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Abstract: 

Background: In the literature, there are many studies that were conducted to assess the effect of vitamin D 

supplements on skeletal and non-skeletal functions however, most of these studies had focused on adult population 

with little is found among children and infant. Therefore, the aim of the current study was to systematically review the 

previous literature considering the role of vitamin D supplements in improving the bone and teeth health among 

children under the age of 18 years old. 

Methodology: We searched Google Scholar, PubMed, The Cochrane Library, Web of Science databases using 

keywords related to vitamin D supplementation as “cholecalciferol” and “vitamin D supplement”, to targeted 

population as “children”, “infant”, “school-aged” and “Pre-school age”, to outcomes as “Rickets”, “fracture”, 

“serum vitamin D over 75 nmol/L”, “dental caries”, “bone health”, and “Calcium content” and route of 
administration as “Oral”, “Intramuscular (IM)” and “different concentration” and included all studies published 

between 2000 and 2022. Moreover, manual search through study identifiers or references from previous studies was 

conducted. This systematic review was conducted according to the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) guidelines 

Results: The electronic search strategy conducted in this review ended in 875 hits which after removing of duplicated 

reduced to 360 studies. These 360 studies were considered eligible for further evaluation, from which 350 studies 

were excluded for different reasons as 245 studies based on title and abstract, 86 studies do not relevant to the subject 

of this study or sitting of this review, 17 consider replies of authors, 3 books, and 28 were reviews. At end, 10 articles 

were included in the qualitative synthesis of the present review 

Conclusion: This systematic review has proven the importance of vitamin D supplements among children in improving 

their bone and teeth health and reducing the prevalence of rickets, fractures, teeth caries in children. More 

investigation of the possible mechanisms of these relations should be conducted. 
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INTRODUCTION: 

Vitamin D is considered one of the essential vitamins 

for adequate growth of bone and development in 

children as well as for skeletal health in adults [1]. 

Vitamin D is associated with various biological 

functions that are related to is endocrine, autocrine, 

and paracrine activities [2]. Some of the reported 

functions of vitamin D include calcium regulation, 
metabolism of phosphate and their deposition in 

mineralized tissues [3,4]. Moreover, vitamin D is 

known for innating immune effectors [5], involvement 

in cognitive function, role in blood pressure 

maintenance and effects related to health outcomes as 

total mortality, aging and cardiometabolic conditions 

[6,7]. In general, functions of vitamin D are classified 

as skeletal related functions and non-skeletal functions 

[8,9]. There is a growing evidence suggesting that 

muscle strength and function are positively associated 

with status of vitamin D and they may optimized by 
vitamin D supplementation [10–12]. 

 

Rickets is considered rare in developed countries; 

however, it is considered one of the prevalent 

disorders in the developing countries. Many previous 

studies reported high prevalence of more subtle 

degrees of vitamin D insufficiency and deficiency in 

normal children and adolescents worldwide [13–15]. In 

general, having serum 25-hydroxy vitamin D [S-

(25(OH)] levels lower than 30 nmol/l is considered 

sufficient for diagnosis with vitamin D deficient while 

50 nmol/L is considered insufficient, and more than 75 
nmol/L is suggested as optimal for health [16,17]. 

According to some epidemiological studies, 

insufficient levels of serum vitamin D are common 

among children and adolescents [18] particularly 

among those who are living in areas with less sunshine 

and in populations with protection against sun 

exposure or wit dark skin complexions [19,20].  

 

In adolescents and children, there is an inverse 

relationship between serum vitamin D levels and PTH 

levels [14] and positive with bone mineral density [15]. 
Nutrition guidelines targeted to children and 

adolescents to optimize their bone health have focused  

 

on calcium intake and exercise with less interest in 

vitamin D supplements [13] because of the lack of 

evidence for the beneficial effect of supplementation 

in this age group. According to the scientific advisory 

committee on nutrition, the organization recommends 

that all individuals over the age of one years should 

take 400 IU of vitamin D3 supplement daily during the 
winter months [21] however, there is disagreement as 

to what the cut-offs should be [22]. 

