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Abstract: Osteoporosis is a common disease, defined primarily by a low measured bone density,
which is associated with an increased risk of fragility fractures. Low calcium intake and vitamin
D deficiency seem to be positively correlated with the prevalence of osteoporosis. Although they
are not suitable for the diagnosis of osteoporosis, the biochemical markers of bone turnover can
be measured in serum and/or urine, enabling the assessment of the dynamic bone activity and
the short-term effectiveness of the osteoporosis treatment. Calcium and vitamin D are essential for
maintaining bone health. The aim of this narrative review is to summarize the effects of vitamin D
and calcium supplementation separately and in combination, on bone density and circulating serum
and blood plasma vitamin D, calcium, parathyroid hormone levels, markers of bone metabolism
concentrations, and clinical outcomes, such as falls and osteoporotic fractures. We searched the
PubMed online database to find clinical trials from the last five years (2016-April 2022). A total of
26 randomized clinical trials (RCTs) were included in this review. The present reviewed evidence
suggests that vitamin D alone or in combination with calcium increases circulating 25(OH)D. Calcium
with concomitant vitamin D supplementation, but not vitamin D alone, leads to an increase in BMD.
In addition, most studies did not detect significant changes in circulating levels of plasma bone
metabolism markers, nor in the incidence of falls. Instead, there was a decrease in blood serum PTH
levels in the groups receiving vitamin D and/or Ca supplementation. The plasma vitamin D levels at
the beginning of the intervention, and the dosing regimen followed, may play a role in the observed
parameters. However, further study is needed to determine an appropriate dosing regimen for the
treatment of osteoporosis and the role of bone metabolism markers.

Keywords: osteoporosis; vitamin D; calcium; bone density; bone turnover markers; PTH; falls;
fractures

1. Introduction

Osteoporosis is a common condition, defined primarily on the basis of bone density
assessment, and it is associated with an increased risk of fragility fractures. There are
two types of osteoporosis, depending on the etiology of its development: primary and
secondary. Primary osteoporosis is defined as osteoporosis that occurs after menopause
(postmenopausal osteoporosis), or with increasing age (senile osteoporosis). Secondary
osteoporosis is caused by various disorders and drug side effects [1]. Secondary causes
of bone loss, which include adverse effects of drug therapy, endocrine disorders, eating
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disorders, kidney disease, and cancer, among others, often go undiagnosed in patients with
osteoporosis [2].

The clinical significance of osteoporosis is related to a decrease in bone strength, lead-
ing to an increased risk of fragility fractures from low energy trauma [1]. An osteoporotic
fracture (OF) occurs every three seconds, and 8.9 million osteoporotic fractures are reported
to occur annually worldwide [3]. The estimated number of people >50 years of age suffer-
ing from osteoporosis in Europe in 2019 was around 32 million, of which 25.5 million were
women and only 6.5 million were men [4]. In addition, the estimated number of people
who suffered an osteoporotic fracture in 2019 was 4.28 million, while in 2034, this number
is estimated to reach 5.34 million [4]. The highest prevalence of osteoporosis was reported
in Africa, with 39.5% (95% confidence interval, CI 22.3-59.7) [5].

1.1. Risk Factors of Osteoporosis

The risk of OF results from a combination of factors that act mainly through the
reduction in bone mineral density (BMD), as well as from factors that are completely
or partially independent of it [1]. Clearly, this distinction is not clear-cut, and several
risk factors act simultaneously through different mechanisms [1]. Many risk factors are
associated with OF, such as low maximum bone mass, hormonal factors, the use of certain
medications (e.g., glucocorticoids), smoking, low physical activity, a low dietary intake of
calcium (Ca) and vitamin D, race, small body size, and an individual or family history of
fracture [6]. In individuals where multiple risk factors coexist, the risk of fracture is higher
than in individuals with a single risk factor [1]. In addition, the presence of comorbidities
increases the risk of fracture. Therefore, all risk factors and co-morbidities should be taken
into account when assessing the risk of fracture, and when determining whether further
treatment is needed [6].

Vitamin D and calcium are essential for maintaining bone health, and their deficiency
is an important risk factor for the development of osteoporosis [7]. Vitamin D is naturally
produced in human skin upon exposure to sunlight. Due to a modern lifestyle, there is
insufficient exposure to sunlight for the synthesis of vitamin D [8], resulting in particularly
low seasonal concentrations of 25-Hydroxy-Vitamin D3 (25(OH)D3), usually during winter
and spring [9]. The determination of normal and insufficient levels for serum vitamin
D constitutes a highly debated topic [10,11]. While there is an agreement that values
of 25(OH)D < 10 ng/mL (=25 nmol/l) represent a state of severe deficiency, there is
no consensus on what would be considered as a “normal” value [10,11]. The Italian
Osteoporosis Society suggests that levels >30 ng/mL are considered adequate, while levels
of between 30 and 50 ng/mL (=75 and 125 nmol/1) are considered optimal [1].

Calcium is essential for many body functions, such as building and maintaining
healthy bones, while vitamin D can help with the intestinal absorption of ingested
calcium [12]. Calcium is a key structural component of bone minerals, which ensures
skeletal health. It is ingested though diet or supplements, and is excreted in the urine [13].
If the daily calcium intake is reduced, a negative calcium balance occurs with secondary
hyperparathyroidism, with detrimental consequences for the body [1].

1.2. Diagnosis of Osteoporosis

The measurement of BMD is sufficient for the diagnosis of osteoporosis (diagnostic
threshold), but the combined assessment of BMD with independent risk factors is necessary
to identify individuals that are at a high risk of fracture, requiring specific pharmacological
or non-pharmacological intervention, depending on the type of risk factors that are likely
to be involved [1,14]. Bone strength depends on both quantitative factors, such as BMD,
assessed via dual-energy X-ray absorptiometry (DXA), and qualitative factors, such as
geometry, microstructure, and the mineral and organic composition of the matrix, which
are not usually evaluated in clinical practice [1].

DXA is the most widely used bone densitometry technique that is considered the
gold standard reference [14]. According to the World Health Organization (WHO) criteria,
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osteoporosis is defined as BMD that is 2.5 standard deviations (SD) or more below the
mean value for young, healthy women (T-score < —2.5 SD), while severe osteoporosis is
defined as a T-score below —2.5 SD with one or more fragility fractures [15].

In addition, computed tomography (CT) and peripheral quantitative computed to-
mography (pQCT) are 3D techniques that use X-ray attenuation to construct images of
bone [16]. For the measurement of the spine and other areas, a full-size CT scanner is
mainly used, while special pQCT scanners are used to measure the radius, tibia, or the
anus of the femur [16].

1.3. Biomarkers

Although biochemical markers of bone turnover cannot be used to diagnose osteoporo-
sis, they can be measured in serum and/or urine, allowing a dynamic assessment of bone
activity and health [17,18]. Moreover, they have been shown to reflect the effectiveness of
osteoporosis treatment in a relatively short period of time [19]. In addition, alterations in
bone turnover indices may indicate accelerated bone loss or other primary or secondary
bone disorders [1]. The available biochemical markers are classified into bone formation
markers, which include bone alkaline phosphatase (bALP), osteocalcin (OC), procollagen
type I aminotellarpropeptide (P1NP), and bone resorption markers, which include de-
oxypyridoline (DPD), pyridinoline, N- and C-terminal telopeptides of type I collagen (NTx
and CTx, respectively), and which have some prognostic significance for fracture [1,14].
As has already been underlined by the European Food Safety Authority (EFSA) in 2016,
more research is needed to delineate the relationship between bone turnover markers and
vitamin D status [20]. Moreover, due to the large analytical variation in measuring methods
and biological variability, which affects their use in individual patients, they cannot be used
for routine clinical evaluations yet [1].

Calcium phosphate homeostasis is mainly regulated by vitamin D, parathyroid hor-
mone (PTH) and fibroblast growth factor 23 (FGF23) [21]. Vitamin D deficiency results
in a reduced absorption of calcium and phosphate from the gut, which then increases
the absorption of these ions by the bones, increasing PTH production [22]. An inverse
association of circulating PTH levels with calcium intake is generally observed, implying
that PTH decreases with increasing dietary calcium intake [13].

1.4. Treatment

Several effective treatments, along with pharmacological interventions, can lead to a
reduction in fracture risk in postmenopausal women [14]. Diet and physical activity are
the primary modifiable factors associated with bone health, although other lifestyle and
environmental factors may also play an important role [16]. Optimal vitamin D status
promotes skeletal health and is recommended as a specific treatment in people at high
risk for fragility fractures [23]. Adequate amounts of calcium are also required for the
mineralization of fractures, and the reduced bone recovery often observed in osteoporotic
patients can be attributed to calcium and vitamin D deficiencies. Therefore, calcium and
vitamin D supplementation is widely recommended for the prevention of osteoporosis
and subsequent fractures in osteoporotic patients [7]. More specifically, recommendations
for postmenopausal women for osteoporosis management include a daily calcium intake
of 800-1200 mg from diet and/or supplements (if dietary intake is insufficient), along
with dietary protein ingestion [14]. A daily dose of 800 IU vitamin D is recommended for
postmenopausal women who are at an increased risk of fracture, and those having vitamin
D insufficiency [14].

However, the recent data are quite contradictory. Some studies showed that calcium
supplementation combined with vitamin D reduced the risk of fractures [24-26], while
others showed no effect [21,27-30]. A meta-analysis suggested that concomitant supple-
mentation with calcium and vitamin D led to a significantly reduced risk of total fractures
by 15% (summary relative risk estimates, SRRE: 0.85; 95% CI, 0.73-0.98) and a 30% reduced
risk of hip fractures (SRRE: 0.70; 95% ClI, 0.56-0.87) [31]. In addition, the dosage regimen
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seems to play a role. A meta-analysis concluded that the combination of calcium and
vitamin D significantly increased femoral neck BMD only when the dose of vitamin D
intake was less than 400 IU/day (standard mean differences, SMD = 0.335; 95% CI: 0.113
to 0.558), compared to higher doses (SMD = —0.098; 95% CI: —0.109 to 0.305), whereas
calcium had no effect on femoral neck BMD [12]. In addition, it was observed that only
dairy products fortified with calcium and vitamin D, and not the combination of calcium
and vitamin D supplements, had a significant effect on total BMD (SMD = 0.784; 95%
CI: 0.322 to 1.247) and lumbar spine BMD (SMD = 0.320; 95% CI: 0.146 to 0.494) [12].

The aim of this review was to summarize recent data from the supplementation of
vitamin D and calcium as sole compounds or a combination, regarding their effects on
bone density, circulating serum and blood plasma levels of vitamin D, calcium, parathyroid
hormone, and bone metabolism markers, as well as clinical outcomes, such as falls and OF.

