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Abstract
Objective To examine the evidence underpinning recommendations to increase calcium intake through dietary sources or calcium supplements to prevent fractures.
Design Systematic review of randomised controlled trials and observational studies of calcium intake with fracture as an endpoint. Results from trials were pooled with random effects meta-analyses.
Data sources Ovid Medline, Embase, PubMed, and references from relevant systematic reviews. Initial searches undertaken in July 2013 and updated in September 2014.
Eligibility criteria for selecting studies Randomised controlled trials or cohort studies of dietary calcium, milk or dairy intake, or calcium supplements (with or without vitamin D) with fracture as an outcome and participants aged >50.
Results There were only two eligible randomised controlled trials of dietary sources of calcium (n=262), but 50 reports from 44 cohort studies of relations between dietary calcium (n=37), milk (n=14), or dairy intake (n=8) and fracture outcomes. For dietary calcium, most studies reported no association between calcium intake and fracture (14/22 for total, 17/21 for hip, 7/8 for vertebral, and 5/7 for forearm fracture). For milk (25/28) and dairy intake (11/13), most studies also reported no associations. In 26 randomised controlled trials, calcium supplements reduced the risk of total fracture (20 studies, n=58 573; relative risk 0.89, 95% confidence interval 0.81 to 0.96) and vertebral fracture (12 studies, n=48 967. 0.86, 0.74 to 1.00) but not hip (13 studies, n=56 648; 0.95, 0.76 to 1.18) or forearm fracture (eight studies, n=51 775; 0.96, 0.85 to 1.09). Funnel plot inspection and Egger’s regression suggested bias toward calcium supplements in the published data. In randomised controlled trials at lowest risk of bias (four studies, n=44 505), there was no effect on risk of fracture at any site. Results were similar for trials of calcium monotherapy and co-administered calcium and vitamin D. Only one trial in frail elderly women in residential care with low dietary calcium intake and vitamin D concentrations showed significant reductions in risk of fracture.
Conclusions Dietary calcium intake is not associated with risk of fracture, and there is no clinical trial evidence that increasing calcium intake from dietary sources prevents fractures. Evidence that calcium supplements prevent fractures is weak and inconsistent.

Introduction
Older men and women are recommended to take at least 1000-1200 mg/day of calcium for bone health and prevention of fractures.1 The average intake in the diet in Western countries is 700-900 mg/day, and lower in Asia and Africa, meaning that most older people would need to take calcium supplements to meet these recommendations. These guidelines for calcium intake have been widely implemented, and, in some Western countries, more than 30-50% of older women take calcium supplements.2 3 4 5 Clinical trials of calcium supplements at doses of 1000 mg/day, however, have reported adverse effects, including cardiovascular events,6 7 8 kidney stones,9 and hospital admissions for acute gastrointestinal symptoms.10 Consequently, older people have been encouraged to improve bone health by increasing their calcium intake through food rather than by taking supplements.11 This advice assumes that increasing dietary calcium intake to the recommended level of >1200 mg/day prevents fractures without causing the adverse effects of calcium supplements.
We assessed the evidence supporting the recommendation to increase dietary calcium intake to prevent fractures and compared the anti-fracture efficacy of increasing calcium intake through dietary sources with the anti-fracture efficacy of calcium supplements. We undertook a systematic review of studies of dietary sources of calcium or calcium supplements in older adults (>50) with fracture as an endpoint. We primarily focused on the results of randomised controlled trials, but when insufficient evidence from such trials was available, we considered results of observational studies.

Methods
Literature search
In July 2013, we searched Ovid Medline and Embase since inception for English language studies of calcium, milk, or dairy intake, or calcium supplements that reported on a broad range of skeletal and non-skeletal endpoints including fracture. The full text of the search was designed with assistance from a professional librarian and is shown in appendix 1. From this search, we also identified 120 systematic reviews or meta-analyses on these topics and hand searched these articles, any other articles included in our review, and recent review articles on fracture risk for other relevant articles. In September 2014, we updated the results with a focused search (no language restrictions) of PubMed (appendix 1) and Embase for studies with fracture or bone mineral density as an endpoint.

