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Abstract

Background: Meta-analyses on effect of vitamin D intake of both vitamin D interventions (supplementation and
fortification) on vitamin D status are lacking. Aim and Objectives: This study aimed to evaluate the effect of consuming
Vitamin D fortified products and Vitamin D supplements on improving serum 25-hydroxyvitamin D in healthy people.
Material and Methods: A systematic search was performed in three databases, including PubMed/Medline, Scopus,
and Web of Science up to January 2024. The randomized controlled trials that compared the usage of Vitamin D
supplements and Vitamin D-fortified products on levels of serum 25-hydroxyvitamin D were eligible for inclusion in
this study. Studies that provided insufficient outcomes were excluded. Results: Meta-analysis was conducted using a
random-effect model. Subgroup analysis was used to identify the sources of heterogeneity. The initial search strategy
yielded 1,747 studies. After removing duplicates, a total number of six eligible articles were included in the meta-
analysis. Both Vitamin D supplementation [WMD: 35.67; 95% CI: (25.52, 45.82); P < 0.001; (I'= 96.4%, Py cerogencity
0.001) and Vitamin D fortification [WMD: 34.84; 95% CI: (25.91, 43.78); P < 0.001; (I'= 98.4%, P <0.001)]
significantly increased serum 25-hydroxyvitamin D levels. The results did not change based on the study location,

heterogeneity

duration, type of vehicle, dose of the fortification, gender, and number of participants' subgroups. Conclusion: Both
Vitamin D fortification and Vitamin D supplementation can significantly increase 25-hydroxyvitamin D concentration.
Policymakers might use these findings to tackle Vitamin D deficiency through supplementation and food fortification
strategy.
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Introduction

Vitamin D is an essential nutrient for calcium
absorption and bone health [1]. According to the
US Institute of Medicine (IOM) serum 25-
hydroxyvitamin D[25(OH)D] levels < 30 nmol/
1(12 ng/mL) is considered as Vitamin D deficiency.
Recently published study reported global
prevalence of Vitamin D deficiency as 15.7% [2-3].

In some countries, such as India, the prevalence of
VDD was more than 90% in adolescence . Due to
the limited availability of natural food sources rich
in Vitamin D, such as fish, egg yolk, and some wild
mushrooms, as well as low dermal synthesis of
Vitamin D from exposure to sunlight year-round
[1], therapeutic supplementation and food
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fortification are the commonly used strategies for
improving Vitamin D status [4-5]. Having a
healthier lifestyle with more outdoor activities and
optimal nutrition definitely improve Vitamin D
status but will not eliminate Vitamin D deficiency.
Sunlight exposure must be balanced with regard to
potential negative consequences, such as risk of
developing skin cancer [6]. Although the use of
supplementation strategy was considered to
improve Vitamin D status, particularly in high-risk
subgroups, there are several related challenges such
as ensuring population coverage, adherence, cost-
effectiveness, regular usage, sustainability and risk
for overdosing. Systematic Vitamin D food
fortification is, however, an effective approach to
improve Vitamin D status in the general population,
and is recognized as a cost-effective nutrition
intervention, especially for low- and, middle-
income countries [6-7]. In this regard, the main
challenges to the implementation of these strategies
include uncertainty about the ideal dosage, as well
as timing and duration of interventions for various
population groups. Furthermore, due to the lack ofa
single guideline for each country, it is difficult to
compare the effectiveness of interventions [8]. This
study aimed to evaluate the effect of consuming
vitamin D fortified products and vitamin D supple-
ments on improving serum 25-hydroxyvitamin D
in healthy people.

Method and Materials

Search strategy

The present study was designed and reported based
on the Preferred Reporting Items of Systematic
Reviews and Meta-Analysis (PRISMA) guideline.
The protocol of the study was approved by the
deputy for research at Tabriz University of Medical
Sciences, Tabriz, Iran (reference number: IR.
TBZMED.REC.1400.653). To identify the relevant

articles, a systematic search was carried out in such
electronic databases as Scopus, PubMed/Medline,
Web of Science, from inception up to January 24,
2024 using the following search strategy:

