
 
 

 
 

  
 
 
 

 
 

 
 
 

 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Introduction     
 Vitamin D (Vit-D), a prohormone, is important 
for calcium-phosphorus balance and bone 
mineralization and is produced by the kidneys 
(1-3). Vit-D deficiency is not only associated with 
rickets and osteomalacia but may also 
predispose individuals to many diseases such as 
cardiovascular diseases, rheumatic diseases, 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
neuropsychiatric dysfunction, and immune 
system disorders (4-7). 
 In both adults and children, vit-D deficiency is 
a public health problem in Turkey. Therefore, 
vit-D supplementation programs have been 
initiated for newborns and infants since 2005 
and pregnant women since 2011. It has also 
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ORIG INAL  AR TIC L E              OPE N A CCES S  

Introduction: Vitamin D deficiency continues to be a serious public health problem in all age groups in Turkey. The 
aim of this prospective study was to evaluate the vitamin D status in preschool children after the initiation of support 
programs and to determine risk factors for vitamin D deficiency.  
Materials and Methods: The study included 135 preschool children, >24 months to <84 months of age, who 
presented to the pediatric clinic between January and September 2018. The demographics, risk factors, diet, and 
daily vitamin D intake were recorded. Serum levels of 25(OH)D, calcium, phosphorus, and alkaline phosphatase 
were measured. Serum 25(OH)D levels were evaluated in relation to several risk factors including age, gender, body 
mass index, number of siblings, socioeconomic status, education level of the family, vitamin D intake during 
pregnancy and infancy, daily sunlight exposure, and season of presentation.  
Results: The mean 25(OH)D level was 19.6±8.5 ng/mL. According to the vitamin D levels, more than half of the 
children had vitamin D deficiency (n=31, 23%) or insufficiency (n=42, 31.1%). Significantly lower 25(OH)D levels were 
found in children with low socioeconomic status (p=0.01), a low maternal education level (p=0.02), low regular 
vitamin D intake during infancy (p=0.04), less daily sunlight exposure (p=0.03), and in those who presented in winter 
(p=0.01). Laboratory parameters did not differ across the vitamin D deficient, insufficient, and sufficient groups. 
Conclusion: Despite the current preventive strategies and supplementation programs, vitamin D deficiency 
continues to be an important problem not only for risk groups but also for preschool children. 
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been shown that the support program for 
infants reduces the incidence of rickets, 
especially under 3 years of age (8-9). However, 
recent research also shows that vit-D deficiency 
and insufficiency are still major problems (9). 
Most of the studies evaluating vit-D status 
following supplementation programs generally 
involve the risk groups; thus, data are limited in 
the case of vit-D preschool children. Given its 
predisposing role to many metabolic and 
systemic diseases, preventive strategies against 
vit-D deficiency can be promoted in this 
pediatric population. 
  This study aims to determine the vit-D status 
in preschool children and to determine the 
important risk factors for vit-D deficiency in this 
population. 
 

Materials and Methods 
  This study was carried out prospectively in the 
Pediatrics Department of the Medical Hospital 
following the principles of the Declaration of 
Helsinki.  
 

Ethical Statement 
  All applications were approved by Biruni 
University Medical Ethics Committee (2018/15-
18). The informed consent was also obtained 
from the parents for the children. 
  135 preschool children aged 24-84 months, 
who presented to the pediatric outpatient clinic 
between January and September 2018, were 
included in the study. All parents completed a 
questionnaire at enrollment to collect medical 
history and socio-economic demographics. 
Exclusion criteria for children included age <2 
or >7 years, the attendance of chronic disease, 
congenital disease or malformation, use of any 
medication that may assume the 25(OH)D level, 
and refusal of parental consent. A detailed data 
collection was made involving, gender, age, 