Study selection
We included randomised controlled trials and cohort, case-control, or cross sectional studies with fracture as an outcome in which participants were aged >50 at baseline, or for cohort studies, where most follow-up occurred in participants aged >50. We excluded studies where most participants had a major systemic pathology at baseline other than osteoporosis, such as renal failure or malignancy. We included studies of calcium supplements used in combination with other treatment provided that the other treatment was given to both arms (for example, calcium plus oestrogen v placebo plus oestrogen), and included studies of co-administered calcium and vitamin D supplements (CaD). We classified milk, dairy products, and dietary calcium intake from food as dietary sources of calcium. We treated hydroxyapatite as a dietary source of calcium, though it is not a food because hydroxyapatite supplements are made from bone and contain other minerals, hormones, protein, and amino acids in addition to calcium. Several cohort studies reported analyses of calcium intake and fracture risk in more than one publication. We included the results from the publication that reported the longest duration of follow-up for the cohort. Superseded publications are listed in appendix 1. Titles and abstracts were screened by one author (WL or MJB) and the full text of potentially relevant studies reviewed by two authors independently (WL, MJB, VT, or SB). The flow of articles is shown in appendix 2.

Data extraction
From each study we extracted information on characteristics of participants, study design, funding source and conflicts of interest, and numbers of participants with total, hip, forearm, and vertebral fractures. When data were reported for non-vertebral fracture but not total fracture, we treated non-vertebral fractures as total fractures. A single author (WL, MJB, or VT) extracted data, which were checked by a second author (MJB or SB). Risk of bias was assessed as recommended in the Cochrane Handbook,12 and we planned a subgroup analysis for each fracture outcome stratified by risk of bias. Any discrepancies were resolved through discussion.

Incorporation of studies
In one randomised controlled trial13 it was not clear whether the data reported were total number of fractures or number of participants with a fracture. Another was described as a cluster trial of three different fracture prevention programmes: CaD, an environmental programme, or both.14 Treatment was randomly assigned to each cluster, however, which was based on location of residence and there were only four clusters (one cluster per treatment group), so in effect participants were quasi-randomised by location. The CaD and environmental programmes included an intervention—a home visit by a nurse to review treatment—which was not offered to the control group. Thus, the best estimate of the effect of CaD in the study is a comparison of both programmes (CaD and environmental) with the environmental programme, whereas the comparison of CaD versus no CaD assesses a multifactorial intervention. For these reasons, we considered these two randomised controlled trials to be at high risk of bias and included them only in sensitivity analyses. One trial was described in the methods as a cluster randomised controlled trials but was analysed as individually randomised.15 16 We analysed the trial as a cluster trial in the primary analyses, using the approach recommended in the Cochrane handbook12 with an intracluster correlation coefficient of 0.02317 18 and an estimated average cluster size of 3.5. In sensitivity analyses we analysed the trial as individually randomised. In one trial9 there was an interaction between oestrogen treatment, CaD treatment, and risk of hip fracture.19 In women taking oestrogen, CaD reduced risk of hip fracture (relative risk 0.59, 95% confidence interval 0.38 to 0.93), whereas in women not taking oestrogen, CaD had no effect on risk (1.20, 0.85 to 1.69).19 We included the data for all participants in the trial in the primary analyses but used results of participants not taking oestrogen from this reanalysis in sensitivity analyses.