("Vitamin D" OR "Ergosterol" OR "Cholecalci-
ferol") OR ("Vitamin d"[Title/Abstract]) OR
("cholecalciferol"[Title/Abstract]) OR ("hydroxy-
cholecalciferol"[Title/Abstract]) OR (ergocalci-
ferol[ Title/Abstract]) OR ("25-hydroxyvitamin
D2" [Title/Abstract]) OR ("Vitamin D3"[Title/
Abstract]) OR ("hydroxycholecalciferol" [Title/
Abstract]) OR ("calcifediol"[Title/ Abstract]) OR
(calcidiol[Title/Abstract]) OR ("25-hydroxy-
vitamin d"[Title/Abstract]) OR (25(OH)D [Title/
Abstract]) OR ("1,25-dihydroxyvitamin D"[Title/
Abstract]) OR (calcitriol[ Title/Abstract]) OR (25-
hydroxycholecalciferol[ Title/Abstract]) OR (25-
OH Vitamin D3[Title/Abstract]) AND ("rando-
mized controlled trial"[Publication Type]) OR
("controlled clinical trial"[Publication Type]) OR
(random*[Title/Abstract]) OR (group*[Title/
Abstract]) OR ("clinical trial"[Title/Abstract]) OR
("randomized controlled trial"[Title/Abstract]) OR
("controlled clinical trial"[Title/Abstract]) OR
("placebo"[Title/Abstract])) AND (oral[Title/
Abstract]) OR (supplement*[Title/Abstract]) OR
("Mouth")AND (fortif*[Title/Abstract]) OR
("Food, Fortified") OR "Biofortification"). Wild-
card term "*" was used to promote more sensitive
search.

Study selection

The inclusion criteria were: randomized controlled
trials (RCTs) with a quasi, parallel, or cross-over
design, studies focusing on simultaneous review of
Vitamin D supplementations and Vitamin D
fortified foods, studies with adequate information
to compare the interventions at the baseline and
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end of the trial, and studies with a control group.
The exclusion criteria were: in-vitro and in-vivo
studies, animal studies, duplicate, observational
studies, reviews, letters, conference abstracts or
case-reports, studies with Vitamin D supplemen-
tation along with another ingredient, and studies
including pregnant and lactating mothers (Table 3).

Data extraction

After excluding all the irrelevant articles, the full
text of the included articles was reviewed. Two
investigators retrieved the required data using
standard extraction table independently (BA and
SK) and any discrepancy was solved by the third
author (MA). The following information was
extracted: 1) author's name, 2) publication date, 3)
study location, 4) sample size, 5) study design, 6)
mean age, 7) dosage, 8) duration of Vitamin D
interventions, 9) study participants in Vitamin D
supplementation, fortification, and control groups,
and 10) change in mean + standard deviation
before and after interventions in both intervention
and placebo groups.

Quality assessment

The included studies were evaluated for methodo-
logic quality by two investigators (BA and RKH)
independently. Cochrane Collaboration's tool for
assessing risk of bias was employed to assess
quality of selected studies '[9]. Based on the
recommendations of the Cochrane Handbook, the
included studies were rated as high, low, and
unclear risk of bias.

Statistical analysis

Statistical analysis was conducted employing
random-effects model via restricted maximum
likelihood method. Chi-square (Q) and I’ statistics
were used to estimate heterogeneity between stu-
dies [10], so that I’> 50% indicated a high heteroge-

neity. We calculated the mean changes in Standard
Deviation (SD) before and after (baseline serum
vitamin D levels, final serum vitamin D levels) the
intervention in Vitamin D supplementation, forti-
fication, and control groups to estimate the effect
size with a 95% Confidence Interval (CI). In cases
where means = SD of studies were reported as
figures, data were converted to numerical values via
Graph Digitizer software. Since the number of
included studies in the meta-analysis was less than
10, only subgroup analysis was applied to evaluate
potential heterogeneity sources. Prespecified sub-
group analysis was performed to report the effect
sizes across Vitamin D dosage, study location,
gender, treatment duration, and fortification vehi-
cles. A sensitivity analysis was conducted by
leaving out one study at a time to investigate the
influence of any individual study on the outcome.
To investigate the small study effect, Begg's
adjusted rank correlation tests were used.
Furthermore, publication bias was assessed by
visual inspection of funnel plot. In case of the
presence of small study effect or publication bias,
trim-and-fill analysis was performed. After adjust-
ment for multiple comparisons where applicable, p
< 0.05 was considered as significant. All statistical
analysis was performed using STATA 17.0.

Results

Study selection

Out of a total of 1,747 relevant articles identified in
the initial search, 957 duplicates were
removed.The 790 remaining records were
screened, and 770 articles were excluded due to
following reasons: unrelated title and abstract
(n=689), animal studies (n=53), review studies
(n=28). Consequently, 20 relevant publications
remained for full-text evaluation. Fourteen studies
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were excluded because of a lack of required data
reporting and other necessary information as
outlined in inclusion/exclusion criteria. Ultimately,
six articles met the eligibility criteria and were
included in the meta-analysis (Figure 1).

