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Introduction 
 
Vitamin D deficiency has become a major health 
challenge among many countries in the 21st cen-

tury and is associated with an increased risk of 
several serious chronic diseases. The health bene-

Abstract 
Background: Vitamin D plays an essential role in the regulation of bone metabolism. The current meta-analysis 
aimed to assess the effectiveness of vitamin D fortification on special bone biomarkers. 
Methods: Five main databases (PubMed/Medline, ISI Web of Knowledge, Science Direct, Scopus, Cochrane 
Library as well as Science Direct, and Scopus) were considered for this systematic review, until Jan 2020. All 
randomized controlled trials were included to evaluate the probable relationship between consumption of vita-
min D fortification products and bone biomarkers profile in this review. 
Results: Among serum bone biomarkers (osteocalcin and telopeptides of type-1 collagen) investigated, only the 
level of telopeptides of type-1 collagen significantly decreased after fortification of vitamin D in the intervention 
group. A significant increase in vitamin D was seen in those older than 18 yr old, while the increase in younger 
children was not statistically significant between intervention and control groups. 
Conclusion: Vitamin D fortification was not associated with a significant improvement in bone mass density 
(BMD), while it resulted in decreased PTH levels. Vitamin D fortified foods have some benefits on bone health 
due to increase in the level of vitamin D and IGF-1; and decreasing PTH and CTx levels. 
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fits of this fat-soluble vitamin have been reported 
to include the prevention of chronic diseases, 
including those of the musculoskeletal system 
and bone metabolism (1-3). 
 The main source of vitamin D synthesis in man 
is dermal synthesis following exposure to ultravi-
olet B waves of sunlight (4). Various environ-
mental and cultural factors including season, lati-
tude, use of sunscreens, aging, skin pigmentation 
and even job can affect the number of absorbed 
sunlight rays by the skin and cutaneous synthesis 
of this vitamin (5). Although dietary sources such 
as liver, oily fish and egg yolk are rich in vitamin 
D, they are not routinely consumed in many 
countries and cultures. Only a small portion of 
the daily-required vitamin D can be obtained by a 
non-fortified diet (6). 
 The main biological function of vitamin D is 
regulating calcium absorption and also maintain-
ing bone health. This role is mediated by increas-
ing the intestinal absorption of calcium and 
phosphorus, thus promotion of bone mineraliza-
tion. Osteoporosis, characterized by loss of bone 
density and bone tissue degradation, is one of the 
main complications caused by vitamin D defi-
ciency. Osteoporosis increases the risk of spon-
taneous fractures, especially in the elderly popula-
tion (4). Two specific markers have been recom-
mended as references by the International Feder-
ation of Clinical Chemistry and Laboratory Medi-
cine (IFCC) and the International Osteoporosis 
Foundation (IOF). Serum C-terminal telopeptide 
of type-I collagen (CTx) and serum procollagen 
type-I N propeptide (PINP) are bone markers for 
bone resorption and bone turnover, respectively 
(7). 
 Because of the high prevalence of vitamin D in-
sufficiency and deficiency (8), and the wide spec-
trum of morbidities that can occur due to defi-
ciency of this vitamin, food fortification has been 
considered in many countries in recent years, and 
some clinical trials have been carried out aiming 
at investigating the clinical effects of vitamin D 
fortification (9). The current review focuses on 
vitamin D fortified products and the subsequent 
health outcomes on the musculoskeletal system, 
using meta-analysis of randomized controlled 

studies. The most recent systematic review cover-
ing a similar topic was published by Tangestani et 
al. (4). There are two main differences between 
their paper and the current review. One is the 
timescale covered by our review, and the other 
relates to the types of studies, with the require-
ment to have a control group and to include 
studies in which vitamin D was used alone (or 
plus calcium), without other nutrients. 
The aim of the current meta-analysis was to as-
sess the effectiveness of vitamin D fortification 
on serum bone biomarkers. 
 

