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ABSTRACT 

 

The effects of calcium and vitamin D supplementation on 

representative factors of bone health have been separately evaluated 

in different study populations worldwide, however, no data from 

solely one study population that comprehensively assess the 

supplementation outcomes on the skeletal system are available. We 

aimed to evaluate how calcium and vitamin D affect vitamin D 

level, bone mineral density (BMD), parathyroid hormone (PTH), 

and bone turnover markers as well as growth parameters in 

schoolchildren with abnormal vitamin D status and/or low BMD. 

An uncontrolled trial was carried out on 151 schoolchildren, aged 

6-14, recruited from Can Tho City, Vietnam. The subjects were 

prescribed the combinations of calcium and vitamin D based on 

their age for a course of 6 months. After the intervention, the 

concentration of 25OHD was significantly improved (P < 0.001) 

and only 5.3% of the subjects were found to have an abnormal 

25OHD level. Only 10.6%, compared with 66.89% before 

supplementation, had low BMD after the intervention (P < 0.05). 

The supplementation also increased weight and height and decreased 

P1NP. However, no significant changes were observed in β-CTx 

among boys and in PTH among the two genders. There was a 

negative correlation between vitamin D level and growth parameter, 

β-CTx. Linear regression analyses show a significant association 

between height, β-CTx level, and 25OHD level. In conclusion, the 

findings from our research provide a comprehensive assessment of 

various factors affected by calcium-vitamin D supplementation. 

 

1. INTRODUCTION 

 

Primarily, vitamin D is widely known as an important 

stimulator of intestinal calcium absorption1. In children, calcium 

absorption is an essential physiological process that promotes 

skeletal mineralization2, ensuring the normal calcification of human 

bone. The assessment of pediatric bone health can be achieved by 

using bone densitometry methods. Though there are a variety of 

modalities to measure bone mineral density (BMD)3, dual-energy 

X-ray absorptiometry (DXA) is preferred method due to the 

availability, cost-effectiveness, and low-level of exposure to 

radiation4. In the DXA interpretation, both T-score and Z-score are 

used to classify patients with low bone density. However, the Z-

score is more appropriate to be used in children since it has been 

designed to compare the BMD of one child to those in an age-

matched and gender-matched population5.
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Parathyroid hormone (PTH) and bone 

turnover markers (BTMs) also involve in human 

bone metabolism. PTH is a hormone released 

from parathyroid glands that regulates the serum 

level of calcium. Vitamin D deficiency leads to a 

reduction in serum calcium concentration. The 

hypocalcemia conditions trigger the greater 

release of PTH and subsequently increase the 

bone resorption6. BTMs are proteins released by 

osteoblasts or osteoclasts during the constant 

remodeling of bone. Procollagen type I N-

terminal pro-peptide (P1NP) and β-isomerized 

C-terminal telopeptides (β-CTx) are typical 

BTMs that reflect the bone formation and bone 

resorption, respectively7. The changes of serum 

PTH and BTMs in response to rickets treatment 

in children are more sensitive compared to bone 

mineral density, and therefore can be used to 

assess bone health in addition to BMD test8. 

It is estimated that approximately one 

billion people, especially in South Asia, have 

abnormal vitamin D levels, including vitamin D 

insufficiency and deficiency9,10. Inadequate 

levels of vitamin D have been proven to be 

associated with severe pediatric health problems, 

especially rickets11 and osteoporotic fracture 

related to low BMD12. One potential strategy to 

reduce the prevalence of hypovitaminosis D 

and low BMD is calcium and vitamin D 

supplementation13. However, the doses for the 

prevention of calcium-vitamin D deficiency in 

children vary among countries and organizations. 

The Indian Academy of Pediatrics recommended 

a daily supplementation of 600-800 mg calcium 

and 600 IU of vitamin D for children aged 1-1814. 

In the US, the American Academy of Pediatrics 

proposed a recommendation of daily 400 IU 

vitamin D intake for all children from birth14, 

while in Europe, the proposed supplementation 

was up to 600 IU of vitamin D for those in the 

2-18-year-old group15. 

