
RESEARCHRESEARCH

1Department of Pharmacy, 
CIUSSS du Nord-de-l’Île-de-
Montréal, Québec, Canada
2Research Center, CIUSSS du 
Nord-de-l’Île-de-Montréal, 
Québec, Canada
3Department of Pharmacy, 
McGill University Health Centre, 
Québec, Canada
4Faculty of Pharmacy, University 
of Montreal, Québec, Canada
Correspondence to: O Massé  
olivier.masse.cnmtl@ssss.gouv.
qc.ca; 
(ORCID 0009-0004-1764-4520)
Additional material is published 
online only. To view please visit 
the journal online.
Cite this as: BMJ 2026;393:e088050 
http://dx.doi.org/10.1136/ 
bmj-2025‑088050

Accepted: 29 April 2026

Calcium, vitamin D, or combined supplementation to prevent 
fractures and falls: systematic review and meta-analysis
Olivier Massé,1,2 Claudia Mei Mercurio,1 Sébastien Dupuis,1,2 Maya Al Sahwi,1  
Alexandra Arruda,1 Gabriel Dallaire,1,2 Katherine Desforges,3,4 Nicolas Dugré,1,2,4  
David Williamson1,2,4

ABSTRACT

OBJECTIVE
To assess the effect of calcium, vitamin D, or combined 
supplementation on fractures and falls in adults.
DESIGN
Systematic review and meta-analysis.
DATA SOURCES
Trials included in systematic reviews from 2014, 
three databases (Medline, Embase, CENTRAL) to 19 
February 2025, clinical trial registries, abstracts from 
scientific meetings, and references from included 
studies.
ELIGIBILITY CRITERIA
Randomised controlled trials comparing calcium, 
vitamin D, or combined supplementation with placebo 
or no treatment in adults (≥18 years) not receiving 
drug treatment for osteoporosis.
DATA EXTRACTION AND SYNTHESIS
The primary outcome was the risk of any fracture. 
Secondary outcomes included the risk of hip fracture, 
non-vertebral fracture, vertebral fracture, and falling, 
as well as the total number of falls. Pairs of reviewers 
independently screened trials, extracted data, and 
assessed risk of bias using the second version of 
Cochrane’s risk of bias tool. Findings were synthesised 
using random effects meta-analyses and appraised 
using Grading of Recommendations Assessment, 
Development and Evaluation, with application 
of thresholds for absolute effects considered 
important.

RESULTS
This review included 69 trials involving 153 902 
participants. Participants in most of the trials were 
community dwelling (87%) and not at high risk of 
fractures or falls (73%). For the primary outcome of 
any fracture, little to no effect was found from use of 
calcium supplements (11 trials, 9067 participants; 
risk ratio 0.91, 95% confidence interval 0.81 to 
1.01; moderate certainty), vitamin D supplements 
(36 trials, 92 045 participants; 1.00, 0.95 to 1.06; 
high certainty), or combined supplementation (15 
trials, 51 126 participants; 0.91, 0.84 to 0.99; 
high certainty). Calcium, vitamin D, or combined 
supplementation appeared to have little to no 
effect on other fracture and fall outcomes, based 
largely on moderate to high certainty of evidence. 
The findings remained robust after an extensive 
exploration of heterogeneity across multiple subgroup 
analyses. Evidence for high risk patients or those 
requiring residential care was limited for many 
outcomes for calcium monotherapy and for combined 
supplementation.
CONCLUSION
Based on absolute risk reductions and thresholds 
considered clinically meaningful, this review found 
little to no benefits from use of calcium, vitamin D, 
or combined supplementation on the prevention of 
fractures and falls.
SYSTEMATIC REVIEW REGISTRATION
PROSPERO CRD42023483915.

Introduction
Almost a third of older adults (≥65 years) experience 
at least one fall annually.1 Falls are the primary cause 
of both fatal and non-fatal injuries in this population, 
resulting in increased healthcare utilisation and 
substantial economic costs.1  2 As much as 85% of 
older adults have a fear of falling because of a fall, 
contributing to reduced daily functioning and increased 
risk of subsequent falls.3 4 Furthermore, half of women 
and one fifth of men will sustain a low trauma fracture 
during their lifetime, often due to a fall.5  6 Among 
older adults, fractures are strongly associated with 
poor outcomes such as pain, functional impairment, 
diminished quality of life, increased healthcare 
utilisation, need for residential care, and economic 
costs.6-8 Therefore, preventing falls and fractures has 
become a global public health priority.6-10

Calcium and vitamin D play major roles in regulating 
bone homoeostasis and muscle cell differentiation, 
metabolism, and function.7  11 In observational 
studies, low dietary calcium intake and low serum 

WHAT IS ALREADY KNOWN ON THIS TOPIC
Previous systematic reviews have found no reduction in fractures with calcium 
or vitamin D monotherapy and inconsistent results with their combined use, and 
the effect of vitamin D on falls is inconsistent across systematic reviews
Despite these results, many clinicians, guidelines, and regulatory agencies 
recommend vitamin D supplementation (with or without calcium) for 
musculoskeletal health
Prescriptions for calcium and vitamin D have increased substantially since the 
early 2000s

