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the vitamin D studies were carried out under conditions 
that offered a chance to demonstrate its antifracture 
activity in adults. We compared their protocols with 
the American [10] and European experts’ opinions 
[11], the data from the 2nd International Conference 
on Controversies in Vitamin D [9], and with the trial 
protocols of several antifracture medications with sub-
sequently proven antifracture efficacy, further referred 
to as the “reference trials”. 

Material and methods

Search strategy and selection criteria
The electronic databases PubMed, Medline, Embase, Web of Sci-
ence, and Cochrane Database of Systemic Reviews were searched 
for meta-analyses and systematic reviews of the prospective trials 
that assessed the efficacy of vitamin D in reducing the risk of 
low-energy bone fracture in adults as the primary or secondary 
outcome. The search encompassed the period from the incep-
tion of the databases to the end of 2022. The following keywords 
were used: “vitamin D”, “vitamin D3”, “vitamin D2”, “cholecalcif-
erol”, “ergocalciferol”, and “fracture”, each in conjunction with 
the terms “meta-analysis” and “systematic review”. No language 
restrictions were applied. To avoid missing the latest trials, for 

Introduction

Vitamin D is commonly used in patients with osteopo-
rosis. The question of whether vitamin D is effective 
in preventing osteoporotic bone fractures remains 
unanswered. Some of the clinical trials confirm its anti-
fracture efficacy [1, 2], while others do not support this 
[3, 4]. Similar inconsistency is shown in meta-analyses 
and systematic reviews with positive [5, 6] or nega-
tive [7, 8] opinions. The latest statement from the 2nd 
International Conference on Controversies in Vitamin 
D [9] concludes that vitamin D supplementation with 
adequate calcium intake can decrease the incidence 
of fractures in elderly, vitamin D deficient subjects, 
but it is unclear if it also applies to mobile subjects. 
Therefore, there is no unanimous guidance for those 
who treat osteoporosis.

This prompts the question of why the antifracture 
efficacy of vitamin D has not been clearly shown, de-
spite several clinical trials and meta-analyses or system-
atic reviews. The aim of the current systematic review 
of the literature is to answer the question of whether 
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Abstract 
Introduction: The antifracture efficacy of vitamin D is still controversial. The aim of this systematic review was to examine if the vitamin 
D trials were designed adequately to reliably assess its antifracture activity. 
Material and methods: The electronic databases PubMed, Medline, Embase, Web of Science, and Cochrane Library were searched to 
identify clinical trials evaluating the antifracture efficacy of vitamin D in adults. We compared the protocols of the trials against the opin-
ions of the American Society for Bone and Mineral Research (ASBMR), International Society for Clinical Densitometry (ISCD), National 
Osteoporosis Foundation (NOF), European Medicines Agency (EMEA) experts, and the consensus statement from the 2nd International 
Conference on Controversies in Vitamin D, and against the protocols of the trials of the medications with proven antifracture efficacy 
(bisphosphonates, teriparatide, abaloparatide, raloxifene, denosumab, romosozumab). We assessed the prospective character, study design, 
group description, number of patients, study duration, and vitamin D (serum examination and dosage) supplementation. A description 
of the desired characteristics of the study protocol was presented. 
Results: Thirteen eligible trials were identified. All but 2 were conducted in the elderly population only. Nine trials were included in 
the final analysis. Serum 25 hydroxy vitamin D (25OHD) was not measured in a representative number of subjects before (except in 
2 studies), during, or after treatment in any study. 
Conclusions: The analysed studies did not conclusively assess the vitamin D antifracture efficacy in patients with prestudy low serum 
vitamin levels, due to the lack of assessment of whether sufficient doses of vitamin D were used. They informed about the relevant doses 
and preparations of vitamin D in particular groups (specific fracture risk, age, place of residence) only. (Endokrynol Pol 2023; 74 (5): 499–510)
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3. Clear statement on the reduction in frequency of spinal and/or 
non-spinal fractures (hip and major nonvertebral fractures) as 
the primary or secondary aim.
4. Optimal minimal study duration of 1.5 years based on the experts’ 
conclusion for the efficacy trials [10].
5. A double-blind, placebo-controlled design, as in all studies with 
antifracture medications, and as proposed by the experts’ boards 
[9–11], or noninferiority active-comparator trials.
6. The measurement of serum 25-hydroxy vitamin D (25OHD) 
concentration before, during, and/or after observation, performed 
at least in subgroups of patients. 
The optimal dose of vitamin D in the treatment of osteoporosis is 
calculated on the basis of its serum concentration considered as 
sufficient [26]. We calculated the required number of patients who 
would need to have vitamin D levels measured to be representative 
of the whole study sample with the use of the calculator available 
online (www.checkmarket.com/sample-size-calculator). Next, we 
compared these numbers to the actual number of 25OHD measure-
ments in each study.
The analysis of the quality of vitamin D antifracture efficacy trials 
was performed in two stages. In the first stage we selected the stud-
ies that met criteria numbers 2–6. In the second stage, the studies 
that fulfilled these criteria were further descriptively analysed 
with the focus on the patients’ characteristics with regards to their 
fracture risk (criterion 1) and the assessment of the optimal vitamin 
D dose was given.

