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Abstract
Objective Inconsistent findings in regard to association
between different concentrations of vitamin D, calcium
or their combination and the risk of fracture have been
reported during the past decade in community-dwelling
older people. This study was designed to compare the
fracture risk using different concentrations of vitamin D,
calcium or their combination.
Design A systematic review and network meta-analysis.
Data sources Randomised controlled trials in
PubMed, Cochrane library and Embase databases were
systematically searched from the inception dates to 31
December 2017.
Outcomes Total fracture was defined as the primary
outcome. Secondary outcomes were hip fracture and
vertebral fracture. Due to the consistency of the original
studies, a consistency model was adopted.
Results A total of 25 randomised controlled trials
involving 43 510 participants fulfilled the inclusion criteria.
There was no evidence that the risk of total fracture was
reduced using different concentrations of vitamin D,
calcium or their combination compared with placebo or no
treatment. No significant associations were found between
calcium, vitamin D, or combined calcium and vitamin
D supplements and the incidence of hip or vertebral
fractures.
Conclusions The use of supplements that included
calcium, vitamin D or both was not found to be better
than placebo or no treatment in terms of risk of fractures
among community-dwelling older adults. It means the
routine use of these supplements in community-dwelling
older people should be treated more carefully.
PROSPERO registration number CRD42017079624.

Introduction
Clinical fractures of the elderly represent a
worldwide public health problem that leads
to illness and social burden. The patients
with osteoporosis in the European Union
were estimated to be 27.5 million in 2010,
and 3.5 million new fragility fractures were

Strengths and limitations of this study
►► This systematic review and meta-analysis combined

the evidence from randomised controlled trials.
►► Our findings may not support the routine use of

these supplements in community-dwelling older
people.
►► This work does not necessarily preclude any benefit
of vitamin D and calcium supplementation in older,
frail individuals.
►► Potential missing data and meta-biases, heterogeneity, which may limit the quality of evidence.

sustained.1 In Asia, the average cost of osteoporotic fractures accounted for 18.95% of
the countries’ 2014 gross domestic product/
capita and increased annually.2–4 The overall
prevalence of osteoporosis and low bone
mass in non-institutional population over the
age of 50 years in the USA was estimated at
10.3% and 43.9%, respectively, which means
that 10.2 million elderly people had osteoporosis and 43.4 million people had low bone
mass in 2010.5 With the demographic trend
of ageing and the predicted increase in life
expectancy, the cost of fracture treatment is
expected to rise.
Dietary allowances for calcium range from
700 to 1200 mg/day and vitamin D of 600–800
IU/day have long been recommended for
the prevention of osteoporotic fractures in
the elderly.6 7 The supplements of calcium
and vitamin D are commonly taken to maintain bone health.
However, the previous randomised
controlled trials (RCTs) and meta-analyses
concerning vitamin D, calcium or their combination for fractures yielded different efficacy
outcomes. For instance, two meta-analyses
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demonstrated calcium or vitamin D supplementation
alone has a small benefit on bone mineral density, but
no clinically important to prevent fractures,8 9 while
an updated meta-analysis and a pooled analysis found
calcium plus vitamin D supplementation can significantly reduce hip fractures by 30% and total fractures
by 15%.10 11 Two RCTs reported that low dose of vitamin
D supplementation (<800 IU/day) can reduce the incidence of falls12 and may prevent fractures without adverse
effects,13 but other RCTs showed no significant reduction
in the incidence of hip or other peripheral fractures,14 15
and its possible effects were seen only in patients with
initial calcium insufficiency. Based on the evidence from
meta-analysis, Bischoff-Ferrari et al16 illustrated that highdose vitamin D supplementation (≥800 IU/day) not
only reduced the risk of falls and hip fractures but also
prevented non-vertebral fractures. In contrast, a study
reported annual high-dose oral vitamin D resulted in
an increased risk of falls and fractures.17 On the other
hand, low-dose calcium supplementation (<800 mg/day)
effectively led to a sustained reduction in the rate of bone
loss18 and turnover. Although it was also reported that
the high dose of calcium (≥800 mg/day) was associated
with a lower risk of clinical fractures.19 The high-dose
calcium with high-dose vitamin D cannot prevent fractures according to the evidence from reported RCT,20 but
a meta-analysis supported their combination can prevent
bone loss and significantly reduce the risk of hip fractures
and all osteoporotic fractures.21 Thus, it is challenging to
conclude a dose-response relation between the intakes of
vitamin D, calcium or their combination and the main
outcomes in these heterogeneous literature.
Therefore, this study was designed to compare the
fracture risk using different concentrations of vitamin
D, calcium or their combination and comprehensively
evaluate the optimal concentration to guide clinical practice and public prevention in community-dwelling older
people.
Methods
Search strategy and selection criteria
This review and meta-analysis is based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) extension statement for network meta-analysis.
Our meta-analysis was registered prospectively in PROSPERO, and the Checklist PRISMA 2009 (online supplementary table 1) will be used to check our final reports.22
We restricted our meta-analysis to the inclusion criteria
should meet following details: (1) RCTs; (2) interventions must be one of the following three: vitamin D only,
calcium only, both vitamin D and calcium; (3) complete
outcome data of fracture; (4) trials enrolling adults aged
older than 50 years and living in their communities and
(5) only studies that lasted more than a year. Exclusion
criteria were (1) calcium or vitamin D combined with
other therapies (eg, hormones and exercise); (2) trials in
which vitamin D analogues (eg, calcitriol) or hydroxylated
2

