IU) in obese
children presenting with low serum concentrations of
250HD3 at enrolment to the integrated weight-loss
programme.

Study protocol
This is a double-blind randomized study. Upon enrolment,
the subjects were randomized to one of the two groups.

Objectives

To our best knowledge, this is the first randomized
placebo-controlled study analysing the effects of vitamin
D supplementation in obese children subjected to a
weight-loss intervention. The aims of the study were:

1. to analyse the effect of vitamin D supplementation
on BMI, body composition and bone mineral density
of obese children participating in the weight-loss
programme;

2. to analyse the effect of vitamin D supplementation on
the risk profile of obesity-related complications,
namely impaired glucose tolerance, insulin resistance,
dyslipidaemia and arterial hypertension in obese
children participating in the weight-loss programme;

3. to analyse the prevalence of vitamin D deficiency in
obese children;

4. to verify if selected biological characteristics of obese
children (age, sex, pubertal status) may constitute a
risk factor for vitamin D deficiency.

Primary endpoints

Relative changes in BMI, body composition and bone
mineral density in the group of vitamin D-supplemented
children, determined after 26 weeks of the intervention.

Secondary endpoints

Relative changes in the following parameters in the
group of vitamin D-supplemented children and in the
placebo group, compared after 26 weeks of the
intervention:
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1. blood level of vitamin D

2. arterial blood pressure

3. biochemical parameters (lipid profile, oral glucose
tolerance test - OGTT, homeostatic model
assessment — insulin resistance - HOMA-IR, alanine
transaminase - ALT, aspartate transaminase — AST,
Calcium - Ca, phosphor - P)

4. Inflammatory markers (high sensivity C reactive
protein - hs-CRP, chemerin).

Determination of the sample size
The size of the sample (n = 100 + 100) was estimated
for bi-factorial analysis of variance (2) group x (2)
time with main effect and interaction analysis, with
target statistical power of 0.90 and significance of dif-
ferences at p < 0.05. Assuming probability of the
event (at least 10% reduction in baseline BMI over
the follow-up period) at 0.85 and 0.6 for the experi-
mental and control group, respectively, minimum
sample size providing 0.9 statistical power for alpha
equal 0.05 or lower and beta equal 0.1 or lower was
estimated at 130 (65 per group). These values were
rounded up to 100 per group assuming up to 30%
drop-out rate.

Two hundred participants have been
assigned to one of the two groups:

randomly

e GROUP I: medical intervention, intervention of a
dietician, psychologist and specialist of physical
education, parental education + oral administration
of vitamin D3 (1200 IU per day) for 26 weeks

e GROUP II: medical intervention, intervention of a
dietician, psychologist and specialist of physical
education, parental education + daily oral
administration of placebo for 26 weeks.

Selection method

First stage of the selection

Children aged 6, 10 and 14 vyears, attending primary and
grammar schools in Gdansk are subjected to a screening
and intervention programme subsidized by the municipality
of Gdansk (approved by the Local Ethics Committee,
decision no. NKBBN/228/2012). Participants whose
anthropometric parameters correspond to overweight
(BMI between the 85th and 95th percentile) or obesity
(BMI > =95th percentile), according to the percentile
charts developed within the framework of the “OLAF”
project [41], are qualified to a complex educational and
medical intervention for children at increased risk of
civilization-related disorders. The aim of the programme
is to reduce baseline body weight of participating children
by at least 5%.
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Second stage of the selection

All enrolled children whose parents gave consent for
their participation in the “6-10-14 for Health” pro-
gramme are subjected to laboratory testing (complete
blood count, lipid profile, ALT and AST activity, oral
glucose tolerance test, creatinine, insulin and thyroid
hormone levels) and paediatric consultation. Blood con-
centration of 25(OH)D3 is determined as well. Finally,
an additional 4-ml blood sample is collected and stored
for the purpose of further laboratory testing.