WHAT THIS STUDY ADDS
In this systematic review and meta-analysis of evidence from randomised 
controlled trials, calcium, vitamin D, or combined supplementation offers little to 
no benefit on fracture and fall prevention
These findings remained robust after an extensive exploration of heterogeneity 
across multiple subgroup analyses
The results do not support routine supplementation with calcium or vitamin D, or 
combined supplementation to prevent fractures and falls
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vitamin D levels have been associated with loss of 
bone mineral density, reduced muscle function, falls, 
and fractures.12-17 Since 1990, several randomised 
controlled trials have assessed whether calcium, 
vitamin D, or combined supplementation benefits 
musculoskeletal health.9 18 Based on initially promising 
findings,19-22 vitamin D supplementation (with or 
without calcium) has been widely recommended 
to prevent fractures and falls.10  23-25 A substantial 
increase in calcium and vitamin D prescriptions has 
been reported in many countries, leading to high 
economic burden.26-32

Although recent systematic reviews have reached a 
consensus that calcium or vitamin D supplementation 
offer no benefit in the prevention of fractures, 
uncertainty remains about the effect of vitamin D 
monotherapy on falls and the benefit of combined 
calcium and vitamin D supplementation.33-42 The most 
comprehensive systematic reviews of calcium and 
vitamin D for musculoskeletal health were published 
between 2014 and 2019, but these reviews had 
important limitations,35 37 38 40-42 including the absence 
of meta-analyses on the effect of vitamin D combined 
with calcium,35  37 exclusion of adults in residential 
care homes,38 40 absence of reporting on falls,37 38 40-42 
insufficient subgroup analyses to explore the impact 
of vitamin D dosing,38  41  42 and absence of a formal 
assessment of the certainty of evidence.35 37 40 42 Since 
the publication of these reviews, several large scale 
randomised controlled trials43 44 45 46 (including 54 383 
new participants) have been conducted, highlighting 
the need for an updated systematic review. We 
therefore performed a systematic review of randomised 
controlled trials to assess the effect of calcium, vitamin 
D, or combined supplementation on reducing the 
number of fractures and falls in adults compared with 
placebo or no treatment.

Methods
Standardised reporting and registration
We conducted and reported this systematic review and 
meta-analysis following the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
2020 statement (see supplementary table S1).47 48 The 
protocol was registered on PROSPERO and has been 
previously published.49 Minor modifications were 
made to the protocol to clarify the statistical analysis 
plan, and primarily occurred before data synthesis 
(see supplementary table S2). All post hoc analyses are 
described in the paper.

Eligibility criteria
We included randomised controlled trials that enrolled 
adults (≥18 years), compared the administration of 
calcium, vitamin D, or combined supplementation 
versus placebo or no treatment, and reported data on at 
least one prespecified outcome. The primary outcome 
was the risk of any fracture. Secondary outcomes 
included the risk of hip fracture, non-vertebral 
fracture, vertebral fracture, and falling, as well as the 
total number of falls.

We excluded trials that focused on osteoporosis 
drugs, long term corticosteroid treatment, or active 
vitamin D analogues. Trials that randomised 
participants to other interventions (eg, exercise 
training, dietary instructions, hormonal therapy) were 
also excluded if the intervention was not administered 
to both arms. We applied no restrictions on type or 
dose of calcium and vitamin D, number of participants 
or events, or length of follow-up.

Data sources and search strategy
A comprehensive literature search was conducted to 
19 February 2025, with no restrictions on language 
or publication status. In collaboration with a research 
librarian, we developed a two step search strategy (see 
supplementary table S3). Firstly, we searched Medline 
and Embase (from 2014) to identify systematic reviews 
assessing the effect of calcium, vitamin D, or combined 
supplementation on fractures or falls. Next, we 
searched Medline, Embase, and CENTRAL (from 2017) 
to identify new trials not captured by the included 
systematic reviews. We also consulted ClinicalTrials.
gov, International Clinical Trials Registry Platform, 
abstracts from scientific meetings, and reference lists 
of all included studies.

Study selection and data extraction
Pairs of reviewers independently screened titles and 
abstracts, assessed full text of potentially eligible 
studies, and extracted data from eligible studies using 
a standardised, pretested form. Disagreements were 
resolved through consensus. Covidence was used for 
managing citations and extracting data. We contacted 
study authors when necessary to clarify eligibility and 
obtain data.

We recorded data on fractures and falls regardless 
of level of trauma, using the longest available follow-
up on treatment and an intention-to-treat approach. 
When trials included multiple treatment arms, we 
combined the arms to form a single treatment group. 
If unpublished data, not obtained through personal 
communications, were found in another systematic 
review, we used that review to complete data extraction.

When data on any fracture were not provided, 
we used data from the largest available group of 
participants with a new non-vertebral or osteoporotic 
fracture. If data on total falls was not reported, we 
prioritised fall data in the order: injurious falls, falls 
resulting in a healthcare or medical visit, or falls 
requiring hospital admission. If necessary, rate ratios 
of falls were manually calculated using the number of 
falls in each group and the corresponding patient years 
of follow-up.