vitamin D were used; (3) trials in which dietary intake of
calcium or vitamin D (eg, from milk) was evaluated and
(4) patients suffering from illness or long-term use of
certain drugs affecting the stability of the calcium metabolism, such as metabolic bone disease, bone tumour,
treatment of steroids and so on.
Participants must be randomly assigned to two or more
following groups: (1) high calcium (≥800 mg/day) only;
(2) low calcium (<800 mg/day) only; (3) high vitamin
D (≥800 IU/day) only; (4) low vitamin D (<800 IU/day)
only; (5) high calcium (≥800 mg/day)+high vitamin D
(≥800 IU/day); (6) high calcium+low vitamin D (<800
IU/day); (7) low calcium (<800 mg/day)+high vitamin
D; (8) low calcium+low vitamin D and (9) placebo. The
interventions should be compared with placebo.
Two authors (Z-HF and GZ) independently searched
the electronic literature database of PubMed, Embase
and Cochrane database on 31 December 2017 (detailed
search strategies are reported in online supplementary
table 2). Related articles and reference lists were searched
to avoid original miss. The reference studies of previous
systematic reviews, meta-analysis and included studies
were manually searched to avoid initial miss. After two
authors assessed the potentially eligible studies independently, any disagreement was discussed and resolved
with the third independent author (QT).
Data collection and assessment of risk of bias
Two reviewers (Z-HS and XBL) independently extracted
data, and the third reviewer (LT) checked the consistency between them. A standard data extracted form was
used at this stage, including the authors, publishing date,
country and participant characteristics; doses of calcium,
vitamin D or their combination; dietary calcium intake;
baseline serum 25-hydroxyvitamin D concentration; and
trial duration. For continuous outcomes, the mean, SD
and participant number will be extracted. For dichotomous outcomes, we extracted the total numbers and the
numbers of events of both groups. The data in other
forms were recalculated when possible to enable pooled
analysis.
We used the Cochrane risk of bias tool to assess risk bias
of included studies. The tool has seven domains including
random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective
reporting and other bias. The classification of the judgement for each domain was low risk of bias, high risk of
bias or unclear risk of bias and two authors (Z-HF and
GZ) independently evaluated the risk of studies.
Data synthesis and statistical analysis
The data were extracted and input into the STATA software (V. 12.0; StataCorp) for network meta-analysis. And
we generated network plots for each outcome to illustrate
which interventions had been compared directly in the
included studies. Network meta-analysis is an extension
of standard meta-analysis to compare multiple treatments
Hu Z-C, et al. BMJ Open 2019;9:e024595. doi:10.1136/bmjopen-2018-024595
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it is unable to disseminate the results of the research to
study participants directly.

Result
Data retrieval
In summary, a total of 7909 potential records were initially
identified through PubMed (5187), Embase (2688) and
Cochrane (34) databases. Based on our review of the title
and abstract, 99 full-text papers were reviewed, and 25
studies13 17 19 20 25–45 met inclusion criteria (figure 1).

Figure 1 The selection of literature for included studies.
RCT, randomised controlled trial.

based on randomised controlled trial evidence, which
forms a connected network of comparisons. Treatment
effect estimates from network meta-analysis exploit both
the direct comparisons within trials and the indirect
comparisons across trials. To choose the random effects
or fixed effects model, we either make a judgement about
what is most likely to be appropriate based on the assumptions of the different models or conduct both fixed or
random effects and compare which seems to fit the data
better.23 Relative risk (RR) with 95% CIs was calculated for
dichotomous outcomes, while weighted mean difference
with 95% CIs for the continuous. Inconsistency refers to
differences between direct and various indirect effect estimates for the same comparison. To assess inconsistency,
we estimated the inconsistency factors (IFs) in closed
loop based on the method described by Chaimani et al.24
The heterogeneity in each closed loop was estimated by
using IF. If the 95% CIs of IF values are not truncated
at zero, it suggests that the inconsistency among studies
has statistical significance. We used the surface under the
cumulative ranking probabilities to indicate which treatment was the best one. The funnel plot was used to identify possible publication bias if the number of studies was
larger than 10.
Patient and public involvement
No patients were involved in setting the research question
or the outcome measures, and no patients were involved
in developing plans for design or implementation of the
study. Furthermore, no patients were asked to advice
on interpretation or writing up of results. Since this
meta-analysis used aggregated data from previous trials,
Hu Z-C, et al. BMJ Open 2019;9:e024595. doi:10.1136/bmjopen-2018-024595