body mass index (BMI), height, weight number 
of siblings, socioeconomic position, parental 
education level, daily exposure to the sun, 
vitamin D intake during the first year of life, 
maternal vitamin D intake through pregnancy, 
diet and the season in which the child visited 
the clinic. Daily exposure to sunlight for more 
than 30 minutes was evaluated as adequate sun 
exposure. Mothers and their children were 
divided into groups according to their vit-D 
intake during infancy and pregnancy; none, 
irregular intake, and regular intake.  
  Dietary intakes of calcium (Ca) and vit-D were 
also recorded, with adequate consumption 
considered to involve two fish meals and three 
eggs per week and daily intake of milk and dairy 
products. BMI was calculated by dividing the 
weight in kilograms by the square height in 
meters (10). To determine 25(OH)D, alkaline 
phosphatase (ALP), phosphorus (P), Ca levels of 
the children, blood samples were collected and 
analyzed on the same day. Serum ALP, P, and 
Ca levels were analyzed by photometry on the 
Cobas Integra 400-Plus automatic analyzer 
(Roche Diagnostics, Germany). 25(OH)D levels 
were analyzed by enzyme-linked fluorescence 
assay on a Mini Vidas automated system 
(Biomerieux, France). There are also different 
classifications for evaluating vitamin D status 
in the literature.  In our study, serum 25(OH)D 
levels were classified according to the  
'Global Consensus Recommendations on the 
Prevention and Management of Nutritional 
Rickets' (deficiency: <12 ng/mL, insufficiency: 
12-20 ng/mL, sufficient: >20 ng/mL) (11). 
 

Statistical Analysis 
  Data were analyzed using the SPSS Statistics 
20 program. G * Power Version 3.1 was used for 
the sufficient sample size. The minimum value 
for the total sample size was 134 and the effect 
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size was 0.35, the power was 0.8 and the type 1 
error was 0.05. Descriptive data were expressed 
as a percentage, minimum, maximum, mean, 
median, and standard deviation. Student t-test 
and one-way analysis of variance (ANOVA) 
were used for normally distributed data, and 
Kruskal-Wallis test was used for non-parametric 
data to test the differences between means.  
The Chi-square test was used to determine  
the significant differences between categorical 
variables. A p-value of less than 0.05 was 
considered to be significant for type 1 error. 
 

Results 
  Of 135 children, 55 (40.7%) were females and 
80 (59.3%) were males. The mean age was 
45.6±13.7 months. The mean 25(OH)D level 
was 19.6±8.5 (range 5.7-42.9) ng/mL and the 
mean Ca, P, ALP levels were 9.5±0.5 mg/dL, 
4.5±0.7 mg/dL, and 179.5±41 U/L, respectively. 
Some of the mothers could not give an 
accurate account as to whether they had 
received vit-D during pregnancy (58; 43%) or 
for their babies (41; 30%). 
  Serum 25(OH)D levels showed no noteworthy 
differences among children by age, gender, 
BMI, number of siblings, father education level, 
and vit-D intake during pregnancy (Table 1). A 
higher socioeconomic status (p=0.01), a higher 
maternal education level (p=0.02), regular vit-D 
intake during infancy (p=0.04), the presence of 
daily sunlight exposure (p=0.03), and summer 
visits (p=0.01) had significant effects on higher 
serum 25(OH)D levels (Table 1). Serum 25(OH)D 
levels were meaningfully lower in children  
who presented in winter and spring seasons 
than in those who presented in fall and summer 
seasons (p=0.01).  
 Children were divided into groups according to 
their 25 (OH) D levels as deficient, inadequate, 
and sufficient(11) (Table 2). More than half  

of the children fell into deficient (n=31, 23%) 
or insufficient (n=42, 31.1%) categories. As 
expected, the mean 25(OH)D level in the 
deficient group (9.3±1.8 ng/mL) was significantly 
lower than those of the insufficient (15.9±2.3 
ng/mL) and sufficient groups (27.2±5.6 ng/mL) 
(p=0.01). Ca, P, ALP levels were similar across 
the three groups.  
  Serum 25(OH)D levels of children were also 
evaluated concerning the consumption of 
nutrients rich in Ca and vit-D. Children with 
higher consumption of nutrients rich in Ca and 
vit-D had higher serum 25(OH)D levels than 
those with an inadequate ingesting of nutrients 
wealthy in Ca and vit-D, but with no significant 
difference (for Ca intake, 19.3±9 vs. 17.1±9.2 
ng/mL, p=0.16; for vit-D intake, 19.1±8.4 vs. 
18.3±9.4 ng/mL, p=0.48). 
 