Methods 
 
Strategy of literature search 
This systematic review was conducted based on 
the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) guidelines 
(10). The primary outcome of interest was change 
in bone measurements and the primary interven-
tion was consuming vitamin D fortified food. To 
find the related articles, five main scientific data-
bases (PubMed/Medline, ISI web of knowledge, 
Cochrane Library, Science Direct, and Scopus) 
were searched and then the search was completed 
by finding more articles in Google scholar. The 
search was done without any time limits until Jan 
2020 using the combination of keywords as fol-
lows: “vit D” or “vitamin D” combined with 
“fortified” or “fortification” or “fortified food” 
or “fortifi*”. Search strategy was adapted for 
each database. To avoid missing any article, we 
searched broadly and did not use bone-related 
terms in the selected keywords. 
 
Selection criteria and Data extraction 
All English studies that evaluated the impact of 
vitamin D fortified food on bone measurements 
were enrolled. The inclusion criteria were: 1) ran-
domized controlled trials, 2) subjects in interven-
tion group consumed vitamin D (or calcium-
vitamin D) fortified food and in control group 
received unfortified food (or a regular diet) for at 
least one month, 3) containing quantitative data 
about the mean change of bone measurements in 
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each group (or providing the mean and standard 
deviation of bone measures at baseline and in 
different time points of the study). The exclusion 
criteria were as followed: i) book chapters, edito-
rials, review articles and abstracts presented in 
congresses (without any full texts), ii) studies with 
multi-nutrient fortified product in the interven-

tion group, iii) studies with the use of fortified 
product in the control group. Duplicate studies 
were removed by title and abstract screening (Fig. 
1). 
Two reviewers (M.E and R.S) extracted the im-
portant information of each article. The extracted 
data is shown in supplementary table. 

 

 
 

Fig. 1: Flow diagram of the study selection 

 
Quality assessment and Synthesis of data 
The Jadad scale was used for quality assessment 
of the articles (11). In this scale, there are ques-
tions about randomization, drop-out and blind-

ing. If an article scored 3 or more, it is considered 
as good quality (12). 
 In order to calculate the effect size, the mean 
difference and standard deviation (13) of differ-
ence were extracted. 
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 If the data were only presented as a graph, we 
used the GetData Graph Digitizer 2.24 to extract 
the needed data (14-16). Moreover, to determine 
the influence of variables such as duration of inter-
vention and age groups, subgroup analysis was con-
ducted. 
 
Publication bias 
To assess the publication bias, the funnel plot 
asymmetry and Egger`s regression test were used. 
Trim and fill analysis was conducted in the case 
of probable evidence of publication bias. We 
used Comprehensive Meta-Analysis (CMA) V2 
software to conduct the meta-analysis (17). 
 

Results 
 
Summary of searches and study selection 
process 
We identified 4780 citations of which 2414 arti-
cles remained after removing duplicates. Like-
wise, by reviewing the reference list of related 
publications, seven articles were added to the list. 
Overall, 2421 citations were screened by title and 
abstracts, of which 165 records remained after 
excluding irrelevant study type/intervention. Af-
ter full-text assessment, 116 records were exclud-
ed. We also removed nine records with the same 
dataset or repeated outcomes. Finally, 40 studies 
were included in the meta-analysis (Fig. 1). 
According to the JADAD score, 13 studies ob-
tained a complete Jadad score (complete 5 
scores). The quality was inadequate (<3) in 8 
studies, while others had a score of three or more 
(supplementary table). 
 
Characteristics of the included studies 
The characteristic summary of included studies is 
shown in supplementary table. These items were 
published between 1995 and 2019, and were 
from fourteen different countries. Participants in 

seventeen studies were only females (5, 18-33) 
and in two studies were only males (34, 35). Eight 
studies addressed children and adolescents (36-
43). The mean age of subjects varied from 2 yr 
(42) to 84 years (18). The duration of interven-
tion varied from one month (44) to thirty months 
(23-25). Interventions varied by calcium addition, 
dosages, and food staples including seventeen 
reports that used vitamin D alone (5, 13, 18, 22, 
29-33, 38, 39, 41, 42, 44-49) and the rest of the 
studies used calcium plus vitamin D to fortify 
food staples. The dosage of vitamin D fortifica-
tion varied from 40 IU/d to 28000 IU/d. Dairy 
products were the dominant fortified foods used 
in most studies, while others used fortified or-
ange juice, bread, biscuit and snack bars. 
 