Study and patient characteristics
The characteristics of all 25 included studies were
summarised and shown in online supplementary table
3. And the detailed data of outcomes were collected in
online supplementary table 4. The papers had similar
distributions of sex, age, country and intervention, and
all of them were community-dwelling older people.
Hansson and Roos29 did not report the residential
status of participants, although a previous meta-analysis
classified this status as community. The trial by Hansson
and Hansson was included, but a sensitivity analysis was
performed that excluded that trial (online supplementary figure 1).
Online supplementary figure 2 showed the assessment of the risk of bias. All studies were randomised;
17 were double-blind, placebo-controlled trials; 13 trials
described an adequate random sequence generation
process; and 11 trials described the methods used for
allocation concealment. No obvious publication bias
was reported according to the online supplementary
figures 3–5.
Inconsistence and heterogeneity check
The statistical inconsistency between direct and indirect
comparisons was generally low according to inconsistency
test because the CI values included zero (online supplementary figures 6–8). Therefore, we adopted a consistency model in all three groups. Meanwhile, we adopted
the fixed effects models, and the heterogeneity parameter I2 values were 8.4%, 0% and 0%, respectively, which
indicated no obvious heterogeneity was observed in all
these results (online supplementary figures 9–11).
Primary outcome: total fracture
For estimating the vitamin D, calcium or their
combination efficacy against total fractures, we
looked at data from 24 965 individuals from 18
studies.13 17 19 20 25 26 28 30 31 33–35 37 39 40 43–45 Pooled estimates
included 15 studies with one treatment, one study with
two treatments, and two studies with three treatments.
The network plot of comparisons on total fractures
was shown in figure 2A. The forest plot for the network
meta-analysis was shown in figure 3. The RR values and
95% CIs are summarised in figure 3. The direct and indirect comparisons indicated no differences among the
vitamin D, calcium or their combination that remained
3
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Figure 2 (A) The network plot of comparisons on total fractures, (B) hip fractures and (C) vertebral fractures. A, high calcium
(≥800 mg/day); B, low calcium (<800 mg/day); C, high vitamin D (≥800 IU/day); D, low vitamin D (<800 IU/day).

in the main network. Neither do the statistical differences
between interventions and placebo (p<0.05). So we did
not continue to make ranking graph of distribution of
probabilities on total fractures.
Secondary outcomes: hip fracture and vertebral fracture
A total of 41 845 individuals were included from 16
studies13 17 19 20 25–28 30 32 33 37 39 40 42 43 to evaluate the drug
efficacy against hip fractures. Pooled estimates included
13 studies with one treatment, 1 study with two treatments
and 2 studies with three treatments.
The network plot of comparisons on hip fractures
was shown in figure 2B. The forest plot for the network
meta-analysis was shown in figure 4. The RR values and
95% CIs are summarised in figure 4. The direct and indirect comparisons indicated no differences among the
vitamin D, calcium or their combination that remained
in the main network. Neither do the statistical differences

between drug experimental groups and placebo (p<0.05).
So we did not continue to make ranking graph of distribution of probabilities on total fractures.
A total of 17 612 individuals were collected from 12
studies13 17 19 20 25 28 29 36 38–41 involving vertebral fractures.
Pooled estimates included 10 studies with one treatment
and 2 studies with three treatments.
The network plot of comparisons on vertebral fractures
was shown in figure 2C. The forest plot for the network
meta-analysis was shown in figure 5. The RR values and
95% CIs are summarised in figure 5. The direct and indirect comparisons indicated no differences among the
vitamin D, calcium or their combination that remained
in the main network. Neither do the statistical differences
between drug experimental groups and placebo (p<0.05).
So we did not continue to make ranking graph of distribution of probabilities on total fractures. In a separate

Figure 3 The forest plot for the risk of total fractures. A, high calcium (≥800 mg/day); B, low calcium (<800 mg/day); C, high
vitamin D (≥800 IU/day); D, low vitamin D (<800 IU/day). CI, confidence interval; PrI, predictive interval.
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Figure 4 The forest plot for the risk of hip fractures. A, high calcium (≥800 mg/day); B, low calcium (<800 mg/day); C, high
vitamin D (≥800 IU/day); D, low vitamin D (<800 IU/day).

