
Objective: The aim was to determine vitamin D status in the general population in Turkey between 2011 and 2016, and to evaluate the 
effectiveness of the national vitamin D supplementation programme.
Methods: Serum 25-hydroxyvitamin D (25-OHD) measurement data were retrieved from an internationally accredited laboratory, 
operating nationwide. A total of 108,742 measurements of 25-OHD were analyzed using the cut-off values of 0-11 ng/mL, 12-19 ng/mL, 
20-49 ng/mL, 50-70 ng/mL and >70 ng/mL for vitamin D deficiency, insufficiency, sufficiency, possibly harmful and excess respectively.
Results: The mean±standard deviation 25-OHD level was 21.6±13.3 ng/mL. Mean 25-OHD concentrations by age groups were: 37.3 
ng/mL, 30.1 ng/mL and 23.7 ng/mL for <1, 1-10 and 11-18 year old groups, respectively. Mean 25-OHD levels of children <1 year and 
1-3 years of age were significantly higher than those found in other age groups. The prevalence of vitamin D deficiency (<12 ng/mL) 
was lowest in children at 1-3 years of age (5%). In subjects older than 18 years of age, mean 25-OHD levels were 18.2 ng/mL, 20.1 ng/
mL, 21.9 ng/mL and 21.1 ng/mL for age groups 19-30, 31-50, 51-70 and >70 years, respectively.
Conclusion: Successful implementation of the national vitamin D supplementation programme, appears to have nearly eliminated 
vitamin D deficiency for children under 1-years of age. However, the positive impact of the vitamin D supplementation diminishes as 
children get older suggesting that supplementation may be required in the older children and adults. In addition, improved awareness of 
the benefits and risks of excess vitamin D should prevent unnecessary and excessive use of vitamin D supplements.
Keywords: Vitamin D, deficiency, National Prophylaxis Program, 1 year of age

Introduction

In the past 10 years, there has been growing interest in 
vitamin D deficiency, especially concerning its extra-
skeletal effects. Serum 25-hydroxyvitamin D (25-OHD) 
measurements have become a part of routine health 
evaluations in both pediatric and adult populations, and 

more importantly, claims about a “vitamin D deficiency 

pandemic” have generated considerable debate associated 

with diverse definitions of deficiency (1). According to a 

recently published study evaluating data from 711,718 

children from Britain, the incidence of vitamin D deficiency 

increased from 3.14/100,000 in 2000 to 261/100,000 in 
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What is already known on this topic?

What this study adds?

The extra-skeletal effects of vitamin D have caused an increase in interest in vitamin D. This interest has led to an increase in requests 
for serum 25-hydroxyvitamin D (25-OHD) levels. Previous reports have suggested a high prevalence of vitamin D deficiency in Turkey. 
Furthermore, high dose vitamin D treatment has been prescribed, even in cases with normal 25-OHD levels, in order to obtain some of 
the extra-skeletal effects of vitamin D.

This study with a very large sample size aimed to assess vitamin D status in Turkey. Data from this study do not support the idea of 
a vitamin D deficiency pandemic in Turkey. Successful implementation of the vitamin D supplementation program appears to have 
overcome vitamin D deficiency for those under 1-year of age in Turkey
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2014, amounting to a 15-fold increase after adjusting for 
population increases (2).

In Turkey, data are lacking on annual changes in the incidence 
of vitamin D deficiency. According to the “Intercontinental 
Marketing Services Health” database, in 2012, a total of 
2,280,626 ampoules of vitamin D (containing 300,000 
international units per ampoule) were sold in Turkey, with 
about 4 times increase to 8,376,319 ampoules in the first 
eight months of 2016. This is despite a nationwide vitamin-
D-prophylaxis programme, including free provision of 
vitamin D drops (400 international units daily) to infants, 
which has successfully operated since 2005 (3).

