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Abstract. Vitamin D is more than just a vitamin — it is a real hormone with great importance for the bone-
muscle unit and for many other tissues and biological processes in the human organism. This narrative review
is focused on the available evidence for skeletal effects of vitamin D — possible reduction of falls and fractures
in elderly people. We follow the natural path of the vitamin D story with the growing interest and hopes
followed by some disappointment and then by mere realism. A number of meta-analyses are discussed in
an attempt to better describe the available knowledge and the up-to-date consensus on vitamin D. In short,
the existing evidence shows a modest effect of vitamin D supplements on fractures and falls, which may
be comparable to that of some older antiresorptives. Current consensus statements identified the following
subgroups that would benefit most from vitamin D supplements: the elderly, the institutionalized, those with
vitamin D insufficiency/deficiency or secondary hyperparathyroidism, those at higher risk of fractures and falls
(osteoporosis included). As fractures and falls seem to be dependent from the baseline levels of vitamin D,
serum levels should be measured and supplementation should be tailored accordingly (800-2000 IU daily).
A combination with daily calcium of 600-1200 mg, is highly recommended to enhance the skeletal effects
of vitamin D. The clinician should be aware of the low patients’ adherence with long-term supplements. In
conclusion, vitamin D is a cheap and quite effective option to improve bone health with possible beneficial

pleiotropic extra-skeletal effects.
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INTRODUCTION

Vitamin D is more than a vitamin — it is a real
hormone with an intra-nuclear steroid receptor and
a variety of genomic and non-genomic effects. Vita-
min D came under scrutiny mainly due to advances
in osteoporosis and metabolic bone disease. In the
meantime a number of extra-skeletal actions came
into focus and now are relatively well described. The
vitamin D story received steeply growing interest
around the millennium years and reached a peak
around 2010-2012. Great hopes existed for the use
of vitamin D as help in a great variety of diseases
— cardio-vascular, oncologic, inflammatory ones and
many others. Accumulating evidence more or less
brought realism to these expectations with the skel-
etal effects being regarded as having firm proofs for
benefit and the extra-skeletal effects remaining as a
field for future research.

Many early studies described the clinical effects
of vitamin D supplements on skeletal outcomes,
such as falls and fractures [1, 2]. Unfortunately, none
of those studies was powered enough to definitely
resolve all the open questions. All these studies var-
ied in the population included, the intervention used,

the events reported and in the way of ascertainment.
One possible way to correct for this heterogeneity
was to perform meta-analyses in an attempt to in-
crease statistical power also.

BENEFICIAL EFFECTS OF VITAMIN D
SUPPLEMENTS ON FALLS AND FRACTURES
— THE DECADE OF OPTIMISM

One of the first robust meta-analyses of the
risks of falls was that of Bischoff-Ferrari et al. pub-
lished in 2004 [3]. The primary analysis included 5
double-blind randomized studies (RCTs): 3 of them
used 800 IU/day, while one applied 400 1U only and
the fifth one — an active vitamin D metabolite. Four
of the studies co-administered 1200 mg daily calci-
um. The study population was rather old — mean age
of 70 years, the majority were women (81%). The
treatment duration was also very variable — between
2 months and 3 years. However, the authors were
able to register a reduction in the pooled odds ratio
(OR) for falling by 22% and calculated the Number
Needed to Treat (NNT) — 15 person-years to prevent
one major fall [3]. The authors did an auxiliary (sen-
sitivity) analysis by adding 5 additional studies and
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increasing the number of participants to 10,001. The
risk reduction was lower in this analysis — only 13%.
The small sample sizes prevented any stratification
based on sex, type or dose of vitamin D and calci-
um. In the end, the authors made the conclusion that
vitamin D combined with calcium supplementation
appeared to reduce the risk of falls among elderly
people at stable health [3].

One year later (in 2005) Bischoff-Ferrari et al.
published a similarly robust meta-analysis, focused
on fracture prevention [4]. It combined 5 RCTs for hip
fracture (n = 9294) and 7 RCTs for nonvertebral frac-
ture risk (n = 9820). The vitamin D dose was 400 1U/d
in 2 RCTs, while the other 5 RCTs used 700 to 800
IU/d. Four studies only used calcium supplements.
The age of the participants was even higher — mean
age 79 years, and 68% were female. The primary
result was non-significant — a pooled relative risk of
hip fractures of 0.88 with vitamin D (12% reduction).
This was assigned to the heterogeneity of studies
and those with higher vitamin D doses (700-800 1U/d)
were pooled separately. Thus, in 3 such trials vitamin
D reduced hip fracture risk by 26%, translating into
NNT of 45 with treatment duration of 24 to 60 months.
The authors suggested that 400 IU daily vitamin D did
not reduce hip fracture risk and that higher risk reduc-
tion was seen in individuals with higher achieved se-
rum 25(OH)D levels. Again, the final conclusion was
that oral vitamin D supplementation between 700 to
800 IU/d appeared to reduce the risk of hip and any
nonvertebral fractures in elderly persons [4].