Results

The number of screened studies (meta-analyses, sys-
tematic reviews, and clinical trials) is presented in 
a flow diagram (Fig. 1, PRISMA flowchart). There were 
34 meta-analyses/systematic reviews [5–8, 27–56], which 
included 19 eligible trials. With one trial [3] found in 
an additional search, there were a total of 20 clinical 
trials [1–4, 57–72] eligible for analysis based on the in-
clusion and exclusion criteria (criterion 2–6). Detailed 
information on the fulfilment of the individual criteria 
is presented in Figure 2 (first stage analysis). 

In 9 out of 20 studies [1, 4, 61, 64, 66, 67, 70–72] 
the authors calculated the optimal number of par-
ticipants on the basis of the power calculation (usually 
80%) and the level of significance (5%), to demonstrate 
the specific reduction in the number of fractures. Be-
cause the final number of enrolled patients in one study 
[67] was lower than it was set out to be, we accepted 8 
[1, 4, 61, 64, 66, 70–72] out of these 9 trials. There were 
5 further trials [2, 3, 63, 65, 69] in which the sample 
calculation was not performed; however, the number 
of participants exceeded 1226 (our minimal accepted 
number). In total, there were 13 trials eligible for further 
analysis [1–4, 61, 63–66, 69–72]. The characteristics of 
the patients of these 13 clinical trials are presented in 
Table 2 and Table 3. In the other 7 trials not included 
in the analysis [57–60, 62, 67, 68], the number of sub-
jects was between 232 and 1144, with a median of 610 
subjects.

In all 13 studies further analysed, their aims and out-
comes were clearly described. They all clearly answered 

the last period (2019 to the end of 2022) screening with the use of 
the following keywords “vitamin D”, “vitamin D3”, “vitamin D2”, 
“cholecalciferol”, “ergocalciferol”, and “fracture” for the eligible 
vitamin D trials was performed. Duplicate articles and conference 
abstracts were excluded. The title, abstract, and full text screening 
was performed independently by 2 reviewers. Any disagreements 
between the reviewers were resolved through discussion until 
a consensus was reached. The systematic review was registered 
in PROSPERO (CRD42020211195). The manuscript was prepared 
according to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) reporting guideline [12].

Inclusion and exclusion criteria
The main inclusion criteria were the prospective trial design 
and subjects’ adult age. The following exclusion criteria we ap-
plied: concurrent assessment of other medications with proven 
antifracture efficacy (e.g. bisphosphonates) or non-pharmacological 
interventions, age below 18 years, use of steroids, and the presence 
of secondary osteoporosis or chronic kidney disease.

Data extraction
The following data were extracted: publication year, sample size, 
characteristics of population (age, sex, place of living, fracture 
risk), duration of intervention, study design (double-blind place-
bo-controlled, noninferiority active-comparator studies, or other), 
antifracture aim, and study outcome.

Data analysis
There is not a single widely accepted reference protocol for the con-
duction of antifracture studies; therefore, our criteria of eligibility 
were based on the consensus of the American specialist groups, 
i.e. the American Society for Bone and Mineral Research (ASBMR), 
International Society for Clinical Densitometry (ISCD), National 
Osteoporosis Foundation (NOF) [10], the guideline of European 
Medicines Agency (EMEA) [11], the 2nd International Conference on 
Controversies in Vitamin D [9], and the characteristics of the stud-
ies (phase III) of medications with proven antifracture efficacy 
(bisphosphonates, raloxifene, teriparatide, abaloparatide, denosum-
ab, and romosozumab) [13–24]. The accordance of the protocols of 
vitamin D trials with the created reference protocol was examined. 
The following characteristics of the study protocols were assessed:

 — clearly defined characteristics of the patient groups;
 — the number of patients enrolled in the study;
 — clear aim and outcome of the study;
 — study duration;
 — study design;
 — dose and preparation of vitamin D.