Statistics
For randomised controlled trials, data were pooled with random effects meta-analyses and heterogeneity was assessed with the I2 statistic (I2 >50% was considered significant heterogeneity). We used funnel plots and Egger’s regression model to assess for bias. For the primary analyses, we assessed the effects of calcium with or without vitamin D, and in subgroup analyses we assessed calcium monotherapy and co-administered CaD separately. Randomised controlled trials of CaD versus vitamin D, in which the groups differed only in treatment by calcium, were included in subgroup analyses of calcium monotherapy, while trials of CaD versus placebo or controls were included in the CaD subgroup analyses. For trials with factorial designs or more than two arms, in which multiple comparisons can occur, we included all available data from the study. Thus, for factorial randomised controlled trials we included all study arms that allowed a comparison of calcium versus no calcium in the primary analyses and the calcium monotherapy subgroup analysis, but only arms comparing CaD with controls in the CaD subgroup analysis. For multi-arm randomised controlled trials, we pooled data from the separate treatment arms for the primary analyses, but each treatment arm was used only once. We undertook analyses of prespecified subgroups (risk of bias, calcium monotherapy versus CaD, participants living in the community versus residential care, and baseline dietary calcium intake <800 mg/day) with a random effects model and performed a test for interaction between subgroups. Sensitivity analyses were performed to explore the effects of incorporating different study designs and risk of bias. All tests were two tailed and P<0.05 was considered significant. All analyses were performed with Comprehensive Meta-Analysis (Version 2, Biostat, Englewood, NJ, USA).
For prospective cohort studies, authors reported their data in four different ways: the risk of fracture by group with the cohort divided into two to five groups by baseline dietary intake; pooled risk of fracture per unit of dietary intake; mean baseline dietary intake in individuals with or without subsequent fracture; or a written description of any association. We used only one association from each study for each fracture outcome with priority assigned in the order listed. These four different types of data cannot be combined in a meta-analysis and therefore we did not pool the results of different studies. Instead, we assessed whether there was an association between dietary intake and risk of fracture for each study. We classified associations into four groups: no association, inverse association (where a higher intake was associated with a lower risk of fracture, or a lower intake with a higher risk), a positive association (where a higher intake was associated with a higher risk of fracture or a lower intake with a lower risk), or a U shaped association (where both higher and lower intakes were associated with a higher risk of fracture). We considered associations to be present when there were significant differences between mean baseline dietary intakes (assessed by t tests either reported in the paper or calculated post hoc with OpenEpi; www.OpenEpi.com) or when the confidence interval for a group excluded 1. For studies that reported data from three or more groups of dietary intake, we assessed the results for the group furthest from the reference group. Thus, when the reference group had the lowest dietary intake, we assessed results from the group with the highest intake; when the reference group had the highest dietary intake, we assessed results from the group with the lowest intake; and when the reference group had intermediate dietary intake, we assessed results from the groups with both highest and lowest intake. 


Results
Dietary sources of calcium
Randomised controlled trials
We identified two randomised controlled trials of dietary sources of calcium: milk powder in one (n=200, calcium dose 800 mg/day, vitamin D dose 240 IU/day)20 and a preparation of hydroxyapatite in the other (n=62, calcium dose 800 mg/day).21 Table 1 and table A in appendix 3 show the study designs and selected baseline characteristics⇓. For the randomised controlled trial of milk powder, there was one fracture in the milk group and three in the controls (relative risk 0.33, 95% confidence interval 0.04 to 3.2; P=0.34). For the trial of the hydroxyapatite preparation, fracture data were not reported separately for the hydroxyapatite arm (n=31 participants) but were reported for the 62 participants receiving hydroxyapatite or calcium supplements and are included in the analyses of calcium supplements.
Table 1  Study design and selected baseline characteristics of randomised controlled trials of calcium intake that reported on fractures. Data are means (SD) unless stated