Study characteristics

The characteristics of included studies are presen-
ted in Table 1. All six studies reported the impact of
Vitamin D supplementation and Vitamin D fortifi-
cation in improving 25(OH)D concentration [11-
16]. Sample sizes ranged from 7 to 32 participants
(total sample size in intervention group: 146,
control group: 132).

Due to the difference in the type of intervention, we
included 2-effect size in the meta-analysis of the
supplementation group for the studies by Itkonen et
al., (2016) and Wagner et al., (2008) and in the
fortification group for studies by Natri et al., (2006)
and Wagner et al., (2008) [12, 14, 16]. The dosage
of the Vitamin D interventions was 400-4000
International Units (IUs). Also, only one trial
reported the use of ergocalciferol (Vitamin D2)
[12], and five trials used cholecalciferol (Vitamin
D3). The type of intervention across the included
studies was a combination of supplementation and
fortified foods with a control group. Initial and
final serum 25(OH)D concentration was reported
in all the six trials. The Vitamin D delivery vehicle
was different, so that three trials used bread and
three trials used canola oil, cheese, and yogurt. The
duration of the intervention ranged from 3 to 8
weeks. While two trials included only women, four
trials included both men and women (Table 2).

Quality of studies

The results of quality assessment of the included
articles were reported according to the Cochrane
Collaboration's risk of bias tool (Table 3). Random

allocation and proper blinding were observed in
three and six studies, respectively. There was no
selective reporting bias in the included articles.

Intervention efficacy and subgroup analyses
Impact of Vitamin D supplementation in
improving serum 25-hydroxyvitamin D levels
The results of meta-analysis showed that Vitamin D
supplementation had an increasing effect on
25(OH)D levels. The serum 25(OH)D weighted
mean difference from the random-effects analysis
was 35.67 nmol/L [WMD: 35.67 nmol/L, 95% CI:
25.52,45.82; p<0.01] (Figure 2A). High between-
study heterogeneity was observed due to the large
variation in the study designs (I'= 96.4%, p <
0.001). Study location, dosage, and duration were
recognized as the sources of heterogeneity follow-
ing subgroup analysis (Table 4). Subgroup analysis
showed significant effects of Vitamin D supple-
mentation on improving 25(OH)D levels in
dosages of 10, 25, and 100 nmol/l in all the studied
countries, as well as in females and both gender sub-
groups. However, using sensitivity analysis through
removing each of the studies conducted by Itkonen
et al., (2016), Natri et al., (2006), Nikooyeh et al.,
(2016), Nikooyeh et al., (2023), Ghasemifard ez al.,
(2022) and Wagner et al., (2008) the overall results
of the meta-analysis did not change (p < 0.05) [11-
16]. No significant small study effect was observed
between studies using Begg's test (p = 0.386). In
addition, visual inspection of funnel plot showed
that there was a between-study publication bias
(Figure 2B). Due to the presence of asymmetry in
funnel plot, trim-and-fill analysis was performed,
and the use of imputed effect size (in two studies) de-
creased the asymmetry observed in the funnel plot
(WMD: 29.51;95% CI: 14.56, 44.46; p <0.05).
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Impacts of Vitamin D food fortification in
improving serum 25-hydroxyvitamin D levels

The results of meta-analysis revealed that Vitamin
D food fortification had a significant effect on
improving 25(OH)D levels [WMD= 34.84 nmol/l;
95% CI: 2591, 43.78; p < 0.001] (Figure 2C).
Between-study heterogeneity was significant (I'=
98.4%, p < 0.001) where study location, dosage,
duration, and vehicle type were recognized as the
source of heterogeneity following subgroup
analysis (Table 4). Subgroup analysis revealed that
bread, cheese, canola oil, and yogurt, as Vitamin D

fortification vehicles in dosages of 10, 25, and 100
nmol/l, had a greater effect in increasing 25(OH)D
levels in all the countries studied, as well as in both
gender subgroups. There was no significant small
study effect on the results using Begg's model (p =
0.1). However, visual inspection of funnel plot
revealed that there was a between-study publica-
tion bias (Figure 2D). Interestingly, after perfor-
ming trim-and-fill analysis, the overall results
were statistically significant (WMD= 35.68
umol/l; 95% CI: 18.67, 52.69; p <0.05).
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Figure 1: Flow chart of study selection for inclusion trials in the meta-analysis
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Table 1: Characteristics of the included studies in the meta-analysis

