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ABSTRACT

Background: Adolescent idiopathic scoliosis (AIS)
is a very common condition amongst adolescents in Bul-
garia, as well as in Europe. Few factors play a role in the
etiopathogenesis, one of which is the lifestyle, specifically
the levels of some nutrients, and anthropometrics. They can
be described as aspects of the nutritional status of patients
with AIS.

Purpose: This ongoing study aims to access the vit.
D3 and dietary habits of children with AIS in Varna.

Methods: Data was collected from 77 participants so
far, using anthropometric measurements, food question-
naires and biochemical testing for vit. D3 levels in blood
serum of all children without contraindications or objec-
tions (34 out of the 77).

Results: Out of 34, 3% are sufficient, while 47% are
insufficient and 50% are with moderate to severe levels of
deficiency. The level of consumption of fish amongst all
the participants so far is below the recommendations. The
level of consumption of eggs, despite the low amount of
vit. D3 in the egg yolk also has a correlation to the levels
of vit. D3. Participants supplementing with vit D3 or
multivitamins containing it had similar average levels to
the children not supplementing.

Conclusions: The data so far shows that participants
might be in need of more information about fish consump-
tion recommendations and how to properly supplement
with vit D3,

Keywords: adolescent idiopathic scoliosis, vitamin-
D deficiency, food frequency, supplementation,

INTRODUCTION

Adolescent idiopathic scoliosis (AIS) is one of the
most common non-infectious conditions amongst adoles-
cents in Bulgaria, alongside obesity, myopia, and asthma,
and affects 4-5% of all adolescents [1]. The condition is
more prevalent in females, especially the more severe cases.
Etiology is multifactorial and exact causes remain un-
known. Six groups of factors are proposed to have a role —
genetics, hormonal, abnormalities in the nervous system,
abnormal skeletal growth, biomechanical and lifestyle fac-
tors [2]. Lifestyle factors include nutrition, diet, calcium
and vitamin D3 intake, and physical activity. The effect of
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those lifestyle factors can be evaluated using aspects of the
nutritional status of these children.

Previous studies have shown that there might be
some correlation between the vit. D3 status and the condi-
tion AIS [3]. Vitamin D is proven to have a role in calcium
homeostasis, immunomodulation, antiproliferative effects
and more [4]. According to the Endocrine Society, the
maximum benefits of vitamin D are achieved only at blood
levels above 30 ng/ml (above 70 nmol/I) [5].

Vitamin D deficiency affects almost 50% of the
whole world’s population [6]. This makes it the most com-
mon vitamin deficit. Scientists are even considering it as a
pandemic [7]. It does affect people of every age, gender,
race, and country [8]. The causes for this are many but
mostly related to a short and ineffective exposition to di-
rect sunlight. Not spending enough time out in the sun is
a common lifestyle for the modern society and contributes
to the high incidence of vitamin D deficiency.

This data is part of an ongoing study of the nutri-
tional status and physical activity of children with adoles-
cents and includes the aspects of dietary habits and vit. D3
status.

OBJECTIVES

The objectives of this ongoing study include the
assessment of the vit. D3 status and the dietary habits of
children with AIS in Varna.

MATERIALS AND METHODS

The study so far has included 77 participants with
AIS from Varna, aged 10-18. The study includes three sets
of measurements collected with the permission of the par-
ents. The first set consists of full anthropometric data col-
lected for every participating child, including bio-
impedancemetry body composition analysis, using stand-
ardized techniques [9]. The second set assesses the dietary
habits and the physical activity of the participants, through
questionnaires including food frequency questionnaire
(FFQ) and 72-hr food dairy, as well as standardized ques-
tionnaires for physical activity of adolescents (PAQ-A). The
third set includes biochemical testing for vit. D3 levels in
blood serum of all children without contraindications and
further consent of the parents after thorough risk evalua-
tion. For this paper we are going to use the data collected
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by the FFQ and the biochemical tests, to evaluate the vit.
D3 status and the dietary habits of the children with AIS.