 

In the literature, there are many studies that were 

conducted to assess the effect of vitamin D 

supplements on skeletal and non-skeletal functions 

however, most of these studies had focused on adult 

population [23–25] with little is found among children 

and infant. Therefore, the aim of the current study was 

to systematically review the previous literature 

considering the role of vitamin D supplements in 
improving the bone and teeth health among children 

under the age of 18 years old. 

 

METHODOLOGY: 

- Search methods for identification of 

studies: 

We searched Google Scholar, PubMed, The Cochrane 

Library, Web of Science databases using keywords 

related to vitamin D supplementation as 
“cholecalciferol” and “vitamin D supplement”, to 

targeted population as “children”, “infant”, “school-

aged” and “Pre-school age”, to outcomes as “Rickets”, 

“fracture”, “serum vitamin D over 75 nmol/L”, “dental 

caries”, “bone health”, and “Calcium content” and 

route of administration as “Oral”, “Intramuscular 

(IM)” and “different concentration” and included all 

studies published between 2000 and 2022. Moreover, 

manual search through study identifiers or references 

from previous studies was conducted. This systematic 

review was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines [26]. 
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- Eligibility criteria and study selection 

The studies were selected using the PRISMA flow 

diagram [12]. After removing duplicates, the titles and 
abstracts were screened to identify eligible studies for 

full-text review. Then, the authors surveyed the full 

text of the remaining studies based on inclusion and 

exclusion criteria and the eligible studies were 

identified. We excluded the articles which were topic 

to at least one of the following criteria: 

 Exclusion criteria: 

 Unpublished studies 

 Non-original articles including reviews, 

protocols and editorials. 

 Animal studies   
 Adults’ studies 

 Unsupported opinion of expert. 

 Clinical trials which were in progress without 

yet published results.  

 Replies to the author/editor. 

 Systematic reviews  

 Books’/conferences’ abstracts. 

 Abstract papers, articles without obtainable full 

text 

 Published in any language other than English 

- Data analysis: 

In Several known database which was searched 

Ex: Google Scholar, PubMed, The Cochrane 

Library, Web of Science. We combined the 

search terms and limited the study to the 

English language. Depending on PRISMA 

checklist we removed duplicates, articles were 

screened based on title, abstract, and full text. 

We collected article information from each 

study, including the authors’ details, study 
design, location, intervention, follow-up 

period, and study outcome. 

RESULTS: 

1. Study selection 

The electronic search strategy conducted in this review 

ended in 875 hits which after removing of duplicated 

reduced to 360 studies. These 360 studies were 

considered eligible for further evaluation, from which 
350 studies were excluded for different reasons as 216 

studies based on title and abstract, 86 studies do not 

relevant to the subject of this study or sitting of this 

review, 17 consider replies of authors, 3 books, and 28 

were reviews. At end, 10 articles were included in the 

qualitative synthesis of the present review (Figure 1). 

2. General results: 

In this review, we included 10 studies that had been 

conducted between 2000 and 2022. The studies 

included 1795 children with age between zero and 11 

years old. Three studies were conducted in Canada [27–

29], one study conducted in Egypt [30], one study in 
Louisiana [31], one study in Mongolia [32], one study 

in India [33], one study in Sweden [34], one study in 

Pakistan [35], and one study in New Zealand [36]. Four 

studies were case-control design [29–31,34] while two 

studies were randomized trial [28,33], two studies were 

survey depended studies [27,32], one study was 

prospective surveillance [36] and one study was cross-

sectional study [35]. Moreover, five studies were 

conducted among normal health children [28,31,32,34,35], 

while three studies reported population of children 

diagnosed with rickets [27,33,36], and two studies were 
among fractured patients [29,30]. Three studies were 

interested in comparing the effect of using different 

doses and route of administration of vitamin D 

supplements on having normal concentration of serum 

vitamin D, while four studies aimed to assess the 

prevalence of children using vitamin D supplements 

among children diagnosed with rickets or fractures and 

two studies were conducted to assess the relation 

between vitamin D supplement and teeth health (Table 

1,2). 