Pooled estimate of the effect of vitamin d for-
tified food intake 
 
Bone biomarkers 
 In the pooled analysis of eight reports, serum 
telopeptides of type-1 collagen (C-terminal: CTx) 
were significantly decreased in the intervention 
groups (difference in means=-0.027, P-
value=0.018, CI 95%: -0.05 to -0.005). Only one 
study included 2-8-yr-old children (42). By con-
ducting sensitivity analysis, by omitting this study 
the corresponding point estimate was not signifi-
cantly altered, suggesting stability of the results. 
In contrast, serum osteocalcin did not alter signif-
icantly (difference in means=0.803, P-
value=0.279, CI 95%: -0.65 to 2.255) (Fig. 2). 
Subgroup analysis revealed that the results were 
similar in adolescents and older population. The 
duration of intervention was more than six 
months in only two studies (20, 37), which did 
not indicate different results in comparison with 
studies of less than six months of interventions 
(Table 1). 
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Fig. 2: Forest plot for the assessing the relationship between using vitamin D fortified food and a) telopeptides of 

type-1 collagen (C-terminal: CTx); b) serum osteocalcin. 
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Table 1: Pooled estimation of vitamin D fortified food intake on Bone Mass Densitometry, hormones and bone 
biomarkers 

 

Variable Difference in 
means 

Lower limit Upper limit P-value 

BMD 
Total 0.008 -0.014 0.03 0.467 
Femoral neck -0.008 -0.034 -0.017 0.516 
Lumbar 0.006 -0.008 0.02 0.384 
Spine 0.081 0.047 0.116 <0.001 
Pelvis 0.005 -0.001 0.012 0.12 
Arms 0.024 -0.023 0.072 0.315 
Legs -0.003 -0.015 0.009 0.662 

Hormones 
Vitamin 
D 

Subgroup* 16.518 11.618 21.418 <0.001 
Duration of 
intervention 

≤ 6 months 18.074 12.23 23.918 <0.001 
> 6 months 10.938 4.009 17.867 0.002 

Age groups < 18 year-
olds 

8.686 -0.497 17.869 0.064 

≥ 18 year-
olds 

19.453 12.859 26.048 <0.001 

PTH Subgroup* -5.148 -7.341 -2.955 <0.001 
Duration of 
intervention 

≤ 6 months -5.158 -7.777 -2.539 <0.001 
> 6 months -4.854 -8.749 -0.96 0.015 

Age groups < 18 year-
olds 

-8.262 -13.497 -3.02 0.002 

≥ 18 year-
olds 

-4.181 -6.503 -1.859 <0.001 

IGF1 42.789 14.607 70.971 0.003 
Bone biomarkers 

Ctx -0.027 -0.05 -0.005 0.018 
OC Subgroup* 0.803 -0.65 2.255 0.279 

Age groups < 18 year-
olds 

3.886 -3.165 10.936 0.28 

≥ 18 year-
olds 

0.381 -1.099 1.861 0.614 

*Subgroup analysis conducted if there were at least three articles in each subgroup 

 
Hormones 
Pooled estimation for serum vitamin D levels 
showed a significant increase in serum vitamin D 
in the intervention vs. control groups (difference 
in means=16.518 nmol/L, P-value<0.001, CI 
95%: 11.618 to 21.418). Subgroup analysis ac-
cording to duration of intervention indicated that 
there are no significant differences in the serum 
vitamin D levels if the duration of intervention 
was less or more than 6 months. Furthermore, 
the significant increase in vitamin D was seen in 

those older than 18 yr old (difference in 
means=19.453, P-value<0.001, CI 95%: 12.859 
to 26.048), while the increase in those younger 
than 18 was not statistically significant between 
intervention and control groups (difference in 
means=8.686, P-value=0.064, CI 95%: -0.497 to 
17.869). Meta-regression did not show statistically 
significant associations between mean difference 
of vitamin D level and latitude of where the study 
was undertaken (P=0.37) (Figs. 3,4). 
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Fig. 3: Forest plot for the assessing the relationship between using vitamin D fortified food and a) Serum 25(OH)D; 

b) IGF1 
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Fig. 4: Meta-regression between the effect of latitude on serum vitamin D 

