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What is already known? 
The main purpose of vitamin D therapy is to optimize serum 25-hydroxyvitamin D concentrations to improve bone 
homeostasis and decrease the risk of osteopenia and osteoporosis. Daily or weekly oral drops or a single large dose, either 
orally or through injection are used more frequently in the treatment of vitamin D deficiency. There are limited numbers of 
studies that were evaluated the effectiveness of buccal spray against other modes of vitamin D delivery in the treatment of 
vitamin D deficiency in children and the results of these studies are conflicting. 
 
What this study adds? 
Vitamin D3 supplementation with buccal spray and oral drops is equally effective in terms of raising serum 25-
hydroxyvitamin D concentrations in short-term treatment of vitamin D deficiency. 
 
Abstract 
Aims: The aim of this study was to evaluate the efficiency of buccal spray form of vitamin D compared to single oral dose 
(stoss therapy) and oral drops therapy in the treatment of vitamin D deficiency. 
Methods: Ninety healthy children and adolescents (3-18 years) with vitamin D deficiency [serum level of 25-
hydroxyvitamin D (25OHD) < 12ng/ml] were randomized to receive vitamin D3 buccal spray (2000 U, n=30, group I) for 6-
week period, oral drops (2000 U, n=30, group II) for 6-week period and a single oral dose (300 000 U) vitamin D 3 (n=30, 
group III). Serum calcium, phosphorus, ALP, PTH and 25OHD levels of the patients were measured at baseline and after the 
treatment (42th day). 
Results: All 3 groups had a significant increase in serum 25 hydroxyvitamin D (25OHD) concentrations (p<0.001). Serum 
25OHD concentration in group I was 22.1 (17.8-28.2) ng/ml as compared to baseline value of 8.0±0.41ng/ml, with the mean 
increase of 15.6±1.3 ng/ml. On the other hand, in group II and group III, the mean serum 25OHD concentrations were 24.4 
(20.6-29.6) ng/ml and 40.3 (29.4-58.4) ng/ml as compared to baseline value of 7.9±0.45 ng/ml and 7.6±0.47 ng/ml, with the 
mean increase of 17.3±1.1ng/ml, 34.3±3.2 ng/ml, respectively. 
Conclusion: We conclude that vitamin D3 supplementation with buccal spray and oral drops is equally effective in terms of 
raising vitamin D concentrations in short-term treatment of vitamin D deficiency.  
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Introduction 
Vitamin D is pro-hormone for active intestinal calcium absorption, and it plays a major role in maintaining calcium and 
phosphorous homeostasis and skeletal integrity (1). Deficiency of vitamin D leads to rickets, the failure of mineralization of 
growing bone in children and osteomalacia in adults (1). Meanwhile, it has been reported that vitamin D deficiency may be 
associated with chronic diseases such as cardiovascular diseases, diabetes, hypertension and autoimmune diseases etc. (2-10). 
So, treatment vitamin D deficiency and thus, maintenance of 25-hydroxyvitamin D (25OHD) level in normal range which 
was advised by expert committee to provide optimal tissue health is very important.  
Numerous reported consensus reports on vitamin D therapy have been published by many organizations around the world 
(11-15). In these consensus reports, different treatment algorithms are recommended for vitamin D deficiency in children 
with healthy or chronic diseases (celiac disease, inflammatory bowel diseases, cystic fibrosis, etc.). For healthy children, 
different treatment regimens such as daily, weekly or a single dose (stoss) with cumulative vitamin D dose ranging from 
84,000 to 600,000 IU are recommended (11-15). The recommended treatment duration of daily or weekly treatment regimens 
can range from 6 to 12 weeks. In these treatment protocols, vitamin D is still used as cholecalciferol (Vitamin D3) rather than 
ergocalciferol (vitamin D2), as oral low-dose long-term therapy or oral/ intramuscular high-dose injection (stoss therapy). 
However, both treatment protocols have their own disadvantages. Although low-dose long-term therapy varies depending on 
the dose, the treatment duration can be up to 3 months. This situation often causes problems in compliance with treatment. In 
addition, in cases of malabsorption such as celiac disease, a problem occurs in the dose adjustment required for the desired 
serum level due to insufficient absorption. Recently, novel treatment modalities have been developed including an oral spray, 
soft capsule, gels, and gums in the treatment of vitamin D deficiency (16). Most of the studies comparing different vitamin D 
