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A B S T R A C T

Background: Vitamin D supplements may only be beneficial for the prevention of osteoporotic fractures when administered with calcium
and in individuals with low blood levels of 25(OH)D, but possible hazards of calcium supplements on CVD cannot be excluded.
Objectives: We conducted a meta-analysis of all placebo-controlled randomized trials assessing the effects of calcium supplements alone or
with vitamin D on CHD, stroke, and all-cause mortality.
Methods: A meta-analysis of 11 trials included 7 comparisons of calcium alone compared with control (n ¼ 8634) and 6 comparisons of
calcium plus vitamin D compared with control (n ¼ 46,804). Aggregated study-level data were obtained from individual trials and combined
using a fixed-effects meta-analysis. The main outcomes included MI, CHD death, any CHD, stroke, and all-cause mortality.
Results: Among trials of calcium alone (mean daily dose 1 g), calcium was not significantly associated with any excess risk of MI (RR, 1.15;
95% CI: 0.88, 1.51; n ¼ 219 events), CHD death (RR, 1.24; 95% CI: 0.89, 1.73; n ¼ 142), any CHD (RR, 1.01; 95% CI: 0.75, 1.37; n ¼ 177),
or stroke (RR, 1.15; 95% CI, 0.90, 1.46, n ¼ 275). Among 6 trials of combined treatment, supplementation with calcium plus vitamin D was
not significantly associated with any excess risk of MI (RR, 1.09; 95% CI: 0.95, 1.25; n ¼ 854), CHD death (RR, 1.04; 95% CI: 0.85, 1.27; n ¼
391), any CHD (RR, 1.05; 95% CI: 0.93, 1.19; n ¼ 1061), or stroke (RR, 1.02; 95% CI: 0.89, 1.17; n ¼ 885). Likewise, calcium alone, or with
vitamin D had no significant associations with all-cause mortality.
Conclusions: This meta-analysis demonstrated that calcium supplements were not associated with any significant hazard for CHD, stroke,
or all-cause mortality and excluded excess risks above 0.3%–0.5% per year for CHD or stroke. Further trials of calcium and vitamin D are
required in individuals with low blood levels of 25(OH)D for the prevention of fracture and other disease outcomes.
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Introduction

Calcium supplements are widely used for the prevention of
osteoporotic fractures in middle-aged and older people [1].
Abbreviations: MR, Mendelian randomization; WHI, Women’s Health Initiative.
☆ Members of consortium are shown at the end of the report.
* Corresponding author. E-mail address: Robert.clarke@ndph.ox.ac.uk (R. Clarke).
# RC and JA contributed equally to this work.

https://doi.org/10.1016/j.cdnut.2023.100046
Received 6 January 2023; Received in revised form 8 February 2023; Accepted 8 Fe
2475-2991/© 2023 University of Oxford. Published by Elsevier Inc. on behalf of Ame
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Vitamin D is required for the maintenance of adequate blood
levels of calcium and phosphate and vitamin D supplements are
widely used for the prevention of osteoporotic fractures [2].
Randomized trials have demonstrated beneficial effects of
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vitamin D supplements for the prevention of hip or other oste-
oporotic fractures but only when administered together with
calcium, and not when administered alone [3–8]; with the
maximum benefits reported in individuals with low plasma
levels of 25(OH)D [5–8]. However, some trials [9,10], but not
others [11,12], have reported that calcium supplements may
increase the risks of CVD.

A small trial of calcium supplements for prevention of fracture
in 1471 older women reported that supplementation with cal-
cium for 5 y was associated in a post hoc secondary analysis with
a higher risk of CVD (a composite CVD outcome based on 51
compared with 35 women with events after adjudication and a
HR of 1.21 (95% CI: 0.84, 1.74) when events from the national
database were included [9]. Subsequently, a meta-analysis of 15
trials reported that calcium supplements were associated with
27% higher risks of MI (RR; 1.27; 95% CI, 1.01, 1.59), but the
findings were now limited to only 296 MI outcomes and had no
significant effects on a composite outcome of MI, stroke or sud-
den death (RR, 1.12; 95% CI: 0.97, 1.30) [10]. In contrast, other
meta-analyses of trials of calcium supplements, involving much
larger numbers of CVD outcomes reported no significant effects
on risks of CVD [11,12].