 
The analysis of serum PTH in 25 reports showed 
a significant effect of the intervention (difference 
in means=-5.148, P-value<0.001, CI 95%: -7.341 
to -2.955); serum PTH level decreased signifi-
cantly after the intervention. Subgroup analysis, 
according to age categorization, indicated that the 
point estimates were similar in both older and 
younger than 18-year-old participants (-4.181 vs. 
-8.262 respectively). More data on subgroup anal-
ysis is shown in Table 1. 
Pooled results showed a significant difference for 
serum IGF-1 in favor of the intervention groups 
(difference in means=42.789, P-value=0.003, CI 
95%: 14.607 to 70.971) (Fig. 3). The results of the 
studies conducted by Zhu et al. and Lu J.X. are 
different from the other studies. These two stud-
ies were in children (< 15-year-old) (37, 43), 
while the other studies were in participants older 
than 50-year-old. Sensitivity analysis indicated 
that by omitting these studies the pooled estimate 
was still in favor of intervention (Difference in 
means=9.38, P-value=0.008, CI 95%: 2.48 to 
16.29). 
 
Bone Mass Density (BMD) 
Pooled estimation of fortified food intake (vita-
min D intervention groups versus placebo 
groups) on all evaluated BMD such as total, fem-

oral neck, and lumbar BMD are shown in Table 
1. The analysis indicated that vitamin D fortifica-
tion was not associated with a significant increase 
in BMD in each specific anatomical site except 
spine significant improved in the intervention 
group (difference in means=0.081, P-
value<0.001, CI 95%: 0.047 to 0.116). 
 
Publication bias 

Publication bias was assessed by Egger`s test. We 
did not find any evidence of publication bias for 
most of the outcomes of interest such as OC 
(P=0.9), CTx (P=0.22) and BMD (P=0.1). How-
ever, the P-value of the Egger test was <0.05 for 
serum PTH and 25(OH) D. We used trim and fill 
method to adjust the asymmetry of the funnel 
plot. For serum PTH, the imputed estimate (dif-
ference in means: -3.88; 95% CI -6.05 to -1.7) 
was the same as previous cumulative effect (dif-
ference in means: -5.14) which indicates that the 
results were robust. 
For serum 25 (OH) vitamin D, adding imputed 
studies to the funnel plot, made it symmetrical. 
This indicates that if some negative unpublished 
studies exist, the final point estimate did not 
change substantially. A Funnel plot of the 25 
(OH) vitamin D is shown in Fig. 5. 

http://ijph.tums.ac.ir/


Iran J Public Health, Vol. 51, No.2, Feb 2022, pp.278-291  

 

286  Available at:    http://ijph.tums.ac.ir                 

 

 
Fig. 5: Trim and Fill analysis of the funnel plot of 25(OH) vitamin D to adjust for asymmetries. Solid points indicate 

imputed studies 

 

Discussion 
 
This meta-analysis indicated an overall beneficial 
effect of vitamin D fortified foods in increasing 
serum IGF1 and decreasing serum PTH and 
CTx, while its effect on osteocalcin and bone 
mass density was not remarkable. 
It is of interest to find the association between 
vitamin D fortification and health outcomes in 
the musculoskeletal system and bone biomarkers. 
There was increasing evidence that vitamin D 
plus calcium supplementation reduces the risk of 
bone loss and fracture (50). While, the optimal 
vitamin D status and whether vitamin D fortifica-
tion should be considered alone or in combina-
tion with calcium, remains controversial (51). 
In this current meta-analysis, no statistically sig-
nificant effect on BMD was found after vitamin 
D fortification, apart from in the spine. The re-
sults may be influenced by the small sample size 
because the spine BMD was only reported in two 
studies (19, 23). Vitamin D supplementation was 
associated with an increase in BMD in the femo-
ral neck (52). These results may be due to the 