Risk of bias
Pairs of reviewers independently assessed risk of bias 
of eligible studies using Cochrane’s risk of bias (RoB 
2.0) tool.50 Disagreements were resolved through 
consensus. Each domain was classified as having low 
risk, raising some concerns, or having high risk of 
bias. The overall risk of bias was determined based on 
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the highest risk domain. We used Robvis software to 
generate figures.

Statistical analysis
Given the clinical heterogeneity expected from study 
populations and dosing regimens, we conducted 
random effects meta-analyses using inverse variance 
weighting models. The Wald-type or Hartung-Knapp-
Sidik-Jonkman method was used to pool effect 
estimates, according to the estimate of heterogeneity 
and the number of trials included in each meta-
analysis.47 We reported risk ratios for the risk of 
fracture or falling, and incidence rate ratios for the 
total number of falls. Trials with no events in both arms 
were excluded from the meta-analyses.47 Heterogeneity 
between trials was quantified by the τ2 statistic using 
the restricted maximum likelihood method. The 
proportion of variability due to heterogeneity was 
investigated through visual inspection of the forest 
plots, and the I2 statistic. All analyses were performed 
using Cochrane’s Review Manager. For each meta-
analysis including 10 or more trials, we assessed 
publication bias using funnel plots and Begg’s and 
Egger’s tests with the metafor package in R (version 
4.5.0). Asymmetry on the funnel plot or a P<0.05 on 
one of these tests suggested potential bias.

Subgroup analysis
The subgroup analysis plan was determined based 
on previous systematic reviews and guidelines 
and discussions among authors.33-38  40-42  51-53 The 
primary subgroup analysis compared trials involving 
populations at high risk versus those not at high risk. 
High risk populations were defined as those with a 
mean age of 80 years or older, requiring residential 
care, with a fracture or fall history, with a diagnosis 
of osteoporosis, or with a mean baseline vitamin D 
deficiency (<25 nmol/L). For every meta-analysis 
including 10 or more trials, we conducted additional 
subgroup analyses to explore potential heterogeneity—
namely, population characteristics (≥65 years v 
younger, ≥80 years v younger, women only v men or 
both sexes, requiring residential care v community 
dwelling, previous v no previous fracture, previous v 
no previous fall, with v without osteoporosis), mean 
baseline vitamin D level (<25 nmol/L v higher, <50 
nmol/L v higher) and mean dietary calcium intake 
(<800 mg v higher), vitamin D characteristics (vitamin 
D2 v D3, daily to monthly administration v intermittent 
or high doses, <1000 v 1000-2000 v >2000 units 
daily, excluding intermittent or high doses), and trial 
characteristics (≥1000 v <1000 participants, ≤1 v >1 
year of follow-up).

Sensitivity analysis
In sensitivity analyses, we assessed the robustness 
of our findings by performing fixed effects meta-
analyses, excluding trials at high risk of bias, using the 
leave-one-out method, excluding trials with less than 
1000 patient years of follow-up, and excluding trials 
that allowed non-trial supplementation of calcium 

or vitamin D. We also performed post hoc sensitivity 
analyses excluding studies in which osteoporotic or 
non-vertebral fractures were counted as total fractures, 
or where a specific subtype of falls (eg, injurious) was 
used as the falls outcome.

Meta-regression
We conducted post hoc meta-regression analyses using 
mixed effects models to explore whether baseline 
and achieved vitamin D levels, treated as continuous 
covariates, modified treatment effects. These analyses 
were undertaken to further investigate findings from 
subgroup analyses and to provide a more nuanced 
understanding of the clinical relevance of vitamin D 
levels. We performed meta-regression analyses for 
each meta-analysis on vitamin D that included 10 or 
more trials reporting baseline or achieved vitamin D 
levels. All analyses were conducted using the metafor 
package in R (version 4.5.0).

GRADE assessment
We used the GRADE (Grading of Recommendations 
Assessment, Development and Evaluation) approach 
to rate the certainty of evidence for all findings as 
high, moderate, low, or very low.54  55 This approach 
systematically evaluates risk of bias, indirectness, 
heterogeneity, imprecision, and publication bias to 
reflect the certainty that an important effect is truly 
present. Two authors independently conducted GRADE 
assessments, with disagreements resolved through 
consensus. The final assessment was presented to all 
authors for discussion and approval during a dedicated 
session. We synthesised results in a modified summary 
of findings table with standardised plain language 
summaries.55

Imprecision was assessed using a minimally 
contextualised approach.56 The minimal clinically 
important differences were a priori defined as 0.7% 
absolute reduction for hip fractures, 2% for any 
fractures, non-vertebral fractures, and vertebral 
fractures, 3% for risk of falling, and five falls per 100 
person years. With no established minimal clinically 
important differences for fractures and falls, we 
determined thresholds by author consensus, informed 
by an unstructured review of literature on clinician 
and patient preferences on fractures and falls. These 
thresholds helped assess whether treatment effects 
were clinically meaningful and aided interpretation of 
confidence interval (CIs).