The optimal characteristics of the study protocols
The data from the antifracture medications’ trials, which served to 
identify the optimal protocol, are presented in Table 1. 
We considered the following characteristics as desirable:
1. Clear inclusion and exclusion criteria of the antifracture medica-
tion trials:  
Inclusion criteria: specified age, gender, and defined fracture risk 
on the basis of previous bone fractures and dual-energy X-ray 
absorptiometry (DXA) results. The assessment of the fracture risk 
will be performed on the basis of these criteria.
Exclusion criteria: previous or current use of medications with 
known antifracture efficacy or affecting bone metabolism, hyper-
calcaemia, presence of neoplasms, and contraindications to calcium 
and vitamin D treatment.  
2. Calculation of the number of patients sufficient to demonstrate 
specific reduction in the number of fractures [25]. When calculation 
was not performed, the value of 1226 patients as in the risedronate 
study [24], which has the lowest number of patients among the ref-
erence trials, served as the lower limit value. 

http://www.checkmarket.com/sample-size-calculator
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the study questions regarding the fracture risk reduc-
tion specified in the study aims.  

In all but 2 of the accepted studies [3, 61] the patient 
populations were described as elderly. In all studies 
early postmenopausal women were excluded. DXA 
examination was performed only in one out of 13 
analysed studies [1]. It was done in the minority of 
patients (56/3270; 1.7%), and there was no information 
on the results of DXA before the commencement of 
the study, except the information that there was no 
difference between the vitamin D treated and placebo 
groups. X-ray of the spine was not performed in any 
study; thus, only clinically diagnosed spine fractures 
could be recognized. 

The number of vitamin D measurements is pre-
sented in Table 2, together with the calculated repre-
sentative number of 25OHD measurements. The total 
number of serum vitamin D measurements was small. 
Only in 2 studies [3, 61], vitamin D serum concentration 
was measured in all subjects prior to the commence-
ment of treatment. In one of them [61], it was repeated 
during, and after the study only in 6.5% of patients 
(non-representative number), while in another study [3] 

no repeat measurements were performed. The number 
of vitamin D serum measurements was not representa-
tive in all other trials. The mean baseline serum vitamin 
D concentration was insufficient (< 20 ng/mL; [26]) in 
3 out of 7 trials with known prestudy serum 25OHD 
concentration in the final analysis [1, 4, 65], and it was 
not deficient (< 10 ng/mL; [26]) in any study. There 
was only one study [71] that provided information 
on the number of patients with vitamin D deficiency; 
however, this number was very low (less than 3% of 
the study population). In another study [3], the values 
of 25OHD concentration were not defined as deficient 
or insufficient, but they were divided into quartiles. 
The number of patients in the subgroup with the lowest 
25OHD concentration (< 12 ng/mL) was very low (401 
patients) and accounted for 1.5% of the study cohort. 
In all repeated measurements (all non-representative) 
in vitamin D treated groups the mean serum vitamin D 
concentration was sufficient (> 20 ng/mL; [26]). The full 
characteristics of these 9 studies are presented in Table 2 
and Table 3 (marked with an asterisk).

 On the basis of the data presented in Figure 2, in 
the first stage of analysis, 9 trials [1-4, 61, 65, 66, 71, 72] 

Figure 1. PRISMA flowchart

20 prospective clinical trials eligible for analysis

Exclusion of studies without description 
of particular clinical trials

Exclusion due to other pharmacological 
or nonpharmacological interventions,
secondary osteoporosis, 
kidney diseases

Exclusion due to study duplication,
other pharmacological 
or nonpharmacological interventions,
secondary osteoporosis

5159 records identified from electronic 
databases: 
• PubMed: 693
• MEDLINE: 1128
• EMBASE: 2069
• Web of Science: 1007
• Cochrane: 262

91 meta-analyses/systematic
reviews eligible for further analysis

34 relevant meta-analyses/systematic 
reviews

55 prospective clinical trials extracted 
from meta-analyses/systematic reviews

19 clinical trials eligible for further 
analysis

90 potentially relevant clinical trials 
identified through additional search 
of databases between 
2019 and the end of 2022

1 trial eligible for further analysis
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met all the criteria considered necessary for the final 
analysis of the quality of the study protocols. In 2 
studies, before the start of treatment, fracture risk was 
recognized as high [4, 71], in 2 as low [2,65], and in 5 it 
was not specified [1, 3, 61, 66, 72]. At the end of the trials, 
decreased fracture risk was shown in 2 studies [1, 2], no 
fracture efficacy in 6 studies [3, 4, 61, 65, 66, 72 (nonver-
tebral and wrist fractures)], and increased fracture risk 
in 2 studies [71, 72 (hip fractures)].