2. Methods

The PubMed online database was searched. Three different search strategies were used
to find clinical trials from the last five years (2016-April 2022) in three different directions.
A search was performed on keywords that were joined by Boolean operators in the MeSH
vocabulary and in Titles/Summaries. More specifically, the search strategies “(osteoporo-
sisyMeSH Terms] OR osteoporosis|Title/ Abstract] OR bone mineral density[Title / Abstract])
AND (vitamin D[MeSH Terms] OR cholecalciferol[MeSH Terms] OR ergocalciferol[MeSH
Terms]) AND (clinical trial* OR randomised trial) NOT (review)” were used for vitamin D
and osteoporosis, “(osteoporosis|MeSH Terms] OR osteoporosis[Title/ Abstract] OR bone
mineral density[Title/Abstract]) AND (calcium[MeSH Terms]) AND (clinical trial* OR
randomised trial) NOT (review)” for calcium and osteoporosis, and “(osteoporosis[MeSH
Terms] OR osteoporosis[Title/ Abstract] OR bone mineral density[Title/Abstract]) AND
(calcium[MeSHTerms]) AND (clinical trial* OR randomised trial) AND (vitamin D[MeSH
Terms] OR cholecalciferol[MeSH Terms] OR ergocalciferol[MeSH Terms]) NOT (review)”
for the combination of vitamin D and calcium in osteoporosis.

The inclusion criteria for studies were (1) that they would be randomized clinical
trials (RCTs); (2) that the interventions involved only vitamin D supplementation, calcium
supplementation, or a combination of the above; and (3) that they were conducted in an
adult population. Studies with only per os supplementation in supplement form were
included. More specifically, studies with supplemented/fortified foods were excluded
from the present analysis, since foods contain other nutrients that may affect bone density.
Studies in people with disorders that may affect bone and calcium metabolism (e.g., chronic
kidney disease, HIV, pregnancy, thyroid, glucocorticoid use, and the use of antiepileptic and
antidepressant drugs) and those that were not in English were also excluded. In addition,
studies in which the intervention and comparison groups did not allow for the assessment
of the independent contribution of vitamin D or calcium to outcome were excluded. For
example, when these supplements were taken in a multivitamin or were used as part of a
multimodal intervention that included other pharmacological agents, or environmental or
behavioral interventions.

A search on vitamin D and osteoporosis resulted in 259 studies, 17 of which met the
inclusion criteria. A search strategy on calcium and osteoporosis identified 114 studies, but
none of them met the inclusion criteria. Finally, from the search strategy on vitamin D, calcium,
and osteoporosis, 67 studies were detected, from which 9 were included in this review as they
met the inclusion criteria. A total of 26 studies were finally included in this review.

3. Results
3.1. Vitamin D Supplementation

In total, 17 studies involving intervention with vitamin D supplements were identified,
which are presented in Table 1. Participants” (n = 4482) mean age varied from 43 to 75 years,
and the durations of the studies ranged from 8 weeks to 3 years [18,32—46]. In seven stud-
ies, only females were included [18,32-37], in two studies, only males were included [38,39],



Diseases 2023, 11, 29

50f26

while in the remaining eight studies, both sexes were included [40—46]. Studies were con-
ducted in the USA [32,35,36], Canada [41,42], Brazil [18,34], European countries [33,37,38,40,46],
New Zealand [45], and Asia [43,44]. Participants’ health statuses differed from study to
study. In some clinical trials, participants were healthy individuals [38,43,47]; while in oth-
ers, postmenopausal [18,33,35,36] or elderly women [37], and subjects with vitamin D defi-
ciency [32,44,46] or/and low BMD [34]. Furthermore, some studies included patients with
osteoporosis [40], and patients in an intensive care unit (ICU) [46] or other categories [41,42].
The dose of vitamin D ranged from 400 IU daily to 10,000 IU daily [41,42].

3.1.1. Vitamin D and BMD

Vitamin D supplementation has been generally considered beneficial for the prevention
and treatment of osteoporosis. However, the results are controversial. Of the 17 clinical
studies, most found no difference [38,40,46], two found a decrease in BMD [13,37], and
only two documented an increase in bone density or related variables, such as the bone
mineral balance between the supplementation and control group [39,43]. More specifically,
in the study of Rangarajan et al., 16 young males (18-35 years) with vitamin D deficiency
participated. They were treated with 60,000 IU of vitamin D weekly for 3 years, and the
bone mineral changes were assessed with the use of isotopes [39]. The study concluded
that the mean increase in the bone mineral balance of subjects receiving the intervention
was 0.04 £ 0.05, compared to a net negative value for the control group (—0.03 & 0.01) [39].
Within the supplemented group, the subgroup with low dietary Ca intake showed a higher
Ca isotope enrichment, resulting in a significant change in BMD compared to the control
group [39]. A randomized clinical trial (48.5% women) of 8 week supplementation with
vitamin D (50,000 IU weekly) in healthy adults of 20-60 years old showed that the changes
in T-score in the intervention group were significantly greater than those that were observed
in the control group (0.81 vs. 0.30, respectively, p < 0.001) [43]. In addition, the Z-score
changes in the intervention group were significantly greater than in the control group [43].

3.1.2. Vitamin D and Serum 25(OH)D

Fourteen studies measured serum 25(OH)D levels in blood before and after the intervention.
All studies reported a significant increase in serum blood levels [13,18,33,34,36—42,44,46,48]
except in one study, which was designed to achieve a standard concentration of vitamin D [35].
It is noted that when seasonality was taken into account, higher plasma 25(OH)D levels were
observed during July-September, compared to January-March (p < 0.001) [38].

The dosing regimen of vitamin D appears to influence the overall outcome and mark-
ers of osteoporosis. In the study of Burt et al., mean serum 25(OH)D measurements did not
change for the 400 IU group from baseline to 36 months (76.3—-77.4 nmol /L), whereas a signif-
icant increase was observed in the 4000 IU group in the first 3 months (81.3-115.3 nmol/L),
with a further increase to 132.2 nmol/L by month 36 [41]. An increase was also observed
from baseline to 3 and 18 months in the 10000 IU group (78.4-188.0-200.4 nmol/L), but then,
25(OH)D was decreased to 144.4 nmol/L at 36 months [41]. However, such a high dose of
vitamin D administration was associated with significantly greater bone loss, possibly due
to a reduction in plasma PTH [41].

3.1.3. Vitamin D and PTH

Of the eight studies that also measured plasma PTH levels [18,33-35,38—41], one de-
tected no significant change in PTH between the supplementation and placebo group [34],
while all others observed a decrease in PTH concentration. Indeed, an RCT in 160 post-
menopausal women identified a significant decrease in PTH levels by 21.3% in the supple-
mentation group, before and after the intervention (p < 0.001), while a small increase of
8.5% was found in the placebo group before and after the intervention (p = 0.493), with a
significant difference between the two groups (p = 0.002) at the end of the study [18]. Simi-
larly, an RCT in men concluded that plasma PTH concentration changed from 64.2 & 23.9
at baseline, to 43.1 + 13.7 pg/mL in the intervention group [39]. In addition, based on
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seasonality, higher levels were observed in the January-March period, compared to the
April-June period (p = 0.006) [38].

3.1.4. Vitamin D and Falls

Regarding the incidents of falls, five clinical trials were detected, which included this
parameter in the assessment outcomes of vitamin D intervention. All [37,40,41,48] but
one [34] reported no significant changes in falls. One study reported a higher incidence of
falls in the intervention group [34]. More particularly, in that study, the adjusted risk ratio
of the rate of falls and recurrent falls was 1.95-fold (95%CI, 1.23-3.08) and 2.8-fold (95%CI,
1.43-5.50) higher, respectively, in women in the placebo group, compared with the vitamin
D supplementation group (p = 0.003) [34].

3.1.5. Vitamin D and Bone Turnover Markers

A total of eight studies measured the concentration of bone turnover markers in the
plasma or serum of participants [18,35,38,41,42,44,46,48,49]. Of these, seven found no
significant effect of vitamin D on plasma bone turnover markers between the intervention
and control groups [18,35,42,44,46,48,49], while the study by Burt et al. showed an increase
in CTx at all time points within the groups; however, without reporting whether these
differences were significant [41]. In this study, women in the 10,000 IU group had higher
CTx values than the 400 IU group, without this difference being significant (p = 0.507) [41],
while in another vitamin D supplementation study, no significant effect on bALP, CTX, OC,
and PINP values was observed [38]. However, analyzing gender differences, OC in men
was 11.8 ng/mL (95%CI 8.8-13.9) at baseline and 12.1 ng/mL (95%CI 9.1-15.6) at follow-up,
resulting in a mean treatment effect of 0.131 (95%CI 0.020-0.242, p = 0.022) [49]. Similarly,
in ICU, patients” CTX decreased both over time within groups (p < 0.001) and OC increased
both over time (p < 0.001) [46], while between-group differences were not significant [46].
Nahas-Neto et al. (2018) observed a significant decrease between time points in serum
carboxy-terminal collagen crosslinks (s-CTX) (—24.2%) (p < 0.0001) and PINP (—13.4%)
(p < 0.003) only in the group receiving vitamin D supplementation, while no changes were
observed between the time points in the placebo group (s-CTX, —6.9%, p = 0.092 and P1NP
(—0.6%, p = 0.918) and between the intervention and placebo groups (s-CTX p = 0. 913 and
PINP p = 0.254) [18]. A 20-week intervention found that cholecalciferol supplementation
increased the bALP concentration (+1.7 = 1.9 pug/L) significantly more than the placebo
(+1.1 £ 1.7 ug/L, p = 0.004), but this did not have the same effect for the PINP, 3-isomerized
C-terminal telopeptides (3-CTx), or tartrate-resistant acid phosphatase (TRAP5Db) [44].

Bone turnover markers appear to be associated with factors other than vitamin D
supplementation. Interestingly, body mass index (BMI) may play a role in the concentration
of these markers, since individuals with BMI < 26.4 kg/m2 (n = 100) had significantly
higher values of CTX and OC [38]. Furthermore, the levels of vitamin D in the blood
serum may also play an important role. For example, in vitamin D deficiency, bone alkaline
phosphatase (ALP) is considered as a good index, since its increment is related to rickets [50]
and osteomalacia [51]. Among the participants treated with cholecalciferol, subjects who
achieved serum 25(OH)D > 75 nmol/L had greater increases in serum 3-CTX (224% vs.
146%, p = 0.02) and TRAP5b (22.2% vs. 9.1%, p = 0.007), but smaller decreases in serum
calcium (—1.3% vs. —1. 9%; p = 0.005) and calcium—phosphorus product (—2.6% vs. —3.3%;
p = 0.02), compared with subjects with serum 25(OH)D < 75 nmol/L [44].

3.2. Combined Vitamin D and Ca Supplementation

In total, nine studies fulfilling the inclusion criteria were identified (total n = 1568 sub-
jects) [21,24-30,52]. The studies were conducted in several countries, i.e., USA [28-30,52],
Lebanon [26,52], Turkey [25], Australia [21], India [27], and China [24]. The mean age of partici-
pants ranged from 32 to 71 y, and most of them included only women [25,28-30,52] or mostly
women [24]. The minimum treatment duration was 16 weeks [21], some studies had a 6 month
intervention period [25,29], and most studies had a 12 month [24,26-28,30,52] intervention
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period. The dose of vitamin D ranged from 400 IU per day to 4800 IU per day, and the dose of
administered dietary and supplementary calcium ranged from 200 mg to 1500 mg per day. The
results are summarized in Table 2, and they are presented below in detail.

