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Abstract

Objective: To determine the frequency of serum 25-OH vitamin D deficiency by gender, age groups and puberty in children in the

Van region

Material and Methods: A total of 1242 children consisting of 617 girls and 625 boys were included in the study. The children
were divided into three different age groups (infancy, prepubertal and pubertal). Serum calcium, phosphorus, magnesium, alkaline
phosphatase, parathormone and 25-OH vitamin D levels were determined in all cases. All parameters were statistically evaluated

according to infancy, prepubertal and pubertal groups.

Results: Evaluating the frequency of 25-OH vitamin D deficiency in serum of our patients in all groups, severe deficiency was
found in 2.9% (36 children), mild deficiency in 19.6% (244 children) and deficiency in 15.9% (197 children). Overall deficiency
was calculated as 38.4% (in 477 children), and serum 25-OH vitamin D level was considered sufficient, i.e. normal, in 61.6% (in
765 children). The frequency of serum 25-OH vitamin D deficiency according to age groups was found to be 15.7% in infants (196
children), 9.5% in prepubertal children (118 children) and 13.1% (163 children) in pubertal children. There was no statistically
significant difference between gender and 25-OH vitamin D deficiency.

Conclusion: Vitamin D deficiency was lower in Van children than in previous studies. We attribute this to the free distribution of
Vitamin D initiated by the Ministry of Health, easy access to healthcare providers, and increased community awareness. Anyway,
from any perspective, vitamin D deficiency is a significant public health problem in terms of its prevalence in different countries.
Vitamin D deficiency/insufficiency is still high in our region and is a problem. New approaches adapted to each region and individual

are needed to solve or prevent the vitamin D problem.
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Introduction

The most common cause of nutritional rickets is vitamin D de-
ficiency [1]. The primary source of vitamin D in humans is sunlight,
and any factor that prevents ultraviolet rays from reaching the skin
(such as indoor air, increased skin pigmentation, veiling for reli-
gious or social reasons, use of sunscreens, etc.) reduces the syn-
thesis of vitamin D in the skin [2]. Vitamin D deficiency also varies
regionally as vitamin D synthesis is influenced by many factors such
as skin color, frequency of sun exposure, angle of incidence of rays
on earth, sunscreen, clothing style, air pollution, indoor air, indoor
work, exclusive breastfeeding, inadequate dietary habits (e.g.veg

etarian diet), fat malabsorption and intake of anticonvulsants [1]
The socioeconomic level of the society and the level of health ser-
vice utilization in the region are also critical. Few foods naturally
contain vitamin D, such as fatty fish, mushrooms and eggs [2].

Since vitamin D deficiency has been described as a serious pub-
lic health problem [3], many topics such as prevention of vitamin D
deficiency in children, methods of vitamin D prophylaxis, vitamin D
deficiency in mothers, subclinical vitamin D deficiency, and vitamin
D deficiency in adolescents in Western countries have been newly
discussed in recent years. In addition, new functions of 25-OH vita-
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min D, such as regulation of immune functions, have been defined.
As a result, recently, a decrease in multiple sclerosis, inflammatory
bowel disease, allergies, asthma, infectious diseases, kidney dis-
ease, diabetes mellitus, cancer incidence, and cardiovascular dis-
ease has been reported [4,5].

The Van region, where our study patients lived, is geographi-
cally located at 37-39°N latitude and 42-44 °E longitude. Although
this region is a sunny place, the solar benefit is low because it is a
relatively cold place.

This study aims to discuss the frequency of serum 25-OH vita-
min deficiency by gender, age, and puberty in children aged 0-18
years in Van region in the light of current literature.

Materials And Methods

This prospective study included children aged 0-18 years who
presented to the General Polyclinics of Child Health and Diseases
of Yiiziincii Yil University Faculty of Medicine between December
1 and August 31. Those who had clinical findings of rickets on
history, physical examination, and laboratory findings, those who
had chronic disease, those who were taking anticonvulsant med-
ications, and those who were taking vitamin D supplements and
calcium tablets were excluded. A total of 1242 children (617 girls
and 625 boys) were included in the study. The children were di-
vided into three groups according to chronological age and puber-
ty: Group 1: infants 0-36 months, Group 2: prepubertal children
(Tanner stage 1), Group 3: adolescents (Tanner Stage 2 and above).
Those who had obtained written and verbal informed consent from
their families were included in the study. Their physical examina-
tions were then conducted. The pubertal development of the chil-