treatment modalities were conducted with adults (1, 17, 18), and however, there are limited studies conducted in children 
(19,20). In most of these studies, in which capsule, drop and spray forms of vitamin D were compared, it was shown that 
different treatment modes did not have superiority to each other (16-18), but in one, oral spray form was reported to be more 
effective (1). These studies are heterogeneous in terms of treatment dose and duration, population age, study design and 
health status, which make it difficult to draw assumptions from the results. In this study, we aimed to evaluate the efficiency 
of buccal spray form of vitamin D compared to single oral dose (stoss therapy) and oral drops therapy in the treatment of 
vitamin D deficiency. 
Material and Methods 
This study was conducted in children with vitamin D deficiency aged between 3-18 years old who were diagnosed as in Dr. 
Behçet Uz Children Hospital between January - March 2020. The exclusion criteria were as follows: hepatic or renal failure, 
uncontrolled hypothyroidism or hyperthyroidism, systemic inflammatory or malignant disease, vegans, confirmed diagnosis 
of any of the following malabsorptive conditions such as ulcerative colitis, Crohn’s disease or steatorrhea etc. Consumption 
of medication known to influence vitamin D metabolism such as bisphosphonates, glucocorticoids and anticonvulsants; and 
those who had been on a sun holiday in the 30 days prior to baseline measurements and also those planning a sun holiday 
during the time of the study, using the medication known to affect bone metabolism. Pregnant or desired to pregnant woman 
during the study period was also excluded. The Local Ethics Committee approved the study (Dr. Behçet Uz Children’s 
Hospital, Clinical Research Ethics Committee, İzmir; approval number: 2018/17-12), and written informed consent was 
obtained from all individuals involved. 
Collected Data at Baseline 
Age, sex, height and weight of all cases were evaluated. A Harpenden stadiometer with sensitivity of 0.1 cm was used for 
measurement of height. Body weight measurement was performed using a scale with sensitivity of 0.1 kg (SECA, Hamburg, 
Germany). All measurements made by the same person.  The patients took off their shoes and wore light clothes before the 
measurement. BMI was calculated by dividing the weight in kilograms by the square of the height in meters (m²). BMI 
percentiles and z scores were determined by using data of Turkish children according to their age and sex (21, 22). The 
children with a body mass index (BMI) equal or greater than the 95th percentile were considered as obese. 
Baseline fasting blood samples including serum calcium (Ca), phosphorus (P), alkaline phosphatase (ALP), 25OHD, 
albumin, blood urea nitrogen (BUN), serum creatinine, alanine aminotransferase (ALT), aspartate aminotransferase (AST) 
were collected. Serum 25OHD levels and Parathyroid hormone were measured by Electrochemiluminescence (ECLIA) assay 
method. This assay was carried out through quantitative determinations of total 25OHD in serum samples using a standard kit 
available from Abbott Architect system, USA. Serum calcium, phosphorus, alkaline phosphatase, albumin, BUN, serum 
creatinine, ALT, AST were also measured in duplicate and assessed using an Architect C system biochemistry analyzer 
(Abbott, USA) 
In this study, we used the following classification: Serum vitamin D level > 20 ng / mL is "sufficient", below 12 ng / mL is 
deficiency, and 12-20 ng / mL is "insufficiency" (11, 23). Written and signed consent form was obtained from the parents 
who met the criteria and agreed to participate in the study, and from both parents and children in those older than 12 years.  
The 90 participants were randomly divided into 3 groups. The first group was treated with buccal spray (Wellcare vitamin 
D3, 1 puff, 1000 U), the second group treated with vitamin D containing drops (Devit3 oral drop, 1 drop, app.133 U) and the 
third group was treated with vitamin D containing ampoule (Devit3 ampoule). Each group was containing 30 patients. In 
group I, patients received 2000 IU/day (2 puff) for 6 weeks; while in group II patients were applied 2000 IU/day (15 drops) 
for 6 weeks. The patients in group III are treated with a single dose of vitamin D (300.000 IU single oral dose). Twenty-nine 
of them were male, and 61 of the participants were female. There were 30 participants in each group.  In group I there was 11 