This population-based study aimed to determine the vitamin 
D status in Turkey between 2011 and 2016, evaluate the 
effectiveness of the vitamin D supplementation programme 
which started in 2005, analyze the relationships among 
simultaneous serum measurements of the 25-OHD, 
parathyroid hormone (PTH) and alkaline phosphatase (ALP), 
and determine the prevalence of vitamin D deficiency by 
age, gender, year, region and season.

Methods

Data on serum 25-OHD measurements between January 
2011 and December 2016 were retrieved from an 
internationally accredited private laboratory operating 
nationwide in Turkey. 

No ethical approval was sought as this study was a 
retrospective study of previously collected data. In addition 
no consent form was issued although approval from the 
owners of the data was obtained. 

Serum 25-OHD concentrations were measured with the 
liquid chromatography-tandem mass spectrometry (LC-
MS/MS) method, Quattro Premier QE (Waters, MA, USA), 
as the sum of D2 and D3 levels. After adding internal 
standard (Deuterated stable isotope) to the calibrators 
(Chromsystems 3PLUS1 multilevel Serum calibrator set 
25-OH-VITAMIN D3 and D2), controls (Chromsystems Level 
1/2 25-OH-VITAMIN D3 and D2) and samples, extraction 
with hexane is performed. After extraction, the extracts 
dissolved in 70% methanol are injected into the LCMS/
MS device. Acquity BEH 2.1x50 mm C8 1.7 µm column 
was used in the analysis. The measurement range of LC-
MS/MS method for 25-OHD concentration was 2.5-100 
ng/mL. Serum PTH concentrations were measured by an 
electrochemiluminescence immunoassay (ECLIA) and 
serum ALP concentrations were measured by a colorimetric 
assay using the Roche Cobas e601 and Cobas c501 modules 
(Roche Diagnostics, Mannheim, Germany), respectively, in 

accordance with the International Federation of Clinical 
Chemistry (IFCC) standardization. 

A total of 108,742 random measurements of 25-OHD were 
analyzed according to age, gender, region, season and year, 
using the cut-off values of 0-11 ng/mL, 12-19 ng/mL, 20-
49 ng/mL, 50-70 ng/mL and >70 ng/mL from the 2001-
2006 data of the National Health and Nutrition Examination 
Survey (NHANES) (4). According to the Global Consensus 
Recommendations, a serum 25-OHD concentration of less 
than 12 ng/mL was considered to be diagnostic for vitamin 
D deficiency, while concentrations between 12-20 ng/mL 
were considered vitamin D insufficiency, and concentrations 
above 20 ng/mL but less than 50 ng/mL were considered 
normal (5). In addition, 25-OHD concentrations greater than 
50 ng/mL were defined as ‘possibly dangerous’ according to 
the recommendations of the Centers for Disease Control and 
Prevention (CDC) (4). Of the total sample of 108,742, 17% 
(n=18,613) were samples obtained from patients younger 
than 18 years of age. Repeat measurements obtained from 
the same individuals at different times were excluded from 
the study.

The data were compared with those of the NHANES 
2001-2006 reports. Moreover, correlations between 25-
OHD and ALP or PTH were assessed when simultaneous 
ALP (n=10,139) or PTH (n=4,916) measurements were 
available.

Statistical Analysis

The statistical analysis was performed using R program. 
Outliers were discarded using Tukey’s method with 
boundaries 2.5 times the interquartile range (IQR), which 
amounted to 25-OHD values between 0.25 ng/mL and 74.5 
ng/mL. A total of 2040 observations were discarded, all of 
which were between 74.5 ng/mL and 1590 ng/mL. The 
Wilcoxon test was used for between-group comparisons of 
25-OHD. The Kruskal-Wallis test followed by the Conover 
post-hoc test was used for multiple comparisons. The 
Spearman’s correlation coefficient was used for bivariate 
correlations, and multiple comparisons were corrected 
using Bonferonni’s method.