Results
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dren was determined according to Tanner’s pubertal developmen-
tal stages. All measurements were taken by the same person. The
venous blood collected was analyzed in the biochemistry and hor-
mone laboratories of Yiiziincii Y1l University Faculty of Medicine.
Routine biochemical analyzes of calcium, phosphorus and mag-
nesium were determined using routine analytical procedures and
Roche (Germany) brand commerecial kits in the Hitachi PP Modular
Autoanalyzer. Parathyroid Hormone measurement was performed
with Architect 1 4000 SR instrument from Abbott brand, USA, using
chemiluminescence. Serum 25-OH Vitamin D level was measured
with Agilent Technologies 1200 Series (Germany) instrument and
Chromsystems kit using High-Performance Liquid Chromatography
(HPLC) method.

A serum 25-OH vitamin D level <5 ng/ml was considered as
severe vitamin D deficiency, between 5-15 ng/ml as mild vitamin
D deficiency, between 15-20 ng/ml as vitamin D insufficiency, and
between 20-100 ng/ml as vitamin D sufficiency [6]. Our study was
approved by Ethics Committee of Yiiziincii Y1l University, Faculty of
Medicine, Research and Application Hospital and supported by the
Department of Scientific Research Projects of Yiizlincii Yil Univer-
sity.

Statistical Analysis: Descriptive statistics were reported as
mean, Standard Deviation (SD), minimum and maximum values,
and percentage (%). Pearson correlation coefficient was calculated
to determine the relationships between continuous variables. The
statistical significance level was taken as P<0.05 in the analyzes.
Calculations were performed using SPSS 15 statistical package pro-
gram for Windows.

Table 1: Serum calcium, phosphorus, magnesium, alkaline phosphatase, parathormone, and vitamin D levels in infancy, prepubertal

and pubertal groups.

Parameters Age groups n Median * SD (Minumum-Maximum) P

Infancy 505 9,6 +0,6 (6,2 - 11,6) <0.001°

Calcium (mg/dL) Prepubertal 321 95+0,5(7,1-11) >0.05°
Pubertal 416 94+04(78-11) <0.0001¢
Infancy 505 49+1,0(1-87) <0.00012

Phosphorus (mg/dL) Prepubertal 321 4,60,7 (1,9-6,40) >0.05°
Pubertal 416 45+0,6(23-71) <0.0001¢
Infancy 505 617,03 £370,1 (104 - 4015) <0.0001*

Alkaline phosphatase (U/L) Prepubertal 321 529,6 £165,5 (114 - 1552,0) <0.02°

Pubertal 416 567,48 + 231,3 (104-1494) >0.04¢

Infancy 505 53,9+60,2(6,3-610) 0.001°
Parathormone (pg/mL) Prepubertal 321 45,3 +23,2 (13 -326) <0.0001°

Pubertal 416 55,1+26,9 (10 - 187) >0.05¢
Infancy 505 2,09+0,2(1,2-4,5) <0.0001?

Magnesium (mg/dL) Prepubertal 321 1,99+£0,1(1,2-2,8) >0.05°
Pubertal 416 1,97 +0,1(1,2-3,0) <0.0001¢
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Infancy 505 30,4 +27,9(0,8-311) >0.05*
25-0H Vitamin D (ng/mL) Prepubertal 321 27,7 + 22,4 (4,4-205,8) >0.05°
Pubertal 416 29,3 +24,1 (2,7 +208) >0.05¢

Note*: a: Infancy - Prepubertal, b: Prepubertal - Pubertal, c: Pubertal - Infancy

Of 1242 children included in the study, 617 (49.6%) were girls
and 625 (50.4%) were boys. The age of our cases was calculated
in months. The youngest child was 3 days old, and the oldest was
216 (18 years) months old; the mean age of the study participants
was 79,6 = 63,3 months. Among male children, the youngest child
was 4 days old, while the oldest was 216 months old; the mean age
of male children was 77,2 + 64,2 months. 505 (40.6%) of the chil-
dren were infants, 321 (25.8%) were prepubertal, and 412 (33.4%)
were pubertal. The age distribution of these groups was as follows:
Infants were 0-36 months old, the youngest was 3 days old, and the
oldest was 36 months old; the mean age of infants was 13.8+10.2
months. Among prepubertal children (Tanner stage 1), the young-
est child was 37 months old and the oldest was 136 months old;
the mean age of prepubertal children was 84.2+26 months. Ado-

lescents (Tanner Stage 2 and above) had a minimum age of 114
months and a maximum age of 216 months; the mean age of ad-
olescents was 154.5+22 months. The serum calcium, phosphorus,
magnesium, alkaline phosphatase, parathormone and vitamin D
levels were classified according to groups. The minimum, maxi-
mum, mean and standard deviation values of these parameters are
shown in Table 1.