RESULTS

In this ongoing study, 34 of the 77 participants so
far, haven’t declined or shown any contraindications for test-
ing their blood serum levels of vit. D3. Using the referent

ranges defined by The Endocrine Society [5], of all chil-
dren tested, only 1 is sufficient, 16 are insufficient and 17
are deficient. 4 out of the 17 deficient have a very severe
deficiency (levels below 10 ng/ml) [Figure 1]. In percent-
ages, only 3% are sufficient, while 47% are insufficient and
50% are with moderate to severe levels of deficiency [Fig-
ure 2].

Fig. 1. Levels of vit. D3 in the tested subjects. Using the referent ranges defined by The Endocrine Society, of all
children tested, only 1 is sufficient, 16 are insufficient and 17 are deficient. 4 out of the 17 deficient have a very severe

deficiency (levels below 10 ng/ml).
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Fig. 2. The results so far show that only 3% are sufficient, while 47% are insufficient and 50% are with moderate

to severe levels of deficiency.
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The level of consumption of fish amongst all the participants so far is below the recommendations by the Bulgar-
ian National Center for Public Health and Analysis for children (at least twice per week) [10]. The level of consumption
of eggs amongst the participants was mostly meeting the recommendations and despite the low amount of vit. D3 in the
egg yolk has shown a correlation to the levels of vit. D3. The correlation is weak but statistically significant - Spearman

correlation is 0.354, p<0.05 [Figure 3].
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Fig. 3. Correlation between egg yolk consumption and levels of vit. D3. The level of consumption of eggs, de-
spite the low amount of vit. D3 in the egg yolk has a statistically significant correlation to the level of vit. D3. of

participants — Spearman correlation is 0.354, p<0.05.

(ng/ml)

<1x 1-2x

Average vit. D, levels

In regards to supplementation, participants supple-
menting with vit D3 or multivitamins containing it had av-
erage levels of 21.6 ng/ml, in comparison to 17.5 ng/ml in
children not supplementing.

DISCUSSION

Very few foods are natural sources of vit. D2 or vit.
Ds. They include fish, egg yolk and certain mushrooms [5].
There are also fortified foods, usually modified milk and
milk products, which however are not present in Bulgaria.
Supplementation is also an effective source of vit. D3.

Studies show that from the sources mentioned, fish
is the best natural food source of vit. D3, and higher con-
sumption responds to significantly higher vit. D3 levels.
[11] Our observations also show that fish consumption
amongst children is below the recommendations. Some
studies suggest that even these recommendations might not
be quite sufficient in terms of vit. D3 supply [11].

Similar data has been published by other authors. A
representative study among Varna girls shows that 68% are
at risk of vitamin D deficiency during the colder seasons
due to low fish consumption [12]

Another study in Varna of 352 subjects found the
lowest fish consumption is among young people (up to 20
years old) and the highest among people over 60 [13].

The small difference in the vit. D3 levels amongst
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supplementing and non-supplementing participants might
show that subjects either don’t supplement with high
enough doses or they are not well informed how the sup-
plements have to be taken, in order to be effective [14].
Because vitamin D is a fat-soluble vitamin, it is cru-
cial that the patients are properly instructed on how to take
the supplement. The recommendations are to intake it with
fatty foods, preferably during the largest meal. This ensures
an optimal release of bile and pancreatic enzymes required
for optimal absorption. Many medications and supplements
can reduce its bioavailability. Vitamin D supplements
should not be taken together with statins, anticonvulsants,
corticosteroids, and fiber-rich meals or supplements.

CONCLUSION

There is strong evidence about tendencies in the nu-
tritional status of children with AIS, mainly regarding the
levels of vit. D3. These tendencies can be affected by life-
style factors like supplementation and dietary intake. How-
ever, the recommendations for the consumption of fish to
the general public might need revision. Also, this study
might be showing that subjects are not well informed about
how to supplement properly.

This research will continue to evaluate the exact re-
lations and effects of different lifestyle factors and other
aspects of the nutritional status of children with AIS.
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