3.2.1. Combined Vitamin D, Ca Supplementation, and BMD

All [21,24-27,29,30,52] but one study [28] measured BMD before and after the inter-
vention. Increases in total BMD were observed in several studies [26,27,29,52], which were
more significant in high-dose supplemented groups [26,52]. More specifically, 3750 IU vita-
min D/day and 1000 mg Ca/day were compared to 600 IU vitamin D/day and 1000 Ca/day,
and the high dose was more effective in increasing BMD [26,52]. However, some studies
showed no effect of vitamin D and calcium supplementation on total BMD [21,25,30], even
in high doses of 4800 IU vitamin D per day and 1200 mg Ca per day [30]. Site-specific
BMD was also assessed. Increases were observed in lumbar spine BMD [24-27], while
in some studies, no difference in lumbar spine was documented after vitamin D and Ca
intervention [30,52]. Hip BMD was increased in one study [26], and remained unchanged
in the rest of the studies [24,30,52]. It is noted that in the study of Rahme et al., there were
significant increases in the percentage change in total hip and lumbar spine BMD, but not in
the femoral neck at 12 months of intervention within groups, while the percentage change
in the subset of BMD increased significantly only in the high-dose group [26]. Interestingly,
in the study of Pop et al., a differentiation of results was documented, depending on the
analysis followed [28]. Specifically, in the as-treated analysis, no differences were observed
between BMD in the vitamin D3-treated groups for femoral neck, rostrum, lumbar spine,
total hip, and total-body BMD, in the as-treated analysis [28]. On the other hand, the
intention-to-treat (ITT) analysis yielded a statistically significant interaction between treat-
ment and time for cortical thickness (p < 0.03), while there was a loss of total and trabecular
IP over time in all groups (p < 0.05) [28]. Both ITT and treatment analyses showed a decrease
over time in trabecular volumetric BMD in all women (p < 0.05), but between groups, the
changes were not significant [28]. These differences were not associated with higher levels
of vitamin D3 intake (2000 and 4000 IU) [28]. Furthermore, no ethnic difference has been
found in the percentage change in BMD (African American vs. Caucasian) [30], or in the
correlation between the absolute change in serum 1,25(OH)2D level and the change in
BMD [30].

The observed differences may be differentiated according to baseline serum 25(OH)D
and/or PTH levels. Indeed, there was a significant difference in total body BMD by dose, in
subjects with baseline serum 250HD <50 nmol/L, while the percentage change in BMD was
not significant [30]. It is noted that in the adjusted analysis for multiple comparisons, the
pairwise differences were not significant [30]. Subjects with serum 25(OH)D concentrations
of below 20 ng/mL, and a PTH level of above 76 pg/mL showed a trend for a higher
percentage change in BMD at 12 months in all skeletal regions in the high-dose group
compared to the low dose group, which reached significance only in the total hip at
12 months [26].

Correlations have been documented between BMD and other factors, such as free- and
total 25(OH)D and certain biomarkers. An association of 25(OH)D, but not the free or bioavail-
able form, and the percentage change in thigh neck BMD was observed (y = 0.059X — 1.28,
R? =0.021, p = 0.033), whereas bioavailable (y = 0.353X — 0.729, R? =0.022, p =0.029) and free
(y = 0.154X — 0.834, R? = 0.025, p = 0.018), but not total 25(OH)D were associated with total
body BMD [30]. In addition, serum homocysteine levels were inversely correlated with the
BMD of femoral neck (r = —0.49, p = 0.009), trochanter (r = —0.5, p = 0.009), Ward’s angle
(r=—0.45, p = 0.022), and total hip (r = —0.43, p = 0.002) [30]. Furthermore, for spinal BMD,
there was a small linear increase with increasing serum 25(OH)D, but no significant correlation
with femoral neck, total body, or serum NTx [30].
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Table 1. Characteristics of included randomized controlled trials with Vitamin D supplementation.
. Effects on
Duration Dose of Effects on
Authors  Country s tu.d y n Seix Age Sampl.e (at Groups of Inter- Follow-Up Vitamin D, Effects on 25(0H)D Bone Effects on Other
esign (W%) (Mean) Baseline) . BMD Turnover Falls Results
vention Frequency and PTH .
Indices
o+
Double-blind, Intervention ¢2;_13T/;(m
[18] Brazil placebo- 160 100 593  Postmenopausal  group (n =80) 9m 9m 1000 U 1 25(0H)D 13.4% in -
controlled women and control J PTH
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deficiency group (n.= Weekly balance




12 of 26

Diseases 2023, 11, 29
Table 1. Cont.
. Effects on
Duration Dose of Effects on
Authors  Country g tu.d y n Se;,x Age Sampl.e (at Groups of Inter- Follow-Up Vitamin D, Effects on 25(0OH)D Bone Effects on Other
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Single-center, People with ns changes
double-blind, arterial Vitamin D in bALP,
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[49] Austria controlled, 197 47 62.4 and serum Pla;ebo 8w 8y 2800 IU and PINP -
parallel- 25(OH)D (n =99) values
group concentration B 17 0Cin
study <75 nmol/L men.

25(0OH)D = 25-hydroxyvitamin D; BMD = bone mineral density; PTH = parathormone; vBMD = volumetric bone mineral density; HR-pQCT = high-resolution peripheral quantitative

computed tomography; TtBMD= total volumetric bone mineral density; BTM= bone turnover markers; TBS = trabecular bone score; Ibs = pounds; s-CTX = serum carboxy-terminal
collagen crosslinks; PINP = propeptide of type 1 procollagen; CI = confidence interval; ICU = Intensive care unit; bALP = bone alkaline phosphatase; CTX = C-terminal telopeptide;
OC = osteocalcin; 3-CTX = 3-isomerized C-terminal telopeptides; TRAP5b = Tartrate-resistant acid phosphatase; y = year; m = month; w = week; WM = women; ns = non-significant;

OR = odds ratio.
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(25] Turkey cgntrolled 120 100 50 diagnosed with (calcitrFi)ol + 6m 6m addition to T Lu];r;}[)]a)rA JPTH (Group A in OFg B
clinical trial. vitamin D cholecalciferol 400 IU of spine B mn and Group
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Duration Dose of Effects on
Authors  Country Study n Sex Age Sample (at Groups of Inter- Follow- Vitamin D Effects on Effects on Bone Effects Secondary
Design (WM %) (Mean) Baseline) . U 4 BMD 25(0OH)D and PTH Turnover on Falls Results
8 vention 14 Frequenc
q Yy Indices
8 intervention ns change
groups in total
D3 doses of: hBMP ar];d Results f
400TU/d, n = ip, lumbar esu ts‘ or
20 ’ Vitamin D3 400 spine BMD Caucasian
273 800TU/d, n = 800, 1600, 2400, and
(Cau- 2 3200 No African
casian Caucasian Elderly women 1600 1U/d, n = 4000 ’ association American
Randomized n= 67 with vitamin D 23 7T 4800 IU, (Cj)r'l between women were
130] USA placebo 163 100 African insufficiency, 2400 1U/d, n = 2m 12m atly change in 125(0OH)D Ch:rsl o similar.
controlled African Ameri-  (serum 25(OH)D o4 T Ca 200 m BMD and JPTH in O% 1 in total
trial Amer- can levels <50 nmol/ M the body Ca in
. 3200IU/d,n = as to maintain
ican 65 L) . 12-month the treated
_ 21 a total Ca intake .
n= 40001U/d, n = of values for women with
110) 20 1200 m. serum total higher
480010/d, 1= g 25(0H)D, baseline
1 T serum free serum PTH.
25(0OH)D
Placebo group
heod or serum
1,25(0H)2D
No increase in total,
bioavailable, and Weak but
free significant
25(0OH)D levels relationship
was found at between
High-dose All subjects 12 months 25(OH)D and
group: 1000 rec:i V]e d ns change (p <0.001) for low % BMD
mg elemental 1000 m in spine dose change at
Double- Overweight, Caand elementalgCa and hip and high-dose femoral neck
. with a baseline 3750 IU/day BMD at supplementation. only
USA and blind >65 and oral
. serum vitamin D. . . 12 months Vitamin D (p =0.033),
[51] Lebanon randomized 221 55.2 o ¢ d 6,12m 6,12m vitamin D3 1 : 4 onlv mild
controlled 711 25(0OH)D o Low-dose (600 1U/ supplementation at and only mi
trial between 10 and group: 1000 dav or 1 subtotal a dose of significant
30 ng/mL mg elemental 3750 I%]J /day) body BMD 3750 TU/day correlation
Ca and su lement};— with the resulted in serum between the
600 IU/day PP tion high dose. levels of total, free and
vitamin D © bioavailable, and bioavailable
free 25(OH)D, that 25(OH)D,
were 1.28-1.38 and the total
higher than body BMD at
levels reached with 12 months.
600 IU/day dose.

Ca = calcium; BMD = bone mineral density; PTH = parathormone; OC = osteocalcin; CTX = C-terminal telopeptide; NTx: N-terminal telopeptide; TRAP-5b = Tartrate-resistant acid
phosphatase; FGF-23 = Fibroblast growth factor 23; y = year; m = month; w = week; WM: women.
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3.2.2. Combined Vitamin D and Ca Supplementation, and Circulating 25(OH)D

All RCTs evaluated the change in 25(OH)D in blood serum and documented increases ei-
ther within the intervention groups, or between the intervention and control
groups [21,24-30,52]. In a one-year intervention, subjects receiving the highest dose of vitamin
D (3750 IU) +1200 mg Ca had a change in serum levels from 20.65 £ 7.89 to 36 & 9.73 ng/mL
compared to subjects supplemented with a low dose of vitamin D (600 IU) + 1200 mg Ca,
in which levels changed from 20.06 £ 6.92 ng/mL to 25.96 £ 6.88 ng/mL (p < 0.001) [30].
In addition, free 25(OH)D increased from 5.33 £ 1.87 to 6.86 £ 2.07 ng/L after a low dose,
and from 5.38 4= 2.14 to 8.92 & 3.15 ng/L after high dose supplementation [30]. In a 6-month
intervention in two groups (one low dose 400 IU vitamin D +0.5 pg calcitriol+ 1000 mg Ca
and one high-dose 1000 IU vitamin D+ 1000 mg Ca) per protocol analysis gave the following
results: after 6 months of treatment, serum 25(OH)D levels increased from 11.8 + 8.8 to
59 £ 35 ng/mL in the cholecalciferol and Ca group, and from 8.7 & 6.2 to 28 + 29 ng/mL in
the calcitriol, cholecalciferol, and Ca groups, and a significant difference was also observed
between the groups (p = 0.05) [25]. In another intervention, only the group receiving inactive
vitamin D and the group receiving inactive vitamin D along with exercise had a significant
increase at 12 months [24]. In obese patients, the increase in serum 25(OH)D in response to 600,
2000, or 4000 IU vitamin D3/day was 3.8 & 4.1,7.4 & 6.5 and 14.1 £ 8.1 ng/mL, respectively,
with the interaction between time and treatment being significant.