Discussion

In the first stage of our analysis, we found 9 clinical trials 
eligible for the second stage of analysis, in which we 
aimed to evaluate if the optimal dose of vitamin D was 
used. The outcomes of these 9 trials on the antifracture 
efficacy of vitamin D are ambiguous and provide dif-
ferent conclusions (positive effect, no effect, or even 
negative effect). Our hypothesis was that if no clear 
conclusion on the antifracture efficacy of vitamin D 
can be reached despite several clinical trials, it should 
be examined whether it is the design of the studies 
that could explain the lack of conclusion. We assessed 

the accordance of the vitamin D study protocols with 
the guidelines created by experts [9–11], and with 
the protocols of the trials of medications with proven 
antifracture efficacy as reference. 

The need for specified characteristics of clinical 
trials, such as prospective character, clear definition of 
the study aims and outcomes, the need for minimal 
optimal number of patients, duration of the study, 
and optimal study design, is widely recognized. How-
ever, the other factors, such as clear description of 
patients’ characteristics, especially of their fracture risk, 
need for calcium supplementation, and specification if 
the optimal vitamin D dose was used, require comment.  

Although the expert boards accept non-inferiority 
comparator-controlled trials [12], a double-blind place-
bo-controlled design was applied in all reference stud-
ies and was considered as optimal by experts [10, 11]. 
The consensus statement on vitamin D indicates that 
the controls may be subjects receiving either placebo 
or poorly effective low dose of vitamin D [9].  In all 9 
studies analysed, a placebo was used as a comparator. 

The general clinical description of the study groups 
(age, sex, place of living) was clear. All patients were el-

Figure 2. First stage analysis of vitamin D trials

Potentially eligible clinical trials: 20
(1–4, 57–72)

Sample size
calculated

or no. of pts ≥ 1226
13

Accepted: 1–4, 61, 63-66, 69–72
Excluded: 57–60, 62, 67, 68

Placebo study
15

Accepted: 1–4, 57–59,
61, 62, 65–68, 71, 72

Excluded: 60, 63, 64, 69, 70

s-25OHD data
18

Accepted:
• before, during, after: 1, 3, 60, 61, 65, 68
• before and after: 58, 70
• before and during: 4, 57, 63, 64, 71, 72
• only before: 59, 67
• only during: 2
• only after: 66
Excluded: 62, 69

Concomitantly: 9
Accepted: 1–4, 61, 65, 66, 71, 72

Excluded: 62, 68, 69

Concomitantly: 9
Accepted: 1–4, 61, 65, 66, 71, 72

Excluded: No

Met all final criteria: 9
1–4, 61, 65, 66, 71, 72

Decreased fracture risk: 2
1, 2

No antifracture efficacy: 6
3, 4, 61, 65, 66, 72 (nonvertebral, wrist)

Increased fracture risk: 2
71, 72 (hip)

Duration ≥ 1.5 yr
19

Accepted: 1–4, 57–63, 65–72
Excluded: 64

Clear aim
and outcome

20
Accepted: 1–4, 57–72

Excluded: No

Concomitantly: 13
1–4, 61, 63–66, 69–72

Excluded: 57–60, 62, 67, 68

Concomitantly: 12
Accepted: 1–4, 61, 63, 65, 66, 69–72

Excluded: 64
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derly in 7 out of 9 trials, with clear information on their 
general condition and place of living. In all studies early 
postmenopausal women were excluded, because due 
to a rapid bone loss phase resulting from a decline in 
oestrogen levels, this group is generally unresponsive 
or minimally responsive to nutritional interventions.

Unlike in the reference studies, which exam-
ined only women, in some vitamin D trials both 
genders were included. In the experts’ opinion, if 
the action of treatment is independent of sex steroids, 
both men and women can be examined together 
[10]. The authors of the discussed studies attached 
great importance to the patients’ general condition 
and their place of living. Older people who lived 
independently in local communities were distin-
guished in some studies from those who were taken 
care of in nursing homes for the purpose of assessing 
the antifracture activity of vitamin D separately in 
these groups.