Results

The number of 25-OHD measurements was similar across 
years, with a female predominance (72.9%). Overall, the 
mean±standard deviation 25-OHD concentration was 
21.6±13.3 ng/mL, being lower in women (21±13.5 ng/
mL) than in men (23.2±12.5 ng/mL) (p<0.001). The mean 
25-OHD concentrations according to age groups were as 
follows: 37.2 ng/mL for <1 year of age, 27.1 ng/mL for 1-10 
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years of age, 19.2 ng/mL for 11-18 years of age, 18.25 ng/
mL for 19-30 years of age, 20.1 ng/mL for 31-50 years of 
age, 21.9 ng/mL for 51-70 years of age, and 21.1 ng/mL for 
>70 years of age. The mean 25-OHD levels among children 
<1 year of age and 1-10 years of age were significantly 
higher compared with those found for the other age groups 
(p<0.001). According to seasonal distribution, 25-OHD 
concentrations were higher in summer (23.8 ng/mL) and 

fall (24.5 ng/mL) than those measured in winter (19.1 ng/
mL) and spring (19.6 ng/mL) (p<0.001). Serum 25-OHD 
levels according to years, seasons, geographic regions, age 
groups, and gender are shown in Table 1 and Figure 1.

The prevalence of vitamin D deficiency (<12 ng/mL) was 
lowest in children under 1 year of age (7%) and 1-10 years 
of age (8%), while the highest rates of prevalence were 
noted in women (30%), in those 19-30 years of age (36%), 
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Table 1. The percentages of serum 25-hydroxyvitamin D levels according to age groups, gender, geographic regions, 
seasons, and years 

25-OHD level intervals (ng/mL) 25-OHD (ng/mL)
Mean±SD (min-max)

Measurements 
(n)0-11 12-19 20-49 50-70 >70

Age groups (year)
<1 7 6 66 19 1 a37.2±15.8 (2.5-74.3) 2903

1-10 8 22 67 4 0 a27±11.7 (1-74.3) 10331

11-18 26 32 41 1 0 19.1±10.4 (1-72.9) 5379

19-30 36 28 34 2 0 18.2±11.8 (2-74.2) 11831

31-50 30 26 41 3 0 20.1±12.5 (0.25-74.4) 36946

51-70 26 23 46 4 0 21.9±13.4 (1.8-74.4) 30675

>70 33 19 43 4 0 21.1±14.2 (1.8-74.5) 10677

Overall 27 24 45 4 0 21.6±13.2 (0.25-74.5) 108742

Female 30 23 43 4 0 b21±13.4 (0.25-74.5) 79293

Male 18 27 50 4 0 23.2±12.5 (1-74.4) 29449

Regional distribution
Central Anatolia region 24 26 47 3 0 21.9±12.7 51754

Aegean region 22 22 51 4 0 23.5±13.7 14566

Marmara region 30 22 44 4 0 21.6±14 10420

Mediterranean region 26 23 47 4 0 22.2±13.7 14289

Eastern Anatolia region 39 20 37 4 0 19.5±13.9 376

Black Sea region 42 24 31 3 0 17.6±12.7 8488

Southeastern Anatolia region 36 23 38 3 0 19.4±13.4 8849

Seasonal distribution 
Spring 34 26 36 4 0 19.6±13.3 29108

Summer 17 23 55 4 0 c24.5±13.2 24384

Autumn 18 23 55 4 0 c23.8±12.5 26813

Winter 36 25 36 3 0 19.1±12.9 28437

Years 
2011 25 27 47 4 0 22.3±13.4 16884

2012 33 24 39 3 0 19.8±13.1 15827

2013 29 24 44 3 0 20.9±13.1 20130

2014 29 24 44 4 0 21.2±13.3 21076

2015 25 24 47 4 0 22.5±13.4 16897

2016 21 25 50 4 0 22.9±12.9 17928

25-OHD: 25-hydroxyvitamin D, min-max: minimum-maximum, SD: standard deviation.
aThe mean 25-OHD levels among children <1 year of age and 1-3 years of age were significantly higher compared with those found for the other age groups 
(p<0.001).
bThe mean 25-OHD level was significantly lower in women than in men (p<0.001).
c25-OHD levels were significantly higher in summer and fall than those measured in winter and spring (p<0.001).
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in the Black Sea region (42%), and in winter (36%). The 
prevalence rates of vitamin D deficiency and insufficiency 
according to age groups and seasonal distribution are shown 
in Figure 2.