Table 1: The general characteristics of the included study (N=10) 

No. Authors Study design Setting 
Year of 

publication 

Total 

number 
Age 

1 Ward L [27] Survey based study Canada 2007 104 0-7 Y 

2 
Ponnapakkam T 

[31] 
Case-control study Louisiana 2010 25 0-6 M 

3 Uush T [32] Survey based study Mongolia 2013 524 6–59 M 

4 Gallo S [28] Randomized Controlled Trial Canada 2013 132 1-2 M 

5 Mondal K [33] Randomized Controlled Trial India 2014 71 0.5-5 Y 

6 Wheeler B [36] Prospective surveillance 
New 

Zealand 
2015 58 0.3-11 Y 

7 El-Sakka A [30] Case-control study Egypt 2016 46 3-10 Y 

8 Anderson L [29] Case-control study Canada 2017 549 < 6 Y 

9 Gyll J [34] Case-control study Sweden 2018 206 8 Y 

10 Nusrat Ali [35] Cross sectional study Pakistan  2017 80 2-8  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9081312/#b12-enm-2021-1374
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Figure 1The PRISMA figures showing the steps to choose the studies for systematic review. 

 

3. The results of individual studies: 

A. Impact of vitamin D supplements on 

improving serum vitamin D concentration 

over 75 nmol/L: 

Ponnapakkam T et al., compared between vitamin D 

supplementation (at birth and after two months of 

birth) with placebo as control in southern Louisiana on 

the serum 25 OH D at birth, 2 months, 4 months, and 
6 months. At 6 months, 62.5 % of children using 

vitamin D supplements at birth had serum 25 OH D 

over than 75 nmol/L (Low risk for rickets) compared 

with 77.78 % of children taken vitamin D supplements 

at 2 months of birth and 87.5 % of control groups 

(Placebo group). In general, Ponnapakkam et al, found 

no evidence that vitamin D supplementation reduced 

rickets risk [31]. In comparison between different doses 

of vitamin D supplements, Gallo S et al., compared 

between four doses of vitamin D supplements (400 

IU/day, 800 IU/day, 1200 IU/day, and 1600 IU/day) 
with main outcome of having plasma 25(OH)D 

concentration of 75 nmol/L or greater in 97.5% of 

infants at 3 months. By 3 months of the study, 55 % of 

Record identified through databases searching   (n=875) 

EMBASE                                                             (n=235) 

OVID-MEDLINE                                                (n=45) 

PUBMED                                                            (n=567) 

Web of Science                                                    (n=28) 

 

Records screened after duplicates removed 

(n = 360) 

 

Articles excluded with reasons 

(n = 346) 

 Records excluded on basis of 

title and abstract 

(n =216) 

 Studies irrelevant to the 

subject of this study (n = 86) 

 Replies to the author/editor 

(n=17). 

 Books’/conferences’ 

abstracts. (n=3) 

 Reviews and searches (n= 

28) 

 

(n = 350) 

 

Full text articles assessed for eligibility (n= 10) 

0 articles excluded due to 

insufficient information for 2-by 2 

contingency table  

10 articles were finally selected 
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infants in the 400 IU/day group achieved a 25(OH)D 

concentration of more than 75 nmol/L in comparison 

with 81 % in the 800 IU/day group, 92 % in the 1200 

IU/day and 100 % in the 1600 IU/day. At 12 months, 

the concentration of 25 (OH) D was not sustained over 
75 nmol/L in 97.5 % of the infants in any of the groups. 

Therefore, Gallo S et al showed that among health 

breasted infants, only vitamin D supplement dosage of 

1600 IU/day was associated with increasing of the 

plasma 25 (OH) D concentration to 75 nmol/L in 97.5 

% of the infants at 3 months [28]. Mondal et al, 

compared between two administration routes of 

vitamin D (oral dose, and intramuscular) among 

pediatric patients with rickets. The authors reported 

that there is no difference between the two 

administration routes on biochemical and radiological 
parameters. Seventy percent of the IM group had 

developed Serum concentration of 25 (OH) D over 75 

nmol/L compared with 22.9 % in oral group. 

Moreover, both routes are equally effective and safe in 

treatment of nutritional rickets [33]. 