The sufficient dose of vitamin D for fracture preven-
tion was addressed in an exploratory review published
2 years later by Bischoff-Ferrari [5]. It plotted together
6 major studies and made a breakthrough by show-
ing the exact matches between supplementation dose,
achieved serum 25(OH)D levels and resulting hip frac-
ture relative risk reduction. A dose of 600 IU vitamin
D daily was the starting point for risk reduction. The
author provided a clear guidance for supplementation
based on those studies (see table 1.).

The author identified 2 main factors: sufficient
vitamin D dose and adherence. It was clearly stat-

ed that the dose of vitamin D in the management
of osteoporosis should be no less than 700-800 U
per day and the desirable range of serum 25(0OH)
D should be at least 75 nmol/l. 700 to 1,000 IU of
vitamin D per day might bring 50% of younger and
older adults up to 75-100 nmol/l, therefore high-
er doses are needed in older adults. In their article
Bischoff-Ferrari highlighted the problem of poor ad-
herence by citing figures from the RECORD study,
showing 1-year adherence of 60% and 2-year ad-
herence below 50% [6]. Giving larger intermittent
doses was then thought to be one possible way to
overcome poor adherence.

However, this same narrative analysis showed
that large intermittent doses of vitamin D were no
better than daily supplementation with 100,000 er-
gocalciferol every 4 months achieving similar results
as 400 IU daily, while 300,000 IU once yearly did
not have any effect on fractures and falls [5]. These
findings were replicated in 2 studies almost 10 years
later: the one giving 100,000 Ul once monthly, the
second one — 500,000 IU once per year [7, 8]. The
first study (the ViDA trial) applied a bolus of 200,000
IU first followed by 100,000 IU vitamin D monthly
but failed to prevent fractures [7]. On the contrary, in
healthy volunteers with baseline serum 25(OH)D of
63 nmol/l there was a trend for higher fracture risk.
In the second study the large annual bolus adminis-
tered to elderly women with a baseline 25(OH)D of
50 nmol/l increased falls and fractures [8].

The efforts to describe the anti-fracture effect of
vitamin D supplements better led to the next big me-
ta-analysis by Bischoff-Ferrari [9]. It pooled together
11 double-blind RCTs with 31,022 people (mean age
of 76 years; 91% women) receiving oral vitamin D
supplementation (daily, weekly, or every 4 months),
with or without calcium. The primary end points were
the incidence of hip and any nonvertebral fractures
as compared with placebo or calcium alone accord-
ing to Cox regression analyses. This study provided
further insight into optimal serum levels of 25(OH)
D. The authors stratified the participants according
to their baseline vitamin D status and found signif-

Table 1. What fracture reduction can be achieved by different doses of vitamin D — modified after Bischoff-Ferarri 2007

[5] (80% adherence was assumed)

Expected mean 25(0OH)D serum concentrations Anti-fall efficacy Anti-fracture efficacy
Oral daily 400 IU cholecalciferol 60-65 nmol/l No No
Oral daily 700-800 IU cholecalciferol 74-110 nmol/l YES YES
Oral 100,000 IU cholecalciferol every 4 months 74 nmol/l ? YES
Annual 300,000 IU ergocalciferol 45-65 nmol/l No No
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icant differences in individuals with serum levels =
61 nmol/l compared to those with levels < 30 nmol/l.
The observed risk reduction was 37% for hip frac-
tures and 31% for non-vertebral fractures [9].

The overall effect of vitamin D supplementation
on fracture risk was non-significant: 10% reduction
in the risk of hip fracture and 7% in the risk of any
non-vertebral fracture. Comparing quartiles of vita-
min D intake, a fracture risk reduction was regis-
tered only at the highest actual intake of 792 to 2000
IU/d: 30% reduction in hip fractures and 14% — in
non-vertebral fractures. The authors concluded that
high-dose vitamin D supplementation (= 800 U dai-
ly) was expected to be somewhat favorable in the
prevention of hip fracture and any nonvertebral frac-
ture in people 65 years of age or older with more
pronounced effect in institutionalized individuals [9].