For the youngest age group (<1 year), the prevalence of 
vitamin D deficiency was highest in the Mediterranean 
(15%), Black Sea (14%) and Southeast (15%) regions 
(Figure 3). For the youngest age groups (<1 year), the 
rates of deficiency and insufficiency showed decreases 
over the years and were around 3-4% in 2015 and 2016 
(Figure 4). When 25-OHD levels were classified according 
to the Endocrine Society’s guideline (6) recommending cut-
off levels of <20, 20-30 and 30-100 ng/mL for deficiency, 
insufficiency and sufficiency, respectively, the rate of 
sufficiency was still highest in the youngest age group 
(Table 2).

ALP was simultaneously measured in 9.3%, and PTH was 
measured in 4.5% of the subjects undergoing serum 25-
OHD measurements making correlation analyses possible. 
In correlation analysis, 25-OHD showed an inverse 
correlation with PTH in those under 1 year of age (r=-0.28, 
p<0.001), and those between 11 and 18 years of age (r=-
0.38, p<0.001). It was shown that elevated PTH consistently 
dropped to a plateau when serum 25-OHD was at 20 ng/mL 
or higher overall (Figure 5). Correlation of serum 25-OHD 
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Figure 1. Distribution of serum 25-OHD levels according to years (a), gender (b), age groups (c), and seasons (d) (ng/mL)

25-OHD: 25-hydroxyvitamin D, VitD: vitamin D

Figure 2. The prevalence rates of vitamin D deficiency 
and insufficiency according to age groups (a) and seasonal 
distribution (b) (%)
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concentrations with ALP was significant only in the adult 
population (>18 years) (r=-0.095538, p=0.015). The mean 
PTH level was significantly elevated in the group with 25-
OHD concentrations of 0-20 ng/mL (p<0.0001). However, 
the mean ALP level was similar across the different vitamin 
D status groups (p>0.05). Serum concentrations of ALP and 
PTH according to vitamin D status are shown in Table 3. 

Discussion

Notwithstanding the fact that the present data are from 
subjects whose clinical features are unknown, 25-OHD 
measurements indicate the expected differences between 
genders and seasons in this cohort. More importantly, 

these results show the beneficial effects of the vitamin 
D supplementation programme in the 0-1 years-old age 
group in Turkey, serum 25-OHD levels being highest in 
the youngest age group, making these data reliable for 
evaluation. Furthermore, a high data count of 108,742 
strengthens the statistical power of the study. 

These findings demonstrate a relatively stable number of 
vitamin D test requests from physicians between 2011 to 
2016. It is notable that physicians usually ordered 25-OHD 
tests without simultaneous ALP or PTH measurements. 
The growing interest in measuring and use of vitamin D 
supplementation mainly stems from concerns for the 
extra-skeletal effects of vitamin D and controversies on 
the thresholds of serum 25-OHD (7,8). Based on our 
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Table 2. The percentages of vitamin D deficiency, 
insufficiency and sufficiency based on the Endocrine 
Society’s recommendations in different age groups

25-OHD level intervals (ng/mL) 0-20 21-29 30-100

Age groups (year)
<1 14 16 70

1-10 29 35 36

11-18 58 30 12

19-30 63 23 14

31-50 56 26 18

51-70 50 27 23

>70 52 23 24

25-OHD: 25-hydroxyvitamin D

Table 3. Comparison of the mean serum 25-hydroxyvitamin 
D levels in our study and the National Health and Nutrition 
Examination Surveys 2001-2006 according to age groups 

Age 
groups 

Mean 25-OHD level 
(ng/mL) (Turkey)

NHANES 2001-2006 the 
50 percentile of 25-OHD 
levels (ng/mL)

