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Abstract

Background: Bone disease-related fractures constitute a heavy burden on the healthcare systems and economy.
Vitamin D is an important regulator of bone health and its deficiency is a global problem. This study aimed to evaluate
the effect of the 1,500 IU nano-encapsulated vitamin D used for fortifying low-fat dairy products (milk and yogurt) on
bone health parameters.

Methods: This parallel totally blinded, randomized controlled trial was part of the Ultraviolet Intake by Nutritional
Approach study and conducted on 306 individuals with abdominal obesity. Individuals were randomly assigned to
four groups, including fortified low-fat milk (1,500 IU nano-encapsulated vitamin D3 per 200 g/d), non-fortified low-fat
milk, fortified low-fat yogurt (1,500 IU nano-encapsulated vitamin D3 per 150 g/d), and non-fortified low-fat yogurt,
for 10 weeks between January and March 2019. Bone mineral density (BMD) and trabecular bone score (TBS) were
measured at the baseline and end of the trial. Trabecular bone score and BMD were defined as primary and secondary
outcomes.

Results: There were no significant differences in TBS and BMD between the intervention and control groups at the
end of the trial (P>0.05).

Conclusion: This trial demonstrated no significant effect of nano-encapsulated vitamin D fortified milk and yogurt on
BMD and TBS. There remains a need for longer-term trials regarding bone health outcomes to establish optimal doses
of fortification.

Level of evidence: |
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Introduction
one health is a major global public health issue
B with the rising mean age of the world’s population.
Metabolic bone diseases account for approximately
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9 million fractures per year worldwide (1). Osteoporosis,
the most prevalent reason for bone fractures, is affecting
9.9 million Americans, and it is estimated that the
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number of adults with osteoporosis or low bone density
will increase by 17.2 million from 2010 to 2030 (2, 3).
Fragility fractures are the main clinical consequences
of osteoporosis and osteopenia and are associated with
increased mortality, morbidity, and healthcare costs (1,
4-6).

Bone mineral density (BMD) is a major contributing
factor in fragility fractures (3), which is traditionally
considered to be associated with vitamin D status.
Vitamin D is a fat-soluble vitamin that can be obtained
through dietary sources or endogenous production in
the skin (7, 8). The classic function of vitamin D is to
stimulate the absorption of calcium and phosphate from
the gut, which enhances bone mineralization and down-
regulates the release of parathyroid hormone which
consequently decreases bone reabsorption (7, 8). Vitamin
D is an essential nutrient for human health during the life
course and supports healthy bone development during
childhood and adolescence; it also maintains bone health
and muscle strength and reduces falls and fracture risks
duringlate adulthood (9, 10). Vitamin D supplementation
isrecommended to optimize the peak bone mass, prevent
bone loss, improve bone density, and presumably reduce
fragility fracture risks (11, 12).

Trabecular bone score (TBS) may be important in the
assessment of fracture risk in various causes of secondary
osteoporosis. In recent publications, it has been
reported that TBS may be useful for risk stratification in
osteoporosis, as a surrogate of bone microarchitecture
(13).

The high prevalence of vitamin D deficiency and
insufficiency is a global concern, and it is estimated that
one billion people worldwide suffer from vitamin D
deficiency (10). This deficiency is known to cause bone
diseases, such as rickets, osteomalacia, and osteoporosis
(14) and correlates with fracture, muscle weakness,
falls, and osteoarthritis (10, 15). Moreover, a large and
growing body of evidence suggests that vitamin D
deficiency plays a key role in the development of non-
musculoskeletal major health-related diseases and acute
or chronic illnesses (10, 14, 16).

Cutaneous synthesis is the main source of vitamin D;
however, it is negatively affected by several lifestyle,
environmental, and physiological factors (7, 8). Across
most societies, dietary intake of vitamin D fails to meet
dietary requirements (17). Therefore, policies regarding
the prevention of vitamin D deficiency, as well as
supplementation and food fortification, are growingly
been considered throughout the world. The World
Health Organization/Food and Agriculture Organization
has indicated food fortification as a potential strategy to
reduce micronutrient deficiency, which is cost-effective
with a wide and appropriate impact, to ensure that the
majority of the population consumes adequate amounts
of micronutrients, such as vitamin D (14, 18, 19).