An important characteristic of the reference an-
tifracture medication studies is the stratification of 
the bone fracture risk. It is recommended by the ex-
perts that patients with a similar risk of fractures be 
included in trials [11], while other experts recommend 
that only high-risk patients are entered [10]. The pref-
erable method of fracture risk assessment is based on 
previous low-energy vertebral and/or nonvertebral 
fractures with additional DXA and spine X-ray exami-
nations, which were utilized in all reference trials. In 
all reference trials, the risk of bone fractures was recog-
nized as high, based mainly on the history of previous 
bone fractures. In all vitamin D studies, the risk of bone 
fractures was assessed only clinically. The DXA exami-
nations performed in one study [1] were not helpful 
in the assessment of the fracture risk because the pre-
treatment values were not shown. When considering 
the fracture risk, we can regard all 9 studies included in 
the final analysis, and especially the 4 with the strictly 
defined fracture risk, as informative but only provided 
that their conclusions are restricted to the specific 
cohorts, i.e. patients with high or low fracture risk. In 
cases of different baseline fracture risk, the conclusion 
on the antifracture efficacy should be consistent in all 
groups, as the experts state [11].

We would like to draw attention to the calcium sup-
plementation used in the studies. Some studies contain 
no information on the use of calcium supplementation, 
and in others, the information is imprecise or incom-
plete. Conversely, elementary calcium supplementation 
was applied in all reference trials, 500 mg daily or more 
often 1000 mg daily, which is widely recommended. In 
the pharmacological recommendations of the National 
Osteoporosis Societies, supplementation with calcium 
is recommended with specified dosing of elementary 

calcium. This allows us to assume that in their opinion 
calcium supplementation is necessary to achieve an-
tifracture efficacy of a pharmacological agent, and it 
suggests that the antifracture efficacy of vitamin D is 
also dependent on calcium intake. However, ultimately, 
we did not use calcium supplementation in our analysis 
as a marker of the trail value because in some experts’ 
opinions [10, 11] calcium supplementation was not 
necessary for vitamin D antifracture efficacy, and in one 
study [73] the authors showed that zoledronic acid pre-
vents fractures without calcium co-supplementation, 
with risk reduction similar to that achieved in the trial 
with calcium supplementation. Considering the un-
certainty regarding the role of calcium in bone fracture 
prevention, we are unable to exclude the possibility that 
the lack of antifracture efficacy of vitamin D could, at 
least in part, depend on the insufficient dose of calcium 
in some studies.

An important part of the analysis of the reliability 
of the vitamin D efficacy studies is the assessment 
of whether the optimal dose of vitamin D was used. 
Because deficiency in vitamin D increases fracture 
risk, vitamin D-deficient populations are most likely 
to benefit from vitamin D supplementation [26]. 
Knowledge of the baseline and post-treatment vitamin 
D concentrations is required in efficacy studies. Suf-
ficient vitamin D serum concentration with regards 
to the bone metabolism is still under discussion, but 
a concentration below 20 ng/mL is considered as 
insufficient, and below 10 ng/mL as deficient [26]. 
Some authors believe that many of the vitamin D 
studies, including the studies examining the risk of 
bone fractures as their endpoints, could be considered 
research waste because the cohorts studied were not 
vitamin D deficient [74]. The authors of the consensus 
statement on vitamin D also stress that the efficacy of 
vitamin D supplementation should be tested in vita-
min D deficient subjects [9]. The data on the vitamin 
D serum level in the analysed trials is very limited. 
There was no trial with full data on the prestudy 
and poststudy serum 25OHD concentrations. We 
do not know how many patients needed vitamin D 
supplementation and how many patients benefited 
from this treatment. 

The reference studies are not helpful with regards to 
the optimal dose of vitamin D because the serum vita-
min D level was not examined in most of them and not 
at all during or after the duration of studies. The optimal 
doses of antifracture medications were established in 
phases I-III of the trials. The optimal vitamin D doses 
used in the trials were not established because they did 
not have the preliminary phases.

If it is not possible to measure serum vitamin D lev-
els in all patients, they should be measured at least in 
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the group representative of the whole cohort, the size 
of which can be calculated [25]. In 5 out of 7 trials 
with known prestudy serum 25OHD concentration, 
the number of vitamin D measurements was not repre-
sentative. The number of all subsequent measurements 
(including the trial with representative prestudy mea-
surements) was not representative either. The lack of 
the representativeness of vitamin D measurements 
for the study groups makes it difficult to conclude 
if the dosing of vitamin D was optimal in the whole 
treated cohort. From this point of view, no study was 
able to answer the general question concerning the an-
tifracture efficacy of vitamin D, but only the efficacy of 
its dose. The importance of repeating measurements 
of vitamin D before and after the study intervention is 
emphasized by the experts in the consensus statement 
on vitamin D [9].