These studies by Bischoff-Ferarri and coworkers
marked the peak interest in the vitamin D story. In
this time period a number of manuals and textbooks
on vitamin D were published; among them are the
books by Michael Hollick and the one edited by D.
Feldmann and co-workers [10, 11]. The first de-
cade of the 21st century might be regarded as the
great rise of vitamin D popularity. What should not
be omitted is that most robust data had come from
meta-analyses of RCTs with great variety in desired
vitamin D ranges, supplementation doses and regi-
mens. It should also be noted that most of the trials
analyzed the combined effects of vitamin D plus cal-
cium versus calcium alone or placebo. In the second
decade of the 21st century further RCTs accumulat-
ed with observational and retrospective studies in
addition. This allowed more detailed testing of the
vitamin D effects on falls and fractures based also on
improved statistical methods.

THE ACCUMULATION OF LESS OPTIMISTIC
EVIDENCE ABOUT VITAMIN D — THE DECADE
OF REALISM

A number of large analytical reviews and me-
ta-analyses were published after 2010-2012. The
association of serum vitamin D with hip fractures in
the elderly was questioned in a meta-analysis sum-
marizing 28 studies, 61,744 elderly subjects, 15.8%
of whom had sustained of hip fractures [12]. There-
fore, the study population was at rather high risk for
fractures. In the lowest as compared to the highest
categories of vitamin D in the elderly, pooled OR of
hip fractures was 1.80 (P < 0.001). The OR of a hip
fracture was highest in case-control studies (2.16)
followed by cohort and case-cohort studies (1.52

and 1.41, respectively; P < 0.001). This analysis
confirmed the notion that low serum vitamin D levels
in the elderly were associated with an increase in the
odds of hip fracture [12].

One of the less optimistic meta-analyses was a
Cochrane review performed in 2014 by A. Avenel et
al. [13]. It included 27,000 patients and showed that
vitamin D alone was unable to reduce fractures or
falls. In contrast, the combination of vitamin D plus
calcium was associated with a fracture incidence
reduction by 16% for hip fractures and 6% for any
fracture. In addition to the importance of added cal-
cium this study revealed a greater anti-fracture effect
in institutionalized individuals, thus defining a patient
profile that would be expected to benefit most from
vitamin D supplementation [13]. The inability of vita-
min D alone to significantly reduce fractures and falls
was also replicated in the meta-analysis by Bolland et
al. [14]. The pooled analysis included 81 studies with
only 6% of the participants being vitamin D deficient.
As a result, the supplementation with vitamin D alone
did not reduce the incidence of fractures and falls [14].

Despite the emerging trend for vitamin D sup-
plementation at higher dosages (> 2000 IU/d) the
most recent publications advocated a rather mod-
erate approach. A meta-analysis of RCTs tried to
describe the effect of vitamin D supplementation on
risk of fractures and falls according to dosage and
interval [15]. The final analysis included 32 studies.
The vitamin D dosage was stratified in 3 subgroups:
below 800 IU/d, 800-1000 1U/d and > 1000 1U/d. The
authors were able to show that the daily vitamin D
dose of 800 to 1000 IU was able to reduce the risk
of osteoporotic fractures and falls (OR 0.87 and 0.91
respectively, p < 0.05), while higher or lower doses
were not. Daily dosing was better than intermittent
one in the reduction of falls (Risk ratio 0.85 versus
1.01). The effect of vitamin D supplementation on
falls was more pronounced in community-dwelling
individuals (risk ratio 0.91, p < 0.05) and in partici-
pants with baseline serum vitamin D levels < 20 ng/
dl (50 nmol/l). Therefore, this analysis recommend-
ed moderate doses and daily supplementation with
larger effect on falls in community-dwelling elderly
and those with confirmed vitamin D insufficiency/de-
ficiency [15].

A Bayesian network meta-analysis and meta-re-
gression of randomized controlled trials examined
33 studies with 83,083 participants [16]. The authors
tested different doses of vitamin D with/without dif-
ferent modes of calcium supplementation. They
came to the conclusion that the best way to reduce
total as well as hip fractures was the combined sup-
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plementation with calcium and 700-800 IU vitamin
D3 daily, while the impact of 700-800 IU vitamin D3
daily only (without calcium) was very slight. Of note,
> 800 IU vitamin D per time (but not daily) showed
statistically increased risk of fracture. In addition the
authors looked at the confounding effect of the body
mass index (BMI) on the effect of vitamin D supple-
ments on fractures. Their meta-regression analysis
of the association between BMI and relative risks of
total fractures confirmed that if the same supplemen-
tal dose was used, individuals with lower BMI would
be expected to get larger fracture protection [16].