Despite the benefits and cost-effectiveness of vitamin
D food fortification, numerous practical obstacles are
involved during the food fortification procedure, such
as solubility in the food products, stability in the course
of processing and storage, homogeneity with the food
matrix, physicochemical and photochemical sensitivity,

BONE DENSITY MEASURES AND VITAMIN D3

the relative healthiness of the food vehicle, and changes
in the flavor, texture, and appearance of the food (20-22).
Recent improvements in nanotechnology provide various
effective and promising nano-encapsulation techniques
to overcome the practical difficulties of food fortification,
facilitate nutrient-targeted delivery, and enhance its
controlled release and bioavailability (23-26).

In Iran, vitamin D deficiency is highly prevalent
(27). Given the heavy economic burden of vitamin D
deficiency-related conditions and the cost-effectiveness
of preventive strategies, population-based national
policies need to be enacted and implemented to ensure
the fair access of all society layers to vitamin D sources.
This parallel quadruple (totally blind) randomized
controlled trial aimed to evaluate the effect of nano-
encapsulated vitamin D fortification of low-fat milk (the
raw vehicle) and yogurt (a fermented vehicle) as the most
two consumable dairy products in Iran and worldwide
on bone health among abdominal obese adults.

Materials and Methods
Study Design and Sampling

This parallel blind randomized controlled trial was
conducted as a pilot 10-week study from January 2019
to March 2019 based on the research of Cannell et al.
(28). This trial was a part of the Ultraviolet Intake by
Nutritional Approach (SUNIVA) study which was a
totally blinded trial investigating the development of
a practical method to nano-encapsulate vitamin D for
dairy products fortification. This SUNIVA study was
registered in the Iranian Registry of Clinical Trials (trial
registration: IRCT20101130005280N27), and full details
of its methods have been published (29). Ethical approval
for this trial was obtained from the Ethics Committee of
the National Institute for Medical Research Development,
Tehran, Iran (protocol ID: IR.NIMAD.REC.1396.027).

A total of 346 individuals, who were the staff and
students of the University of Medical Sciences, Khorasan
Razavi, Iran, were assessed prior to entry to the trial;
however, 40 persons were ineligible to be included in the
study. The remaining 306 participants were randomly
assigned to four study groups using a stratified block
allocation method for the center and gender status with a
ratio of 1:1:1:1. The study groups included 1) the fortified
milk group (n=76) receiving 1,500 IU Nano encapsulated
vitamin D3/serve (200 ml/day), 2) the non-fortified milk
group (n=77) receiving simple low-fat milk (200 ml/
day), 3) the fortified yogurt group (n=76) taking fortified
low-fat yogurt containing 1,500 IU Nano encapsulated
vitamin D3/serve (150 g/day), and 4) the non-fortified
yogurt group (n=77) administered simple low-fat
yogurt (150 g/day) for 10 weeks of trial. Eventually,
289 participants completed the trial. The sample size
was calculated based on the confidence interval of 99%,
power of 80%, and standardized effect size of 0.25;
accordingly, a minimum of 289 people were estimated to
be required for comparing variables between groups.

Sealed envelopes containing A or B labels were used
for placebo and intervention groups, respectively. In
order to ensure the blinding, researchers had no access
to the allocation list. Blinding was implemented at four
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levels for the subjects, investigators, statistician, and staff
responsible for allocation.

Eligibility criteria included middle-aged adults (30-50
years) with abdominal obesity as a sample of “potentially
atrisk” but “free of chronic diseases” population. “Chronic
diseases” referred to the presence of malignancies, renal,
or liver diseases. Abdominal obesity was defined based
on the International Diabetes Federation description as
waist circumferences of = 94 cm for men and = 80 cm for
women (30, 31).

Exclusion criteria in this study were deciding to change
weight during the study, being pregnant, breastfeeding,
having a history of lactose intolerance or sensitivity,
and taking supplements containing vitamin D or any
medications having interactions with vitamin D (e.g,
corticosteroids, anticonvulsants, antidepressant, and
sleeping medications) in 3 months before the trial.
Moreover, during the trial, participants who withdrew
consent, became pregnant, were diagnosed with a
disease, developed sensitivity or intolerance to dairy
products, were excluded from the study. Prior to the trial
commencement, the aims and objectives of the study
were explained to all participants, and oral and written
informed consents were taken from them.

Nano-encapsulation of vitamin D and dairy products
fortification

Nano-capsules were produced using the following
materials: precirol as solid lipid, oleic acid as liquid
lipid, vitamin D as bioactive fatty core, poloxamer 188
as a surfactant, and deionized water. The physical
properties of this vitamin D formulation were then
appraised. Nutritional information for 100 g milk and
yogurt included 56 kcal, sugar 0 g, protein 7 g, fat 3 g,
and trans fatty acids 0.04 g. The low-fat milk and yogurt
were fortified at the Salamat pilot dairy product factory
under the considerations of the Faculty of Food Sciences
and Technology, Mashhad University of Medical Sciences,
Mashhad, Iran, and were delivered and consumed on
production day or the next day.