Patient and public involvement
No patients or members of the public were involved 
in the design, conduct, or reporting of this review. 
Limited funding and time constraints precluded their 
formal involvement. We acknowledge, however, that 
this systematic review addresses priorities voiced by 
older adults during clinical consultations or hospital 
rounds—specifically the prevention of fractures 
and falls.
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Results
Description of included trials
Of 10 260 unique citations, we included 79 reports 
and 69 trials involving 153 902 participants (fig 1 
and supplementary figure S1).19  20  43-46  57-129 Of the 
69 trials, 67 were identified through our search of 
existing systematic reviews, while the remaining two 
were retrieved through our database searches. Two 
trials (including 123 participants) were excluded from 
the meta-analysis, as they reported no events in both 
arms.70 129 We obtained additional data on fractures or 
falls directly from trial authors for one trial and previous 
systematic reviews for 13 trials (see supplementary 
table S4).20 43 59 67 69 76 77 79 81 86 95 99 103 115

Table 1 summarises the characteristics of the 
included trials (see supplementary table S5 for the 
main characteristics). Most trials (87%, 60/69) 
were placebo controlled, and 20 trials (29%, 20/69) 
included co-interventions given to both groups. Of the 
69 trials, 23% (16/69) studied calcium monotherapy, 
67% (46/69) studied vitamin D monotherapy, 
and 25% (17/69) studied calcium and vitamin D 

combined. Vitamin D was mostly administered daily 
to monthly (71%, 41/58) but occasionally was given 
in intermittent or high single doses (29%, 17/58). 
The median follow-up duration across trials was 2.0 
years (interquartile range (IQR) 1.0-3.2 years), during 
which participants received the study interventions. Of 
the 69 trials, 59% (41/69) reported a mean follow-up 
of more than one year. Most trials were conducted in 
Europe (43%, 30/69), North America (23%, 16/69), 
and Australia or New Zealand, or both (16%, 11/69).

Most trials included community dwelling older 
adults not at high risk of fractures and falls. The 
median age across trials was 71.2 (IQR 63.8-76.9) 
years, with 58 trials (84%) reporting a mean age of 
at least 65 years. Of the 69 trials, only 28% (19/69) 
studied high risk populations, 87% (60/69) included 
only community dwelling adults, and 38% (26/69) 
recruited only women. A minority of trials included 
only participants with previous fractures (6%, 4/69), 
previous falls (4%, 3/69), or osteoporosis diagnosis 
(6%, 4/69). Most trials (71%, 49/69) reported baseline 
vitamin D levels. Mean baseline vitamin D levels <50 
nmol/L and <25 nmol/L were reported in 32% (22/69) 
and 3% (2/69) of trials, respectively.

Risk of bias
Of the 69 trials, most were assessed as having high 
risk of bias (34/59 trials for fracture assessment 
and 23/48 trials for fall assessment) or raising some 
concerns (12/59 trials for fracture assessment and 
11/48 for fall assessment) (see supplementary figure 
S2). Supplementary table S6 presents the detailed risk 
of bias assessment for individual studies.

Most trials (70%, 48/69) reported only non-industry 
funding, but with drugs supplied by industry in 
many cases (54%, 26/48). Only 26% (18/69) of trials 
reported industry funding. Additionally, 40 (58%) 
trials had unclear or potential conflicts of interests. 
Supplementary table S7 provides full details on 
funding sources and conflicts of interest statements.

GRADE assessment, and publication bias
The GRADE assessment is synthesised in one summary 
of findings table (table 2) and three additional tables 
(see supplementary tables S8-S10). Overall, the 
certainty of evidence was moderate to high for 88% 
(16/18) of findings.

Visual inspection of funnel plots, along with 
Begg’s and Egger’s tests, did not indicate important 
publication bias (see supplementary figures S3-S5).

Effects of the interventions
Calcium monotherapy
Fifteen trials (9435 participants) studied the effect of 
calcium supplementation over a mean follow-up of 2.8 
years (fig 2 and supplementary figure S6).

Calcium supplementation likely has little to no effect 
on the risk of any fracture (11 trials, 9067 participants; 
risk ratio 0.91, 95% CI 0.81 to 1.01; moderate 
certainty of evidence; fig 2). Supplementary figure S6 
shows the pooled effects for other fracture types and 

Reports excluded
Invalid outcomes
Invalid comparator
Duplicate
Invalid design
Data unavailable
Ongoing
Invalid intervention
Retracted
Ineligible population

24
20
15

9
6
3
3
2
1

Records from databases and other sources
Medline
Embase

1518
9505

CENTRAL
Systematic reviews

1067
160

Records screened

Duplicates removed

10 260

Records sought for retrieval

12 250

Records excluded
10 098

Records not retrieved

162

Records assessed for eligibility
162

Records included (69 unique trials)
79

83

1990

0

Fig 1 | PRISMA flow diagram of study selection process
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falls. The effect of calcium on the risk of hip fracture 
is very uncertain (6 trials, 6703 participants; 1.63, 
0.86 to 3.03; very low certainty). Calcium likely has 
little to no effect on the risk of non-vertebral fracture (4 
trials, 3204 participants; 0.95, 0.79 to 1.14; moderate 
certainty), risk of vertebral fracture (10 trials, 6576 

participants; 0.82, 0.65 to 1.04; moderate certainty), 
risk of falling (2 trials, 2966 participants; 0.91, 0.78 
to 1.06; moderate certainty), and total number of falls 
(2 trials, 1794 participants; incidence rate ratio 1.02, 
95% CI 0.96 to 1.09; moderate certainty).