Author Locationl Gender| Inter- |Control| Dosage [Duration/| Vehicle Intervention Mean age in |Mean age in
vention [number| (micro-| week type intervention | placebo
number gram) group group

Itkonen | Finland | F 9 7 25 8 Vitamin D2 25.6+4.2 249+4.8

etal. [22] supplementation

(2016)

8 7 Vitamin D3 30.8+3.7 | 249+438
supplementation
9 7 Bread Fortification 25.6+4.2 27.6+6

Natri et | Finland | F 11 9 10 3 Vitamin D3 31,1+ 1.8 29.0+ 1.7

al. [24] supplementation

(2005)

11 9 Wheat Fortification 28.8+1.8 29.0+1.7
10 9 Rye Fortification 273+60.6 | 29.0+1.7

Nikooyeh| Iran FM 30 30 25 8 Vitamin D3 37.3+109 | 394+11.6

et al. [25] supplementation

(2016)

30 30 Fortification 372+105 | 394+11.6

Wagner | Canada | F/M 20 10 100 8 Vitamin D3 23.6+63.5 | 24.6+45

et al. [26] supplementation

(2008)

20 20 Cheddar cheese | Fortification 23.6+63.5 | 24.6+45
10 20 Low-fat Fortification 30.6+11.7 | 24.6+4.5
cheddar cheese

Ghase- Iran FM 31 32 25 12 Vitamin D3 25.7+3.88 |25.60+3.99

mifard et supplementation

al. [23]

(2022) 30 32 Canola oil Fortification 248 +3.75 [25.60 +3.99

Nikooyeh| Iran FM 27 27 25 8 Vitamin D3 41.0+7.6 | 40.9+10.1

etal. [21] supplementation

(2023)

27 27 Yogurt Fortification 450+5.6 | 44.1+6.6
© Journal of Krishna Institute of Medical Sciences University 10
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Table2: Description of interventions and total S-25(OH)D' concentrations in six randomized
placebo-controlled trials in healthy adults

Reference Inter- "Mean- | ’‘SD- Mean- SD- Mean- | SD- | Mean- | SD-
vention |25(OH)D|(25(0OH)D|25(OH)D|25(OH)D| 25(OH) [250OH)D |250H)D|250H)D
type baseline | baseline | baseline | baseline | D Final | Final Final Final

Intervention Placebo Intervention Placebo

Itkonen et al., (2016) Forti- 63.5 11.3 66.2 18.6 51.76 2.47 23.2 348

fication

66.3 14.8 66.2 18.6 68.8 3.18 23.2 3.48

Natri et al., (2006) 29.6 2.6 27.1 3.7 50.07 1.63 27.18 2.9
Nikooyeh et al., (2016) 35 38.7 34.7 30.5 63.9 31 24.5 21.8
Wagner et al., (2008) 55.7 21.2 57.6 28.7 111.36 | 8.49 50.37 5.84

534 40.1 57.6 28.7 111.36 | 8.49 50.37 5.84

Ghasemifard et al., (2022) 30.24 14.29 31.62 1432 | 35.27 12.6 31.01 | 11.41

Nikooyeh ef al., (2023) 31.8 18.9 332 27.8 62.3 20.8 25.7 21.8

Itkonen et al., (2016) Supple- 64.6 15.1 66.2 18.6 51.76 2.47 23.2 3.48

- mentation

Natri et al., (2006) 29 3 27.1 3.7 44.73 3.66 27.18 2.9
28.9 3.5 27.1 3.7 46.33 2.85 27.18 2.9

Nikooyeh et al., (2016) 33.9 21.9 34.7 30.5 72.9 23.1 25.4 21.8

Wagner et al., (2008) 50.7 18.9 52.4 22.7 116.13 | 6.36 50.37 5.84

57.5 18.4 524 22.7 12621 | 9.01 50.37 5.84

Ghasemifard et al., (2022) 30.8 10.66 31.62 14.32 33.65 10.28 31.1 11.41

Nikooyeh et al., (2023) 39.7 13.6 36.9 23.5 70.6 19.2 32.9 252
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Table3: Results of quality assessment of six included studies showed
using Cochrane Collaboration's risk of bias tool

Itkonen et al., (2016) + ? + ? + |+ ?
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Figure 2A:Forest plot detailing weighted mean difference and 95% confidence intervals (CIs) of the
effect of vitamin D supplementation strategy on S-25(OH)D
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Figure 2B: Funnel plot of effect of Vitamin D supplementation strategy on serum 25(OH)D
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Figure 2C:Forest plot detailing weighted mean difference and 95% confidence intervals (CIs) of the
effect of vitamin D fortification strategy on S- 25(OH)D
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Figure 2D: Funnel plot of effect of Vitamin D fortification strategy on serum 25(OH)D
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Table 4: Subgroup analyses of vitamin D supplementation and fortification on 25(OH)D