The study by LeBoff et al. [3] requires separate 
comment. The authors reported a lack of anti-fracture 
efficacy of vitamin D (all patients received 2000 IU of 
vitamin D, regardless of baseline 25OHD concentra-
tion or fracture risk) in an overall healthy middle-aged 
and elderly patient population. Due to the very large 
sample size, the length of observation, measure-
ments of vitamin D concentration before treatment 
in all participants, and the use of placebo as a control, 
the obtained results are very reliable. The authors 
convincingly show that patients with the prestudy 
optimal level of 25OHD (> 30.0 ng/mL) do not benefit 
from additional treatment with vitamin D. However, 
this may not be the case in patients in the lowest quar-
tile of 25OHD concentration (≤ 24 ng/mL), especially 
in the carefully selected small subgroup of patients 
with 25OHD below 12 ng/mL (1.5% of the study 
population). The concentration of 25OHD achieved 
after the treatment was not measured, nor whether 
it was a concentration that ensured anti-fracture ef-
fectiveness. 

The strength of our study lies in the new approach 
to the question of the antifracture efficacy of vitamin D 
and addressing it through the analysis of the vitamin D 
studies’ protocols and comparison with the protocols 
of the studies, which resulted in the demonstration of 
the antifracture efficacy of several other medications, 
including bisphosphonates, and led to their subsequent 
registration. 

The study has limitations. While the proposed 
protocol is based on reliable sources, such as the Ameri-
can and European studies and the 2nd International 
Conference experts’ opinions, as well as the study 
protocols of the accepted antifracture medications, 
it cannot be seen as the only acceptable protocol for 
validation of the efficacy of an agent. Some of our 
decisions, when formulating the proposed protocol 

were made arbitrarily. The minimal sample size (1226 
patients) in the case of studies without the sample 
size calculation was established arbitrarily, based on 
the trial protocols of the other antifracture medica-
tions. The decision on the minimal study duration was 
arbitrary also. According to the consensus statement 
from the 2nd International Conference on Controver-
sies in Vitamin D, the study duration should be long 
enough to record an adequate number of events [9]. 
Our decision concerning the minimal study duration 
of 1.5 years, and not 3 years as in most reference stud-
ies, was based on the expert panel recommendation 
on the efficacy trials [10]. However, the assessment of 
the vitamin D studies’ duration on the basis of the tri-
als of the antifracture medications is difficult due to 
uncertainty whether correcting a nutrient deficiency 
would have an effect size as large as that achieved by 
these medications.  

Conclusions

Based on the analysis of the studies included in our 
review, we conclude that the general question of 
the antifracture efficacy of vitamin D in the overall adult 
population cannot be explicitly answered. The studies 
examined predominantly elderly populations. Rather 
than unambiguously confirming or rejecting the anti-
fracture efficacy of vitamin D, the analysed studies can 
refer to the effects of its specific doses and forms given 
in particular (age, place of living) groups of patients 
only. An important concern with regards to the cred-
ibility of the vitamin D trials was drawn to the lack of 
the complete assessment of the fracture risk in some of 
the studies and, even more importantly, to the lack of 
certainty that the optimal vitamin D doses were used, 
which is especially relevant in patients with deficient 
or insufficient prestudy serum levels of vitamin D 
concentration. 

In the authors’ opinion, considering the data pre-
sented, the optimal protocol of the study designed to 
assess the antifracture efficacy of vitamin D should be 
based on several pillars. The first one refers to the widely 
accepted characteristics, such as an optimal number of 
patients, optimal duration of the study, clearly defined 
patients’ characteristics and study aims and outcomes, 
and an optimal comparator to the active treatment. 
A clearly defined, ideally homogeneous, fracture risk 
level of the study population should form the second 
pillar. The third pillar should be a precisely defined 
dose and form of the medication used in the study. 
To draw conclusions on the antifracture efficacy of 
vitamin D, the post-treatment serum level of 25OHD 
(measured in all patients) should reach the optimal 
serum concentration. To address any doubts concern-
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ing the role of calcium in fracture prevention, calcium 
supplementation at a locally recommended dose should 
be given. We agree with the authors who believe that 
study of the antifracture vitamin D efficacy should be 
dedicated to the subjects with decreased serum level 
of 25OHD only.
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