In Vietnam, the previously recommended 

dose of vitamin D was 200 IU per day. However, 

the dose increased to 600 IU in consideration of 

a high prevalence of hypovitaminosis D in 

Vietnamese children. In terms of calcium, a daily 

supply of 650 mg, 700 mg, and 1000 mg was 

recommended for children aged 6-7, 8-9, and 10-

19, respectively16. Though the effects of calcium-

vitamin D supply on growth parameters, vitamin 

D level, BMD, PTH, and BTMs are separately 

reported in adults from different parts of the 

world17-19, data from solely one pediatric study 

population that comprehensively evaluate the 

supplementation effects on all aforementioned 

factors have been very limited. Therefore, we 

performed this study to assess the comprehensive 

effects of calcium - vitamin D intervention on a 

series of representative indicators of the skeletal 

system in schoolchildren in Can Tho City, 

Vietnam. 

 

2. MATERIALS AND METHODS 

 

2.1. Study population 

 

In the research, 794 children from 6 to 14 

were recruited from 3 elementary and 2 secondary 

schools in Can Tho, Vietnam between November 

2012 and April 2016. Schools and classes were 

selected using probability proportional to size 

(PPS) sampling and simple random sampling, 

respectively. Subjects were measured in height 

and weight with light clothing and without 

shoes and examined for BMD as well as serum 

concentration of 25-hydroxyvitamin D (25OHD), 

PTH, P1NP, and β-CTx. Exclusion criteria 

rejected children with chronic diseases that 

might significantly affect BMD (e.g., Cushing's 

syndrome, multiple myeloma, hyperthyroidism, 

and primary hyperparathyroidism), presence of 

acute diseases, different intervention at the time 

of the study, and participated refusals from 

parents. Children who presented vitamin D 

insufficiency/deficiency and/or low BMD were 

invited to attend the uncontrolled interventional 

study, which included a vitamin D-calcium 

treatment regimen. 

 

2.2. Treatment protocol 

 

The doses of vitamin D and calcium used 

in the study were based on the recommendations 

of the National Institute of Nutrition20. Participants 

were divided into 2 groups of ages: 6-9-year-old 

and 10-14-year-old. In the 6-9-year-old group, 

children received 600 mg elemental calcium and 

400 IU vitamin D3 daily (taken 1 Davita Bone 

effervescent twice daily after meals). In the  

10-14-year-old group, children were prescribed 

1,350 mg elemental calcium and 460 IU vitamin 

D3 daily (taken 1 Davita Bone effervescent twice 

daily after meals and 1 Calvit D tablet in the 

afternoon). Both groups received combinations 

of calcium and vitamin D for a course of 6 months. 

Parents were instructed to dissolve each Davita 

Bone effervescent in 200 mL drinking water. 

Study medications were delivered to 

parents or affiliated health workers once a month. 

The measurements of height and weight, BMD
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along with serum concentrations of 25OHD, 

P1NP, β-CTx, and PTH were frequently 

performed during the first week after the 

intervention completed. 

 

2.3. Laboratory analysis 

 

In the research, 500 µl serum samples, 

extracted from 3 mL venous blood samples, were 

stored at - 20oC at Can Tho University Hospital, 

Can Tho City, and transferred to the Medic 

Medical Center, Ho Chi Minh City, every 2 days 

for analyzing. The 25OHD concentration was 

measured by the High-Performance Liquid 

Chromatography-Mass Spectrometry (HPLC/MS), 

and the P1NP, β-CTx, and PTH were detected 

by using the Roche Elecsys 2010 (Roche 

Diagnostics, Indiana, USA). Vitamin D levels 

were classified as normal (≥ 50 nmol/L or ≥ 20 

ng/mL), insufficiency (37.5-50 nmol/L or 15-20 

ng/mL), and deficiency (≤ 37.5 nmol/L or ≤ 15 

ng/mL)21-23. The BMD indication was measured 

at the distal third forearm by using the DXA 

(GE Lunar Prodigy Advance, Massachusetts, 

USA). The BMD values were set as normal 

(Z-score > -1 SD) and low (Z-score < -1 SD)24. 