3.2.3. Combined Vitamin D and Ca Supplementation, and Circulating Calcium

Differentiated effects were found in serum calcium concentrations in blood serum
after the intervention. One RCT identified no significant differences in serum calcium
concentrations between groups at baseline or after intervention, and no subjects had
hypercalcemia (>10.5 mg/dL) at 12 months [28]. Another study observed a decrease in
mean serum calcium concentrations after 16 weeks within the placebo group, but with
no differences in mean calcium change compared to the vitamin D group [21]. Feng et al.
showed that there was a significant increase in blood calcium levels in all groups [24], while
Tenekol et al. documented increases only in the group receiving calcitriol, cholecalciferol,
and Ca [25]. Finally, Munshi et al. recorded an increase in serum calcium—although
this was not statistically significant—in the supplementation group, while a decrease was
observed in the placebo group at the end of 6 and 12 months [27].

3.2.4. Combined Vitamin D, Ca Supplementation, and PTH

Six studies [21,25,26,28-30] assessed PTH levels in blood serum, and all documented
a decrease in the intervention group. After 16 weeks of vitamin D supplementation, a de-
crease in the mean iPTH concentrations was observed within and between the two groups,
with the difference only within the treatment group being significant (4.89 &= 1.86 pmol/L
vs. 3.71 & 1.31 pmol/L, p = 0.002) [21]. Similarly, the mean serum PTH level decreased
from 131 =+ 62 to 71 & 51 pg/mL in the cholecalciferol and Ca group, and from 235 £ 193 to
58 + 38 pg/mL in the calcitriol, cholecalciferol, and Ca groups (p = 0.003, between
groups) [25]. In addition, serum PTH was significantly reduced only in participants
in the supplementation group, and not between the three groups (placebo, dairy, vitamin
D, and calcium supplements) [29]. Pop et al., after 12 months of treatment, concluded that
PTH decreased by 10.6 & 16.6% (p < 0.01); however, the change did not differ significantly
between groups of different vitamin D dosing (500 IU, 2000 IU, and 4000 IU) [28], while
Rahme et al. (2017) recorded a gradual decrease in PTH levels at 6 and 12 months, only
in the low supplemental dose group (600 IU) vs. a higher dose (3750 IU) [26]. In terms
of ethnic groups, serum PTH decreased as circulating vitamin D was increasing, in both
Caucasian and African American women [30]. There was no correlation between base-
line serum PTH level and the percentage change in spine BMD, femoral neck BMD, or
serum NTx, but there was a significant positive correlation between the PTH level and the
percentage change in total body BMD (r = 0.18, p = 0.020) [30].
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3.2.5. Combined Vitamin D and Ca Supplementation, and Falls/Fractures

One study recorded a significant increase in OF [26], while the others observed no
difference between the groups in the OF [21,24,25,27-30]. Only one study with combined
vitamin D and Ca supplementation included in the review evaluated falls in participants,
but the differences were not significant [24].

3.2.6. Combined Vitamin D and Ca Supplementation, and Bone Turnover Biomarkers

A total of six studies measured the concentration of bone turnover markers in the
plasma of the participants [21,25-29]. Two showed an increase in bone metabolism indica-
tors [25,28], while three observed a decrease in concentration [26,27,29], and one reported
non-significant changes [21].

More particularly, OC increased by 43 + 104% in the high-dose vitamin D group,
and by 111 & 276% in the low dose vitamin D group (p > 0.05 between groups) [25]. In
contrast to these findings, Rahme et al. observed a 20% to 22% decrease in the OC and
CTx levels in both groups (low and high dose), with no significant differences between the
two groups [26]. Decreases in both the OC and serum TRAP-5b levels, with the decline
being significantly higher in the treatment group compared to the standard care group,
were documented, indicating reduced bone turnover [27]. As far as CTx is concerned,
in the study of Ilich et al., it increased in the control group and decreased in the vitamin
D+ Ca supplementation group [29], while in the study of Tanakol, both CTx and NTx
increased [25]. PGF-23 was measured in only one study, and no differences were recorded
after vitamin D + Ca supplementation [21].

4. Discussion

A total of 26 randomized clinical trials were included in this review to summarize the
recent data from vitamin D and calcium supplementation, both solely and in combination, and
to study their effects on bone density, circulating vitamin D, calcium, parathyroid hormone,
markers of bone turnover, and clinical outcomes, i.e., falls and osteoporotic fractures.

The ingested vitamin D is hydroxylated in the liver and kidneys, and is converted
to its active form, i.e., 1,25-dihydroxyvitamin D (1,25(OH)2D) [53]. This active circulating
form of the vitamin binds to vitamin D receptor (VDR), exerts several actions, and regu-
lates gene expression [53]. It increases intestinal calcium and phosphorus absorption, it
stimulates calcium renal reabsorption, and it interacts with PTH and activates osteoclasts
that are responsible for bone resorption [20]. In this context, vitamin D promotes calcium
absorption and helps to maintain adequate serum calcium concentrations to enable the
normal mineralization of the bone. In parallel, vitamin D is needed for bone growth and
bone remodeling by osteoblasts and osteoclasts [54].

Consistently with clinical studies on bone density, only few studies detected significant
differences in BMD after sole vitamin D supplementation [26,39,43], which is in line with a
meta-analysis regarding vitamin D effects [55]. The co-administration of calcium and vitamin
D led to increases in total BMD in most studies [26,27,29,52], which were more significant
in high-dose supplemented groups [26,52], while in others, it had no effect [21,25,30]. A
meta-analysis of 23 trials prescribing vitamin D plus calcium (19 double-blinded trials, and
18 placebo controlled trials) with a mean duration of 23.5 months, including 4083 participants
(92% women, mean age 59 years) with variable ingested vitamin D doses (<800 IU/day in
10 trials), reported a small increase in BMD at the femoral neck, but not at other sites, that the
authors attributed to chance [47]. A high dose- and long-term supplementation of vitamin D
may be also associated with bone loss, probably due to a decrease in plasma PTH [41], which is
observed in both men [39] and women [18]. Changes in PTH with vitamin D supplementation
are likely to directly affect parathyroid cells through an effect on osteoclast (CTx) activity
leading to a dose-dependent accelerated decrease in bone formation and observed volumetric
BMD [3341].

Moreover, several factors may affect the effectiveness of vitamin D intervention, such
as sex, baseline BMD, baseline vitamin D status, and the duration of the treatment. For
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example, Burt et al. reported that during the menopausal and postmenopausal period, a
high dose of sole vitamin D supplementation is required in women closer to age 55 and
after age 65, due to greater bone loss and accelerated bone loss, respectively [41]. A clinical
trial at the bone density clinic at Kowsar Hospital in Semnan showed that the prevalence of
vitamin D deficiency in osteopenic and osteoporotic patients was higher than in normal
subjects, an observation which was associated with age and sex [43]. Furthermore, it was
shown that the incidence of osteoporosis decreased through vitamin D treatment [43]. In
these studies, the duration of the treatment was ~3 years [26,39,43], while studies showing
no effect had a duration of ~1 y or less [36-38,40] suggesting a significant role of treatment
duration to achieve a beneficial effect on BMD. However, a longer duration of treatment
in healthy subjects may not have a positive change on BMD [48], while lessened or null
effects have been observed in men [38]. Serum 25(OH)D has been positively associated
with BMD [56], but the effects of baseline 25(OH)D on the effectiveness of supplementation
are less clear. Some studies show no effect of baseline serum 25(OH)D on the outcomes
of supplementation [30], while a potential effect in total hip BMD may be present, if low
serum 25(OH)D is combined with high PTH (>76 pg/mL) [26]. Moreover, a beneficial effect
was observed in subjects with low baseline 25 OHD levels, and at doses < 800, as compared
to > 800 IU/day [47].

All [13,18,33,34,36—40,46,48] but one [35] study included in this narrative review
showed that circulating 25(OH)D levels increased after sole vitamin D supplementation,
even in cases of low baseline 25(0OH)D concentration [34]. Similarly, all included RCTs
reported an increase in circulating 25(OH)D after supplementation with both vitamin D and
calcium [21,24-26,28,29,52], although according to a meta-analyses, circulating 1,25(0OH)2D
may be suppressed through calcium co-administration (vitamin D alone increased circulat-
ing 25(OH)D by 18.6 pmol/L; 95% CI = 12.7-24.4 pmol /L, while vitamin D plus calcium
increased circulating 25(OH)D by 4.9 pmol/L; 95% CI = 0.4 —10.2 pmol/L; p 0.001) [57].
In addition, a dose-dependent and significant increase in serum 25(OH)D was observed
after the intervention with sole vitamin D [21,24,25], or its combination with calcium [41].
Our results are in line with the findings of a meta-analysis in overweight and obese adults
that concluded that a daily dose of 1000 IU vitamin D supplement can increase serum
25(OH)D levels and reduce PTH levels [58]. Along with the interpretation of the results
regarding circulating vitamin D, it should be also noted that higher plasma 25(OH)D
levels were observed during the period of July-September, compared to the period of
January-March [38].

Differentiated results were present in the case of circulating calcium pre- and post-
supplementation, since some studies reported a non-significant effect [21,27,28] or an
increase [24] after the intervention with vitamin D and calcium, or with a combination of
calcitriol, vitamin D, and calcium [25].

All studies that measured serum PTH pre- and post- intervention with vitamin D
reported a significant decrease in supplementation groups [21,25,26,28-30]. The percentage
of PTH decrease was dependent on the duration, dose, and ethnicity [26,30]. Indeed, in
Caucasian and African American women, serum PTH decreased as circulating 25(OH)D
increased over the range of serum 25(OH)D 50-175 nmol/L, suggesting a vitamin D-PTH
interaction [59,60]. Indeed, vitamin D reduces PTH gene expression, and it has an in-
hibitory effect on the proliferation of parathyroid cells [20]. However, the combined effects
of calcium and vitamin D supplementation on PTH are less clear-cut. Evidence from
RCTs suggests that bone benefits are evident with vitamin D supplementation at adequate
calcium intakes and at normal levels of PTH [61]. In a previous review, vitamin D was
found to lower PTH, but this effect was not apparent in the presence of calcium supplemen-
tation [62]. Interestingly, Lerchbaum et al. (2019), reported that vitamin D supplementation
reduced PTH levels only in normal-weight men, whereas in men with higher BMlIs, there
was no significant effect [38]. It was thus hypothesized that overweight/obese subjects
might require higher vitamin D doses in order for beneficial effects to be exerted on PTH
levels [38]. It is well known that BMI has a unidirectional negative effect on vitamin D
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metabolism. Fillipo et al. has also previously described the possible intrinsic beneficial
metabolic effects of vitamin D itself in overweight and obese patients, which influence
adiposity and metabolic outcomes [63].