View this table:	View popup
	View inline







Cohort studies
As there were too few randomised controlled trials of dietary calcium intake that reported fracture to draw conclusions, we analysed observational studies. We identified 50 publications22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 from 44 cohort studies reporting relations between dietary calcium (n=37), milk (n=14), dairy intake (n=8), or calcium supplements (n=11) and fracture outcomes. There were sufficient cohort studies to analyse, so we did not analyse case-control or cross sectional studies, which are considered a lower level of evidence. Table 2⇓ and table C in appendix 3 show the study design and selected characteristics of the cohort studies.
Table 2  Study design and selected characteristics of cohort studies reporting fractures. Data are mean (SD) or range unless stated. For dietary calcium, milk, and dairy intake, and calcium supplement, “yes” indicates data reported for this variable in article
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Tables 3-5 and tables E-F in appendix 3 summarise the results of these cohort studies⇓ ⇓ ⇓. For dietary calcium, 14/22 studies (32 853 with fracture/291 273 participants) reported no relation between calcium intake and total fracture (table 3⇓), 17/21 no relation with hip fracture (2629 with fracture/329 414 participants) (table 4⇓), 7/8 no relation with vertebral fracture (711 with fracture/54 140 participants) (table 5⇓), and 5/7 no relation with forearm fracture (1065 with fracture/65 268 participants) (table 5⇓). Thus, 43 of the 58 (74%) reported associations between dietary calcium intake and fracture outcomes were neutral. When relations were reported, they were usually inverse (13/15 associations), with one study describing a positive relation and one study a U shaped relation. Of these 15 associations, 14 reported a numerical relative risk estimate, and 11 of these 14 estimates were between 0.5 and 2.0, which are considered weak associations in observational studies.72 For milk and dairy intake (tables D and E in appendix 3), nearly all studies reported no association with fracture risk, with 25/28 neutral associations for milk intake and fracture risk and 11/13 for dairy intake.
Table 3  Association between dietary calcium intake and risk of total fracture in cohort studies
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Table 4  Association between dietary calcium intake and risk of hip fracture in cohort studies
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Table 5  Association between dietary calcium intake and risk of vertebral or forearm fracture in cohort studies
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Calcium supplements
Randomised controlled trials
We identified 26 randomised controlled trials (n=69 107 participants) of calcium supplements that reported fracture outcomes.9 13 14 15 16 18 21 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 Table 1⇑ and table A in appendix 3 shows the study design and selected baseline characteristics of the randomised controlled trials. Fourteen studied calcium monotherapy, eight studied CaD, and four were multi-arm or factorial studies of both agents. Twenty trials used a dose of ≥1000 mg/day of calcium; 21 were in individuals living in the community; 15 had a duration of three or more years; in 16, the mean age of participants at baseline was ≥70; in 24 most participants were women; and in 10 of 19 randomised controlled trials that reported baseline dietary calcium intake, the level was <800 mg/day. Table B in appendix 3 shows our assessment of the risk of bias: three trials were assessed as low risk of bias, one as high risk of bias for hip fracture but low risk for other outcomes, nine as moderate risk of bias, and 13 as high risk of bias.
Figures1-4 show that calcium supplements reduced the risk of total fracture (20 studies, n=58 573; relative risk 0.89, 95% confidence interval 0.81 to 0.96; P=0.004; fig 1⇓) and vertebral fracture (12 studies, n=48 967; 0.86, 0.74 to 1.00; P=0.04; fig 3⇓) but not hip fracture (13 studies, n=56 648; 0.95, 0.76 to 1.18; P=0.63; fig 2⇓) or forearm fracture (eight studies, n=51 775; 0.96, 0.85 to 1.09; P=0.54; fig 4⇓). With Egger’s regression model and visual inspection of funnel plots, data seemed biased toward reduction in risk with calcium supplements for total (P=0.006), vertebral (P=0.002), and forearm fracture (P=0.06), raising the possibility of publication bias. Furthermore, the pooled effect estimates for all fracture outcomes seemed related to the risk of bias. Figures 1, 3, and 4⇓ ⇓ ⇓ and table 2⇑ show that the effect size was smallest and not significant for total, forearm, and vertebral fracture in the subgroup of studies at lowest risk of bias, and that results also differed by risk of bias for hip fracture (fig 2⇓).