Intervention

Patient history was taken from each participant to
evaluate the side effects of dairy products with vitamin
D intake during the study. A level of at least 1,500 U
Vitamin D for daily consumption was applied due to
the possible toxicity for the patients according to the
Endocrine Society Clinical Practice Guideline (32, 33).

According to allocations, each participant was provided
200-mL milk or 150-mL yogurt daily portion of dairy
products in a plastic container with a specific code labeled
to consume once a day at breakfast for 10 weeks. Placebo
and fortified products were divided with numbers.

Adherence of participants

Dairy products were distributed daily with a specific
code labeled on each container to confirm receipt by the
subjects. Products were delivered a day before weekends
and holidays to facilitate daily consumption. Participants
were asked to return empty containers on the day after
the weekend.
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Outcome measures

A volume of 20 mL of venous blood was collected from
each participant after 12 h of fasting before and after the
intervention period and collected in two tubes, including
a tube containing ethylenediaminetetraacetic acid for the
complete blood count and a gel tube for biochemical and
hormonal tests.

Considering the aims of this study, TBS and BMD T-scores
and Z-scores were implemented to assess bone quality and
density. Owing to the fact that BMD provides limited data
on bone quality and microstructure, it has poor value as an
independent predictor of fracture risk (34, 35). Trabecular
bone score is a non-invasive method that indirectly assesses
microarchitecture and quality of the bone tissue through
spine Dual-energy X-ray Absorptiometry (DXA) images and it
is complementary to the data provided for the measurement
of fracture risk and bone health (35). Therefore, TBS was
defined as the primary outcome. The lumbar spine, femoral
neck, and radius BMD Z-score and T-score from DXA images
were defined as the secondary outcomes.

Hormonal measurements, including serum
25(0H)D concentrations, were performed using
commercial enzyme-linked immunosorbent assay Kkits
(Pishgaman Sanjesh, Iran), using an Awareness/Stat Fax
2100 analyzer.

In this study, a DXA scan was performed for each
participant before and after the intervention using a
Hologic Discovery Wi (S/N 93045M) device (Chicago,
USA) at Ghaem Academic Hospital, Mashhad, Iran. Total
femur least significant change (LSC), lumbar spies LSC,
and forearm LSC were reported at 0.030, 0.025, and
0.024, respectively.

Statistical analysis

Collected data were analyzed in SPSS software
(version18; SPSS Inc., Chicago, IL, USA). The Kolmogorov-
Smirnov test was used to assess the normality of
quantitative data. Quantitative variables were described
as means * standard deviation, while the qualitative
variables were expressed as percentage and frequency
and were compared using the Chi-square test. Repeated
measurement was used to compare the effects of
intervention in groups. A p-value of less than 0.05 was
considered significant.

Results

Data of 289 participants were analyzed, and the baseline
characteristics are presented in Table 1. Accordingly, age,
gender, serum 25(0H)D, TBS, T-score, and Z-score were
similar in all groups.

Based on the results, the mean TBS T-score was
compared in the four groups, namely fortified milk
(intervention), simple milk (control), fortified yogurt
(intervention), and simple yogurt (control) by ANOVA
test [Table 2]. Significant differences were observed
in the mean TBS T-score between the four groups.
Subsequently, multiple comparison Bonferroni-adjusted
t-tests were applied for post hoc analysis to the ANOVA
at a statistically significant level of 0.05. Bonferroni test
showed a statistically significant difference between
fortified milk and fortified yogurt groups.
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Table 1. Clinical and biological characteristics of the participants at the baseline

Total Milk Yogurt
Intervention Control Intervention Control Intervention Control
Age (years) 41.82+7.74 41.82+7.91 40.42+8.03 40.26+8.27 43.47+7.21 43.19+7.25
P-value 0.99 0.86 0.66
Gender Male 69 (23.87%) 74 (25.60%) 36 (48.6%) 38 (51.4%) 33 (47.8%) 36 (52.2%)
Female 71 (24.56%) 75 (25.95%) 34 (49.3%) 35 (50.7%) 37 (47.3%) 40 (52.7%)
P-value 0.48 0.45 0.51

Data are expressed as mean * standard deviation for the two-sample independent t-test.