2.4. Statistical analysis 

 

Data were analyzed by using SPSS version 

20.0 (SPSS Inc., Chicago, Illinois, USA) and WHO 

Anthro-Plus. Continuous variables were displayed 

as means ± SD and categorical variables were 

expressed as percentage and frequency. Comparisons 

between baseline and post-intervention values 

were assessed using t-tests for means and chi-

square (χ²) tests for percentages. A P value of 

< 0.05 was considered statistically significant.  

 

3. RESULTS 

 

Within the pool of 794 children, 344 were 

identified, with abnormal levels of 25OHD and/or 

low BMD, as eligible for the study. Out of 344 

participants, 209 were enrolled into the vitamin D-

calcium treatment regimen. Over the course of the 

6-month intervention, 42 adhered poorly to the 

therapy and another 16 refused to take blood tests. 

Finally, 151 children were taken into analysis, 

after the completed intervention (Figure 1). 

The baseline and post-intervention 

characteristics of participants are reported in 

Table 1. The subjects consisted of 42.4% boys

 

 

 
 
 

Figure 1. Flowchart of study population. (BMD : bone mineral density)
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Table 1. Characteristics of participants before and after calcium-vitamin D intervention. 
 

Characteristic Baseline Post-intervention Test 

Gender, N (%) 

Boy 
Girl 

 

  64 (42.4) 
  87 (57.6) 

 

- 
- 

 

- 
- 

Age (years), mean ± SD 9.4 ± 2.3 - - 

Location, N (%) 

Urban 

Rural 

 

    6 (3.97) 

  145 (96.03) 

- - 

Nutritional status, N (%) 

Stunting 

Normal healthy 
Overweight/obesity 

 

  50 (33.1) 

  87 (57.6) 
14 (9.3) 

 

- 

- 
- 

 

- 

- 
- 

Height (cm), mean ± SD 

Boy 

Girl 

 

        126.7 ± 15.5 

            127.3 ± 15.1 

 

        133.1 ± 16.2 

            132.7 ± 16.0 

 

    P < 0.05 

    P < 0.05 
Weight (kg), mean ± SD 

Boy 

Girl 

 

27.87 ± 12.94 

             25.63 ± 8.63 

 

31.33 ± 14.71 

28.96 ± 10.12 

 

      P < 0.001 

      P < 0.001 

Vitamin D, N (%) 
Normal 

Insufficiency 

Deficiency 

 
    72 (47.68) 

    48 (31.79) 

    31 (20.53) 

 
143 (94.7) 

  8 (5.3) 

                    0 (0) 

 
    P < 0.05 

    P < 0.05 

    P < 0.05 

25OHD (nmol/L), mean ± SD 
Boy 

Girl 

 
66.48 ± 24.95 

65.65 ± 24.21 

 
89.28 ± 24.76 

90.07 ± 23.62 

 
      P < 0.001 

      P < 0.001 

BMD, N (%) 

Normal  
Low 

 

    50 (33.11) 
  101 (66.89) 

 

135 (89.4) 
  16 (10.6) 

 

    P < 0.05 
    P < 0.05 

BMD (g/cm2), mean ± SD 

Normal 25OHD children 

25OHD insufficiency children 
25OHD deficiency children 

0.284 ± 0.044 

0.277 ± 0.041 

0.297 ± 0.039 
0.322 ± 0.062 

0.302 ± 0.051 

0.298 ± 0.043 

0.298 ± 0.061 
  0.35 ± 0.071 

      P < 0.001 

      P < 0.001 

      P = 0.869 
      P = 0.003 

PTH (pg/mL), mean ± SD 

Boy 

Girl 

 

            26.71 ± 10.1 

            30.71 ± 11.6 

 

            25.61 ± 12,.6 

            27.72 ± 10.8 

 

  P = 0.5 

    P = 0.08 
P1NP (ng/mL), mean ± SD 

Boy 

Girl 

 

462.07 ± 216.75 

          441.98 ± 213 

 

352.19 ± 196.16 

          368.58 ± 131 

 

      P = 0.003 

      P = 0.007 

β-CTx (pg/mL), mean ± SD 
Boy 

Girl 

 
837.67 ± 341.42 

835.15 ± 333.17 

 
          875.81 ± 368.18 

          943.47 ± 262.1 

 
        P = 0.5445 

        P = 0.0182 

25OHD, 25-hydroxyvitamin D; BMD, bone mineral density; P1NP, procollagen type I N-terminal propeptide; PTH, 

parathyroid hormone; β-CTx, β-isomerized C-terminal telopeptides. 