Fig 1 Random effects models of effect of calcium supplements on risk of total fracture. Trials with no events are not included in meta-analyses
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Fig 2 Random effects models of effect of calcium supplements on risk of hip fracture. Trials with no events are not included in meta-analyses
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Fig 3 Random effects models of effect of calcium supplements on risk of vertebral fracture. Trials with no events are not included in meta-analyses
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Fig 4 Random effects models of effect of calcium supplements on risk of forearm hip fracture. Trials with no events are not included in meta-analyses
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Table 6⇓ shows the results of the prespecified subgroup analyses. There was no evidence of a difference in the results between the subgroups of calcium monotherapy or CaD, or between the subgroups based on residential status and baseline dietary calcium intake for total, vertebral or forearm fracture. Fig 1⇑ and table 6⇓ show that there were differences in all subgroup analyses for hip fracture, which were largely because of the results of a single large trial of CaD with a 23% reduction in hip fractures that was carried out in women living in residential care with a low dietary calcium intake and low vitamin D concentrations.15 16 In all four subgroup analyses (risk of bias, calcium or CaD, residential status, and baseline dietary calcium intake), whichever subgroup this study was in had markedly different results to the other subgroup, in which there were non-significant increases in risk of hip fracture.
Table 6  Subgroup analyses by fracture site in randomised controlled trials of calcium supplements
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Table 7⇓ shows the results of the sensitivity analyses. Inclusion of two randomised controlled trials at high risk of bias13 14 and analysis of one cluster randomised controlled trial15 16 as an individually randomised trial did not alter the results. We used the result from the reanalysis of the Women’s Health Initiative restricting participants to those not using oestrogen (relative risk 1.20, 95% confidence interval 0.85 to 1.69)19 instead of the result for the entire cohort (0.88, 0.72 to 1.07).9 This had a modest effect, moving the results toward those of the trials at low risk of bias. We repeated our analyses excluding the influential trial with the outlying results.15 16 The relative risk was 0.90 (0.82 to 0.98) for total fracture and 1.02 (0.78 to 1.34) for hip fracture.
Table 7  Sensitivity analyses of randomised controlled trials of calcium supplements and risk of fracture
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Cohort studies
Table 2⇑ and table C in appendix 3 show the study design and selected characteristics of the 11 cohort studies that reported associations between calcium supplements and fracture outcomes. Most studies reported no association between calcium use and fracture (table F in appendix 3). Of the 20 reported associations, 13 were neutral, five were positive, and two were inverse. 



Discussion
There is insufficient evidence to assess the effect of increasing calcium intake in the diet from randomised controlled trials as only two small trials of dietary sources of calcium have reported fracture outcomes. Some 42 cohort studies, however, have assessed relation between dietary calcium intake, milk or dairy intake and fracture. Most analyses (≥75%) found no associations, and where there were relations reported, most relative risks were between 0.5 and 2.0, which are considered weak associations in observational studies.72 The recommended dietary calcium intake for older adults is 1200 mg/day.1 Most studies, however, did not report reduced risk of fracture in individuals with this level of calcium intake compared with lower intakes. Thus, observational research does not support a hypothesis of dietary “calcium deficiency” in which there are reductions in fracture risk from increasing dietary calcium intake across the range of intakes (<300->1200 mg/day) in studies in this review.
In 26 randomised controlled trials, calcium supplements reduced the risk of total fracture by 11% and vertebral fracture by 14% but had no effect on forearm or hip fracture. The results, however, were not consistent. There was no effect of calcium supplements on any fracture outcome in the largest trials at lowest risk of bias. Only one trial in frail elderly women in residential care with low dietary calcium intake and vitamin D concentrations showed significant reductions in fracture risk. Funnel plots were also asymmetric with more small-moderate sized studies than expected reporting risk reductions in total, vertebral, and forearm fracture with calcium supplements, raising the possibility of publication bias. Results from randomised controlled trials of calcium monotherapy were similar to those with CaD, with no evidence of additional benefit of vitamin D on risk. These results suggest that widespread untargeted use of calcium supplements in older individuals is unlikely to result in meaningful reductions in incidence of fracture.
Strengths and limitations
The strength of this review is its comprehensive nature, including both randomised controlled trials and observational studies, and assessment of four fracture outcomes: total, hip, vertebral, and forearm. An important limitation is the difficulty of identifying all cohort studies that reported relations between calcium intake and fracture risk. Many of the reports of cohort studies included in our review were not identified by the database searches because the relation between calcium intake and fracture was not the focus of the report, with the results reported in the text or tables of the article but not the abstract. This was more likely to occur when there was no association between calcium intake and fracture, so the current analysis might overestimate the relation between diet and fracture. We did not perform a quality assessment of the cohort studies, although we included only those studies with a prospective cohort design, considered to be the strongest observational methods.
Generally, observational studies are considered to have a higher risk of bias than large well conducted randomised controlled trials. Tools for assessing quality of observational studies are available, but they often focus on reporting of studies rather than topic specific issues, such as methods of assessment of dietary calcium intake, methods of fracture assessment, categorisation of dietary calcium intake in statistical models, and inclusion of covariates in those models. Such factors are likely to be extremely influential in the results of the cohort studies but are either not easily assessed or not able to be assessed. If we limited our results to cohort studies with more than 100 fractures in which fracture risk by baseline dietary calcium intake was reported for at least three groups, most studies reported no association between baseline dietary calcium and fracture (5/7 for total fracture, 6/8 for hip fracture, 1/1 for vertebral fracture, and 3/4 for forearm fracture). The results from these large studies are similar to the overall results, and each study has adequate power to detect clinically relevant effect sizes.
We did not perform meta-regression analyses because there were few studies that reported sufficient data for such an analysis. Individual patient data analyses might be of value in further exploring the relation between baseline calcium intake and fracture risk. Other important limitations include that many of the randomised controlled trials were of short duration and did not have fracture as the primary endpoint. The trials were generally carried out in healthy populations or those at risk of osteoporosis, and so the findings might not apply to other population groups.