Number of 'WMD (95%CT) p Heterogeneity
effect sizes P heterogeneity r
Vitamin D supplementation
Overall effect 8 | 35.67(25.52,45.82) | <0.001 <0.001 96.4%
Study location
Finland 3 31.15(15.96,46.33) | <0.001 0.001 86.2%
Iran 3 27.42(2.37, 52.46) 0.032 <0.001 98.4%
Canada 63.55(50.16, 76.94) | <0.001 0.87 0.00%
Dose (ug/day)
10 20.39(19.04, 21.73) | <0.001 <0.001 0.0%
25 5 31.56(12.49, 50.62) | <0.001 <0.001 97.3%
100 63.55(50.16, 76.94) | <0.001 0.87 0.0%
Sex
Both 5 -11.26(-21.9, -0.63) | <0.001 0.001 97.7%
Female 3 -13.80(-24.99, -2.62) | <0.001 <0.001 86.2%
Vitamin D food fortification
Overall effect 8 | 34.84(25.91,43.78) | <0.001 <0.001 98.4.2%
Study location
Finland 3 16.81(14.54, 19.13) | <0.001 0.048 67.0%
Iran 3 28.75(-0.12, 57.63) 0.05 <0.001 99.1%
Canada 69.00(61.93,76.07) | <0.001 0.65 0.0%
Dose (ug/day)
10 2 16.50(14.84, 18.17) | <0.001 0.1 61.1%
25 29.08(4.62, 53.53) 0.02 <0.001 98.7%
100 69.00(61.93, 67.07) | <0.001 0.65 0.00%
Vehicle
Bread 4 26.51(18.87,34.15) | <0.001 <0.001 97%
Cheese 2 69.00(61.93,76.07) | <0.001 0.65 0.0%
Canola oil 1 3.37(0.58, 6.15) 0.018 <0.001 0.0%
Yogurt 1 34.90(29.50, 40.29) | <0.001 <0.001 0.0%
Sex
Both 44.71(17.80,71.62) | <0.001 <0.001 99.1%
Female 3 16.84 (14.54, 19.13) 0.280 0.048 67%

'"WMD; Weighed Mean Difference, I'; chi square.
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Discussion

This is the first meta-analysis comparing the effects
of Vitamin D supplementation and fortification on
improving the serum 25(OH)D concentration.
Based on the results reported in the included
studies, Vitamin D supplementation revealed a
significant positive relationship in increasing the
serum 25(OH)D concentration. Moreover, sub-
group analysis indicated a significant increasing
effect of the Vitamin D supplementation in dosages
of 10, 25, and 100 nmol/l. In addition, Vitamin D
fortification had a significant positive relationship
with serum 25(OH)D concentration. Subgroup
analysis by type of vehicle and sex showed a signi-
ficant positive correlation in bread, cheese, canola
oil, and yogurt regardless of country and sex in the
dosages of 10, 25, and 100 nmol/I.

Previous review studies conducted by Balachandar
et al., explored the relative efficacy of vitamin D2
and vitamin D3 on improving the serum concen-
tration of vitamin D metabolites and indicators on
1277 healthy human. The results of study showed
vitamin D3 intervention was more efficacious in
raising serum vitamin D levels and regulating PTH
levelscompared to vitamin D2, irrespective of the
dosage and vehicle of supplementation [17].
Gallagher et al., (2013) supplemented a smaller
dose of Vitamin D (400-800 IU/d) in comparison
with medium and higher dosages and found
improving plasma 25(OH)D concentration in
obese women [18]. Bischoff-Ferrari et al., (2012)
showed that oral supplementation of (20 pg)
Vitamin D promoted the level of 25(OH)D and
demonstrated beneficial effects on innate immune
function, systolic blood pressure, and lower
extremity function [19]. Based on the study by
Close et al., (2013) supplementation of 20000 and
40000 IU Vitamin D over a six-week period led to
high plasma 25(OH)D concentration above 50

nmol/l [20]. A study performed by Garg et al.,
showed that Supplementing 60,000 U of vitamin
D3 per week for 4-8 weeks, followed by 600 TU
daily through fortified milk, is an effective
approach for improving vitamin D status in Indian
adolescents [4]. Another study that investigate
impact of consumption of vitamin D fortified food
on S.25(OH)D levels in Indian school children
showed vitamin D fortification of milk was an
effective strategy in improving vitamin D status in
children aged 1014 years [5]. Study performed by
Giri et al., showed intake of vitamin D supplement
(60,000 TU) with a weekly dose for two months
may be improve serum vitamin D among labo-
ratory personnel in Nepal [21]. The study by
Itkonen et al., (2016) showed that Vitamin D3
supplementation was more effective than D2 in
increasing serum 25(OH)D concentration [12].