When our patients were examined by gender, there was no sta-
tistical difference between boys and girls in serum calcium, phos-
phorus and magnesium levels. Serum alkaline phosphatase and
parathormone levels were higher in boys than in girls (P <0.05 for
alkaline phosphatase; P <0.05 for parathormone). Serum 25-OH
vitamin levels did not differ significantly between girls and boys
(Table 2).

Table 2: Serum calcium, phosphorus, magnesium, alkaline phosphatase, parathormone, and vitamin D levels by gender.

Median # Standard Deviation (Minumum - Maximum)
Parameters P
Girl (n: 617) Boy (n: 625) Total (n: 1242)
: 9,53 +£0,56 9,54 £0,56
Calcium (mg/dL) 9,55 1t1 %'(5)’6 (6,20 0,502
60) (7,40 - 11,40) (6,20 - 11,60)
4,73 +£0,86 4,75+ 0,87 (
Phosphorus (mg/dL) 4,76 £ 0,88 (1,80 - 8,70) 0,570
(1-7,30) 1-8,70)
Alkaline phosphatase 554,41 + 276,17 (104 - 600,74 + 294,66 (104 - 577,74 + 286,45 (104 - 0.004
(u/L) 4015) 3483) 4015) ’
53,80 * 34,60 50,37 £ 49,99 52,07 £ 43,06
Parathormone (pg/mL) 0,016
(6,3-405) (7,80-610) (6,3-610)
2,02+0,21 2,04 £0,24 2,03£0,22
Magnesium (mg/dL) 0,106
(1,20 - 3,30) (1,20 - 4,50) (1,20 - 4,50)
27,79 + 23,56 31,07 + 27,02 29,44 + 25,41
25-0H Vitamin D (ng/mL) 0,23
(0,80 - 205) (0,80-311) (0,80-311)

Table 3: Frequency of serum 25-OH vitamin D insufficiency by age groups.

Vitamin D Level Sufficiency
S Gender Severe ?;f)icient n Mild Deficient n (%) Insufficient n (%) Normal n (%)

Girl 13 (1,04) 48 (3,86) 35(2,81) 143 (11,51)

Infant Boy 11 (0,8) 48 (3,86) 41(3,3) 168 (13,52)
Total 24 (1,93) 96 (7,72) 76 (6,12) 311 (25,04)

Girl 3(0,24) 38 (3,05) 21 (1,69) 100 (8,05)

Prepubertal child Boy 2 (0,16) 32 (2,57) 22 (1,77) 105 (8,45)
Total 5 (0,40) 70 (5,63) 43 (3,46) 205 (16,50)

Girl 5(0,4) 49 (3,94) 39 (3,14) 123 (9,90)

Pubertal child Boy 2(0,16) 29 2,33) 39 (3,14) 131 (10,5)
Total 7 (0,56) 78 (6,28) 78 (6,28) 255 (20,5)

American Journal of Biomedical Science & Research



Am ] Biomed Sci & Res

The sufficiency of serum 25-OH vitamin D levels was differen-
tiated according to age groups (infancy, prepubertal, and pubertal)
and gender. This situation is shown in Table 3.

When looking at 25-OH vitamin D deficiency by gender, it was
noted that the deficiency was more common in girls. Severe defi-
ciency was found in 1.7% of girls (21 cases) and 1.2% of boys (15
cases); mild deficiency was found in 10.9% of girls (135 cases) and
8.8% of boys (109 cases); insufficiency was found in 7.6% (in 95
cases) of girls and 8.2% (in 102 cases) of boys. However, these com-
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parisons did not reveal statistically significant differences (Table 3).