 

and 57.6% girls with the mean age of 9.4. 

Majority of subjects (96.03%) came from the 

rural area. The proportions of stunted, normal 

healthy, and overweight-obese children were 

33.1%, 57.6%, and 9.3%, respectively. 

At the beginning of the study, the abnormal 

concentration of 25OHD was found in 52.32% 

children, in which 20.5% were even below 37.5 

nmol/L. However, after the intervention, the mean 

level of serum 25OHD was significantly improved 

by 22.8 nmol/L (P < 0.001) among boys and by 

24.42 nmol/L (P < 0.001) among girls. No children 

with vitamin D deficiency remaining were found 

(P < 0.05). A significant improvement was also seen 

in BMD, only 10.6% of the participants had low 

BMD after calcium-vitamin D therapy, compared 

with 66.89% at enrolment (P < 0.05). The analysis 

showed a decrease in P1NP and an increase in 

weight and height in both genders. However, the 

changes in β-CTx were observed only in girls, with 

an increase of 108.32 pg/mL. The concentration 

of PTH was not statistically different compared 

with after calcium-vitamin D supplementation. 

The relationship between vitamin D-

calcium supplementation and the level of 

circulating 25OHD, BMD with adjusted for 

age, gender, and PTH level was examined  

by multivariate logistic regression analyses.  

Gender was significantly associated with BMD 

(P < 0.01), but no association was found between 

gender and vitamin D level (P = 0.417). The 

association between age and BMD (P < 0.01),
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Table 2. Correlation between vitamin D-calcium supplementation and growth parameter, circulating concentration of  
              25OHD, BMD, PTH as well as BTMs. 

 

25OHD, 25-hydroxyvitamin D; BMD, bone mineral density; BTMs, bone turnover markers; P1NP, procollagen type I N-

terminal propeptide; PTH, parathyroid hormone; β-CTx, β-isomerized C-terminal telopeptides. 

 

vitamin D level (P < 0.01) were observed, while 

PTH was not associated with either BMD     

(P = 0.097) or vitamin D (P = 0.572) concentration. 

The relationship between vitamin D-

calcium intervention and growth parameters, 

circulating concentration of 25OHD, PTH, 

BTMs, and BMD was evaluated by correlation 

and linear regression analyses. There were no 

correlations between 25OHD levels and BMD, 

PTH, and P1NP. But a negative correlation 

between vitamin D concentration and height, 

weight, β-CTx was observed (Table 2). In the 

linear regression analyses, height and β-CTx 

level were significantly associated with 25OHD 

level. However, weight, BMD, P1NP, PTH 

were not associated with 25OHD level (Table 3). 

 
Table 3. Linear regression analysis between vitamin D-calcium supplementation and growth parameter, circulating  

             concentration of 25OHD, BMD, PTH as well as BTMs. 
 
 

Characteristic β coefficients P-value 

Height (cm)                      - 0.397484 0.003 

Weight (kg) 0.017409 0.904 
BMD (g/cm2),                      - 0.061506 0.492 

PTH (pg/mL) 0.015654 0.836 

P1NP (ng/mL) 0.090132 0.331 

β-CTx (pg/mL)                      - 0.317081 0.001 

25OHD, 25-hydroxyvitamin D; BMD, bone mineral density; BTMs, bone turnover markers; P1NP, procollagen type I 

N-terminal propeptide; PTH, parathyroid hormone; β-CTx, β-isomerized C-terminal telopeptides. 