Table 2. Effects of intervention on bone indices according to the milk and yogurt consumption

. Before interven- After interven- ; Mean difference or mean
Variables Type Groups tion tion P-value rank difference P-value?
Intervention 1.406+0.09 1.401+0.12 0.82 -0.05+0.31
Milk 0.296
TBS Control 1.41+0.09 1.41+0.08 0.80 -0.004+0.49
Intervention 1.40+0.20 1.41+0.11 0.30 0.016+0.07
Yogurt 0.176
Control 1.41+0.19 1.39+0.08 0.57 0.05+0.05
Intervention -0.48+0.80 -0.61+0.89 0.29 -0.13+5.07
Milk 0.037°
Control -0.34+0.92 -0.35+0.82 0.86 -0.01+0.06
TBS T-score
Intervention -0.45+1.12 -0.49+0.98 0.28 0.16+0.55
Yogurt 0.044+
Control -0.47+0.91 -0.45+0.89 0.93 0.04+0.47
Intervention -0.63%+1.35 -0.66+1.13 0.99 -0.03+0.8
Milk 0.421
Control -0.36+1.12 -0.27+£1.09 0.91 0.09+0.24
Lumbar T-score
Intervention -0.27+1.09 -0.22+1.05 0.59 0.54+0.41
Yogurt 0.87
Control -0.51+1.01 -0.49+1.02 0.98 0.16+0.23
Intervention -0.45+1.15 -0.044+1.03 0.56 0.038+0.97
Milk 0.663
Control -0.066+1.11 -0.008+1.20 0.76 0.075+0.22
Lumbar Z-score
Intervention 0.21+1.17 0.24+1.14 0.97 0.024+0.3
Yogurt 0.13
Control -0.016+1.01 -0.017+1.15 0.73 -0.012+0.59
Intervention -0.49+0.78 -0.43+0.85 0.81 0.061+0.45
Milk 0.981
Control -0.2+0.93 -0.16+0.91 0.91 -0.045+0.37
NFemor T-score
Intervention -0.24+0.84 -0.16+0.83 0.59 0.035+0.41
Yogurt 0.235
Control -0.28+0.95 -0.22+1.03 0.83 0.058+0.38
Intervention -0.12+0.77 -0.09+0.87 0.40 0.03+0.51
Milk 0.315
Control 0.21+0.81 0.21+0.90 0.90 -0.013+0.27
NFemor Z-score
Intervention 0.31+0.87 1.1+4.09 0.26 0.043+0.4
Yogurt 0.571
Control 0.19+0.96 0.28+1.00 0.66 -0.044+0.63
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Table 2. Continued

Milk
TFemor T-score
Yogurt
Milk
TFemor Z-score
Yogurt
Milk
Radius1.3 T-
score
Yogurt
Radius1.3 Z- ]
score Milk
Yogurt

Intervention
Control
Intervention

Control

Intervention
Control
Intervention

Control

Intervention
Control
Intervention

Control

Intervention
Control
Intervention

Control

-0.34£0.75

-0.12+0.73
-0.013+0.77

-0.23+£0.86

1.05+-0.18
0.15+0.62
0.31+0.83
0.12+1.30

-0.92+1.15
-0.92+1.1
-0.85£1.09
-0.98+0.78

-0.85£1.05

-0.57+0.96

1.40%£-0.34
-0.501+0.86

-0.24+0.80
-0.07£0.76
-0.01+0.76
-0.21+0.88

1.10+-0.1
0.114+0.77

0.35%0.79

0.07+1.50

-0.94+1.15
-0.8+£1.12
-0.75+0.83
-0.96+0.82

-0.857+1.03
-0.52£1.05
1.40£-0.27

-0.5+£0.89

0.48
0.88
0.75
0.88

0.28
0.74
0.92
0.81

0.78
0.61
0.22
0.95

0.17
0.83
0.48
0.92

0.1+0.43
0.04+0.31
0.003+0.3
0.023+0.19

0.08+0.43
-0.002+0.15
0.04+0.4
-0.04+0.63

-0.02+0.54

0.11+0.37
0.1+0.36

0.01+0.37

-0.007+0.61
0.04+0.4
0.06+0.29
0.001+0.38

0.921

0.34

0.632

0.537

0.516

0.288

0.682

0.305

TBS: Trabecular bone score; NFemor: Femoral neck; TFemor: Total femur Kruskal-Wallis test, one-way ANOVA test, and Bonferroni correction
were used to compare TBS T-scores in groups. Data are expressed as mean * standard deviation for the two-sample independent t-test and median
(interquartile range) for the Mann-Whitney U test. The p-valuel refers to the comparison before and after the intervention and the p-value2 refers to
the comparison of the differences in groups. a: significant difference between groups

A repeated-measures ANOVA test was used to evaluate
the effectiveness of vitamin D intervention on bone
health factors. The results of repeated-measures ANOVA

showed that there was no significant (P>0.05 for all) time
x vitamin D treatment [Table 3]. Therefore, vitamin D

intervention was not effective.