We did not identify any credible subgroup effects 
(see supplementary table S11). In the primary 
subgroup analyses, we did not find any difference in 
the treatment effects of calcium in high risk compared 
with not at high risk populations. Results remained 
robust after conducting the sensitivity analyses (see 
supplementary table S12).

Vitamin D monotherapy
Forty six trials (96 296 participants) studied the effect 
of vitamin D supplementation over a mean follow-up 
of 2.0 years (fig 3 and supplementary figure S7)

Vitamin D supplementation has little to no effect on 
the risk of any fracture (36 trials, 92 415 participants; 
risk ratio 1.00, 95% CI 0.95 to 1.06; high certainty of 
evidence). Supplementary figure S7 shows the pooled 
effects for other fracture types and falls. Vitamin D 
has little to no effect on the risk of hip fracture (15 
trials; 72 344 participants; 1.13, 1.00 to 1.27; high 
certainty), risk of non-vertebral fracture (20 trials, 
77 329 participants; 1.01, 0.95 to 1.06; high certainty), 
vertebral fracture (7 trials, 11 803 participants; 
1.04, 0.66 to 1.65; high certainty), risk of falling (32 
trials, 65 234 participants; 1.01, 0.98 to 1.04; high 
certainty), and total number of falls (12 trials, 68 022 
participants; incidence rate ratio 1.00, 95% CI 0.95 to 
1.06; high certainty).

We did not identify any credible subgroup effects 
(see supplementary table S13). In the primary 
subgroup analyses, we did not find any difference in 
the treatment effects of vitamin D supplementation in 
high risk compared with not at high risk populations. 
The post hoc meta-regression models showed no 
significant association between vitamin D levels 
and treatment effects (see supplementary figure 
S8). Results remained robust after conducting the 
sensitivity analyses (see supplementary table S14).

Calcium and vitamin D combined
Sixteen trials (51 172 participants) studied the effect of 
combined calcium and vitamin D supplementation over 
a mean follow-up of 2.3 years (fig 4 and supplementary 
figure S9)

Combined supplementation has little to no effect on 
the risk of any fracture (15 trials, 51 126 participants; 
risk ratio 0.91, 95% CI 0.84 to 0.99; high certainty of 
evidence). Supplementary figure S9 shows the pooled 
effects for other fracture types and falls. Combined 
supplementation also has little to no effect on the risk 
of hip fracture (9 trials, 49 909 participants; 0.84, 0.74 
to 0.96; high certainty) and vertebral fracture (4 trials, 
42 185 participants; 0.90, 0.74 to 1.09; high certainty). 
Combined supplementation likely has little to no effect 
on the risk of non-vertebral fracture (7 trials, 10 324 
participants; 0.87, 0.78 to 0.96; moderate certainty) 
and risk of falling (10 trials, 11 068 participants; 

Table 1 | Characteristics of the 69 included trials. Values are number (percentage) of 
trials unless stated otherwise
Characteristics Estimates
Year of publication:
  ≤2000 12 (17)
  2001-10 23 (33)
  2011-20 25 (36)
  2021-25 9 (13)
Country area:
  North America 16 (23)
  South America 1 (1)
  Europe 30 (43)
  Asia 7 (10)
  Australia and/or New Zealand 11 (16)
  Africa 1 (1)
  Multiple continents 3 (4)
Median (IQR) sample size 327 (134-1460)
Median (IQR) trial follow-up (years) 2.0 (1.0-3.2)
Trial follow-up ≤1 year 28 (41)
Supplementation treatment:
  Vitamin D 46 (67)
  Calcium 16 (23)
  Calcium and vitamin D 17 (25)
Vitamin D administration*:
  Daily to monthly 41/58 (71)
  Intermittent or single high dose 17/58 (29)
Vitamin D dose (daily to monthly (units/day)):
  <1000 23/41 (56)
  1000-2000 12/41 (29)
  >2000 6/41 (15)
Baseline vitamin D3 level (nmol/L):
  <25 2 (3)
  <50 22 (32)
  ≥50 27 (39)
  Missing 20 (30)
Achieved vitamin D3 level (nmol/L)†:
  <50 5/58 (9)
  ≥50 32/58 (55)
  ≥75 19/58 (33)
  Missing 21/58 (36)
Baseline dietary calcium intake (mg/day):
  <800 14 (20)
  ≥800 20 (21)
  Missing 35 (51)
High risk population 19 (28)
Median (IQR) age (years) 71.2 (63.8-76.9)
Age group (years):
  ≥65 58 (84)
  ≥80 11 (16)
Sex:
  Women only 26 (38)
  Men only, or both sexes 43 (62)
In residential care home 9 (13)
Previous fractures 4 (6)
Previous falls 3 (4)
Osteoporosis diagnosis 4 (6)
When characteristics were not reported in all trials, the number of trials is shown as No/No of trials (%).
IQR=interquartile range.
*Intermittent or single high doses included any administration of vitamin D involving a loading dose or 
administration at a frequency higher than monthly.
†Only if vitamin D was administered.
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0.92, 0.84 to 1.00; moderate certainty) and may have 
little to no effect on the total number of falls (4 trials, 
7532 participants; incidence rate ratio 0.95, 95% CI 
0.88 to 1.03; low certainty). Although three meta-
analyses showed statistically significant differences, 
the absolute differences did not reach thresholds 
considered clinically meaningful; therefore, combined 
supplementation was judged to provide little to no 
benefit.