Table 2: The relation between administration of vitamin D supplement and outcomes 

No. Authors 
Condition of 

the cases 
Intervention Outcomes Results 

1 Ward L [27] 
Patients with 

rickets 
No intervention Rickets 

14 patients were diagnosed with rickets and 

received vit D supplement (13 %) 

2 
Ponnapakkam T 

[31] 

Breast-fed 

infants 

I1: 

200 IU vitamin D 

per day starting at 

birth 
I2: 

200 IU vitamin D 

per day starting at 

2 months of age 

C: 

Placebo 

Having 25-

Hydroxy 
Vitamin D > 75 

nmol/L (at 6 

months) 

 

62.5 % of I1 group achieved the outcome 
compared with 77.78 % of I2 group and 

87.5 % of control. 

3 Uush T [32] 
Normal 

children 

I1: vitamin D 

supplement 

C: no intervention 

Developing 

rickets 

18.8 % of children at I1 group developed 

rickets compared with 23.1 % of the control 

group 

4 Gallo S [28] 
Breast-fed 

infants 

I1: Different four 

doses of Vit D 

supplement 

Having 25-

Hydroxy 

Vitamin D > 75 

nmol/L (at 
3month) 

55 % of infants in the 400 IU/day group 

achieved a 25(OH)D concentration of more 

than 75 nmol/L in comparison with 81 % in 

the 800 IU/day group, 92 % in the 1200 
IU/day and 100 % in the 1600 IU/day. 

5 Mondal K [33] 
Patients with 

rickets 

I1: IM vitamin D 

I2: Oral vitamin D 

Having 25-

Hydroxy 

Vitamin D > 75 

nmol/L (at 

3month) 

70.9 % of I1 group reached the outcomes 

compared with 22.9 % 

6 Wheeler B [36] 
Patients with 

rickets 
No intervention Rickets 

5 patients were diagnosed with rickets and 

received vit D supplement (8.6 %) 

7 El-Sakka A [30] 

Children 

with 

fractures 

I1: children with 

fracture 

C: No fracture 

Receiving 

vitamin D 

supplement 

47.8 % of both intervention and control 

groups were received vitamin D supplement 

8 Anderson L [29] 

Children 

with 

fractures 

I1: children with 

fracture 

C: No fracture 

Receiving 

vitamin D 

supplement 

16 % of the intervention group had received 

vitamin D compared with 31 % of control 

group 

9 Gyll J [34] 
Normal 

children 

Vitamin D 

intervention 

Developing 

caries 

There is weak inverse association between 

vitamin D status at 6 years of age and caries 

2 years later 

10 Nusrat Ali [35] 
Normal 
children 

Vitamin D 
intervention 

Developing 
caries 

There is association between Vitamin D 
levels in children and early childhood caries 
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B. The role of vitamin D supplements in 

preventing developing of rickets: 

Considering the relation between administration of 

vitamin D supplements and reducing the risk of 

rickets, Uush T et al, reported that 18.8 % of normal 
children (6-59 months) who depending on vitamin D 

supplements developed rickets compared with 23.1 % 

of those who did not receive any type of vitamin D 

supplements. Therefore, the study showed that there is 

no significant difference between two groups in 

developing rickets [32]. Moreover, both of Ward L et 

al and Wheeler B et al reported that 13 % and 8.6 % of 

children (0-11 years) who were diagnosed with rickets 

had been received vitamin D supplements before 

diagnosis [27,36]. Using the pooled results of the three 

studies [27,32,36], the prevalence of rickets among 

children using vitamin D supplement was 28.2 % 
compared with 44.2 % of those did not receive any 

type of vitamin D. Vitamin D supplement was found 

to reduce the risk for developing rickets by the half 

(RR:0.497, 95 % CI: 0.331: 0.728, P=0.0003).  

 

C. The role of vitamin D supplements in 

reducing the prevalence of fractures: 

Considering the relation between vitamin D 

supplements and fracture rate among children, two 

studies conducted by Anderson L et al, and El-Sakka 

A et al [29,30] investigated this relation. Anderson L et 
al showed that the prevalence of using of vitamin D 

supplements among children with fractures was 

significantly lower than that reported among control 

groups (16 % vs 31%) [29] while El- Sakka et al did 

not reported this difference between cases and control 

where 47.8 % of both groups had adequate vitamin D 

administration [30]. Using pooled results of both 

studies showed that using of vitamin D supplements 

reduce the risk of fracture in children by the half (RR: 

0.49, 95 % CI: 0.33, 0.74, P=0.0006) where 18 % of 

those having fracture were found to have vitamin D 

supplement compared with 31.7 % among those did 
not have any fractures. 