All this accumulating data led to the conclusion
that moderate supplementation with calcium and vi-
tamin D was the best way to achieve anti-fracture
and anti-fall effects. Accordingly, Anagnostis et al.
published a review article focusing on the evidence
of a U-shaped effect of vitamin D supplementation
on fracture risk [17]. They advocated against high vi-
tamin D doses (such as 60-100,000 IU once month-
ly or > 4000 IU per day) which might even increase
the fracture risk. Their recommendation was to apply
800 1U/d plus 1000-1200 mg calcium daily in elderly
populations and especially in vitamin D-deficient sub-
groups. The treatment duration was also addressed
— at least 3-5 years with good compliance [17].

RECENT CONSENSUS STATEMENTS
AND RECOMMENDATIONS

This moderate approach has been the founda-
tion of the Consensus Statement on vitamin D defi-
ciency drafted by a group of experts from Central and
Eastern Europe [18]. The skeletal effects of vitamin
D were regarded as very well supported by current
evidence and were in the center of the discussions.
In addition many other important topics concerning

the extra-skeletal effects of vitamin D had been ad-
dressed. Concerning falls and fractures a good level
of agreement was reached and three main recom-
mendations were issued (see Table 2).

This statement reflected the authors’ view that all
patients at risk for fractures and falls might benefit from
daily supplementation with moderate doses of 800-
2000 IU vitamin D3 [18]. Moreover, the treatment of
osteoporosis might work better in vitamin D sufficient
individuals indicating the need for selective screening
and correction of possibly diagnosed vitamin D insuffi-
ciency/deficiency. Target levels were defined as serum
25(0OH)D between 75 and 125 nmol/I [18].

A few months after the publication of the Central
and Eastern European Expert Consensus the Eu-
ropean Society of Clinical and Economical Aspects
of Osteoporosis, Osteoarthritis and Musculoskeletal
Diseases (ESCEOQ) published its 2022 Update on
the role of vitamin D supplementation in the man-
agement of musculoskeletal diseases [19]. The
Working Group focused on elderly subjects with lev-
els of 25(0OH) below 50 nmol/l as the best candidates
for supplementation with vitamin D and calcium. It
defined the oral regimen as the most beneficial one,
preferably daily or weekly, and with moderate doses
(1000 U daily). They determined preferable serum
25(0OH)D levels 50-100 nmol/L, with those up to 125
nmol/l being still possible [19].

We should also be familiar with the Bulgarian
Guide on Good Clinical Practice in relation to Vita-
min D, published in 2019 [20].

VITAMIN D SUPPLEMENTATION AFFECTS
THE OSTEOPOROSIS MEDICATIONS

The question of vitamin D supplementation
during osteoporosis treatment had been very well

Table 2. Main recommendations on musculoskeletal disorders of the Central and Eastern European Expert Consensus

Statement on vitamin D deficiency [18]

Consensus statements % agreement
1. In osteoporosis patients, a supplementation of 8002000 IU/day, with oral cholecalciferol (vitamin D3) is recommended in 9 (strongly agree) 30%
combination with calcium, if indicated. 8 10%
7 (agree) 60%
6 0%
2. Vitamin D deficiency may impair the response to the osteoporosis treatment, thus screening of the 25(OH)D level and 5 (neutral) 0%
correction of vitamin D deficiency before starting the osteoporosis treatment with antiresorptive medications is recommended. 4 0%
3 (disagree) 0%
3. In patients with an increased risk of falls or fractures, a supplementation of 800-2000 IU/day is recommended. 2 0%
1 (strongly disagree) 0%
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reviewed in a Position Statement by Korean experts
[21]. The difficulty lies in the fact that low serum vi-
tamin D (< 15-20 ng/ml) had been used as an ex-
clusion criterion in many randomized trials (e.g. with
Denosumab or Romosozumab). However, clinical
trials found abaloparatide effective in patients with
serum 25(0OH)D > 15 ng/mL at enrollment, while
both teriparatide and romosozumab were effective
in women with serum 25(OH)D = 20 ng/mL and low
bone mass or osteoporosis [22-24].