When serum 25-0H vitamin D levels were examined in all study
participants (in all groups), severe deficiency was detected in 2.9%
(36 children), mild deficiency in 19.6% (244 children), and insuffi-
ciency in 15.9% (197 children). Thus, while an overall insufficiency
of 38.4% (477) was calculated, 61.6% (765 children) of all partici-
pants were found to have sufficient vitamin D levels, i.e., normal, in
supply (Table 4).

Table 4: Frequency of vitamin D insufficiency by serum 25-OH vitamin D level.

25-0H Vitamin D Status Girl Boy Total n (%) Median * Stan(_i;l/}';ixli);\;i::lt i)on ( Minumum
Severe vitamin D deficiency (< 5 ng/mL) 21 15 36 (2,7) 3,5+1,6(0,8-8,6)
Mild vitamin D deficiency (5-15 ng/mL) 135 109 244 (19,6) 11,8+6,2 (52-60,3)
Vitamin D insufficiency (15-20 ng/mL) 95 102 197 (15,8) 17,7 £2,6 (14,3 - 47,5)
Normal vitamin D level (20-100 ng/mL) 366 399 765 (61,6) 39,1+27,7 (15-311)

In our study, vitamin D deficiency (25-OH vitamin D level was
less 20 ng/dL) was found in 196 cases (15.7%) in infants, 118 cases
(9.5%) in prepubertal children, 163 cases (13.1%) in pubertal chil-
dren and in a total of 477 cases (38.4%). Vitamin D deficiency was
established most frequently in infancy, second most frequently in
puberty and least frequently in prepuberty.

A negative correlation was observed between serum 25-OH vi-
tamin D levels and parathormone levels and alkaline phosphatase
levels (p <0.05).

Discussion

Vitamin D deficiency has been described as a pandemic and is
over 80% in the pediatric age group [7,8].

For this reason, the importance of bone health and vitamin D
promotion programs has come to the forefront in recent years. Pro-
viding vitamin D to all infants and children has been recognized as
an important public health priority in many countries. The Europe-
an Academy of Pediatrics (EAP) recommends it in doses of 40-1000
IU/day and 600-1000 IU/day in infants (0-1 year) and children (1-
18 years) at risk of vitamin D deficiency for prevention [9]. On the
other hand, the American Association of Pediatrics recommends
that all infants, children, and adolescents receive a certain amount
of daily vitamin D intake to prevent rickets and maintain vitamin D
levels at >20 ng/mL [6]. Also in our country, since March 18, 2006,
the Ministry of Health has started to distribute free of charge 400
IU of vitamin D supplement per day to all infants aged 0-12 months
as soon as a deficiency is detected.

There is no common consensus on what the threshold for vi-
tamin D in children should be. Two opinions prevail in this regard.
The first opinion states that vitamin D deficiency, insufficiency and
sufficiency are defined as serum levels of 25(0OH)D of <15 ng/mL,
15-20 ng/mL and >20 ng/mL, respectively [6]. The second opin-
ion is considered as follows: Vitamin D deficiency, insufficiency and

sufficiency are defined as serum levels of 25(0H)D of <20 ng/mL,
20-30 ng/mL and >30 ng/mL, respectively [10] We accepted the
limitations of the first opinion [6] in our study.

Different degrees of vitamin D deficiency were reported in dif-
ferent parts of the world. In Italy, vitamin D status was found to be
normal in 483 (22.6%) children, mildly deficient in 718 (33.6%)
children, moderately deficient in 730 (34.1%) children, and severe-
ly deficient in 209 (9.8%) children [11]. In Iran, Vitamin D deficien-
cy was shown in 10.6% of participants, insufficiency in 60.4% and
sufficiency in 29% [12]. In a study conducted in China, the overall
rate of hypovitaminosis D was 65.60%. Severe deficiency, deficien-
cy and insufficiency were found in 6.57%, 25.51% and 33.52% of
the included children, respectively [13].

A review of the studies conducted in our country revealed the
following results: Giin, et al. [14] compared vitamin D deficiency
between obese and non-obese groups aged 5-17 years and showed
that 81.5% of the obese group and 48.3% of the non-obese group
had vitamin D deficiency. Moreover, Andiran, et al. [15] found that
40% of 440 children and adolescents aged 0-16 years had vitamin
D insufficiency. The only study conducted in our region on vitamin
D deficiency in children is the study of Arica, et al. [16] in 2010. In
their study, the researchers found vitamin D deficiency in healthy
children aged 0-36 months with a high rate of 49.1% when they set
the threshold for deficiency <16.