Discussion 
 This prospective study provides more evidence 
to the literature that vit-D deficiency is an 
ongoing major health problem in the preschool 
age group. The incidences of deficiency (23%) 
and insufficiency (31.1%) were high among 
preschool children, with serum 25(OH)D levels 
being significantly affected by socio-economic 
status, mother education level, vit-D intake 
during the first year of life, sunlight exposure, 
seasons and vit-D status.  
The reported prevalence of vit-D deficiency in 
children shows a wide range from 1 to as  
high as 80%, depending on geographical 
distribution and countries. Two studies in the 
U.S.A reported the prevalence of serum vit-D 
levels at <20 ng/ml were 18% and 12.1% (12,13). 
In a meta-analysis of the European pediatric 
population, the prevalence ranged from 1-40% 
(14). In two studies conducted in China and 
India, the prevalence was reported as 38.8% 
and 40-80%, respectively (15,16).   
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 Table 1. Serum 25(OH)D levels of children about their characteristics 
Variables  n (%) 25(OH)D levels (ng/mL) p value 

All Children 135 (100%) 19.6±8.5  
Age (years) 

>2-≤4 
>4-<7 

 
79 (58.5%) 
56 (41.5%) 

 
19.6±8.4 
19.6±8.7 

10.9 

Gender 
           Male 

           Female 

 
80 (59.3%) 
55 (40.7%) 

 
19.8±8.5 
19.3±8.6 

10.7 

BMI (kg/m2) 
5-<85 p. 

85-<95 p. 

 
107 (79.2%) 
28 (20.8%) 

 
19±7.8 

21.8±10.6 
10.1 

Number of Siblings 
0 
1 

≥1 

 
41 (30%) 
44 (33%) 
50 (37%) 

 
21.3±9.6 
19.4±9.7 
16.3±7.3 

 
20.07* 

 

Socio-Economic Status 
            Low  

Moderate  

 
104 (77%) 
31 (23%) 

 
17.5±8.6 
23.3±9 

10.01** 

Mother Education Level                 
 Primary 

                Secondary 
                High 

 
34 (25%) 
70 (52%) 
31 (23%) 

 
17.8±8.1 
17.6±9.7 
22.8±7.4 

30.02 

Father Education Level 
                Primary 

                Secondary 
                High 

 
28 (21%) 
73 (54%) 
34 (25%) 

 
                      16.9±7 

17.2±9.2 
23.9±8.5 

30.05* 

Vit D Intake In Pregnancy 
None 

Irregular 
Regular 

 
31 (23%) 

26 (19.3%) 
20 (14.8%) 

 
18.6±9.3 
18.9±9.1 
20.6±7.4 

30.4 

Vit D Intake In Infancy 
                                      None  

Irregular 
                                    Regular 

 
5 (3.7%) 
15 (11.1%) 

74 (54.8%) 

 
12.3±3.9 
16.4±8.8 
20.3±9 

30.04 

Daily Sunlight Exposure 
No 
Yes 

 
50 (37%) 
85 (63%) 

 
17.5±8 

20.8±8.6 
10.03 

25(OH)D Level by Seasons 
Winter 
Spring 

  Summer 
Fall 

 
43 (31.9%) 
46 (34.1%) 
26 (19.3%) 
20 (14.8%) 

 
17.4±8.4 
18.2±9.3 
23.7±5.4 
22.2±7.9 

30.01** 

*Statistically significant at 0.05; **Significant at 0.01; 1Two-Sample T-test, 2One-way Analysis of Variance, 3Kruskal-Wallis 
 
 Table 2. Laboratory results about categories of vitamin D status 

Variables Deficient Insufficient Sufficient P 
Number of children (n, %) 31 (23%) 42 (31.1%) 62 (45.9%)  
25(OH)D (ng/mL) 9.3±1.8 15.9±2.3 27.2±5.6 10.01* 
Ca (mg/dL) 9.4±0.5 9.5±0.3 9.5±0.4 10.9 
P (mg/dL) 4.5±0.7 4.5±0.5 4.6±0.9 10.8 
ALP (U/L) 165.4±41 181±37 189.4±45 10.06 