<1 37.26±15.82 Not available 

1-3 30.12±11.95 27.8

4-8 23.70±10.49 26.9

9-13 21.07±9.86 24.8

14-18 18.75±10.68 23.2

19-30 18.25±11.83 22.2

31-50 20.17±12.57 22.9

51-70 21.99±13.47 23.2

>70 21.11±14.24 22.8

NHANES: National Health and Nutrition Examination Surveys, 25-OHD: 
25-hydroxyvitamin D

Figure 3. Regional distribution of the mean 25-hydroxyvitamin D levels (ng/mL) and the frequencies of vitamin D deficiency 
(overall and for <1 year of age) (%)



253

observations, we think that, due to this interest, physicians 
often order a 25-OHD test as part of the routine health 
assessment, especially in women, although it is unlikely 

that a vitamin D deficiency-related clinical problem was the 
source of the request. This is the case not only for adults 
but also for children. In order to prevent unnecessary 
vitamin D testing in primary care, the Turkish Ministry of 
Health vitamin D Scientific Board published a guideline 
about the indications of vitamin D testing (9). In the UK, 
a 17-fold increase in vitamin D testing and prescription 
costs, from £1,647 in 2008 to £28,913 in 2014 per 
100,000 patient-years has been reported (10), perhaps 
increased testing leads a dramatic increase in the diagnosis 
of vitamin D deficiency as well. The overvaluing of 25-
OHD measurements without accompanying ALP or PTH 
measurements (11) and diagnosing ‘vitamin D deficiency’ 
based on diverse thresholds have resulted in an increased 
use of high-dose vitamin D (12). However, the Institute of 
Medicine has emphasized that studies concerning vitamin D 
and extra-skeletal problems, such as cancer, cardiovascular 
diseases, diabetes and autoimmune diseases, do not provide 
consistent evidence and that there is no need to determine 
varying vitamin D thresholds for these diseases, and thus to 
prescribe more vitamin D (7,8,13).

In the present study, the mean 25-OHD concentrations 
found for diverse age groups correspond to those reported 
in the NHANES 2001-2006 data (Table 4) (4). This similarity 
may be related to the fact that the samples were obtained 
from a private laboratory, serving people with relatively 
high socio-economic status. Nevertheless, when the same 
thresholds are used, a notably higher prevalence of vitamin 
D deficiency in Turkey becomes apparent (27% vs. 8%), 
mostly owing to adults with Vitamin D deficiency, which 
might be related to less exposure to sunshine due to 
clothing styles and less intake of dairy products in Turkey. 
Moreover, vitamin D insufficiency still appeared to be a 
health issue, particularly among the adults. The prevalence 
rates of vitamin D deficiency and insufficiency were found 
to be 27% and 24%, respectively, with increasing rates in 
the less economically developed regions such as Eastern 
Anatolia (39%) and Southeastern Anatolia (36%), and in the 
Black Sea region (42%) which has a relatively low number 
of sunny days, which supports that hypothesis. However, a 
very recent retrospective study (14) from the western part 
of Turkey showed the prevalence of vitamin D insufficiency 
and deficiency among children to be 21.3% and 44.8%, 
respectively. Although these proportions are higher than 
those in our study, the highest proportion having normal 
vitamin D status was found in the 0-1 years of age group, in 
keeping with our results. 

Another interesting finding was that a 25-OHD level of 
greater than 50 ng/mL, which the CDC defines as “possibly 
harmful”, was found in 4% of subjects compared with 1% 
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Table 4. Mean serum levels of alkaline phosphatase and 
parathyroid hormone according to vitamin D status

25-OHD level (ng/mL) ALP (IU/L) PTH (pg/mL)

0-20 82±68 63.1±61a

20-30 90.4±102 49.5±53

30-50 109.2±213 45±28

50-70 111±155 48.1±48

>70 89.2±62.4 44.7±31.7

PTH: parathyroid hormone, ALP: alkaline phosphatase, 25-OHD: 
25-hydroxyvitamin D
aThe mean PTH level was significantly elevated in the group with 25-OHD 
level of 0-20 ng/mL (p<0.0001).