 

D. The role of vitamin D supplements in 

improving teeth health: 

Among 206 children, Gyll J et al reported that using of 

vitamin D supplements in children at age of six year 

was associated with reducing the prevalence of 

children with low serum vitamin D levels from 28 % 

at baseline to 11 % after intervention. Gyll et al 

showed that there is weak significant inverse 

association between vitamin D status at 6 years of age 
and caries 2 years later (odds ratio 0.96; p = 0.024). 

Moreover, Vitamin D status at 6 years of age was 

unrelated to enamel defects but was positively 

associated with saliva LL37 levels [34]. Ali N et al, 

reported that there is a significant correlation between 

vitamin D levels in children and early childhood 

caries. Having serum 25 (OH) D lower than 75 nmol/L 

is associated significantly with total decayed, missing, 

filled primary teeth caries score. Vitamin D 
supplement was associated with improved serum 

concentration of 25 (OH) D and improved teeth health 

[35]. 

 

DISCUSSION: 

In the current systematic review, it was reported that 

administration of vitamin D supplements among 

children under the age of 11 years old was associated 

with lower risk for rickets and fractures as well as 

better results considering oral health. The positive role 

of vitamin D supplements in reducing fractures and 

improvement of rickets was extensively discussed 
among adult population [37–39], however, little is 

known about children and adolescent population. The 

role of vitamin D in reducing rickets could be due its 

close correlation between lean mass, bone mass and 

muscle mass with serum 25 (OH) D [40,41]. In this 

review, we found that only vitamin D supplements 

with dose over 1600 IU /day was associated with 

increasing the serum concentration of more than 75 

nmol/L in 97 % of the children. However, high 

concentrations of vitamin D supplements in younger 

children were found to be associated with increased 
risk for hypercalcemia [42,43]. However, in a recent 

systematic review conducted among 32 randomized 

clinical trials with 8400 unique participants, the 

authors found that there is no increased in the overall 

serious adverse effects of using high- doses of vitamin 

D and there is no increased risk for hypercalcemia [44]. 

The authors reported that vitamin D supplementation 

in the dose ranges of 1200 to 10 000 IU/d and bolus 

doses to 600 000 IU to young children may be well 

tolerated [44]. 

 

Moreover, previous studies showed that severe 
chronic vitamin D deficiency (having serum 

concentration of 25 (58) D of lower than 12 nmol/L) 

leads to overt skeletal abnormalities in children with is 

typically known as rickets [45,46]. According to many 

previous studies, vitamin D deficiency and low 

vitamin D reserve among children was significantly 

correlated with classical signs of rickets [47,48]. Many 

studies conducted in different regions showed high 

vitamin D deficiency and insufficiency were found in 

children and mothers as those conducted in Iran [49–51], 

China [52], Egypt [53], India [54], Turkey [55], and 
Pakistan [56]. These studies showed that there is a need 

to find and regulate the use of medications that are 

associated with increasing the serum concentration of 

25 (OH) D in children in order to reduce the impact of 
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Vitamin D insufficiency among children on their 

health.  

 

Regular examination of vitamin D levels in children is 

important in order to early diagnosis of vitamin D 
insufficiency and starting treatment. Vitamin D affects 

many important hormones and proteins in the body of 

the children and thus is associated with many 

functions however, in the current study, we focused on 

the skeletal functions of the vitamin D supplement in 

children.  

 

This systematic review had some limitations. One of 

these limitations is the lack of studies that conducted 

in Saudi Arabia however the extensive search over the 

literature review where most of the studies in Saudi 

Arabia focused on knowledge, and prevalence of use. 
Moreover, small size of the studies was another 

limitation of this systematic review however, this is 

because the little studies published among the targeted 

population in the targeted duration.  

 

In conclusion, this systematic review has proven the 

importance of vitamin D supplements among children 

in improving their bone and teeth health and reducing 

the prevalence of rickets, fractures, teeth caries in 

children. More investigation of the possible 

mechanisms of these relations should be conducted. 
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