Results in context
Overall, there is little evidence currently to suggest an association between calcium intake and fracture risk or that increasing calcium intake through dietary sources will alter risk. Although calcium supplements produced some small inconsistent reductions in fractures, the doses used of 500-1600 mg/day gave an average total daily calcium intake of 1780 mg/day (range 1230-2314 mg/day). This is considerably higher than the dietary calcium intake in the highest quarter or fifth in the prospective observational studies. If calcium supplements are correcting dietary “calcium deficiency” it might be necessary to increase dietary calcium intake to about 1800 mg/day to achieve equivalent effects to calcium supplements. Dietary manipulation to increase calcium intake by ≥1000 mg/day or to achieve total daily intakes of this size is unlikely to be sustainable.
The pooled analyses of all randomised controlled trials showed reductions in risk with calcium supplements for all fractures (by 11%) and vertebral fractures (by 14%). The incidence of vertebral fracture and any fracture in the control groups in our pooled analyses was 1.5% and 12%, respectively, after a participant weighted average duration of follow-up of 6.2 and 5.5 years, respectively. With these values and the observed risk reductions from the meta-analyses, the number needed to treat (NNT) with calcium to prevent one vertebral fracture is 489 for 6.2 years and to prevent one fracture at any site is 77 for 5.5 years. These benefits are unlikely to be attractive for an individual and would be even smaller for individuals at lower risk of fracture, who are often advised to take calcium supplements, or if relative risks from the randomised controlled trials at lowest risk of bias were used in the calculations. There was no benefit from calcium supplements for hip fractures, which have the greatest clinical consequences. 
Small benefits might be useful at a population level if calcium supplements were used widely, well tolerated, and safe. Persistence with calcium supplements in clinical trials is low, however, at about 40-60%,9 87 89 90 and in one recent randomised controlled trial, there were 24 more women admitted to hospital for acute gastrointestinal symptoms in the calcium group than the placebo group, and 16 fewer women with a fracture.10 89 In another randomised controlled trial, there were 68 more women with a kidney stone in the CaD group and 56 fewer women with a fracture.9 In our randomised controlled trial and subsequent meta-analyses, the cardiovascular risks of calcium were similar to6 7 or exceeded8 the benefits of calcium on fracture prevention. In addition, 10-20% of people experience gastrointestinal side effects such as constipation, which cause a considerable number to stop taking the supplements. Thus, because of the small benefits of use and unfavourable risk:benefit profile, calcium supplements should not be recommended for fracture prevention either at an individual or population level. 
An important point emerging from our analyses is the impact of one randomised controlled trial15 on previous meta-analyses. Chapuy and colleagues studied frail elderly French women (mean age 84) in residential care with low baseline dietary calcium intake (513 mg/day) and low baseline vitamin D concentrations (mean about 20 nmol/L in modern assays83). Of these participants, 16% died within 18 months of randomisation. Co-administered CaD (1200 mg/day, 800 IU/day) reduced hip fractures by 23% and all fractures by 17% at three years.16 These results are in contrast to all six other large randomised controlled trials (n>1000) of calcium or CaD, none of which reported significant reductions in total or hip fracture risk (fig 1⇑). Based on the average vitamin D concentrations in the Chapuy study (about 20 nmol/L), it is possible that many participants had unrecognised osteomalacia, the treatment of which might have led to the benefits observed. Therefore, the benefits of CaD in this study should not be expected to be reproduced in cohorts with higher vitamin D concentrations. In our subgroup analyses, whichever subgroup the Chapuy study was in had reductions in risk of hip fracture that were markedly different to the other subgroup (table 7⇑). The influence of this single trial is also a feature of previous meta-analyses that concluded that high dose but not low dose vitamin D prevents fractures,95 co-administered CaD but not vitamin D prevents fractures,96 and CaD administered to people living in residential care but not in the community prevents fractures.17 Our analyses highlight that the results from this study of a frail population with marked vitamin D deficiency are so different to those from other large randomised controlled trials and so influential in any pooled analysis that they should probably not be combined in pooled analyses with studies that enrolled different patient groups. Furthermore, recommendation of use of calcium and vitamin D supplements generally for older adults to prevent fracture based on results heavily influenced by this study of frail women in residential care is inappropriate.
On the basis of the trial data summarised here, we do not think further randomised controlled trials of calcium supplements with or without vitamin D with fracture as the endpoint in the general population are needed. In the population of frail elderly women with low dietary calcium intake and low vitamin D concentrations studied by Chapuy and colleagues,15 co-administered CaD was clearly beneficial. Important adverse events such as cardiovascular events, however, were not reported, and it remains uncertain whether the benefit was due to vitamin D or calcium or both. Trials to compare the effects of CaD with vitamin D monotherapy in this population group and also to assess whether reduction in fracture risk with anti-resorptive agents requires co-administration of either vitamin D or CaD would be valuable. Surrogate endpoints, such as bone mineral density, allow biological effects of agents to be assessed in much smaller randomised controlled trials. The effects of increasing dietary calcium intake on bone mineral density in the general population and in specific subgroups considered most likely to benefit from this intervention should be examined before large trials with fracture as an endpoint are considered, though it should not be assumed that short term changes in bone density will be sustained or translate into fracture prevention.97