male, 19 female, there were 9 male and 21 female in both group II and group III. All patients participating in the study kept a 
record of the intake time and the amount of the medication they applied. They were told that if they forgot to take the drops 
or spray, they would take the missing dose when they remembered. The blood samples of all groups including serum 
calcium, phosphorus, alkaline phosphatase, 25OHD were measured at the end of the treatment period of 6-weeks (42th day). 
Statistical analysis 
Statistical analyses of the data were performed using SPSS 20.0 for Windows (IBM Corp., Armonk, NY, USA). Distribution 
of data was evaluated using the Kolmogorov–Smirnov test. For comparison of more than two groups, one-way ANOVA or 
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Kruskall-Wallis test were used according to normal distribution of the data. If a significant difference was found in the 
comparison of more than two groups, Mann Whitney U test with Bonferroni correction or Tukey test were performed as post-
hoc test to determine where the differences truly originated. In the comparison of two dependent groups (for pre- and post-
treatment measurements), paired-t test or Wilcoxon test were performed according to normal distribution of the parameters. 
The chi-square test was used to compare the categorical variables. Spearman’s rho correlation was used to identify the 
associations between BMI SDS, post-treatment serum 25OHD levels and the amount of increase in 25OHD levels variables. 
Categorical data were expressed as frequency (%), while numerical data were expressed as median (25-75th percentile) or 
mean ± standard deviation. A value of p<0.05 was considered significant.  
RESULTS 
 The mean ages were 12.1±4.1, 10.8±3.6, 11.9±3.9 in group I, group II and group III, respectively (p > 0.05). The 
anthropometric and demographic data of participants are shown in Table 1. There was no statically significant difference for 
sex, age, weight, height, weight SDS, height SDS, BMI SDS between the 3 groups (p > 0.05).   
Baseline Ca, P, ALP, PTH, 25OHD values and Ca, P, ALP, PTH, 25OHD values after the treatment were shown in Table 2. 
All participants were normo-calcemic therefore none of them received calcium. There was no statically significant difference 
between the baseline Ca, P, ALP, PTH and Ca, P, ALP and PTH levels after the treatment in all three groups. On the other 
hand, both the post-treatment levels of serum 25OHD and the amount of increase in serum 25OHD levels after treatment 
were significantly higher in group III (p < 0.001). 
When the baseline and post-treatment values of the parameters were compared, while serum 25OHD levels were increased 
and PTH levels decreased in all three groups (p<0.05) and serum ALP levels were decreased in only group I (p<0.05), no 
statistically significant change in serum Ca and P levels were found. 
At the end of the treatment, 20 (66.7%) patients in group I, 26 (86.7%) patients in group II and 27 (90%) patients in group III 
had normal (>20 ng / mL) serum 25OHD levels (p=0.044). In the remaining patients, serum 25OHD levels were in the range 
of 12-20 ng / mL. Six cases in group I, and 3 cases in each of group 2 and 3 were obese (p = 0.421). Serum 25OHD level at 
the end of treatment was sufficient in 4 of 6 obese patients in group I, in all obese patients in group II, and in 2 of 3 obese 
patients in group III (p > 0.05). There was no correlation between the amount of increase in 25OHD level and BMI SDS in 
groups I, II and III (p > 0.05). 
Discussion 
In the current study, we found that 300 000 IU oral single dose treatment was superior to 2000 IU of oral drop vitamin D3 
daily for six-weeks or 2000 IU of buccal spray vitamin D3 for six weeks treatments in increasing serum 25OHD levels. 
Moreover, oral drop and buccal spray treatments were found to be similarly effective in raising vitamin D3. In three groups 
with similar baseline serum 25OHD levels, however, the percentage of normalizing serum 25OHD levels (>20 ng/mL) was 
lower in buccal spray treatment (66.7%) compared to oral drops (86.7%) or 300 000 IU oral single dose (90%) treatments. 
Malabanan et al. reported that vitamin D supplementation using 50,000 IU weekly for 8 weeks is successful in the treatment 
of vitamin D deficiency in older children and adolescents (24). In another study conducted in healthy infants and young 
children with hypovitaminosis D, patients were divided into 3 different groups that received 2,000 IU oral vitamin D2 daily, 