Vitamin D status is usually assessed by serum
25(OH)D levels. 25(OH)D circulates in the body
by different mechanisms. Up to 85 percent of
25(OH)D is bound to Vitamin D binding protein,
10-15 percent of Vitamin D is carried by albumin,
and very small fraction of 25(OH)D is unbounded
[22]. In a review study conducted by Al-Azzawi et
al., it was emphasized that vitamin D3 is essential
in many physiological possess and general health.
The function of vitamin D3 included regulating of
calcium levels, supporting bone strength, and
relation with immune system and chronic disease
[23]. In cytosolic genomic pathway, Vitamin D
Receptors (VDR) are the targets of calcitriol. At
first, it increases the phosphorylation of VDR and
then VDR form heterodimerization with Retinoid-
X Receptor (RXR). Finally, it translocates in the
nuclear complex. This complex (VDR-Calcitriol-
RXR) binds to Vitamin D Response Element
Proteins (VDRE-P) to target genes for activating
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coactivator or corepressor to express mRNA and
regulate target genes and a variety of genes
functions. The functions regulated by Vitamin D
are phosphorous and calcium metabolisms.
Moreover, adaptor proteins, which play a role in
autophagy in the same mechanisms, can activate
VDR-RXR complex to target genes in hepatic
stellate cells. In addition, Vitamin D in non-gene
related mechanisms binds to VDR of membrane
and induces changes in signaling pathway of cells,
including Mitogen Activated Protein Kinase
(MAPK) and calcium. It interacts with protein-
protein function of certain phenotypes in the
intracellular signaling [23-25]. Some previous
studies found that Vitamin D deficiency led to
cardiovascular diseases. Observational studies
showed endothelial dysfunction in case of insuffi-
ciency of Vitamin D concentration [26]. Also, low
serum Vitamin D was considered in patients with
type 2 diabetes which is associated with diabetic
nephropathy [27]. Vitamin D deficiency elevated
morbidity and mortality from critical illness [28].
In addition, Vitamin D plays important roles in
regulating innate and adaptive immune system.
Furthermore, VDR in gut epithelium showed
protective effects on the mucosal barrier keeping
integrity and regulating innate immune [29]. The
exogenous source of Vitamin D is obtained through
diet, fortification of foods, and supplementation.
The richest sources of Vitamin D are eggs, fatty
fish, liver, and sun exposed mushrooms. However,
other way for including Vitamin D in human food
chain is fortification. It usually occur by using
ergocalciferol (vegetables sources) and cholecalci-
ferol such as butter, margarine, milk, and breakfast
cereals. Fortification makes these foods richest
sources of Vitamin D [30].

The main strengths of this study include: this is the
first meta-analysis comparing the effects of

fortification and supplementation of Vitamin D
where we included the subgroup analysis perfor-
med by countries and vehicles of Vitamin D, and
no small study effect was demonstrated on the
Begg's analysis. The main limitations of this study
included: we witnessed some publication bias on
the funnel plots, there was high heterogeneity
between studies, and the studies had been
performed on different dosages and vehicles
having potential effects on the results.

Conclusion

In summary, both Vitamin D fortification and
supplementation have significant effect on serum
25(0OH)D levels. Vitamin D fortification vehicles
including bread, cheese, canola oil, and yogurt,
showed important effects on 25(OH)D levels in
both genders. In addition, Vitamin D supplemen-
tation demonstrated a significant increasing effect
on 25(OH)D concentration regardless of location,
gender, and dosage. It appears that supplemen-
tation with 10, 25, and 100 nmol /d Vitamin D is
helpful to reach the minimum serum 25(OH)D
levels but we could not definitely recommend the
best dose of Vitamin D supplementation by this
review.

Limitations

The sample size of the current meta-analysis was
small considering the sample size of the included
studies. We suggest to conduct well-designed
studies with a large sample size in the future.”

Acknowledgements

This study has been extracted from a PhD disserta-
tion registered in Tabriz University of Medical
Sciences, Tabriz, Iran (Ethical number: IR.
TBZMED. REC.1400.653). The Research Vice-
Chancellor of Tabriz University of Medical
Sciences, Tabriz, Iran funded this study (Reference
number; 67436).