Figure 4. The prevalence rates of vitamin D deficiency and 
insufficiency for the youngest age group (<1 year) according 
to years

Figure 5. Relation between serum 25-hydroxyvitamin D 
concentrations and mean (±SE) serum concentrations of 
parathyroid hormone 

SE: standard error, vitD: vitamin D, PTH: parathyroid hormone
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in the United States. Although we do not have definitive 
data to account for this discrepancy, this might be related 
to the recently increased use of vitamin D ampoules in 
Turkey which contain 300,000 IU of vitamin D per ampoule, 
instead of lower strength vitamin D preparations, such as 
drops. The reasoning for the increased use of ampoules is 
more rapid correction of vitamin D deficiency. Recently, a 
regulation was implemented by health authorities so that 
obtaining vitamin D in ampoule form requires prescription 
from a doctor, which might decrease hypervitaminosis D 
cases.

The most important finding of the present study is that in 
Turkey, 25-OHD levels are higher in the first year of life, 
with significantly lower rates of vitamin D deficiency and 
insufficiency compared with the other age groups. This 
favors the vitamin D supplementation programme, launched 
in 2005, for provision of free vitamin D supplementation 
to all newborn infants until 1 year of age at a daily dose 
of 400 U. This programme has been closely supervised by 
the Ministry of Health, and according to the most recent 
data, 96.6% of all newborn babies were given vitamin D 
drops. However, apart from the high success rate of this 
programme, the prevalence rates of vitamin D deficiency 
for those younger than 1 year of age still remain above 10% 
in the Eastern, Southeastern, Black Sea and Mediterranean 
regions, suggesting that more emphasis be placed on 
regional differences.

Several recommendations have been made for successful 
implementation of vitamin D supplementation programmes, 
which include informing families from birth, providing 
vitamin D support to all infants, providing vitamin D free of 
charge, and utilizing the family physician system to monitor 
usage of vitamin D (15). Turkey is among the European 
countries with at least 80% compliance with vitamin D 
supplementation and supervision programme and compared 
with practices in the UK, the active role of the Ministry of 
Health is of particular importance for the continuation of 
the program (15,16). However, despite the high success rate 
of the programme, some problems still remain. As high as 
47% of pediatricians recommend or prescribe vitamin D at 
the end of the second week, and 19.9% discontinue vitamin 
D due to reasons such as the presence of a small fontanelle 
(17). According to Global Consensus recommendations, 
efforts should be continued to provide 400 international 
units of vitamin D to all newborns starting from the first day 
of life, regardless of nutritional status (5,18).

As expected, 25-OHD levels showed inverse correlation 
with PTH and ALP levels but this was most prominent after 
14-19 years of age. ALP levels were not correlated with 25-
OHD levels in the pediatric age group, possibly owing to 

a wide reference range and dynamic temporal changes in 
ALP concentrations that occur with age during infancy and 
childhood (19).

Study Limitations

The data presented in this study were from a private 
laboratory, which may be a somewhat inappropriate sample 
to represent a nationwide study. The other limitations were 
the lack of data regarding the time of day the samples 
were taken, clinical status, lifestyle and vitamin D intake. 
The low rate of concurrent PTH and ALP measurement 
caused difficulties in interpreting the severity of vitamin D 
deficiency. Despite these limitations, due to the high number 
of measurements, presence of samples from all regions 
of the country, and the fact that results show expected 
differences between genders, seasons and age groups, 
the authors feel that the present study provides important 
information on, and relevant insight into, vitamin D status 
in Turkey.

Conclusion

In conclusion, with the successful implementation of the 
vitamin D supplementation programme, Turkey seems to 
have overcome vitamin D deficiency for those under 1 year 
of age. However, the positive impact of the program does not 
continue beyond the first year of life, indicating that vitamin 
D supplementation may be required in older children and 
adults. On the other hand, evidence of unnecessary and 
excessive use of vitamin D supplements is of concern 
and increased awareness about excess as well as deficient 
vitamin D levels is also required.
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