50,000 IU vitamin D2 weekly or 2,000 IU vitamin D3 daily, and these three regimens were compared. All three treatment 
regimens were applied for 6 weeks. The regimens were shown to give equivalent results in the short-term treatment of 
hypovitaminosis D among healthy infants and young children (25). Pappa et al. found that both 2,000 IU of daily vitamin 
D3 and 50,000 IU of weekly vitamin D2 were superior to 2,000 IU of daily vitamin D2, all taken orally for 6 weeks, in raising 
serum 25OHD concentration in young patients with inflammatory bowel disease and vitamin D insufficiency (26). When all 
these studies and the current study are evaluated, an inference can be made that 2,000 IU oral vitamin D3 per day, 50,000 IU 
oral weekly treatment for 6-8 weeks and 300 000 IU oral single dose treatment are effective in the treatment of vitamin D 
deficiency.  
There are studies supporting that new treatment modality such as buccal spray are as effective as oral drops in this treatment 
(1, 16-19).  Satia et al. (1) compared the absorption of vitamin D3 through the oral route by comparing buccal spray and 
gelatin capsule in healthy adults and patients with malabsorption disease. All participants in groups were randomized to 
receive either the vitamin D3 buccal spray (2 sprays each of 500 IU) or soft gelatin capsule containing vitamin D3 (1000 IU) 
for 30 days. After the completion of the 30-day treatment, all participants were given a 30-day washout. In the second period, 
crossover fashion was made and those participants who had received the buccal spray formulation (vitamin D3) in period I 
received the soft gelatin capsule formulation in period II and vice versa. In this study, the superiority of vitamin D3 delivery 
via buccal spray compared to capsules a reported positive finding the superiority of vitamin D3 delivery via buccal spray to 
capsules in both healthy subjects as well as in patients with intestinal malabsorption syndrome was reported. On the other 
hand, the trial has limitations regarding the washout duration. Todd et al. (17) compared the efficacy of vitamin D3 liquid 
capsules and oral spray solution in increasing wintertime total 25OHD concentrations in a randomized, open-label, cross-over 
trial in healthy adults. In this randomized, open-label, cross-over trial study, 22 healthy adults received 3000 IU (75 µg) 
vitamin D3 daily for 4 weeks in either capsule or oral spray form. After 10 days wash-out period, participants received 
opposite treatment for 4 weeks. They demonstrated that oral spray vitamin D3 is just as effective as capsule supplementation 
at increasing total serum 25OHD concentrations in the healthy adult population. Penagini et al. (19) demonstrated that 
vitamin D3 supplementation with buccal spray and oral drops is equally effective in the short-term treatment of vitamin D 
deficiency in a population of children with neuro disabilities. In this study 12 patients were received receive vitamin D3 
buccal spray 800 IU/daily (n = 12) and 12 patients were received oral drops 750 IU/daily for 3 months during winter. 
Williams et al (18) conducted a randomized, placebo-controlled, three-arm parallel design study in healthy volunteers to 
compare the rate of change of vitamin D status in response to vitamin D3 (3000 IU/day) supplementation in capsule and 
sublingual spray preparations over a 6-week period. They suggested that a sublingual vitamin D spray is an effective mode of 
delivery for supplementation in a healthy population and the capsule and spray were equally efficacious.  When all these 
studies considered, only Satia advocated for superiority of buccal spray of vitamin D against the other modes of delivery in 
increasing serum 25OHD concentrations. Recent systematic reviews demonstrated that the administration of vitamin D3 by 
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buccal spray is not different from other supplementation methods in increasing serum plasma 25OHD levels (16, 27). In line, 
the small number of randomized controlled trials and the high degree of clinical heterogeneity of included patients did not 
allow for a guiding conclusion from the results (16). In the study of Unsur (20), in which evaluated infants using 400 IU / day 
vitamin D supplementation as oral drops or buccal spray forms at the first year of life, it was reported that the serum 25OHD 
levels measured at the age of one year were higher and the frequency of vitamin D deficiency was lower in infants using 
buccal spray than those using oral drops. In the current study, the group receiving stoss vitamin D had a significantly higher 