Conclusions
In summary, our analyses indicate that dietary calcium intake is not associated with risk of fracture, and there is no evidence currently that increasing dietary calcium intake prevents fractures. Calcium supplements have small inconsistent benefits on fracture reduction but probably have an unfavourable risk:benefit profile. There was no risk reduction in fracture at any site in pooled analyses of the randomised controlled trials of calcium supplements at lowest risk of bias, and there was evidence of publication bias in small-moderate sized trials. Collectively, these results suggest that clinicians, advocacy organisations, and health policymakers should not recommend increasing calcium intake for fracture prevention, either with calcium supplements or through dietary sources.
What is already known on this topic
	Older men and women are recommended to take at least 1000-1200 mg/day of calcium to prevent fractures, and many people take calcium supplements to meet these recommendations

	Recent trials have raised concerns about the safety of calcium supplements

	Experts have therefore encouraged older people to increase their calcium intake through food rather than by taking supplements, but it is not known whether increasing dietary calcium intake prevents fractures



What this study adds
	Dietary calcium intake is not associated with risk of fracture, and there is currently no evidence that increasing calcium intake prevents fractures

	Calcium supplements have small inconsistent benefits on fracture prevention

	Increasing calcium intake, through calcium supplements or dietary sources, should not be recommended for fracture prevention
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