It is not clear whether the improvement in circulating vitamin D through supplemen-
tation can reduce the frequency of falls and fractures. Indeed, most studies reported no
significant effects of vitamin D [37,40,41,48] or combinations of vitamin D with calcium [24]
on falls. Other studies have reported that vitamin D and calcium supplementation (not
only calcium) leads to an increase in BMD and reduces the risk of OF [12,31,64,65], while
others have shown no effect, supporting our results [66,67]. Our results are similar to
a meta-analysis that concluded that vitamin D had no effect on the total fractures, hip
fractures, or falls [55], while several meta-analysis have shown that the combination of
calcium and vitamin D significantly reduced the fractures risk [12,65,68]. This reduction
was more pronounced among women with low plasma 25(OH)D concentrations and cal-
cium co-administration [34]. Interestingly, it has been noted that an intermittent high
dose supplementation of vitamin D was associated with an increased risk of falls and
fractures [69]. The exoskeletal effects of vitamin D are strongly correlated with the develop-
ment of sarcopenia disease [63]. Moreover, it is possible that the total diet and /or dietary
protein may be important in addressing this issue, since sarcopenia often co-exists with
osteoporosis (osteosarcopenia) [70]. In this case, animal protein may be a key factor for
modifying body composition and sarcopenia, such as in the case of cancer, which is also
related to sarcopenia [71,72]. In addition, inflammatory indices, such as platelet activating
factor, are related to OF [73], and an antioxidant-rich diet and/or fatty acid profile may
lessen its deleterious actions [74,75].

Regarding the effects of vitamin D supplementation on bone turnover markers, such as
CTx, bALP, OC, TRAP-5b, and P1INP, most studies included in the present review found a
no significant effect of vitamin D [18,35,42,44,46,48,49]. Interventions with supplements of
vitamin D and calcium have shown increases [25,28], decreases [26,27,29], or no significant
changes [21]. A significant decrease in the serum levels of bone turnover markers may
possibly result after large doses of calcium (1000 mg elemental) taken in combination with
vitamin D [26], or in a combination of calcium and vitamin D supplements with other
substances, such as collagen peptides [76]. The effects of vitamin D on bone turnover
markers may be limited to subjects with low 25(OH)D levels [77],while no effects on CTx
and OC in men with low 25(OHD levels (<50 nmol/L, n = 85) were documented [38].
The effects of vitamin D on bone turnover may also depend on the body’s calcium status,
since in cases of hypocalcemia, active vitamin D may also activate osteoclasts to achieve
calcium homeostasis [54]. In general, these small effects of vitamin D supplementation on
bone turnover biomarkers are in line with previous studies performed in hypertensive pa-
tients [49], healthy postmenopausal women [33], and healthy young and elderly adults [78],
as well as healthy obese men and women [79]. Moreover, several inter-correlations between
them may affect the observed results [49,80,81], while glucose and HbAlc may also affect
their levels [82,83].

Besides environmental factors, the genetic background may also influence the effects of
supplementation [71]. For example, 35 genes and several single-nucleotide polymorphisms
(SNPs) have been connected to vitamin D status, which could potentially alter individual
25(OH)D responses to supplementation [84]. In parallel, dietary habits may influence vita-
min D status [71,85],while gene—diet interactions may also take place [86], although they
may not at last largely affect BMD [87,88]. In addition, concomitant calcium supplementa-
tion may reduce compliance with vitamin D, due to calcium-induced digestive problems,
which probably supported the decision in some trials to try vitamin D supplementation
alone [89]. Increased vitamin D doses may also be related to hypercalcemia and hypercal-
ciuria [41,90], with the risk being higher in subjects with calcium co-administration [32].
However, not all studies documented a high risk of hypercalcemia [36,40].

Limitations of several studies were the short duration, the low sample size, [38,40,46],
and no placebo comparator during the study period [40], while other factors such as



Diseases 2023, 11, 29

21 of 26

exercise, muscle, and weight loss may affect BMD more than vitamin D alone [46,70].
Gender bias may be also inherent, since most studies have been conducted in women, and
the age distribution is quite narrow and shifted to older ages [91]. Moreover, no much
data on ethnic-related differences are reported [91]. Last but not least, several vitamin
D-drug interactions should be taken into account. Statins increase vitamin D [92] and
anti-epileptic treatment, and are often used as co-analgesic treatment in the elderly [93],
and they induce vitamin D catabolism [94]. In real life, other medicines for osteoporosis
may be prescribed [14], and potential additional diet-drug interactions should be taken
into account.

5. Conclusions

Osteoporosis is a systemic skeletal disorder with significant negative effects on the
general health and quality of life after menopause and in old age. In addition to specific
pharmacological and/or hormonal treatments, supplementation strategies seem to be very
important, and they are generally recommended [14]. Vitamin D supplementation, alone
or in combination with Ca, is considered as being fundamental to enhancing the positive
effects of any particular therapy in patients, who are more fragile and at higher risk of
vertebral and non-vertebral fragility fractures due to disorders related to bone metabolism
(e.g., osteoporosis or vitamin D deficiency). The present reviewed evidence suggests that
vitamin D alone or in combination with calcium increases circulating 25(OH)D. Calcium
with concomitant vitamin D supplementation, but not vitamin D alone, leads to an increase
in BMD, while no significant differences were documented for the reduction in the risk
of total fractures. Figure 1 presents a summary of the conclusions of the review. Further
research is needed to investigate the possible role of vitamin D and calcium on bone
turnover markers.
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Figure 1. Summary of the main conclusions. Part of the figure were drawn by using pictures from
Servier Medical Art. Servier Medical Art by Servier is licensed under a Creative Commons Attribution
3.0 Unported license (http:/ /creativecommons.org/licenses/by/3.0/ (accessed on 12 January 2023)).
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bone mineral density, 3-CTX: 3-isomerized C-terminal telopeptides, 25(OH)D: 25-hydroxyvitamin D,
DXA: dual-energy X-ray absorptiometry, ALP: alkaline phosphatase, ITT: intention to treat, SNPs:
single nucleotide polymorphisms.

References

1. Rossini, M.; Adami, S.; Bertoldo, F.; Diacinti, D.; Gatti, D.; Giannini, S.; Giusti, A.; Malavolta, N.; Minisola, S.; Osella, G.; et al.
Guidelines for the diagnosis, prevention and management of osteoporosis. Reumatismo 2016, 68, 1-39. [CrossRef] [PubMed]

2. Fitzpatrick, L.A. Secondary Causes of Osteoporosis. Mayo Clin. Proc. 2002, 77, 453-468. [CrossRef] [PubMed]

3.  Ribagin, S.; Roeva, O.; Pencheva, T. Generalized Net model of asymptomatic osteoporosis diagnosing. In Proceedings of the 2016
IEEE 8th International Conference on Intelligent Systems (IS), Sofia, Bulgaria, 4-6 September 2016; pp. 604-608.

4. Kanis, J.A.; Norton, N.; Harvey, N.C.; Jacobson, T.; Johansson, H.; Lorentzon, M.; McCloskey, E.V.; Willers, C.; Borgstrom, F.
SCOPE 2021: A new scorecard for osteoporosis in Europe. Arch Osteoporos 2021, 16, 82. [CrossRef] [PubMed]

5. Salari, N.; Ghasemi, H.; Mohammadji, L.; Behzadi, M.H.; Rabieenia, E.; Shohaimi, S.; Mohammadi, M. The global prevalence of
osteoporosis in the world: A comprehensive systematic review and meta-analysis. J. Orthop. Surg. Res. 2021, 16, 609. [CrossRef]

6. Lane, N.E. Epidemiology, etiology, and diagnosis of osteoporosis. Am. J. Obstet. Gynecol. 2006, 194, S3-S11. [CrossRef]

7. Fischer, V.; Haffner-Luntzer, M.; Amling, M.; Ignatius, A. Calcium and vitamin D in bone fracture healing and post-traumatic
bone turnover. Eur. Cell Mater. 2018, 35, 365-385. [CrossRef]

8.  Mithal, A.; Bansal, B.; Kyer, C.S.; Ebeling, P. The Asia-Pacific Regional Audit-Epidemiology, Costs, and Burden of Osteoporosis in
India 2013: A report of International Osteoporosis Foundation. Indian J. Endocrinol. Metab. 2014, 18, 449-454. [CrossRef]

9.  Wyskida, M.; Wieczorowska-Tobis, K.; Chudek, J. Prevalence and factors promoting the occurrence of vitamin D deficiency in the
elderly. Postep. Hig. Med. Dosw. (Online) 2017, 71, 198-204. [CrossRef]

10. Holick, M.E,; Binkley, N.C.; Bischoff-Ferrari, H.A.; Gordon, C.M.; Hanley, D.A.; Heaney, R.P.; Murad, M.H.; Weaver, C.M.
Evaluation, Treatment, and Prevention of Vitamin D Deficiency: An Endocrine Society Clinical Practice Guideline. J. Clin.
Endocrinol. Metab. 2011, 96, 1911-1930. [CrossRef]

11. Makris, K.; Sempos, C.; Cavalier, E. The measurement of vitamin D metabolites: Part I —Metabolism of vitamin D and the
measurement of 25-hydroxyvitamin D. Hormones 2020, 19, 81-96. [CrossRef]

12.  Liu, C; Kuang, X,; Li, K; Guo, X.; Deng, Q.; Li, D. Effects of combined calcium and vitamin D supplementation on osteoporosis
in postmenopausal women: A systematic review and meta-analysis of randomized controlled trials. Food Funct. 2020, 11,
10817-10827. [CrossRef]

13.  Reid, LR. Osteoporosis: Evidence for vitamin D and calcium in older people. Drug Ther. Bull. 2020, 58, 122-125. [CrossRef]

14. Kanis, J.A.; Cooper, C.; Rizzoli, R.; Reginster, J.-Y.; on behalf of the Scientific Advisory Board of the European Society for
Clinical and Economic Aspects of Osteoporosis (ESCEO) and the Committees of Scientific Advisors and National Societies of
the International Osteoporosis Foundation (IOF). European guidance for the diagnosis and management of osteoporosis in
postmenopausal women. Osteoporos. Int. 2019, 30, 3-44. [CrossRef]

15.  Kanis, J. Assessment of Osteoporosis at the Primary Health-Care Level; World Health Organization Collaborating Centre for Metabolic
Bone Diseases, University of Sheffield: Sheffield, UK, 2007.