mean increase than both groups receiving buccal spray or oral drops, however there was no significant difference in terms of 
increase in 25OHD levels between the group receiving buccal spray and oral drops. On the other hand, when 25OHD levels 
of the three groups was evaluated at the end of the treatment, the frequency of the patients who reached normal 25OHD level 
in the patients using buccal spray was found to be lower than those using oral drops for the same dose and duration (66.7% vs 
86.7%). It can be concluded that in cases with a 25OHD level of <12 ng / mL, 2000 IU / day 6-week spray therapy may be 
insufficient. 
 It is well-known that there are various factors that affect the effectiveness of vitamin D therapy other than the route of 
administration or dose. Dark skinned children, reduced sunlight exposure due to constant use of sunscreens or lifestyle 
factors, covering clothing for religious or cultural reasons, chronic illness, obesity, malabsorption syndromes (cystic fibrosis, 
inflammatory bowel diseases, celiac disease ect.), drugs such as anticonvulsants, systemic glucocorticoids, antiretroviral 
therapy, systemic antifungals can affect the success of treatment (28). The Institute of Medicine does not take BMI into 
account in recommendations for vitamin D treatment, however the Clinical Practice Guidelines by the Endocrine Society 
recommend obese subjects be given two to three times more vitamin D to satisfy their body's vitamin D requirement. In a 
study in adults, it is identified that supplementation efficiency is associated with body mass index. In participants with normal 
body weight higher change in serum 25OHD level was observed (29). Ekwaru et al (30). recommended 2 to 3 times higher 
vitamin D supplementation for obese subjects and 1.5 times higher for overweight subjects relative to normal weight subjts. 
Although the association between vitamin D deficiency and obesity and obesity-related diseases has been confirmed by 
numerous studies, the existence of a causal relationship is still unclear. In the current study, we didn’t detect significant 
relationship between obesity and the success of vitamin D therapy. 
Our study has some limitations to be acknowledged. The first limitation of our study was the small sample size. Despite the 
weaknesses of the present study was its small sample size, the current study was conceived as a pilot study to assess the 3 
different ways of vitamin D administration, buccal spray, oral drops and oral stoss vitamin D. The second limitation of our 
study was that we didn’t know the vitamin D binding protein (VDBP) variations of our patients. Genetic variants not only 
affect vitamin D metabolism, it also affects the VDBP lead to different phenotypes of the protein with different affinities to 
25-OHD and 1,25-(OH)2 D3 (23). Genetic polymorphisms of DBP can also alter the protein concentration in blood (31). 
Furthermore, assessment of VDBP polymorphisms may be useful to adjust treatment in individuals with an insufficient 
response to vitamin D supplementation. Genetic factors may be taken into account in the future design of personalized 
supplementation.  Additionally, while all patients are at the same latitude, the impact of intake of vitamin D containing foods, 
duration of breastfeeding, clothing, and exposure to sunlight were not considered. Finally, the patients' compliance to 
treatment (especially those receiving daily oral or buccal vitamin D treatment) were evaluated on the basis of their own 
statements. However, most of the patients we included in the study were adolescents and it is well-known that low adherence 
to treatment at this age is very common, which might be negatively impact on the results.  
Conclusion 
We conclude that a single dose 300 000IU vitamin D3 formulation was able to increase mean serum vitamin D3 
concentration significantly higher compared to 2000 IU /day for six weeks either buccal spray or oral drops in both healthy 
children and adolescents.  Vitamin D3 supplementation with buccal spray and oral drops is equally effective in terms of 
raising vitamin D concentration in the short-term treatment of vitamin D deficiency. However, in cases with a serul level of 
25OHD < 12 ng / mL, 2000 IU / day 6-week spray therapy may be insufficient. 
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Table1. Anthropometric and Demographic Data of Participants
Parameters Group I Group II Group III p 
Sex (n) 
      Male 
      Female 