Third stage of the selection

Upon obtaining a written consent from their parents or

guardians, all children with obesity or overweight and de-

creased blood concentration of 25(OH)D3 are enrolled.
Inclusion criteria

e overweight (BMI between the 85th and 95th
percentile) or obesity (BMI > =95th percentile),
identified on the basis of anthropometric parameters

e blood concentration of 25(OH)D3 < 30 ng/ml

e written informed consent from legal guardians

Exclusion criteria

e Chronic conditions (asthma or allergies,
inflammatory diseases of connective tissue,
gastrointestinal disorders, diseases of kidneys and
liver, disorders of bone metabolism)
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e Contraindications to administration of vitamin D

e Administration of any preparation containing
vitamin D, calcium, or steroid hormones during
3 months preceding the study

Computer generated random numbers were given to
vitamin D or placebo packages at the time of their
appearance at the University Clinical Center Clinical
Trial Office (Figs. 1 and 2).

Treatment dispensing, assignment of interventions and
assessment of compliance

Both of the study treatments: vitamin D (1200 IU) and
placebo were provided from the vendor (Sequoia) as
identical capsules placed in the same looking packages
(5 capsules per blister, 6 blisters per box). The sets of 7
boxes (corresponding to 6-month treatment) are pre-
pared and blinded at the University Clinical Centre
Clinical Trial Office by an independent worker, who
does not take part in the study. After assigning the
numbers packages are handed out to the subjects by the
investigator (Medical Doctor) during the enrolment visit,
the investigator enrols the patients to the study without
knowing the group assignment. The investigator and the
patient is blinded for the intervention. During the last
visit, the investigator collects all blisters and boxes, to
assess treatment compliance on the basis of the re-
maining capsule number.

BMI screening of 6-,

,6-10-14 for health”

10-, 14-year old children

|

Written consent

BMI>85 pc inclusion in the weight-loss
programme

|

| 25(OH)D3 blood concentration

>30 ng/ml <30 ng/ml <30 ng/ml
no agree to participate agreed to participate
in DBPC study in DBPC trial
DBPAC trial

Integrated weight-loss programme
,6-10-14 for health”
For 12 months

Fig. 1 Patient flow chart
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BMI>85 pc
25(OH)D3 < 30 ng/ml
Meeting inclusion & exclusion criteria
Written consent

Randomization

Fig. 2 Study flow chart
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Study methods
Weight- loss intervention programme

e Dietetic consultation — analysis of nutritional
behaviours and dietary habits, selection of
appropriate diet. Dietetic consultation takes place at
enrolment and 3, 6 and 12 months thereafter.

e DPsychological consultation — reinforcement of
changes in health behaviours of the child and
his/her parents.

e Consultation with a physical education specialist —
defining optimal level of physical activity, adjusted to
the subject’s body weight, abilities and preferences,
development of a training programme with
increasing intensity and volume of physical activity.

Measurements

Anthropometry

Body weight and body height are determined with a
digital scale (Mensor WE150, Poland), with the child
wearing an underwear and standing barefoot. Body
height is measured to the nearest 0.001 m, and body
weight to the nearest 0.1 kg. The scale is calibrated every
day. Waist and hip circumferences are measured on a
horizontal plane by an Ergonomic Circumference
Measuring Tape (model 201; Seca GmbH & Co, KG,
Hamburg, Germany).

Blood pressure measurement
Arterial blood pressure is determined oscillometrically
(Omron) on the left arm, with a cuff of an adequate size

placed at the level of the heart, in the child seated with
uncrossed legs, following at least a 5-min rest in the
seated position. The width of the inflatable cuff corre-
sponds to at least 40% of arm circumference. Three
separate measurements of blood pressure are taken and
averaged [42].

Kasch pulse recovery step test

The participants are subjected to a 3-min Kasch pulse
recovery (KPR) step test [43, 44]. The test consists of
climbing a 0.305 m step at a rate of 24 steps-up/-down
per minute. The rate of climbing is defined by a metro-
nome set at 96 beats (signals) per minute. Heart rate
(HR) is monitored continuously with “Polar” (Finland)
electronic analyser for 3 min of the exercise (step-test)
and during 1 min and 5 s of recovery in a seated
position. Only post-exercise HR recorded within one
minute, starting 5 s after completing the test, is
subjected to analysis. All HR characteristics are recorded
during restitution in a seated position (subjects are
instructed to sit still, breath normally and not involve in
a conversation). An arithmetic mean calculated from
these values is subjected to further analyses.