© Journal of Krishna Institute of Medical Sciences University 17



JKIMSU, Vol. 13, No. 2, April-June 2024

Baharak Aghapour et al.

10.

11.

References

Lamberg-Allardt C, Brustad M, Meyer HE,
Steingrimsdottir L. Vitamin D—a systematic literature
review for the 5" edition of the Nordic Nutrition
Recommendations. Food & Nutr Res 2013;57(1):
22671-712.

Cui A, Zhang T, Xiao P, Fan Z, Wang H, Zhuang Y.
Global and regional prevalence of Vitamin D
deficiency in population-based studies from 2000 to
2022: A pooled analysis of 7.9 million participants.
Front Nutr2023;10:1070808.

Ross AC, Manson JE, Abrams SA, Aloia JF, Brannon
PM, Clinton SK, ef al. The 2011 Dietary Reference
Intakes for Calcium and Vitamin D: what dietetics
practitioners need to know. J A Diet Assoc 2011;
111(4):524-7.

Garg M, Marwaha RK, Khadgawat R, Ramot R, Obroi
AK, Mehan N, et al. Efficacy of Vitamin D loading
doses on serum 25-hydroxyvitamin D levels in school
going adolescents: an open label non-randomized
prospective trial. J Pediatric Endocrinol Metab 2013;
26(5):515-23.

Khadgawat R, Marwaha R, Garg M, Ramot R, Oberoi
A, Sreenivas V, et al. Impact of Vitamin D fortified
milk supplementation on Vitamin D status of healthy
school children aged 10-14 years. Osteoporosis Int
2013;24(8):2335-43.

Neuhouser ML. Dietary supplement use by American
women: challenges in assessing patterns of use,
motives and costs. Jnutr2003;133(6):1992-96.
https://www.who.int/news-room/questions-and-
answers/item/food-fortification. Access date: 14
February 2022

Roth DE, Leung M, Mesfin E, Qamar H, Watterworth
J, Papp E. Vitamin D supplementation during
pregnancy: state of the evidence from a systematic
review of randomised trials. BMJ2017;359.

Higgins JP, Altman DG, Getzsche PC, Jiini P, Moher D,
Oxman AD, et al. The Cochrane Collaboration's tool
for assessing risk of bias in randomised trials. BMJ
2011;343.

Higgins JP, Thompson SG, Deeks JJ, Altman DG.
Measuring inconsistency in meta-analyses. BM.J 2003;
327(7414):557-60.

Nikooyeh B, Zahedirad M, Kalayi A, Shariatzadeh N,
Hollis BW, Neyestani TR. Improvement of Vitamin D

12.

13.

14.

15.

16.

17.

18.

19.

status through consumption of either fortified food
products or supplement pills increased hemoglobin
concentration in adult subjects: Analysis of pooled data
from two randomized clinical trials. Nutr Health
2023;29(3):567-74.

Itkonen ST, Skaffari E, Saaristo P, Saarnio EM,
Erkkola M, Jakobsen J, et al. Effects of Vitamin D2-
fortified bread v. supplementation with Vitamin D2 or
D3 on serum 25-hydroxyvitamin D metabolites: an 8-
week randomised-controlled trial in young adult
Finnish women. BrJ Nutr2016;115(7):1232-9.
Ghasemifard N, Hassanzadeh-Rostami Z, Abbasi A,
Naghavi AM, Faghih S. Effects of Vitamin D-fortified
oil intake versus Vitamin D supplementation on
Vitamin D status and bone turnover factors: A double
blind randomized clinical trial. Clin Nutr ESPEN
2022;47:28-35.

Natri A-M, Salo P, Vikstedt T, Palssa A, Huttunen M,
Karkkdinen MU, et al. Bread fortified with
cholecalciferol increases the serum 25-hydroxyvitamin
D concentration in women as effectively as a
cholecalciferol supplement. J Nutr2006;136(1):123-7.
Nikooyeh B, Neyestani TR, Zahedirad M,
Mohammadi M, Hosseini SH, Abdollahi Z, et al.
Vitamin D-fortified bread is as effective as supplement
in improving Vitamin D status: a randomized clinical
trial. J Clin Endocrinol Metab2016;101(6):2511-9.
Wagner D, Sidhom G, Whiting SJ, Rousseau D, Vieth
R. The bioavailability of Vitamin D from fortified
cheeses and supplements is equivalent in adults. J Nutr
2008;138(7):1365-71.