In our study, depending on serum 25-OH vitamin D levels, se-
vere deficiency was found in 2.9% (36 children), mild deficiency
in 19.6% (244 children) and insufficiency in 15.9% (197 children).
Thus, overall insufficiency was calculated as 38.4% (477), while it
was assessed as sufficient, i.e. normal, in 61.6% (765 children). We
believe that this significant improvement could be due to increased
awareness in the community and free distribution of Vitamin D ini-
tiated by the Ministry of Health. Vitamin D deficiency/insufficiency
has been reported in some studies with male predominance [17,18]
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and others with female predominance [15,19] while there are also
studies where no gender difference was found [13,20]. In our study,
severe deficiency was found in 1.7% of girls (21 cases) and 1.2% of
boys (15 cases), mild deficiency in 10.9% of girls (135 cases) and
8.8% of boys (109 cases) and insufficiency in 7.6% (95 cases) of
girls and 8.2% (102 cases) of boys. There was no statistically signif-
icant difference with respect to gender in our cases.

Although rickets due to vitamin D deficiency usually occurs in
infancy, it can also be observed in school-age children and during
puberty, when development proceeds rapidly. For example, in a
study conducted in Italy, 35.3% deficiency and 39.1% insufficien-
cy were detected in the age groups below 2.79 years, 53.05% de-
ficiency and 35% insufficiency between 2.79-11.3 years, and 54%
deficiency and 35.4% insufficiency between 11.3-18 years [3]. In
another study, vitamin D deficiency was most common in Qatari ad-
olescents aged 11-16 years (61.6%), second most common in chil-
dren aged 5-10 years (% 28.9) and least common in those under 5
years (% 9.5) [21]. In Greece, it was most frequently demonstrated
in adolescents aged 13-18 years (75%), followed by children aged
5-12 years (71.2%) and least frequently in infants aged 1-4 years
(55.2%) [22].

In our study, when we evaluated the age groups within them-
selves, vitamin D deficiency was found most frequently in children
aged 0-3 years [196 cases (15.7%)], second most frequently in
pubertal children [118 cases (9.5%)] and least frequently in pre-
pubertal children [163 cases (13.1%)]. This could be because in-
fants and pubertal children do not benefit much from the sun, while
prepubertal children are more exposed to the sun. As can be seen,
high rates of vitamin D deficiency are observed in adolescents. It is
noteworthy that Hashemipour, et al. [23] revealed the reason for
higher prevalence of vitamin D deficiency in adolescent age groups
[23]. Vitamin D deficiency with higher prevalence in adolescent age
groups results from lifestyle changes, changes in physical activity
and dietary habits, increased use of anti-UV sunscreens and spend-
ing more time in front of screens. In our study, vitamin D deficiency/
insufficiency was determined to be 13.1% in adolescent children.
This rate is quite low compared to other studies conducted on ado-
lescents. One reason for this could be that we set the threshold for
deficiency at 20 ng/dl, while other studies have set it at 30 ng/dl.

There is a close relationship between parathormone, one of the
most critical hormones in calcium metabolism, and alkaline phos-
phatase. In a reported study [18], a positive correlation was deter-
mined between serum alkaline phosphatase activity and serum
parathormone level. Similarly, in our study, a positive correlation
was found between parathormone and alkaline phosphatase. It was
observed that when serum alkaline phosphatase level increased,
serum parathormone level also increased. In accordance with the
literature [24,25], a negative correlation was detected between
serum 25-OH vitamin D and alkaline phosphatase and parathor-
mones. Serum levels of alkaline phosphatase and parathormones
were found to increase, while serum levels of 25-OH vitamin D de-
creased.
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This Study has Some Limitations

Data on residential areas (rural/urban), dietary habits, physical
activity, sun exposure, and sunscreen use were not included.

Conclusion

In conclusion, from any perspective, vitamin D deficiency is an
important public health problem in terms of its prevalence in differ-
ent countries. Consequently, we attribute the lower rates of vitamin
D deficiency in Van children compared with previous studies to the
free distribution of Vitamin D initiated by the Ministry of Health,
easy access to healthcare providers, and increased awareness in the
community. Therefore, the high rates of vitamin D deficiency point
to the need for region-specific, re-adjusted new approaches.
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