* Statistically significant at 0.01;  1One-way analysis of variance 
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Vit-D deficiency is still an important public 
health problem in Turkish children, despite 
support programs for babies and pregnant 
women. In 2005, Hatun et al. found the 
incidence of vit-D deficiency to be 21.7% 
among adolescent girls (17). In another study, 
Ölmez et al. drew attention to undulating 
prevalence patterns of insufficiency among 
adolescent girls, being 59.4% during the end of 
winter and 15.6% during the end of summer 
(18). In 2010, Arıca et al. reported that 37.5%  
of children aged 0-36 months had serum 
25(OH)D levels of ≤10 ng/mL (19). In 2011, 
Andıran et al. reported the prevalence of  
vit-D deficiency as 25% among children and 
adolescents 0 to 16 years of age (20). In 2015, 
Doğan et al. reported a vit-D deficiency in 35% 
of children aged 1 month to 17 years, with a 
higher incidence of 41% among children aged 
4 to 7 years (21). In 2016, Demiral et al. found 
that 51.5% of pediatric patients presenting to 
the endocrinology clinic had serum 25(OH)D 
levels of <12 ng/mL (22). Despite the use of 
varying cut-off values, these studies show that 
the rates of vit-D deficiency remain high among 
the pediatric population. In our study, the mean 
serum 25(OH)D level was within the range of 
deficiency (19.6±8.5 ng/mL) and the incidence 
of vit-D deficiency was 23%. Previous studies 
primarily focused on the vit-D status of risky 
groups such as infants and adolescents. In this 
study, we evaluated only preschool children  
(2-7 years of age) owing to limited data for this 
age group. Our results demonstrated a high 
incidence of vit-D deficiency and insufficiency in 
preschool children. 
  The primary source of vit-D is sun exposure 
because it is primarily produced in the skin 
through exposure to ultraviolet radiation. 
Therefore, the factors causing limited sun 

exposure have been implicated as the risk for a 
deficiency, including increased skin coloring, 
use of sunscreens, a covered dress style, winter 
season, living at higher latitudes, and increased 
daily time spent indoors (1, 3). As for seasonal 
variations, Karagüzel et al. reported the 
incidence of insufficiency as 93% throughout 
spring and as 71% throughout autumn among 
school children 11 to 18 years of age (23).  
Using serum samples obtained at the end of 
winter, Ölmez and Erol et al. reported vit-D 
insufficiency in 59.8% of female adolescents 
and 80% of children and adolescents, 
respectively (18, 24). In our study, 25(OH)D was 
significantly lower in winter serum samples than 
in fall and summer samples. An advanced level 
of daily sunlight exposure was also associated 
with significantly higher 25(OH)D levels.  
  Concerning other risk factors, children with  
a higher socioeconomic status and a higher 
mother education level had higher 25(OH)D 
levels and vice versa. A study from Belgium 
reported a significantly lower incidence of 
vitamin D deficiency among pregnant women 
with a higher education level (25). In a study, 
El Koumi et al. showed that low socioeconomic 
status was related to maternal vitamin D 
deficiency, which in turn had a significant 
adverse effect on neonatal vit-D status (26). 
Several studies from Turkey also found adverse 
effects of low socioeconomic status and a low 
educational level on the vit-D status of mothers 
and their newborns (18,24,27). Impaired vit-D 
status of children related to the low socio-
economic status and low educational levels 
may be attributed to the fact that these risk 
factors directly influence individual lifestyles, 
among which are nutritional habits, clothing, 
and insufficient time-spending outdoors. 
Concerning nutritional habit, we also evaluated 
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serum 25(OH)D levels of children in terms of 
consumption of nutrients wealthy in Ca and vit-
D, which, albeit not significant, showed higher 
25(OH)D levels in children having adequate 
consumption. This finding supports the major 
role of sunlight in vit-D status as well as the 
relatively small role of dietary intake. 
  There are some limitations to our study. 
Especially, this study was conducted in 
a localization where the majority of the 
population consists of families with low-
medium socio-economic status. Second, PTH 
levels could not be measured. Therefore, many 
further studies are needed to fully elucidate the 
results associated with vit-D status in preschool 
children. 
Conclusion 
  There is growing evidence from recent studies 
that the problem of vit-D deficiency in children 
is far to abate. The data in the present study 
advise that vit-D deficiency is a significant 
problem not only in risky age groups but also 
in the preschool period. Therefore, considering 
relevant and amendable risk factors, preventive 
strategies such as preschool support programs 
or expanded support program continuing in 
babies may be considered to ensure the health 
of future generations. 
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