Balachandar R, Pullakhandam R, Kulkarni B, Sachdev
HS. Relative efficacy of vitamin D2 and vitamin D3 in
improving vitamin D status: systematic review and
meta-analysis. Nutrients 2021;13(10):3328.

Gallagher JC, Yalamanchili V, Smith LM. The effect of
Vitamin D supplementation on serum 250HD in thin
and obese women. J Steroid Biochem Molecular Biol
2013;136:195-200.

Bischoff-Ferrari HA, Dawson-Hughes B, Stocklin E,
Sidelnikov E, Willett WC, Edel JO, et al. Oral
supplementation with 25 (OH) D3 versus Vitamin D3:
effects on 25 (OH) D levels, lower extremity function,
blood pressure, and markers of innate immunity. J
Bone Miner Res 2012;27(1):160-9.

© Journal of Krishna Institute of Medical Sciences University 18



JKIMSU, Vol. 13, No. 2, April-June 2024

Baharak Aghapour et al.

20.

21.

22.

23.

24.

Close GL, Leckey J, Patterson M, Bradley W, Owens
DJ, Fraser WD, et al. The effects of Vitamin D3
supplementation on serum total 25 [OH] D
concentration and physical performance: a randomised
dose—response study. Br J Sports Med 2013;47(11):
692-6.

Giri M, Upreti B, Joshi R, Rai JC, Vaidya B. Efficacy of
high dose vitamin D supplementation in improving
serum 25-hydroxyvitamin D among laboratory
personnel working at the Nepal National Center for
Rheumatic Diseases. Biomed Reports 2017;7(6):543-6.

Schwartz JB, Gallagher JC, Jorde R, Berg V, Walsh J,
Eastell R, et al. Determination of free 25 (OH) D
concentrations and their relationships to total 25 (OH)
D in multiple clinical populations. J Clin Endocrinol
Metabol2018;103(9):3278-88.

Al-Azzawi MA, Maftool AJ, Al-Shimary AA,
Mohammed AA. A comprehensive review of vitamin
d3: metabolism, functions, and clinical implications.
IJMSDH 2023;9(12):37-46.

Duran A, Hernandez ED, Reina-Campos M, Castilla
EA, Subramaniam S, Raghunandan S, et al
p62/SQSTM1 by binding to Vitamin D receptor
inhibits hepatic stellate cell activity, fibrosis, and liver
cancer. Cancer Cell2016;30(4):595-609.

25.

26.

27.

28.

29.

30.

Nemere I, Safford SE, Rohe B, DeSouza MM, Farach-
Carson MC. Identification and characterization of 1,
25D3-membrane-associated rapid response, steroid (1,
25D3-MARRS) binding protein. J S Biochem Mol Biol
2004;89:281-5.

Kim D-H, Meza CA, Clarke H, Kim J-S, Hickner RC.
Vitamin D and endothelial function. Nutrients 2020;
12(2):575.

Yadav B, KN S. A Cross-sectional Study on Vitamin D
Status in Patients with Diabetic Nephropathy. J
Krishna Inst Med Sci Univ2021;10(2): 100-9.

Damke S, Lohiya S, Meshram R, Taksande A,
Choudhary R. Prevalence of Vitamin D Deficiency in
Critically Il Children and its Impact on Morbidity. J
Krishna Inst Med Sci Univ2021;10(3):40-6.

Martens P-J, Gysemans C, Verstuyf A, Mathieu C.
Vitamin D's effect on immune function. Nutrients
2020;12(5):1248.

Dominguez LJ, Farruggia M, Veronese N, Barbagallo
M. Vitamin D sources, metabolism, and deficiency:
available compounds and guidelines for its treatment.
Metabolites 2021;11(4):255.

"Author for Correspondence:

How to cite this article:

Dr. Sorayya Kheirouri, Department of Nutrition,
Faculty of Nutrition and Food Sciences, Tabriz
University of Medical Sciences, 5166616471, Tabriz,
Iran. Email: kheirouris@tbzmed.ac.ir

Phone Number: +9841 33357581

1 Submitted: 12-Jan-2024 Accepted: 11-Mar-2024 Published: 01-Apr-2024 |

Aghapour B, Molani-Gol R, Kheirouri S, Alizadeh M,
Khodayari-Zarnaq R, Gholizadeh M. Effect of vitamin
D supplementation and fortification strategies on serum
vitamin D levels: A systematic review and meta-
analysis. J Krishna Inst Med Sci Univ2024; 13(2):5-19.

© Journal of Krishna Institute of Medical Sciences University 19