Table 3. Comparison of bone indicators within and between time points and groups

Tests of between and within-subjects effects

Variables
Source Sum of squares Df Mean square F P-value Eta
Group 0.007 1 0.007 0.273 0.602 0.002
TBS Time 0.002 1 0.002 0.146 0.703 0.001
Time*group 0.008 1 0.008 0.665 0.416 0.004
Group 0.229 1 0.229 0.142 0.707 0.001
TBS T-score Time 0.027 1 0.027 0.172 0.679 0.001
Time*group <0.001 1 <0.001 0.002 0.967 <0.001
Group 0.079 1 0.079 0.034 0.853 <0.001
Lumbar T-score Time 0.121 1 0.121 1.046 0.307 0.004
Time*group 0.047 1 0.047 0.406 0.524 0.002
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Table 3. Continued

Group 0.322 1 0.322 0.126 0.723 0.001

Lumbar Z-score Time 0.007 1 0.007 0.042 0.838 <0.001
Time*group 0.014 1 0.014 0.080 0.778 <0.001

Group 1.199 1 1.199 0.764 0.383 0.003

NFemor T-score Time 0.293 1 0.293 3.569 0.060 0.015
Time*group <0.001 1 <0.001 0.005 0943 <0.001

Group 0.739 1 0.739 0.177 0.674 0.001

NFemor Z-score Time 4.502 1 4.502 1.593 0.209 0.009
Time*group 2.805 1 2.805 0.992 0.321 0.006

Group 0.042 1 0.042 0.033 0.855 <0.001

TFemor T-score Time 0.213 1 0.213 4.134 0.043 0.018
Time*group 0.007 1 0.007 0.140 0.708 0.001

Group <0.001 1 <0.001 <0.001 0.994 <0.001

TFemor Z-score Time 0.025 1 0.025 0.235 0.629 0.001
Time*group 0.178 1 0.178 1.676 0.197 0.009

Group 0.375 1 0.375 0.223 0.637 0.001

Radius1.3 T-score Time 0.278 1 0.278 3.137 0.078 0.014
Time*group 0.015 1 0.015 0.173 0.678 0.001

Group 0.095 1 0.095 0.052 0.819 <0.001

Radius1.3 Z-score Time 0.057 1 0.057 0.615 0.434 0.004
Time*group 0.004 1 0.004 0.039 0.844 <0.001

TBS: Trabecular bone score; NFemor; Femoral neck, TFemor: Total femur

Discussion

Following the 10-week intervention with nano-
encapsulated vitamin D fortified milk and yogurt, it
was revealed that there was no significant effect on the
primary and secondary outcomes regarding bone health
parameters; however, there were small but statistically
significant effects on TBST-score. Nano-encapsulation of
vitamin D for food and beverage fortification has been
evaluated previously in several in vitro studies (24, 36-
39); nevertheless, to the best of our knowledge, this
study was the first clinical trial evaluation.

Several short-term trials have been conducted
previously to investigate the effect of vitamin D or
calcium on different bone markers (40-43). Lerchbaum
et al. (2019) conducted a 12-week randomized control
trial to examine the effect of 20,000 [U/week of vitamin
D supplementation on BMD, TBS, and bone turnover

markers (BTMs). They found that there was no significant
treatment effect on BTMs, BMD, or TBS (44). They
reported no significant change in BMD, TBS, and BTMs,
which was consistent with our findings. In another study,
Grgnborg et al. carried out a randomized control trial in
12 weeks to investigate the effect of vitamin D fortified
yogurt, cheese, eggs, and bread on serum vitamin D and
BTMs. Based on the results of the mentioned study, there
was no significant change in BTMs, despite a significant
rise in serum vitamin D (45), which was in line with
our findings. Contrary to these studies, the results of a
10-week trial of vitamin-D-fortified cheese indicated a
significant decrease in parathyroid hormone (PTH) level
among those who received a high dose (28,000 IU) of
vitamin-D3-fortified cheese weekly rather than those
taking a low dose (200 IU) of vitamin D (46). Since PTH
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serum level is assumed as a bone turnover indicator (10,
47), the results of this trial were inconsistent with our
findings. This discrepancy can be explained partially by
the fact that our cases received a lower dose of vitamin D
(1,500 IU daily).