 

4. DISCUSSION 

 

We evaluated the relationship between 

vitamin D and calcium supplementation and 

growth parameters as well as serum concentration 

of 25OHD, BMD, PTH, and BTMs. The mean 

25OHD level significantly increased in both 

genders, with 94.7% of the subjects having a 

normal level after the intervention. The next 

significant change was seen in the improvement of 

BMD, with 89.4% of children within normal range 

after the intervention. The supplementation also 

affected the other factors, with a statistically 

significant increase in height and weight and a 

decrease in P1NP. However, no significant 

effects on β-CTx among boys and PTH levels 

among the two genders were observed. 

The 25OHD level of the participants 

before the intervention, although carrying out on 

a sample of children with abnormal vitamin D 

status, is significantly higher compared to those 

in other geographic regions. Kurth et at. reported 

a mean 25OHD concentration of 47.8 nmol/L 

among children in the 1-17 age group in 

Germany25, much lower than the mean of 66.48 

nmol/L among boys and 65.65 nmol/L among 

girls in our study. The other study conducted  

in Korean children aged 10-18 indicated an 

average 25OHD of 44.2 nmol/L, with 28.1% 

and 78.1% of children having a 25OHD level 

less than 75 nmol/L and 50 nmol/L, respectively26. 

In addition, vitamin D status in regions with 

abundant sunshine such as Middle East was also 

lower in comparison to our study. Saliba et al. 

found a mean serum 25OHD of 50.3 nmol/L 

among boys and 59.9 nmol/L among girls under 

19 years old in Israel27. Even in Vietnam, Laillou 

et al. also reported a lower level of 25 OHD (43.4 

nmol/L) in children aged 0-528. 

The differences between our study and 

these studies may be explained by several 

reasons. First of all, the measurement of 25OHD 

concentration in our study was performed by 

using HPLC/MS that provides a more reliable 

value than chemiluminescent immunoassay (CLIA) 

and radioimmunoassay (RIA) used in the above 

Characteristic r P-value 

Height (cm) - 0.4558                         < 0.01 

Weight (kg) - 0.3703                         < 0.01 
BMD (g/cm2), - 0.1340   0.1009 

PTH (pg/mL) - 0.1374   0.0926 

P1NP (ng/mL) - 0.1323   0.1054 

β-CTx (pg/mL) - 0.3259                         < 0.01 
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studies29. Secondly, the differences may come from 

different latitudes, skin pigmentation, and clothing 

style. Individuals from high latitudes or with 

dark skin require a much greater sun exposure 

time, sometimes impractical, to synthesize the 

standard amount of vitamin D30. Also, people 

with traditional clothing styles, usually in Asian 

countries, were revealed to have lower vitamin D 

status in comparison to those in Western style31. 

Lastly, the differences of vitamin D levels in 

individuals living within the same country may 

be due to lifestyle. Younger children seem to 

have more indoor life due to safety reasons and 

therefore have lower exposure to sunlight.  

Two studies including data from infants 

and toddlers confirmed the improvement     

of serum 25OHD concentration after the 

intervention, although the improvement levels 

were significantly higher compared to our study. 

In the US, 40 children with hypovitaminosis D 

were randomly assigned to one of three treatment 

regimens for 6 weeks32. The treatment was 

found to triple the 25OHD concentration in all 

regimens. In Finland, a similar intervention 

indicated a mean increase by 35 nmol/L, 71 

nmol/L, and 100 nmol/L among infants receiving 

daily 10, 30, and 40 µg vitamin D, respectively, 

for 3 months33. Differences in the dose of vitamin 

D and treatment period are likely to explain the 

outcome differences among these studies. 

The next significant change was seen in 

the improvement of BMD, affecting children with 

both normal and deficiency vitamin D status. This 

effect was inconsistent with findings of the earlier 

review, which observed the BMD improvement 

after calcium-vitamin D supply, statistically, only 

in children with abnormal vitamin D level12. 

Possible explanations for differences in the 

vitamin D affects between our study and the 

previous review may lie in the measurement 

methods of BMD (DXA vs. DXA/pQCT), the 

measured sites (forearm vs. hip, lumbar spine and 

forearm), and the average vitamin D level at 

baseline (66.5 nmol/L vs. 17.7-49.5 nmol/L). 