At the time the main clinical trials with antiresorp-
tive drugs (bisphosphonates, raloxifene) were per-
formed, serum levels were not routinely measured.
However, a great number of ad hoc and post hoc
analyses have provided evidence for a beneficial
effect of vitamin D sufficiency and supplementation
in this particular setting. Observational studies have
indicated that baseline serum 25(OH)D > 20 ng/mL
is associated with higher BMD and lower fracture
risk in patients receiving bisphosphonate or raloxi-
fene treatment [25]. In a set of clinical trials baseline
serum 25(OH)D did not affect the efficacy of risedro-
nate, denosumab, or raloxifene on BMD and fracture
risk when provided with calcium and vitamin D sup-
plements [26]. This means that the initial difference
in the risk of fractures and falls due to low vitamin
D status might be overcome by appropriate supple-
mentation. On the other hand, the mode of action of
bisphosphonates is highly dependent on secondary
mineralization. Vitamin D plays a crucial role in bone
mineralization and is therefore well needed in this
scenario. It should also be noted that serum 25(0OH)
D < 30 ng/mL had been associated with a higher risk
of acute-phase response after the first dose of intra-
venous nitrogen-containing bisphosphonates, com-
pared to those with higher vitamin D status [27].

Based on this body of evidence the Korean ex-
perts concluded that “the target serum 25(OH)D lev-
els of the patients on anabolic agents (such as teri-
paratide, abaloparatide, and romosozumab) may be
> 20 ng/mL, whereas 30 ng/mL may be more benefi-
cial for patients treated with antiresorptives (such as
bisphosphonates, denosumab, and raloxifene) [21].

VITAMIN D AND FRAILTY — THE ROLE
OF THE BONE-MUSCLE UNIT

A very intriguing direction of research is the link
of vitamin D insufficiency/deficiency with frailty and
osteosarcopenia. The body system underlying this
link is the muscle—bone unit [28]. Basic science has
identified at least four central mechanisms causing
frailty and osteosarcopenic obesity in vitamin D-de-

ficient individuals: dysregulated immunity/inflam-
mation, altered lipogenesis and lypolysis, altered
bone-skeletal muscle crosstalk and finally — effects
on calcium absorption/utilization and synthesis of
PTH [29]. A great number of studies have examined
different indicators of physical performance such as
grip strength, gait speed, everyday activities, etc.
[30, 31]. Results based on different quality of life
questionnaires have been published. However, the
study populations, the methods used and the final
results differ substantially across trials. A recent sys-
tematic review and meta-analysis tried to summarize
the effects of vitamin D monotherapy on indices of
sarcopenia in community-dwelling older adults [32].
Ten studies were included in the final analysis. Vita-
min D supplements as monotherapy had no effect
on muscle mass, strength, or any other physical
performance parameters. The only positive result
was decreased short physical performance battery
scores (indicating negative effects on physical per-
formance) [32]. Detailed reviews have indicated that
additional randomized controlled trials are required
to better discern the synergistic effect of exercise,
nutritional interventions, and drug compounds in os-
teosarcopenia . An even difficult situation is found in
osteosarcopenic obesity, an epidemic in older popu-
lation in the westernized world. To better define the
role of vitamin D in the pathogenesis and treatment
of this condition large observational and interven-
tional studies representative of different sex, age
and race are still needed [31].

CONCLUSION

The vitamin D story resembles actually the chal-
lenges facing the main characters in many novels
—rises, falls, plateaus. These perturbations are quite
well described in the article by Gallagher and Rosen
[33]: “Clinical trials of vitamin D, aimed at clarifying
its effect in the prevention of multiple diseases, [...],
disappointingly, [...] have not fulfilled the expecta-
tions many had 10 years ago [...] In almost every tri-
al, various doses and routes of administration did not
show efficacy of vitamin D in preventing fractures,
falls, [...]" [33].

As a matter of fact, the existing evidence shows
a modest effect of the vitamin D supplements on
fractures and falls, which may be comparable to that
of some older antiresorptives (calcitonin, clodronate
and etidronate). The pleiotropic (extra-skeletal) ef-
fects of vitamin D are achieved at much higher se-
rum 25(OH)D levels (> 40-50 ng/ml) and are much
less robustly documented. Current evidence identi-
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fies the following subgroups that would benefit most
from vitamin D supplements: the elderly, institution-
alized people, those with vitamin D insufficiency/de-
ficiency or secondary hyperparathyroidism, those at
higher risk of fractures and falls (including OP). As
fractures and falls seem to be dependent from the
baseline levels of vitamin D, serum levels should be
measured and supplementation should be tailored
accordingly (800-2000 IU daily). A combination with
daily calcium of 600-1200 mg is highly recommend-
ed. And in the end the clinician should be aware of
the fact that the effects of vitamin D supplements are
quite different in osteoporosis and vitamin D defi-
ciency (as they are 2 distinct bone disorders).
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