Dietetic assessment

Dietary records from three consecutive days (2 weekdays
+1 day of a weekend), collected prior to enrolment and
at the end of the intervention are analysed, and dietary
intakes of calcium and vitamin D are calculated with
Dieta 5.0 software (Institute of Food and Nutrition,
Warsaw).
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Pubertal status is determined on based on the results of
physical examination and expressed using the Tanner stage.

Dual-energy X-ray absorptiometry (DXA)
Total body bone mineral content (TBBMC), total body
bone mineral density (TBBMD), lean body mass (LBM),
fat mass (FT) (Hologic Discovery Wi).
Laboratory parameters:
Complete blood count.
Lipid profile determined with an enzymatic method.
Oral glucose tolerance test (OGTT) with glucose
concentration determined with hexokinase method.
Concentration of insulin determined by means of an
immunochemiluminescence assay.
Concentration of creatinine.
ALT, TSH, fT4, PTH, Ca, P,
hs-CRP level determined by means of an immunotur-
bidimetric assay.
Concentration of 25(OH)D3 determined by means of
an immunochemiluminescence assay.
Visit 1 (enrolment)

e medical history, physical examination

e interpretation of laboratory findings (tests conducted
during screening + concentration of vitamin D),

e anthropometric evaluation and analysis of body
composition (bioimpedance method)

e consultation with a dietician, psychologist and
specialist in physical activity, and defining detailed
protocol of the intervention

e Kasch Pulse Recovery Test

e determination of hs-CRP, IL-6, chemerin and
adiponectin concentrations in blood samples
obtained during screening

o familiarizing child’s parents with the objectives and
protocol of the study

e obtaining written informed consent for participation
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Visit 3 (6 months)

medical history, physical examination
interpretation of laboratory findings
anthropometric evaluation and analysis of body
composition (bioimpedance method)

consultation with a dietician, psychologist and
specialist in physical activity, and defining detailed
protocol of the intervention

obtaining blood for laboratory testing

termination of active compound/placebo
administration

Visit 4 (12 months)

medical history, physical examination
anthropometric evaluation and analysis of body
composition (bioimpedance method)

consultation with a dietician, psychologist and
specialist in physical activity, and defining detailed
protocol of the intervention

densitometry (DXA) — within one week after the
study termination (Table 1)

Statistical analysis will include:

1

1

1

1

1

verification of normal distribution of continuous
variables with the Shapiro-Wilk test.

determination of basic statistical characteristics for
continuous and discrete variables.

intergroup comparisons with parametric and non-
parametric tests.

intragroup comparisons with parametric and non-
parametric tests.

analysis of intervention efficacy based on bi-factorial
analysis of variance (2) group x (2) time with main
effect and interaction analysis.

in the study

randomization to GROUP I or II
densitometry (DXA) — within one week after
enrolment

Visit 2 (3 months)

e medical history, physical examination
e anthropometric evaluation and analysis of body

composition (bioimpedance method)

consultation with a dietician, psychologist and
specialist in physical activity, and defining detailed
protocol of the intervention. Within a week prior to
Visit III — obtaining blood (ca. 5 ml) for laboratory
testing (complete blood count, lipid profile, hs-CRP,
OGTT, insulin, IL-6, adiponectin and chemerin
concentrations).

Finance

The study is supported by Nutricia Foundation RG-1/
2015 (contact person: Zuzanna Janakowska, e-mail:
biuro@fundacjanutricia.pl).