16. Weaver, C.M.; Gordon, C.M.; Janz, K.E,; Kalkwarf, H.J.; Lappe, ] M.; Lewis, R.; O’Karma, M.; Wallace, T.C.; Zemel, B.S. The
National Osteoporosis Foundation’s position statement on peak bone mass development and lifestyle factors: A systematic
review and implementation recommendations. Osteoporos. Int. 2016, 27, 1281-1386. [CrossRef]

17.  Bieglmayer, C.; Kudlacek, S. The bone marker plot: An innovative method to assess bone turnover in women. Eur. J. Clin. Investig.
2009, 39, 230-238. [CrossRef]

18.  Nahas-Neto, J.; Cangussu, L.M.; Orsatti, C.L.; Bueloni-Dias, EN.; Poloni, P.F; Schmitt, E.B.; Nahas, E.A.P. Effect of isolated

vitamin D supplementation on bone turnover markers in younger postmenopausal women: A randomized, double-blind,
placebo-controlled trial. Osteoporos. Int. 2018, 29, 1125-1133. [CrossRef]


http://doi.org/10.4081/reumatismo.2016.870
http://www.ncbi.nlm.nih.gov/pubmed/27339372
http://doi.org/10.1016/S0025-6196(11)62214-3
http://www.ncbi.nlm.nih.gov/pubmed/12004995
http://doi.org/10.1007/s11657-020-00871-9
http://www.ncbi.nlm.nih.gov/pubmed/34080059
http://doi.org/10.1186/s13018-021-02772-0
http://doi.org/10.1016/j.ajog.2005.08.047
http://doi.org/10.22203/eCM.v035a25
http://doi.org/10.4103/2230-8210.137485
http://doi.org/10.5604/01.3001.0010.3804
http://doi.org/10.1210/jc.2011-0385
http://doi.org/10.1007/s42000-019-00169-7
http://doi.org/10.1039/D0FO00787K
http://doi.org/10.1136/dtb.2019.000063
http://doi.org/10.1007/s00198-018-4704-5
http://doi.org/10.1007/s00198-015-3440-3
http://doi.org/10.1111/j.1365-2362.2009.02087.x
http://doi.org/10.1007/s00198-018-4395-y

Diseases 2023, 11, 29 23 of 26

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Chavassieux, P.; Portero-Muzy, N.; Roux, J.-P.; Garnero, P.; Chapurlat, R. Are Biochemical Markers of Bone Turnover Rep-
resentative of Bone Histomorphometry in 370 Postmenopausal Women? |. Clin. Endocrinol. Metab. 2015, 100, 4662—-4668.
[CrossRef]

EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA). Dietary reference values for vitamin D. EFSA ]. 2016, 14, e04547.
[CrossRef]

Mesinovic, J.; Mousa, A.; Wilson, K.; Scragg, R.; Plebanski, M.; de Courten, M.; Scott, D.; Naderpoor, N.; de Courten, B. Effect of
16-weeks vitamin D replacement on calcium-phosphate homeostasis in overweight and obese adults. J. Steroid. Biochem. Mol. Biol.
2019, 186, 169-175. [CrossRef]

Christakos, S.; Lieben, L.; Masuyama, R.; Carmeliet, G. Vitamin D endocrine system and the intestine. BoneKEy Rep. 2014, 3, 496.
[CrossRef]

Cianferotti, L.; Bertoldo, F; Bischoff-Ferrari, H.A.; Bruyere, O.; Cooper, C.; Cutolo, M.; Kanis, ].A.; Kaufman, ].-M.; Reginster, ].-Y.;
Rizzoli, R.; et al. Vitamin D supplementation in the prevention and management of major chronic diseases not related to mineral
homeostasis in adults: Research for evidence and a scientific statement from the European society for clinical and economic
aspects of osteoporosis and osteoarthritis (ESCEO). Endocrine 2017, 56, 245-261. [CrossRef] [PubMed]

Feng, F; Shi, G.; Chen, H; Jia, P; Bao, L.; Xu, E; Sun, Q.-C.; Tang, H. Comprehensive Interventions Including Vitamin D Effectively
Reduce the Risk of Falls in Elderly Osteoporotic Patients. Orthop. Surg. 2021, 13, 1262-1268. [CrossRef] [PubMed]

Tanakol, R.; Giil, N.; Uziim, A.K.; Aral, F. Calcitriol treatment in patients with low vitamin D levels. Arch. Osteoporos. 2018, 13, 114.
[CrossRef] [PubMed]

Rahme, M.; Sharara, S.L.; Baddoura, R.; Habib, R.H.; Halaby, G.; Arabi, A.; Singh, R.J.; Kassem, M.; Mahfoud, Z.; Hoteit, M.; et al.
Impact of Calcium and Two Doses of Vitamin D on Bone Metabolism in the Elderly: A Randomized Controlled Trial. |. Bone Min.
Res. 2017, 32, 1486-1495. [CrossRef]

Munshi, R.P,; Kumbhar, D.A.; Panchal, FH.; Varthakavi, P. Assessing the Effectiveness of Panchatikta Ghrita, a Classical
Ayurvedic Formulation as Add-on Therapy to Vitamin D3 and Calcium Supplements in Patients with Osteopenia: A Randomized,
Open-Labeled, Comparative, Controlled Clinical Study. J. Altern. Complement. Med. 2019, 25, 1044-1053. [CrossRef]

Pop, L.C.; Sukumar, D.; Schneider, S.H.; Schlussel, Y.; Stahl, T.; Gordon, C.; Wang, X.; Papathomas, T.V.; Shapses, S.A. Three
doses of vitamin D, bone mineral density, and geometry in older women during modest weight control in a 1-year randomized
controlled trial. Osteoporos. Int. 2017, 28, 377-388. [CrossRef]

Ilich, J.Z.; Kelly, O.].; Liu, P-Y,; Shin, H.; Kim, Y.; Chi, Y.; Wickrama, K.K.A.S.; Colic-Baric, I. Role of Calcium and Low-Fat Dairy
Foods in Weight-Loss Outcomes Revisited: Results from the Randomized Trial of Effects on Bone and Body Composition in
Overweight/Obese Postmenopausal Women. Nutrients 2019, 11, 1157. [CrossRef]

Smith, L.M.; Gallagher, ].C.; Kaufmann, M.; Jones, G. Effect of increasing doses of vitamin D on bone mineral density and serum
N-terminal telopeptide in elderly women: A randomized controlled trial. J. Intern. Med. 2018, 284, 685-693. [CrossRef]

Weaver, C.M.; Alexander, D.D.; Boushey, C.J.; Dawson-Hughes, B.; Lappe, ].M.; LeBoff, M.S.; Liu, S.; Looker, A.C.; Wallace, T.C.;
Wang, D.D. Calcium plus vitamin D supplementation and risk of fractures: An updated meta-analysis from the National Osteoporosis
Foundation. Osteoporos. Int. 2016, 27, 367-376. [CrossRef]

Aloia, J.F,; Katumuluwa, S.; Stolberg, A.; Usera, G.; Mikhail, M.; Hoofnagle, A.N.; Islam, S. Safety of calcium and vitamin D
supplements, a randomized controlled trial. Clin. Endocrinol. 2018, 89, 742-749. [CrossRef]

Bislev, L.S.; Langagergaard Redbro, L.; Rolighed, L.; Sikjaer, T.; Rejnmark, L. Bone Microstructure in Response to Vitamin D3
Supplementation: A Randomized Placebo-Controlled Trial. Calcif. Tissue Int. 2019, 104, 160-170. [CrossRef] [PubMed]
Cangussu, L.M.; Nahas-Neto, ].; Orsatti, C.L.; Poloni, PF,; Schmitt, E.B.; Almeida-Filho, B.; Nahas, E.A.P. Effect of isolated vitamin
D supplementation on the rate of falls and postural balance in postmenopausal women fallers: A randomized, double-blind,
placebo-controlled trial. Menopause 2016, 23, 267-274. [CrossRef] [PubMed]

Dhaliwal, R.; Islam, S.; Mikhail, M.; Ragolia, L.; Aloia, ].F. Effect of vitamin D on bone strength in older African Americans: A
randomized controlled trial. Osteoporos. Int. 2020, 31, 1105-1114. [CrossRef] [PubMed]

Mason, C.; Tapsoba, ].D.; Duggan, C.; Imayama, I.; Wang, C.-Y.; Korde, L.; McTiernan, A. Effects of Vitamin D3 Supplementation
on Lean Mass, Muscle Strength, and Bone Mineral Density During Weight Loss: A Double-Blind Randomized Controlled Trial. J.
Am. Geriatr. Soc. 2016, 64, 769-778. [CrossRef] [PubMed]

Uusi-Rasi, K.; Patil, R.; Karinkanta, S.; Kannus, P.; Tokola, K.; Lamberg-Allardt, C.; Sievanen, H. A 2-Year Follow-Up After a
2-Year RCT with Vitamin D and Exercise: Effects on Falls, Injurious Falls and Physical Functioning Among Older Women. .
Gerontol. A Biol. Sci. Med. Sci. 2017, 72, 1239-1245. [CrossRef]

Lerchbaum, E.; Trummer, C.; Theiler-Schwetz, V.; Kollmann, M.; Woélfler, M.; Pilz, S.; Obermayer-Pietsch, B. Effects of Vitamin D
Supplementation on Bone Turnover and Bone Mineral Density in Healthy Men: A Post-Hoc Analysis of a Randomized Controlled
Trial. Nutrients 2019, 11, 731. [CrossRef]

Rangarajan, R.; Mondal, S.; Thankachan, P.; Chakrabarti, R.; Kurpad, A.V. Assessing bone mineral changes in response to vitamin
D supplementation using natural variability in stable isotopes of Calcium in Urine. Sci. Rep. 2018, 8, 16751. [CrossRef]

Aspray, T.].; Chadwick, T.; Francis, R.M.; McColl, E.; Stamp, E.; Prentice, A.; von Wilamowitz-Moellendorff, A.; Schoenmakers, L.
Randomized controlled trial of vitamin D supplementation in older people to optimize bone health. Am. J. Clin. Nutr. 2019, 109,
207-217. [CrossRef]


http://doi.org/10.1210/jc.2015-2957
http://doi.org/10.2903/j.efsa.2016.4547
http://doi.org/10.1016/j.jsbmb.2018.10.011
http://doi.org/10.1038/bonekey.2013.230
http://doi.org/10.1007/s12020-017-1290-9
http://www.ncbi.nlm.nih.gov/pubmed/28390010
http://doi.org/10.1111/os.13009
http://www.ncbi.nlm.nih.gov/pubmed/33951328
http://doi.org/10.1007/s11657-018-0529-2
http://www.ncbi.nlm.nih.gov/pubmed/30353299
http://doi.org/10.1002/jbmr.3122
http://doi.org/10.1089/acm.2019.0124
http://doi.org/10.1007/s00198-016-3735-z
http://doi.org/10.3390/nu11051157
http://doi.org/10.1111/joim.12825
http://doi.org/10.1007/s00198-015-3386-5
http://doi.org/10.1111/cen.13848
http://doi.org/10.1007/s00223-018-0481-6
http://www.ncbi.nlm.nih.gov/pubmed/30293198
http://doi.org/10.1097/GME.0000000000000525
http://www.ncbi.nlm.nih.gov/pubmed/26554884
http://doi.org/10.1007/s00198-019-05275-1
http://www.ncbi.nlm.nih.gov/pubmed/31938818
http://doi.org/10.1111/jgs.14049
http://www.ncbi.nlm.nih.gov/pubmed/27060050
http://doi.org/10.1093/gerona/glx044
http://doi.org/10.3390/nu11040731
http://doi.org/10.1038/s41598-018-34568-4
http://doi.org/10.1093/ajcn/nqy280

Diseases 2023, 11, 29 24 of 26

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

68.