We did not identify any credible subgroup effects 
(see supplementary table S15). In the primary 
subgroup analyses, we did not find any difference 
in the treatment effects of vitamin D combined with 
calcium in high risk populations compared with those 
not at high risk. Sensitivity analyses indicated that one 
study had a disproportionate influence on the overall 
findings (see supplementary table S16).19  60 Using a 
leave-one-out approach, exclusion of this trial slightly 
attenuated the treatment effect and resulted in a loss of 
statistical significance for three outcomes. The relative 
risk for any fracture changed from 0.91 (95% CI 0.84 
to 0.99) to 0.96 (0.91 to 1.01), for hip fracture from 
0.84 (0.74 to 0.96) to 0.88 (0.75 to 1.05), and for non-
vertebral fracture from 0.87 (0.78 to 0.96) to 0.90 
(0.78 to 1.05).

Post hoc sensitivity analyses
Results remained robust after conducting the post hoc 
sensitivity analyses (see supplementary table S17).

Discussion
This systematic review of 69 trials involving 153 902 
participants found that calcium, vitamin D, or 
combined supplementation has little to no effect 
on fracture and fall prevention, based largely on 
moderate to high certainty of evidence. Calcium and 
vitamin D monotherapy did not significantly reduce 
any outcome, either statistically or clinically. We 
unexpectedly observed a trend towards a possible 
increase in hip fractures with calcium monotherapy, 
but this finding was imprecise and uncertain and 
biologically implausible.

Three meta-analyses evaluating combined calcium 
and vitamin D supplementation reported statistically 
significant treatment effects. The absolute benefits 
for fracture prevention were, however, lower than the 
minimal clinically important differences established: 
1% fewer fractures at any site (number needed to treat 
of 100), 0.3% fewer hip fractures (number needed to 
treat of 333), and 1.6% fewer non-vertebral fractures 
(number needed to treat of 63). Sensitivity analyses 

Table 2 | Summary of findings. Values are percentages unless stated otherwise

Outcomes
Anticipated absolute effect Absolute risk  

difference (95% CI) Relative effect (95% CI)
No of patients 
(No of trials)

Certainty of  
evidence (GRADE) SummaryControl* Treatment (95% CI)†

Calcium versus placebo or no treatment
Risk of any fracture 10.9 9.9 (8.8 to 11.0) −1.0 (−2.1 to 0.1) RR 0.91 (0.81 to 1.01) 9067 (11) Moderate‡ Likely little to no effect
Risk of hip fracture 1.6 2.6 (1.4 to 4.8) 1.0 (−0.2 to 3.2) RR 1.63 (0.86 to 3.03) 6703 (6) Very low§ Very uncertain effect
Risk of non-vertebral 
fracture

12.5 11.9 (9.9 to 14.3) −0.6 (−2.6 to 1.8) RR 0.95 (0.79 to 1.14) 3204 (4) Moderate¶ Likely little to no effect

Risk of vertebral 
fracture

4.2 3.4 (2.7 to 4.4) −1.0 (−1.5 to 0.2) RR 0.82 (0.65 to 1.04) 6576 (10) Moderate‡ Likely little to no effect

Risk of falling 17.2 15.7 (13.4 to 18.2) −1.5 (−3.8 to 1.0) RR 0.91 (0.78 to 1.06) 2966 (2) Moderate¶ Likely little to no effect
Total No of falls 59 per 100 

patient years
60 per 100 (57 to 64) 1.0 (−2.0 to 3.0) IRR 1.02 (0.96 to 1.09) 1794 (2) Moderate‡ Likely little to no effect

Vitamin D versus placebo or no treatment
Risk of any fracture 6.5 6.5 (6.2 to 6.9) 0.0 (−0.3 to 0.4) RR 1.00 (0.95 to 1.06) 92 415 (36) High Little to no effect
Risk of hip fracture 1.3 1.4 (1.3 to 1.8) 0.1 (0 to 0.5) RR 1.13 (1.00 to 1.27) 74 344 (15) High Little to no effect
Risk of non-vertebral 
fracture

6.4 6.4 (6.1 to 6.8) 0.5 (−0.3 to 0.4) RR 1.01 (0.95 to 1.06) 77 329 (20) High Little to no effect

Risk of vertebral 
fracture

1.4 1.4 (0.9 to 2.3) 0.0 (−0.5 to 0.9) RR 1.04 (0.66 to 1.65) 11 803 (7) High Little to no effect