Discussion

The study is currently ongoing and the data are still col-
lected. No partial results have been published thus far.
Obesity, defined as an excessive accumulation of adipose
tissue with resultant impairment of body functioning, is
associated with an increase in morbidity and mortality
risk. A dramatic increase in the prevalence of overweight
and obesity among children has been documented dur-
ing recent 30 years. A study conducted at the Institute
of Food and Nutrition within the framework of the
National Programme for Obesity Prevention showed that
about 12—14% of Polish children are obese [45], and in
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Table 1 Investigation schedule
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Procedure Screening

Inclusion

3 Months 6 Months 12 Months

Antropomethry X
Qualification to study X
Serum 25(0OH)D3 X
Blood morphology

Lipid profile

OGTT (oral glucose tolerance test)

Insulin during OGTT

Creatinine

ALT

Electrolyte (Na, K)

TSH

T4

PTH

Ca

P

Hs-CRP

Chemerin

Adiponectin

25(0OH)D3

DXA

Pediatric consultation

Bioimpedance

Anthropometry

Dietetic consultation

Calcium and vit. D in diet ary assessment

Physical activityconsultation

Kash pulse recovery tesr

Psychologic consultation

X X X X X X X X X X X X X X X

>

>

X X X X X

X X X X X X X X X X X X X X X X X X X X X X X XxX Xx

X X X X X X X X
X X X X X X X X

another study performed by Kutaga et al. in 2007-2009,
the prevalence of overweight and obesity among boys
and girls was estimated at 18.7% and 14.1%, respectively
[46, 47]. Also our own data obtained within the frame-
work of the “6—-10-14 for Health” programme imply that
the problem of excess body weight refers to 15.6% of
paediatric population in Gdansk.

Many authors emphasized the importance of a com-
plex approach to children with obesity. Also involvement
of family members, friends and acquaintances is consid-
ered to be an important determinant of a successful
weight-loss intervention [1-3].

Our preliminary findings imply that 12-month inter-
vention is sufficient for a significant decrease in absolute
BMI value, BMI percentile and fat mass content
(p = 0.0001).

The hereby presented study is conducted within the
framework of a well-established programme, and we bene-
fit from our previous 5-year experiences with this project.

The study protocol will enable us to estimate the
prevalence of vitamin D deficiency in obese children
from Gdansk and to compare this figure with available
epidemiological data for other populations [7-9]. Aside
from a decrease in physical activity level, overt inflam-
matory response and hormonal dysregulation, excess
body weight likely affects also bone metabolism and
bone mineral density. However, available data in this
matter are still inconclusive [19-26]. Importantly, a link
between obesity and bone mass/bone density has not
been confirmed in any large population-based study.
The discrepancies between the results of previous
studies may reflect methodological differences (e.g.
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measurement of bone density in various segments of the
skeleton) or individual variability in bone maturation
rate. Further, available evidence regarding the effect of
weight loss on bone mineral density is generally sparse,
inconclusive and limited mostly to adults [32—35].

Still little is known about the effects of vitamin D supple-
mentation on the outcome of a weight-loss intervention in
obese subjects. All published studies dealing with the prob-
lem in question included exclusively adults [38, 40] and
centred around BMI and fat mass only [38, 39]. One recent
study analysed weight loss-related changes in bone mineral
density of 50-75-year-old subjects [40]; to the best of our
knowledge, this is the only report documenting potential
beneficial effects of vitamin D supplementation in preven-
tion of bone mass loss during body weight reduction. The
hereby presented project seems to be justified in view of a
metabolic diversity typical for the puberty; in our opinion,
this study may provide an important insight into biological
effects of vitamin D supplementation in obese children be-
ing enrolled to an integrated multidisciplinary program for
body weight reduction.

It is noteworthy that the results of this study will likely
find an application in everyday clinical practice. Provid-
ing adequate evidence from this project, monitoring of
vitamin D level and its supplementation in deficient sub-
jects may become an imperative in paediatric patients
with excess body weight.

Patient flow chart depicts the process of qualifying
participants of the “6-10-14 for Health” programme to
the study. As all children participating in the programme
are overweight/obese, blood concentrations of 25(OH)
D3 will be determined, and only the subjects with vita-
min D3 levels below 30 ng/ml will be enrolled, providing
consent from their parents/legal guardians. Then, all the
subjects will be managed in line with the “6-10-14 for
Health” programme protocol.

The flow chart depicts the procedure and scheme of
qualification, randomization, duration of the study and
included interventions.

The table provides detailed information about the pro-
cedures (medical examination, laboratory tests) included
at consecutive stages of the study.
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