aspects of the study population or the vitamin D 
dosage used across trials. A higher dose of vita-
min D may be required to achieve the potential 
benefits, which is inconsistent with US Preven-
tive Services Task Force guidelines (53). 
 The effects of vitamin D fortification on serum 
osteocalcin and telopeptides of type-1 collagen 
were also investigated in this review. The level of 
telopeptides of type-1 collagen was significantly 
decreased in the intervention group in compari-
son to the control group, but the level of oste-
ocalcin was decreased more (but not significantly) 
in the control group in comparison to the inter-
vention group. 
Reduced levels of serum osteocalcin and in-
creased level of serum telopeptides of type-1 col-
lagen are associated with vitamin D deficiency 
(54). Osteocalcin is a protein synthesized by os-
teoblasts and is a specific and sensitive serum 
marker of bone turnover and formation (55). Al-
teration in serum osteocalcin and serum markers 
of collagen turnover in response to supplementa-
tion occur within two weeks (56). Vitamin D 
supplementation might increase the expression of 
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osteocalcin (57), however, vitamin D supplemen-
tation did not alter serum osteocalcin which is 
inconsistent with our results on vitamin D fortifi-
cation (57-59). Moreover, the pretreatment level 
of vitamin D should be evaluated before as-
sessing the effect of vitamin D fortification on 
bone turnover markers. 
In addition, current meta-analysis revealed that 
there is a significant reduction in serum PTH lev-
el after consumption of vitamin D fortified 
products. PTH is an important hormone in bone 
remodeling associated with vitamin D levels. Alt-
hough studies revealed that, there is a significant 
relationship between PTH levels and BMD but 
this association is still controversial (60-62). 
Insulin-like growth factors (IGFs) are important 
factors in bone remodeling and bone cell prolif-
eration. Studies have demonstrated a positive as-
sociation between serum IGF and vitamin D lev-
el and BMD which is inconsistent with the results 
of this meta-analysis, in which we found a signifi-
cant increase in this marker after using vitamin D 
fortified foods (63, 64). 
As expected, the serum level of vitamin D in-
creased significantly in those who consumed vit-
amin D fortified foods. This increase was smaller 
in adolescents and children (younger than 18-
year-old). This could be due to the higher need 
for vitamin D related to the rapid growth and 
higher metabolic rate in this age group. There-
fore, to reach a higher serum level of vitamin D 
in children and teens, perhaps higher doses of 
fortification or more servings should be con-
sumed. 
The strengths of this meta-analysis include the 
broad inclusion of randomized controlled trials 
and there were no time limitations for including 
studies. Moreover, we did not include studies 
with interventions other than fortifying vitamin 
D, or vitamin D plus calcium, to explore the spe-
cific net effect of this vitamin in fortified prod-
ucts. 
There are some limitations of this study. First, we 
only included English language manuscripts. Sec-
ond, different experimental groups were investi-
gated with respect to the age and gender-related 
inclusions across trials. About the population 

characteristics, it should be noted that some arti-
cles assessed the vitamin D fortification on dia-
betics or post-menopausal women, while others 
evaluate its effect on healthy adults or children. 
Moreover, due to the heterogeneity in latitudes 
and season of study interventions, the net effects 
of vitamin D fortification in this report may have 
difference. 
Finally, calcium, magnesium and phosphorous 
are all necessary nutrients for bone and should be 
considered in study design. Moreover, publica-
tion bias is an inherent limitation of any meta-
analysis. Therefore, the result of the current me-
ta-analysis may be affected by this bias as well. 
 

Conclusion 
 
More clinical data about the relationship between 
consumption of vitamin D fortified products and 
BMD as well as bone markers are needed. Based 
on the results of the current meta-analysis, con-
sumption of vitamin D fortified food significant-
ly increases vitamin D levels, regardless of the 
duration of intervention and latitude. It could 
also significantly increase IGF-1 and reduce PTH 
and CTx, while its effect on osteocalcin is not 
remarkable. 
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