On the other hand, the results of some long-term
clinical trials have reported the benefits of vitamin D
food fortification with or without calcium on bone health
(48-52), which are inconsistent with our findings. In
a randomized control trial by Manios et al,, the effects
of fortified dairy products were evaluated on bone
metabolism, the results of which revealed a significantly
greater improvement in pelvis, spine, and total-body
BMD among participants who received calcium plus
vitamin D fortified dairy products rather than the
control and calcium supplemented groups (53), which
was not in line with the findings of our study. This
discrepancy can be justified by concurrent calcium
fortification, longer intervention duration (20 months),
and a high-risk population with low base-line BMD in
the study by Manios et al. since it is generally believed
that calcium and/or vitamin D supplementation might
be more beneficial among individuals with low BMD or
osteoporosis (48). A recent randomized double-blind
clinical trial was conducted on 78 menopausal women to
assess the effect of fortified yogurt with calcium, vitamin
D, vitamin K, vitamin C, zinc, and magnesium on bone
health parameters (54). After a 24-month intervention,
BMD decreased significantly in the control group, which
was in agreement with the results of previous studies
and contrary to ours.

Despite the promising results of these studies, those of
some long-term trials have demonstrated no significant
effect on BMD or BTMs (55, 56), which are consistent with
our findings. Aloia et al. conducted a 2-year trial on 208
calcium-replete healthy black postmenopausal women
to investigate the effect of vitamin D supplementation on
bone loss and reported no significant effect of vitamin D
supplementation on BMD and BTMs (57). Bischoff-Ferrari
et al. conducted a three-year double-blind randomized
clinical trial to investigate the effect of vitamin D and
Omega-3 supplementation and exercise on various
health outcomes among 2157 low-risk old adults. The
results of their trial showed that the 2,000 IU/d vitamin D
supplementation failed to prevent nonvertebral fractures
(58). In addition, the results of several meta-analysis
studies have indicated that vitamin D supplementation
seems to be inefficient in osteoporosis reduction (59),
fracture prevention, and BMD improvement (60, 61),
which was in line with our findings.

Although extensive observational data are available
identifying the positive relationship between vitamin D
serum level and BMD (62), there is uncertainty about
the efficacy of vitamin D supplementation in improving
BMD or fracture risk, especially among healthy adults,
and mixed results are concluded by several studies (9,
60). These controversies depend on vitamin D type,
dosage, administration modalities, treatment duration,
and concomitant calcium treatment. Some researchers
believe that vitamin D alone is not effective and calcium
isrequired alongside (2, 63, 64), and some have indicated
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a higher dose of vitamin D (65).

Hence, fortification is considered to be the most effective
method for improving vitamin D status in a population
where widescale, sustained, and gradual impacts of
fortification are desired (14). The present study did
not provide evidence for the positive impact of nano-
encapsulated vitamin D fortification on bone density
or quality that might be explained by the limitations of
this study. Apart from bone density, bone turnover is
another important factor contributing to bone health
(66). However, BTMs, such as a specific marker of bone
resorption (carboxy-terminal collagen crosslinks) and
bone formation (procollagen type 1 amino-terminal
propeptide) were not assessed in the current study. The
investigation of these elements is appropriate for studies
with a shorter duration (45) and those that provide
data on the ongoing bone remodeling (67). The other
limitations of the present study were its relatively short-
term follow-up and small sample size. Another limitation
was related to the fact that calcium intake was not
determined. Furthermore, the homogeneous distribution
of vitamin D nano-capsules into the fortified milk and
yogurt matrix was not appraised.

However, this was the first clinical trial that examined
the effects of nano-encapsulated vitamin D fortified milk
and yogurt on bone health. Moreover, this study was
carried out during the winter season which eliminated
confounding from vitamin D obtained from cutaneous
production. In this study, bone health assessment
between intervention and control groups was quantified
through BMD and TBS, which was a strength, since TBS is
arecently-developed method that evaluates bone texture
and microarchitecture and provides complementary data
on bone health in addition to BMD (35).

Although several recent studies have highlighted the
cost-effectiveness and beneficial effect of consuming
vitamin D fortified foods on bone health, the results of
this trial highlighted the need for additional long-term
trials covering all bone health indicators to establish
optimal doses of fortification.
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