sensitivity analysis, we excluded Hansson and Roos’
study29 (online supplementary figure 1). However, there
was still no significant association of vitamin D, calcium or
their combination with total fracture.
Discussion
Vitamin D supplementation and calcium are suggested
as interventions to treat and prevent fracture. We found

the previous meta-analyses and RCTs are critically inconsistent in efficacy of different doses of vitamin D with
calcium on fractures.
Results of this meta-analysis showed that calcium,
calcium plus vitamin D and vitamin D supplementation
alone were not significantly associated with a lower incidence of hip, vertebral or total fractures in community-dwelling older adults. Sensitivity analyses that excluded

Figure 5 The forest plot for the risk of vertebral fractures. A, high calcium (≥800 mg/day); B, low calcium (<800 mg/day); C,
high vitamin D (≥800 IU/day); D, low vitamin D (<800 IU/day).
Hu Z-C, et al. BMJ Open 2019;9:e024595. doi:10.1136/bmjopen-2018-024595
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low-quality trials and studies that exclusively enrolled
patients with particular medical conditions did not alter
these results.
A meta-analysis conducted by Jia-Guo Zhao et al46
showed that no significant difference was found in the
incidence of hip or other fractures, which was similar
to our result. However, the object of Zhao’s study was
to investigate whether calcium, vitamin D or combined
calcium and vitamin D supplement are associated with a
lower fracture incidence, while our study was designed to
evaluate the optimal concentration of them. Meanwhile,
in Zhao’s meta-analysis, the participants of the included
study reported by Massart47 were adult maintenance
haemodialysis patients, which may result in the imbalance
of calcium in the body. Patients on haemodialysis may also
be receiving 1,25-dihydroxyvitamin D, which may affect
their response to vitamin D supplementation. So we did
not include that trial in our network meta-analysis. What’s
more, we didn’t include studies that lasted less than a year
because we thought this time frame was too short to see
antifracture efficacy. And we suspected that a network
meta-analysis might be a more suitable choice concerning
all these different interventions mixed.
Bischoff-Ferrari et al48 reported that high-dose vitamin
D supplementation (≥800 IU/day) played an important
role in the reduction of the risk of falls and hip fractures as well as prevented non-vertebral fractures in
adults aged 65 years or older. However, their findings
may have been influenced by the trial of Chapuy et al,49
which only enrolled participants living in an institution.
What’s more, differences in conclusions of previous
meta-analyses and the current meta-analysis were due to
the recently published trials, which reported neutral or
harmful associations of vitamin D supplementation and
fracture incidence more and more. Study findings here
indicated that vitamin D might result in a higher risk for
hip fracture, but this conclusion did not reach statistical
significance. This finding may be attributable to lack of
statistical power in this meta-analysis.
Most recently, there was a meta-analysis published in
the Lancet by Bolland et al,50 whose findings suggested that
vitamin D supplementation does not prevent fractures or
falls or has clinically meaningful effects on bone mineral
density. Although it was similar to our study to some
extent, they are really different. First, we only included
community-dwelling older people. We found that some
meta-analyses equated community-dwelling older people
with those in nursing institution. The lack of exercise,
dietary intake and exposure to sunlight made people in
nursing institution turned more susceptible to the use of
supplements including vitamin D, calcium or their combination. Although the studies involving participants living
in nursing institution were only a small part, but it could
change the whole outcomes and produce false-positive
results. We found only Avenell’s study paid attention to
this question when they conducted a subgroup analysis,
but they did not discuss separately. Meanwhile, we only
enrolled adults aged older than 50 years and trial duration
6

more than 1 year to reduce the statistical heterogeneity in
network meta-analysis. Furthermore, the current analyses
included calcium supplementation, where the Bolland’s
study focused on vitamin D.
However, possible limitations of this study protocol
include potential missing data and meta-biases, heterogeneity, which may limit the quality of evidence. Some
RCTs were of poor quality and, for example, used
unclear allocation concealment. So we made a sensitivity analysis by excluding low-quality trials. Meanwhile, some study characteristics such as baseline
serum 25-hydroxyvitamin D concentrations might be
to contribute heterogeneity, so future analyses are still
needed to explore this potential heterogeneity. What’s
more, we combined bolus dosing by injection with oral
supplements taken daily/monthly/yearly, which might
have different effects on vitamin D status in the body.
In addition, the report ignored the effect of treatment
with vitamin D on plasma 25-hydroxyvitamin D concentrations and subtypes of fracture, such as pathologic
fractures; this work does not necessarily preclude any
benefit of vitamin D and calcium supplementation in
older, frail individuals.

Conclusions
In this meta-analysis of randomised clinical trials, we
found that the use of different concentrations of vitamin
D, calcium or their combination in community-dwelling
older adults was not associated with a lower risk of fractures. Our findings may not support the routine use of
these supplements in community-dwelling older people.
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