Burt, L.A; Billington, E.O.; Rose, M.S.; Raymond, D.A.; Hanley, D.A ; Boyd, S.K. Effect of High-Dose Vitamin D Supplementation
on Volumetric Bone Density and Bone Strength: A Randomized Clinical Trial. JAMA 2019, 322, 736. [CrossRef]

Burt, L.A,; Billington, E.O.; Rose, M.S.; Kremer, R.; Hanley, D.A.; Boyd, S.K. Adverse Effects of High-Dose Vitamin D Supplemen-
tation on Volumetric Bone Density Are Greater in Females than Males. . Bone Min. Res. 2020, 35, 2404-2414. [CrossRef]
Shahnazari, B.; Moghimi, J.; Foroutan, M.; Mirmohammadkhani, M.; Ghorbani, A. Comparison of the effect of vitamin D on
osteoporosis and osteoporotic patients with healthy individuals referred to the Bone Density Measurement Center. Biomol.
Concepts 2019, 10, 44-50. [CrossRef] [PubMed]

Yao, P,; Sun, L.; Xiong, Q.; Xu, X.; Li, H.; Lin, X. Cholecalciferol Supplementation Promotes Bone Turnover in Chinese Adults with
Vitamin D Deficiency. J. Nutr. 2018, 148, 746-751. [CrossRef] [PubMed]

Reid, LR.; Bolland, M.].; Grey, A. Effects of Vitamin D Supplements on Bone Mineral Density: A Systematic Review and
Meta-Analysis. Lancet. 2014, 383, 146-155. [CrossRef] [PubMed]

Schwetz, V,; Schned]l, C.; Urbanic-Purkart, T.; Trummer, C.; Dimai, H.P; Fahrleitner-Pammer, A.; Putz-Bankuti, C.; Christopher, K.B.;
Obermayer-Pietsch, B.; Pieber, T.R.; et al. Effect of vitamin D3 on bone turnover markers in critical illness: Post hoc analysis from the
VITdAL-ICU study. Osteoporos. Int. 2017, 28, 3347-3354. [CrossRef]

Reid, LR; Horne, A M.; Mihov, B.; Gamble, G.D.; Al-Abuwsi, E; Singh, M.; Taylor, L.; Fenwick, S.; Camargo, C.A.; Stewart, A.W.; et al.
Effect of Monthly High-Dose Vitamin D on Bone Density in Community-Dwelling Older Adults Substudy of a Randomized Controlled
Trial. J. Intern. Med. 2017, 282, 452-460. [CrossRef]

Aloia, J.F.; Rubinova, R.; Fazzari, M.; Islam, S.; Mikhail, M.; Ragolia, L. Vitamin D and Falls in Older African American Women:
The PODA Randomized Clinical Trial. J. Am. Geriatr. Soc. 2019, 67, 1043-1049. [CrossRef]

Schwetz, V.; Trummer, C.; Pandis, M.; Griibler, M.R; Verheyen, N.; Gaksch, M.; Zittermann, A.; Marz, W.; Aberer, E; Lang, A.; et al.
Effects of Vitamin D Supplementation on Bone Turnover Markers: A Randomized Controlled Trial. Nutrients 2017, 9, 432. [CrossRef]
Elder, C.J.; Bishop, N.J. Rickets. Lancet 2014, 383, 1665-1676. [CrossRef]

Bingham, C.T.; Fitzpatrick, L.A. Noninvasive testing in the diagnosis of osteomalacia. Am. J. Med. 1993, 95, 519-523. [CrossRef]
El Sabeh, M.; Ghanem, P.; Al-Shaar, L.; Rahme, M.; Baddoura, R.; Halaby, G.; Singh, R.J.; Vanderschueren, D.; Bouillon, R.;
El-Hajj Fuleihan, G. Total, Bioavailable, and Free 25(OH)D Relationship with Indices of Bone Health in Elderly: A Randomized
Controlled Trial. J. Clin. Endocrinol. Metab. 2021, 106, €990-e1001. [CrossRef]

Dominguez, L.J.; Farruggia, M.; Veronese, N.; Barbagallo, M. Vitamin D Sources, Metabolism, and Deficiency: Available
Compounds and Guidelines for Its Treatment. Metabolites 2021, 11, 255. [CrossRef]

Goltzman, D. Functions of vitamin D in bone. Histochem. Cell Biol. 2018, 149, 305-312. [CrossRef]

Bolland, M.].; Grey, A.; Avenell, A. Effects of vitamin D supplementation on musculoskeletal health: A systematic review,
meta-analysis, and trial sequential analysis. Lancet Diabetes Endocrinol. 2018, 6, 847-858. [CrossRef]

Collins, D.; Jasani, C.; Fogelman, I.; Swaminathan, R. Vitamin D and bone mineral density. Osteoporos. Int. 1998, 8, 110-114.
[CrossRef]

Zittermann, A.; Ernst, J.B.; Birschmann, I.; Dittrich, M. Effect of Vitamin D or Activated Vitamin D on Circulating 1,25-
Dihydroxyvitamin D Concentrations: A Systematic Review and Metaanalysis of Randomized Controlled Trials. Clin. Chem. 2015,
61, 1484-1494. [CrossRef]

Lotito, A.; Teramoto, M.; Cheung, M.; Becker, K.; Sukumar, D. Serum Parathyroid Hormone Responses to Vitamin D Supplementation
in Overweight/Obese Adults: A Systematic Review and Meta-Analysis of Randomized Clinical Trials. Nutrients 2017, 9, 241.
[CrossRef]

Carter, G.D,; Carter, R.; Jones, ].; Berry, ]. How accurate are assays for 25-hydroxyvitamin D? Data from the international vitamin
D external quality assessment scheme. Clin. Chem. 2004, 50, 2195-2197. [CrossRef]

Gallagher, J.C.; Sai, A.; Templin, T.; Smith, L. Dose response to vitamin D supplementation in postmenopausal women: A
randomized trial. Ann. Intern. Med. 2012, 156, 425-437. [CrossRef]

Ebeling, P.R. Vitamin D and bone health: Epidemiologic studies. BoneKEy Rep. 2014, 3, 511. [CrossRef]

Seamans, K.M.; Cashman, K.D. Existing and potentially novel functional markers of vitamin D status: A systematic review. Am. .
Clin. Nutr. 2009, 89, 19975-2008S. [CrossRef]

Di Filippo, L.; De Lorenzo, R.; Giustina, A.; Rovere-Querini, P.; Conte, C. Vitamin D in Osteosarcopenic Obesity. Nutrients 2022,
14,1816. [CrossRef] [PubMed]

Chiodini, I.; Bolland, M.J. Calcium supplementation in osteoporosis: Useful or harmful? Eur. |. Endocrinol. 2018, 178, D13-D25.
[CrossRef] [PubMed]

Eleni, A.; Panagiotis, P. A systematic review and meta-analysis of vitamin D and calcium in preventing osteoporotic fractures.
Clin. Rheumatol. 2020, 39, 3571-3579. [CrossRef] [PubMed]

Kahwati, L.C.; Weber, R.P; Pan, H.; Gourlay, M.; LeBlanc, E.; Coker-Schwimmer, M.; Viswanathan, M. Vitamin D, Calcium, or
Combined Supplementation for the Primary Prevention of Fractures in Community-Dwelling Adults: Evidence Report and
Systematic Review for the US Preventive Services Task Force. JAMA 2018, 319, 1600-1612. [CrossRef]

Zhao, ].-G.; Zeng, X.-T.; Wang, ].; Liu, L. Association Between Calcium or Vitamin D Supplementation and Fracture Incidence in
Community-Dwelling Older Adults: A Systematic Review and Meta-analysis. JAMA 2017, 318, 2466-2482. [CrossRef]
Bischoff-Ferrari, H.A.; Willett, W.C.; Wong, ].B.; Giovannucci, E.; Dietrich, T.; Dawson-Hughes, B. Fracture prevention with
vitamin D supplementation: A meta-analysis of randomized controlled trials. JAMA 2005, 293, 2257-2264. [CrossRef]


http://doi.org/10.1001/jama.2019.11889
http://doi.org/10.1002/jbmr.4152
http://doi.org/10.1515/bmc-2019-0005
http://www.ncbi.nlm.nih.gov/pubmed/30956224
http://doi.org/10.1093/jn/nxy032
http://www.ncbi.nlm.nih.gov/pubmed/29897564
http://doi.org/10.1016/S0140-6736(13)61647-5
http://www.ncbi.nlm.nih.gov/pubmed/24119980
http://doi.org/10.1007/s00198-017-4190-1
http://doi.org/10.1111/joim.12651
http://doi.org/10.1111/jgs.15760
http://doi.org/10.3390/nu9050432
http://doi.org/10.1016/S0140-6736(13)61650-5
http://doi.org/10.1016/0002-9343(93)90335-M
http://doi.org/10.1210/clinem/dgaa780
http://doi.org/10.3390/metabo11040255
http://doi.org/10.1007/s00418-018-1648-y
http://doi.org/10.1016/S2213-8587(18)30265-1
http://doi.org/10.1007/BF02672505
http://doi.org/10.1373/clinchem.2015.244913
http://doi.org/10.3390/nu9030241
http://doi.org/10.1373/clinchem.2004.040683
http://doi.org/10.7326/0003-4819-156-6-201203200-00005
http://doi.org/10.1038/bonekey.2014.6
http://doi.org/10.3945/ajcn.2009.27230D
http://doi.org/10.3390/nu14091816
http://www.ncbi.nlm.nih.gov/pubmed/35565781
http://doi.org/10.1530/EJE-18-0113
http://www.ncbi.nlm.nih.gov/pubmed/29440373
http://doi.org/10.1007/s10067-020-05122-3
http://www.ncbi.nlm.nih.gov/pubmed/32447604
http://doi.org/10.1001/jama.2017.21640
http://doi.org/10.1001/jama.2017.19344
http://doi.org/10.1001/jama.293.18.2257

Diseases 2023, 11, 29 25 of 26

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Kong, S.H.; Jang, H.N.; Kim, J.H.; Kim, SW.; Shin, C.S. Effect of Vitamin D Supplementation on Risk of Fractures and Falls
According to Dosage and Interval: A Meta-Analysis. Endocrinol. Metab. 2022, 37, 344-358. [CrossRef]

Papadopoulou, S.K.; Papadimitriou, K.; Voulgaridou, G.; Georgaki, E.; Tsotidou, E.; Zantidou, O.; Papandreou, D. Exercise and
Nutrition Impact on Osteoporosis and Sarcopenia—The Incidence of Osteosarcopenia: A Narrative Review. Nutrients 2021, 13, 4499.
[CrossRef]