30  
11 (36.7%) 
19 (63,3%) 

30  
9 (30%) 
21 (70%) 

30  
9 (30%) 
21 (70%) 

0.816a

Age (years) 12.1±4.1 10.8±3.6 11.9±3.9 0.411b 
Weight (kg) 45.2 (30.6-56.0) 40.6 (29.8-56.6) 47.2 (28.2-56.4) 0.823c 
Height (cm) 153.1 (134.8-160.3) 148.6 (126.1-159.5) 149.1 (123.8-160.0) 0.873c

Weight SDS -0.05±0.24 0.02±0.20 -0.13±0.17 0.868b 
Height SDS -0.40±0.19 -0.12±0.18 -0.31±0.18 0.561b

BMI SDS 0.13±0.22 0.72±0.21 -0.50±0.18 0.815a

Data were presented as mean±SD or median (25-75th percentiles), achi-square, bOne-way-ANOVA, cKruskal Wallis 
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Table2. Baseline and post-treatment laboratory characteristics of patients
Parameters Baseline values p Post-treatment values p 
25OHD (ng/mL) 
   Group I (Buccal spray) n=30  
 Group II (Oral drops) n=30 
 Group III (Oral stoss) n=30 

 
8,0±0.41 
7.9±0.45 
7.6±0.47 

 
 
0.852a 

 
22.1(17.8-28.2)d 
24.4 (20.6-29.6)d 
40.3 (29.4-58.4)d,f 

 
 
<0.001b 

25OHD >20 ng/mL 
   Group I (Buccal spray) n=30  
 Group II (Oral drops) n=30 
     Group III (Oral stoss) n=30 

 
0 (0 %) 
0 (0 %) 
0 (0 %) 

 
 
- 

 
20 (66.7%) 
26 (86.7%) 
27 (90%) 

 
0.044c 

Serum PTH (pg/mL) 
       Group I (Buccal spray) n=30 
       Group II (Oral drops) n=30 
       Group III (Oral stoss) n=30 

 
60.1 (47.0-71.2) 
60.0 (54.0-69.6) 
53.7 (37.3-76.1) 

 
 
0.273b 

 
51.4 (36.2-65.7)d 
47.1 (35.1-61.7)d 
50.4 (34,3-68.6)d 

 
 
0.585b 

Serum ALP (U/L) 
       Group I (Buccal spray) n=30 
       Group II (Oral drops) n=30 
       Group III (Oral stoss) n=30 

 
176.0 (81.2-229) 
192.5 (102.7-240.7) 
186.5 (71.0-240.0) 

 
 
0.590b 

 
140.5 (71.7-216.5)c 
188.5 (108.2-254) 
165.0 (70.0-234.5) 

 
 
0.118b 

Serum calcium (mg/dL) 
       Group I (Buccal spray) n=30 
       Group II (Oral drops) n=30 
       Group III (Oral stoss) n=30 

 
9.9 (9.7-10) 
9.9 (9.6-10.1) 
10.0 (9.7-10.5) 

 
 
0.234b 

 
9.8±0.05 
9.8±0.07 
9.8±0.06 

 
0.928a 

Serum phosphorus (mg/dL) 
       Group I (Buccal spray) n=30 
       Group II (Oral drops) n=30 
       Group III (Oral stoss) n=30 

 
4.3 (4.0-4.8) 
4.5 (4.1-5.1) 
4.4 (3.7-4.9) 

 
 
0.789b 

 
4.4 (4.0-5.0) 
4.6 (4.4-5.1) 
4.4 (4.0-4.8) 

 
 
0.405b 

Change in 25OHD (ng/mL) 
       Group I (Buccal spray) n=30 
       Group II (Oral drops) n=30 
       Group III (Oral stoss) n=30 

 
 
- 

 
- 

 
15.6±1.3 
17.3±1.1 
  34.3±3.2e 

 
 
<0.001a 

Change in 25OHD (%) 
       Group I (Buccal spray) n=30 
       Group II (Oral drops) n=30 
       Group III (Oral stoss) n=30 

 
 
- 

 
- 

 
214 (110-294) 
224 (137-334) 
445 (221-727) 

 
 
<0.001c 

Data were presented as mean±SD or median (25-75th percentiles),  aOne-way-ANOVA, bKruskal Wallis test, cChi-square 
dWilcoxon test (p<0.05); comparison variables between baseline and post-treatment value 
eTukey test (p<0.05); post-hoc test for ANOVA 
fMann Whitney U test with Bonferroni correction (p<0.017); post-host test to determine the predominance for non-parametric 
three group comparisons 
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