The relationship between calcium-vitamin 

D supplementation and growth parameters has 

been reported in previous studies. In India, a 

randomized, controlled study performed on 2-5-

year-old children with vitamin D deficiency 

showed an increase in both height and weight34. In 

another randomized controlled study among US 

children aged 12-15 years, an average increase of 

0.9 cm in height was reported, but no significant 

effects of calcium-vitamin D on weight were 

observed35. Possibly, the total dose of calcium-

vitamin D and the follow-up duration in the Indian 

study were appropriate to observe an effect on 

weight, since the participants in this study, at 

baseline, had previously been injected a single 

dose of 300,000 IU vitamin D along with oral 

calcium for 3 months before the official calcium-

vitamin intervention for a duration of 9 months. 

In terms of PTH and BTMs, in children, 

very few studies on the effects of vitamin D and 

calcium have been done so far. A systematic 

review carried out on clinical trials of vitamin D 

supplementation among adults indicated a 

decrease in PTH concentration36. In a study in 

Norway, 399 adults were randomized to either 

20,000 IU of vitamin D per week or placebo for 

4 months37. Although the supplementation did 

decrease the P1NP concentration, it did not 

statistically change the β-CTx level as found 

among girls in our study. Further pediatric 

investigation on the effect of vitamin D and 

calcium supply on PTH and β-CTx should be 

made to confirm our findings. 

Our study has some limitations that 

should be taken into consideration. Firstly,    

the study participants are not a nationally 

representative sample since they are solely 

originated from Can Tho City, Vietnam. On 

another hand, it is impossible to omit the co-

effects of vitamin D and calcium contained in 

dietary (e.g., egg yolks, shrimp, cow’s milk) as 

the ingredients in daily meals vary among 

different families. However, such a low amount 

in dietary is not likely to significantly change the 

post-intervention values. Finally, the dropout rate 

in our study is relatively high (27.8%), mainly 

due to poor adherence to the treatment regimen. 

This might be because the majority of households 

come from rural areas in which many parents 

were with educational limitations. Fortunately, 

the remaining number of participants after the 

intervention (n = 151) did not make the data 

unpowered since the obtained results are still 

consistent with previous studies. However, our 

study has several considerable strengths. To our 

knowledge, it is the first report that evaluates 

the effectiveness of calcium and vitamin D 

intervention on various factors, including 

growth parameters, 25OHD level, BMD, PTH, 

and BTMs, while previous studies separately 

assess the supplementation outcomes on these 

factors. This research offers a comprehensive 

overview of the effects of calcium and vitamin D, 

especially in Vietnam, where very few pediatric 

data have been published. Moreover, a significant 

improvement is made upon completing the study
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as nearly all participated subjects achieve normal 

BMD and 25OHD levels. Additionally, we 

measure the level of 25OHD by using HPLC/MS 

which is considered the gold standard for vitamin 

D testing. The advantages of this method lie in its 

accuracy and improved specificity/sensitivity in 

comparison with CLIA and RIA38. 

In consideration of such an impressive 

improvement in indicating factors of bone health 

after the intervention, awareness should be 

generated about the importance of calcium-

vitamin D and supplementation strategy need to 

be established nationally. A significant increase 

in β-CTx among girls when compared to that of 

boys suggests demand for evaluating the 

contribution of genders in improving β-CTx 

level. In addition, further research assessing the 

effects of calcium-vitamin D intervention on 

PTH in children in Vietnam or in the same 

regional countries need to be conducted to 

validate the results of this study. 

 

5. CONCLUSIONS 

 

In conclusion, this study evaluated the 

effects of vitamin D and calcium on growth 

parameters as well as 25OHD level, BMD, PTH, 

and BTMs. The momentous changes were seen 

in the improvement of 25OHD level and BMD, 

with nearly all children within normal range after 

the intervention. The supplementation also 

affected the other factors, with an improvement 

in height and weight and a decrease in P1NP. 

Further investigation needs to be carried out to 

test the effects of the intervention on β-CTx and 

PTH levels. Our findings offer a comprehensive 

assessment of numerous factors affected by 

calcium and vitamin D supplementation. 
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