Risk of falling 25.3 25.3 (24.8 to 26.3) 0.0 (−0.5 to 1.0) RR 1.01 (0.98 to 1.04) 65 234 (32) High Little to no effect
Total No of falls 73 per 100 

patient years
73 per 100 (69 to 77) 0.0 (−4.0 to 4.0) IRR 1.00 (0.95 to 1.06) 68 022 (12) High Little to no effect

Vitamin D combined with calcium versus placebo or no treatment
Risk of any fracture 11.3 10.3 (9.5 to 11.2) −1.0 (−1.8 to −0.1) RR 0.91 (0.84 to 0.99) 51 126 (15) High Little to no effect
Risk of hip fracture 1.8 1.5 (1.3 to 1.7) −0.3 (−0.5 to −0.1) RR 0.84 (0.74 to 0.96) 49 909 (9) High Little to no effect
Risk of non-vertebral 
fracture

12.4 10.8 (9.7 to 11.9) −1.6 (−2.7 to −0.5) RR 0.87 (0.78 to 0.96) 10 324 (7) Moderate¶ Likely little to no effect

Risk of vertebral 
fracture

1.0 0.9 (0.7 to 1.1) −0.1 (−0.3 to 0.1) RR 0.90 (0.74 to 1.09) 42 185 (4) High Little to no effect

Risk of falling 33.7 31.0 (28.3 to 33.7) −2.7 (−5.4 to 0.0) RR 0.92 (0.84 to 1.00) 11 068 (10) Moderate¶ Likely little to no effect
Total No of falls 40 per 100 

patient years
38 per 100 (35 to 41) −2.0 (−5.0 to 1.0) IRR 0.95 (0.88 to 1.03) 7532 (4) Low** May have little to no 

effect
CI=confidence interval; GRADE=Grading of Recommendations Assessment, Development and Evaluation; IRR=incidence rate ratio; RR=risk ratio.
*The risk in the control group was estimated using the sample size weighted mean of the control group event rates, calculated by dividing the total number of control group events by the total 
number of participants in the control arms across all studies in each meta-analysis.
†The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
‡Rated down for risk of bias.
§Rated down for risk of bias, imprecision, and inconsistency.
¶Rated down for imprecision.
**Rated down for risk of bias and imprecision.
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indicated that these absolute risk reductions were 
largely explained by one trial conducted in a very 
high risk population, suggesting that the observed 
differences would likely be even smaller in the general 
population.19 60

Across the numerous subgroup analyses, we 
found no consistent evidence of different treatment 
effects. Evidence for those at high risk or requiring 
residential care, however, was limited for many 
outcomes for calcium monotherapy and combined 
supplementation. Although our analyses included 
high risk populations, the absolute effects used for our 
conclusions may somewhat underestimate benefits 
for such populations, particularly for combined 
supplementation, and this should be considered when 
applying the findings to these populations.

Strengths and weaknesses of this systematic review
Strengths of this systematic review include the broad 
eligibility criteria, a comprehensive search, and pairs of 
reviewers independently screening studies, extracting 
data, and assessing risk of bias (ROB 2) and certainty 
of the evidence (GRADE). Incorporation of recent 
large scale trials on vitamin D increased statistical 
power and precision of treatment effects.43-46 We also 
explored the effect of key clinical variables through 
multiple subgroup analyses, including comparisons of 
trials that enrolled high risk populations versus those 
not at high risk.

A key limitation of our review is that several of the 
subgroup analyses included only a small number of 
trials and participants, and therefore these findings 
should be interpreted with caution. In addition, we did 
not perform within trial subgroup analyses, which are 
considered the most rigorous approach for examining 

differences across population characteristics. Our 
interpretation of minimally important differences also 
has important limitations. To rate the imprecision of 
absolute effects, we adopted a minimally contextualised 
approach based on GRADE methodology.56 We did 
not, however, involve patient partners in establishing 
minimally important differences, nor did we identify 
any clear thresholds to judge the clinical significance 
of the findings. Accordingly, by consensus, we defined 
arbitrary absolute effect thresholds for what constitutes 
important effects, recognising that different teams or 
clinicians may have alternative definitions of what 
is clinically meaningful. Finally, another important 
limitation is the non-generalisability of our findings to 
people using osteoporosis drugs. Nearly all randomised 
controlled trials of osteoporosis drugs provide calcium 
or vitamin D, or both, as background treatment, 
which is a major reason current clinical guidelines 
recommend these supplements as co-interventions for 
such patients.23 130

Some limitations of our systematic review reflect 
inherent limitations of the included trials. Many 
trials prescribed low doses of vitamin D and enrolled 
participants not at high risk of fractures or falls, often 
with normal baseline vitamin D levels. The short 
duration and small sample sizes of many trials may 
also have limited the possibility to detect clinically 
meaningful differences. Nonetheless, treatment 
effects remained consistent across subgroup analyses, 
which helps reduce concerns about these important 
limitations. Importantly, we could not exclude that our 
findings may be partly explained by personal intake of 
calcium and vitamin D supplements in control groups, 
potentially biasing results towards the null. Almost all 
studies either allowed participants to take non-trial 
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supplements or did not clearly report instructions for 
avoiding non-trial supplementation.