Detopoulou, P.; Papadopoulou, S.K.; Voulgaridou, G.; Dedes, V.; Tsoumana, D.; Gioxari, A.; Gerostergios, G.; Detopoulou, M.;
Panoutsopoulos, G.I. Ketogenic Diet and Vitamin D Metabolism: A Review of Evidence. Metabolites 2022, 12, 1288. [CrossRef]
Detopoulou, P; Tsiouda, T.; Pilikidou, M.; Palyvou, F.; Mantzorou, M.; Perzirkianidou, P.; Kyrka, K.; Methenitis, S.; Kondyli, E.S.;
Voulgaridou, G.; et al. Dietary Habits Are Related to Phase Angle in Male Patients with Non-Small-Cell Lung Cancer. Curr. Oncol.
2022, 29, 8074-8083. [CrossRef]

Kim, H.; Kim, B.-J.; Ahn, S.H.; Lee, S.H.; Koh, ].-M. Higher plasma platelet-activating factor levels are associated with increased
risk of vertebral fracture and lower bone mineral density in postmenopausal women. J. Bone Min. Metab. 2015, 33, 701-707.
[CrossRef]

Detopoulou, P; Fragopoulou, E.; Nomikos, T.; Yannakoulia, M.; Stamatakis, G.; Panagiotakos, D.B.; Antonopoulou, S. The relation
of diet with PAF and its metabolic enzymes in healthy volunteers. Eur. |. Nutr. 2015, 54, 25-34. [CrossRef]

Fragopoulou, E.; Detopoulou, P.; Alepoudea, E.; Nomikos, T.; Kalogeropoulos, N.; Antonopoulou, S. Associations between red
blood cells fatty acids, desaturases indices and metabolism of platelet activating factor in healthy volunteers. Prostaglandins
Leukot. Essent. Fat. Acids 2021, 164, 102234. [CrossRef]

Argyrou, C.; Karlafti, E.; Lampropoulou-Adamidou, K.; Tournis, S.; Makris, K.; Trovas, G.; Dontas, I.; Triantafyllopoulos, I.K.
Effect of calcium and vitamin D supplementation with and without collagen peptides on bone turnover in postmenopausal
women with osteopenia. . Musculoskelet Neuronal Interact. 2020, 20, 12-17.

Kuchuk, N.O,; Pluijm, S.M.E,; van Schoor, N.M.; Looman, C.W.N.; Smit, ].H.; Lips, P. Relationships of serum 25-hydroxyvitamin
D to bone mineral density and serum parathyroid hormone and markers of bone turnover in older persons. J. Clin. Endocrinol.
Metab. 2009, 94, 1244-1250. [CrossRef]

Seamans, K.M.; Hill, T.R.; Wallace, ] M.W.; Horigan, G.; Lucey, A.].; Barnes, M.S.; Taylor, N.; Bonham, M.P.; Muldowney, S.;
Duffy, EM.; et al. Cholecalciferol supplementation throughout winter does not affect markers of bone turnover in healthy young
and elderly adults. ]. Nutr. 2010, 140, 454—460. [CrossRef]

Wamberg, L.; Pedersen, S.B.; Richelsen, B.; Rejnmark, L. The effect of high-dose vitamin D supplementation on calciotropic
hormones and bone mineral density in obese subjects with low levels of circulating 25-hydroxyvitamin d: Results from a
randomized controlled study. Calcif. Tissue Int. 2013, 93, 69-77. [CrossRef]

Peichl, P.; Griesmacherb, A.; Marteau, R.; Hejc, S.; Kumpan, W.; Miiller, M.M.; Bréll, H. Serum crosslaps in comparison to serum
osteocalcin and urinary bone resorption markers. Clin. Biochem. 2001, 34, 131-139. [CrossRef]

Mukaiyama, K.; Kamimura, M.; Uchiyama, S.; Ikegami, S.; Nakamura, Y.; Kato, H. Elevation of serum alkaline phosphatase (ALP)
level in postmenopausal women is caused by high bone turnover. Aging Clin. Exp. Res. 2015, 27, 413-418. [CrossRef]
Kanazawa, I.; Yamaguchi, T.; Yamamoto, M.; Yamauchi, M.; Kurioka, S.; Yano, S.; Sugimoto, T. Serum osteocalcin level is
associated with glucose metabolism and atherosclerosis parameters in type 2 diabetes mellitus. J. Clin. Endocrinol. Metab. 2009, 94,
45-49. [CrossRef]

Im, J.-A.; Yu, B.-P; Jeon, ].Y.; Kim, S.-H. Relationship between osteocalcin and glucose metabolism in postmenopausal women.
Clin. Chim. Acta 2008, 396, 66—69. [CrossRef] [PubMed]

Sepulveda-Villegas, M.; Elizondo-Montemayor, L.; Trevino, V. Identification and analysis of 35 genes associated with vitamin D
deficiency: A systematic review to identify genetic variants. . Steroid Biochem. Mol. Biol. 2020, 196, 105516. [CrossRef] [PubMed]
Rodopaios, N.E.; Petridou, A.; Mougios, V.; Koulouri, A.-A.; Vasara, E.; Papadopoulou, S.K.; Skepastianos, P.; Hassapidou, M.;
Kafatos, A.G. Vitamin D status, vitamin D intake, and sunlight exposure in adults adhering or not to periodic religious fasting for
decades. Int. J. Food Sci. Nutr. 2021, 72, 989-996. [CrossRef] [PubMed]

Alathari, B.E.; Bodhini, D.; Jayashri, R.; Lakshmipriya, N.; Shanthi Rani, C.S.; Sudha, V.; Lovegrove, ].A.; Anjana, R.M.; Mohan, V.;
Radha, V,; et al. A Nutrigenetic Approach to Investigate the Relationship between Metabolic Traits and Vitamin D Status in an
Asian Indian Population. Nutrients 2020, 12, 1357. [CrossRef]

Rodopaios, N.E.; Manolarakis, G.E.; Koulouri, A.-A.; Vasara, E.; Papadopoulou, S K.; Skepastianos, P.,; Dermitzakis, E.; Hassapidou, M.;
Linardakis, M.K.; Kafatos, A.G. The significant effect on musculoskeletal metabolism and bone density of the Eastern Mediterranean
Christian Orthodox Church fasting. Eur. J. Clin. Nutr. 2020, 74, 1736-1742. [CrossRef]

Rodopaios, N.E.; Mougios, V.; Konstantinidou, A.; Iosifidis, S.; Koulouri, A.-A.; Vasara, E.; Papadopoulou, S.K.; Skepastianos, P,;
Dermitzakis, E.; Hassapidou, M.; et al. Effect of periodic abstinence from dairy products for approximately half of the year on
bone health in adults following the Christian Orthodox Church fasting rules for decades. Arch. Osteoporos. 2019, 14, 68. [CrossRef]
Trivedi, D.P. Effect of four monthly oral vitamin D3 (cholecalciferol) supplementation on fractures and mortality in men and
women living in the community: Randomised double blind controlled trial. BM] 2003, 326, 469. [CrossRef]

Malihi, Z.; Wu, Z.; Stewart, A.W.; Lawes, C.M.; Scragg, R. Hypercalcemia, hypercalciuria, and kidney stones in long-term studies
of vitamin D supplementation: A systematic review and meta-analysis. Am. J. Clin. Nutr. 2016, 104, 1039-1051. [CrossRef]
Autier, P; Gandini, S.; Mullie, P. A Systematic Review: Influence of Vitamin D Supplementation on Serum 25-Hydroxyvitamin D
Concentration. . Clin. Endocrinol. Metab. 2012, 97, 2606-2613. [CrossRef]


http://doi.org/10.3803/EnM.2021.1374
http://doi.org/10.3390/nu13124499
http://doi.org/10.3390/metabo12121288
http://doi.org/10.3390/curroncol29110637
http://doi.org/10.1007/s00774-014-0634-2
http://doi.org/10.1007/s00394-014-0682-3
http://doi.org/10.1016/j.plefa.2020.102234
http://doi.org/10.1210/jc.2008-1832
http://doi.org/10.3945/jn.109.113480
http://doi.org/10.1007/s00223-013-9729-3
http://doi.org/10.1016/S0009-9120(01)00193-X
http://doi.org/10.1007/s40520-014-0296-x
http://doi.org/10.1210/jc.2008-1455
http://doi.org/10.1016/j.cca.2008.07.001
http://www.ncbi.nlm.nih.gov/pubmed/18657532
http://doi.org/10.1016/j.jsbmb.2019.105516
http://www.ncbi.nlm.nih.gov/pubmed/31678109
http://doi.org/10.1080/09637486.2021.1887821
http://www.ncbi.nlm.nih.gov/pubmed/33595398
http://doi.org/10.3390/nu12051357
http://doi.org/10.1038/s41430-020-0667-7
http://doi.org/10.1007/s11657-019-0625-y
http://doi.org/10.1136/bmj.326.7387.469
http://doi.org/10.3945/ajcn.116.134981
http://doi.org/10.1210/jc.2012-1238

Diseases 2023, 11, 29 26 of 26

92. Mazidi, M.; Rezaie, P; Vatanparast, H.; Kengne, A.P. Effect of statins on serum vitamin D concentrations: A systematic review
and meta-analysis. Eur. ]. Clin. Invest. 2017, 47, 93-101. [CrossRef]

93. Siniscalchi, A.; Murphy, S.; Cione, E.; Piro, L.; Sarro, G.D.; Gallelli, L. Antiepileptic Drugs and Bone Health: Current Concepts.
Psychopharmacol. Bull. 2020, 50, 36—44.

94. Kupisz-Urbaniska, M.; Pludowski, P.; Marcinowska-Suchowierska, E. Vitamin D Deficiency in Older Patients—Problems of
Sarcopenia, Drug Interactions, Management in Deficiency. Nutrients 2021, 13, 1247. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1111/eci.12698
http://doi.org/10.3390/nu13041247

	Introduction 
	Risk Factors of Osteoporosis 
	Diagnosis of Osteoporosis 
	Biomarkers 
	Treatment 

	Methods 
	Results 
	Vitamin D Supplementation 
	Vitamin D and BMD 
	Vitamin D and Serum 25(OH)D 
	Vitamin D and PTH 
	Vitamin D and Falls 
	Vitamin D and Bone Turnover Markers 

	Combined Vitamin D and Ca Supplementation 
	Combined Vitamin D, Ca Supplementation, and BMD 
	Combined Vitamin D and Ca Supplementation, and Circulating 25(OH)D 
	Combined Vitamin D and Ca Supplementation, and Circulating Calcium 
	Combined Vitamin D, Ca Supplementation, and PTH 
	Combined Vitamin D and Ca Supplementation, and Falls/Fractures 
	Combined Vitamin D and Ca Supplementation, and Bone Turnover Biomarkers 


	Discussion 
	Conclusions 
	References