Results in context
The first major trial investigating vitamin D (with 
calcium), published in the early 1990s, reported a 
17% relative reduction in non-vertebral fractures 
(absolute reduction of 3.2%) and a 23% relative 

reduction in hip fractures (absolute reduction of 2.5%) 
over three years.19  60 However, this trial enrolled old 
women (mean age of 84 years) requiring residential 
care with high risk of hip fracture (11% over three 
years), low baseline vitamin D levels (mean 20 nmol/L 
using modern assays), and low dietary calcium 
intake (mean 513 mg/day), many of whom may have 
had unrecognised osteomalacia.37  131 As such, these 
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findings, obtained in a high risk population, may not 
be generalisable to other populations. Nevertheless, 
this trial generated interest for the musculoskeletal 
benefits of calcium and vitamin D, although its findings 
were not replicated in subsequent trials.

In line with these findings, several systematic 
reviews published in the early 2000s suggested that 
vitamin D, with or without calcium, might reduce the 
risk of fractures and falling.21  22  132-135 Conclusions, 
however, often relied on a small number of trials, 
specific dosing regimens or subgroup analyses, or 
treatment effects with clinically uncertain absolute risk 
reductions. Early meta-analyses might also have been 
heavily influenced by two trials with concerns about 
publication integrity, one of which has since been 
retracted.136 Inconsistencies in how trial data were 
extracted and analysed may have further contributed 
to positive findings in some meta-analyses.137

Most recent systematic reviews provide a contrasting 
view of the musculoskeletal benefits of vitamin D. An 
umbrella review evaluating the efficacy of vitamin D for 
fracture prevention identified 25 systematic reviews 
and concluded no significant effects with monotherapy 
and uncertain effects with vitamin D combined with 
calcium.33 Recent systematic reviews exploring the 
effect of vitamin D, with or without calcium, on falls 
reported conflicting findings.34-36 39 138-142

Despite this body of evidence, clinical guidelines 
continue to promote vitamin D supplementation. A 

recent systematic review of 34 guidelines published 
between 2010 and 2020 found that 70% recommended 
or suggested vitamin D supplements for fracture 
prevention or general health.23 Consequently, vitamin 
D prescriptions have rapidly increased in many 
countries.26-32 In the UK alone, prescription costs have 
increased from ₤13m ($18m; €15m) in 2001 to ₤111m 
in 2021.32 A recent cost-benefit analysis estimated that 
providing calcium and vitamin D supplements to all 
adults aged 50 years and older with osteoporosis in 
the US and European Union would cost about $2bn 
annually.143 The economic burden could be even 
higher if extended to other countries or populations 
without osteoporosis.

Some may argue that vitamin D and calcium 
supplements are generally well tolerated and might 
provide population level benefits. This rationale does 
not apply to vitamin D monotherapy, however, as our 
findings clearly demonstrated no benefit. Furthermore, 
calcium supplements are often difficult to swallow and 
poorly tolerated in older adults, commonly causing 
gastrointestinal adverse effects such as constipation, 
bloating, abdominal pain, or cramps.18  144 One study 
suggested a possible increase in gastrointestinal 
related hospital admissions associated with calcium 
supplements, although the absolute risk increase 
remains unclear.84 In the Women’s Health Initiative 
trial, calcium and vitamin D supplementation was 
linked to a higher incidence of kidney calculi, but 
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with a low absolute risk increase (0.05%).145 Some 
data suggest a 10-20% relative increase (0.5-1% 
absolute increase) in myocardial infarction associated 
with calcium supplement intake, but meta-analyses 
reported conflicting results.146-149

Implications and future research
Apart from exercise and drug treatments for 
osteoporosis, few interventions with moderate or high 
certainty evidence have been consistently shown to 
reduce the risk of fractures.130  150 Recent Cochrane 
reviews of fall prevention strategies found limited 
or uncertain benefits for most single interventions, 
although exercise and environmental modifications 
appear promising.142 151-154

Future trials may evaluate interventions other than 
calcium, vitamin D, or combined supplementation 
to prevent fractures and falls. Potential areas 
of investigation include dietary strategies, drug 
review, educational or behavioural approaches, 
multicomponent interventions, and digital tools for 
fall prevention.

Conclusion
Our systematic review found that calcium combined 
with vitamin D was the only intervention associated 
with a statistically significant reduction in risk of 
fractures, while no intervention showed a statistically 
significant reduction in falls. Based on absolute 
risk reductions and thresholds considered clinically 
meaningful, this review found little to no benefits 
with calcium, vitamin D, or combined supplements 
on fracture and fall prevention. These findings do not 
support routine supplementation with calcium, vitamin 
D, or combined supplementation to prevent fractures 
or falls. However, the results may not be generalisable 
to individuals with specific bone disorders or to those 
receiving drug treatment for osteoporosis or using 
long term corticosteroids. Clinicians, guideline panels, 
and regulatory agencies should re-evaluate their 
general recommendations for calcium and vitamin D 
supplementation in light of current evidence.
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