A Mendelian randomization (MR) study using instrumental
variants for plasma calcium levels in 60,801 CHD cases and
123,504 controls in the Coronary Artery Disease Genetics Con-
sortium meta-analysis reported that a 1 SD (~0.12 mmol/L)
higher genetically-predicted plasma calcium levels was associ-
ated with a 25% higher risk of CHD (OR, 1.25; 95% CI: 1.08,
1.45), but the possibility of horizontal pleiotropy because of ef-
fects on other risk factors could not be excluded [13]. In contrast,
an MR study involving 34,217 ischemic stroke cases and 404,630
controls in METASTROKE Consortium reported no significant
effects of genetically-predicted calcium levels on ischemic stroke
(OR, 1.03; 95% CI: 0.88, 1.21) [14]. Further meta-analyses of
trials have reported no significant effects of calcium on CHD
outcomes but lacked data on other potentially relevant CVD
subtypes [15,16]. Recently, 2 additional trials of calcium sup-
plements have reported their results [17,18], prompting the
need for an updated meta-analysis of all trials addressing this
topic. The aims of the present study were to conduct collabora-
tive meta-analyses of placebo-controlled trials of calcium sup-
plements alone or of calcium with vitamin D to assess the effects
of supplementation with calcium on MI, any CHD, stroke, or
all-cause mortality.

Methods

We conducted a systematic search for randomized placebo-
controlled trials of calcium supplements reported in English in
PubMed, Medline, or Embase datasets, and in the Cochrane
Central Register of Controlled Trials, supplemented by
hand-searching of reference lists of individual trials, review
articles, or previous meta-analyses of calcium and risk of CHD,
stroke, or all-cause mortality (Supplemental Figure 1). The key
search terms included “calcium supplements,” “calcium intake,”
and “cardiovascular disease” or “coronary heart disease” or
“myocardial infarction,” or “stroke” or “death,” and
“randomized controlled trial.” We contacted the lead authors of
all the identified and eligible trials to seek collaboration and
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unpublished data if available. A protocol was agreed on with
the collaborators and registered with the International
Prospective Register of Systematic Reviews (PROSPERO:
CRD42020172517). Additional details of methods and study
protocol are provided in the Supplementary material. The
meta-analyses were reported according to the PRISMA guide-
lines [19,20].

The prespecified eligibility criteria included trials assessing
calcium supplements alone or in combination with vitamin D
compared with placebo or compared with no treatment,
involving at least 500 participants that were treated for at least 1
y [4,5,17,18,21–29]. Cluster-randomized trials of calcium were
excluded [30]. Data were obtained from individual trials by
writing to the principal investigators seeking the number of
participants in each treatment group who suffered either MI
(ICD-10 codes I21-I23), death from CHD (ICD-10 codes I20-I25,
I46, and R96), any CHD (defined as MI or coronary death), stroke
(I60-I64), or all-cause mortality (Supplemental Table 1, Sup-
plementary Methods).

All trials were assessed for risk of bias by 2 reviewers (X.H.
and R.C.) using the Cochrane Collaboration risk of bias tool
[19]. The risk of bias tool included assessment of random
sequence generation, allocation concealment, masking of par-
ticipants and personnel, masking of outcome assessment,
completeness of outcome data, selective reporting, and other
sources of bias. Each domain was classified as being either low
risk, unclear risk, or high risk of bias. Individual trials had ethics
approval from their respective institutional review boards, and
all participants provided written informed consent. No addi-
tional ethics committee approval was required for the present
meta-analysis.

Statistical analysis
The associations of calcium supplements with disease out-

comes in individual trials were analyzed separately and aggre-
gated study-level statistics were calculated for each trial using
an intention-to-treat approach [20]. The summary statistics
from the individual trials were combined using an
inverse-variance weighted meta-analysis to provide summary
estimates of the effects of treatment on disease outcomes in all
trials. We used this “fixed-effects” meta-analysis to avoid
providing undue weight to smaller trials with more extreme
results [20].

The risk of bias was minimized by limiting subgroup analyses
to a few prespecified analyses. For example, the meta-analysis of
trials of calcium plus vitamin D was repeated after excluding
participants in the Women’s Health Initiative (WHI) trial [4]
who reported use of nonstudy calcium supplements prior to
randomization (to minimize effects of reverse causality), and
that of calcium alone compared with control was repeated after
excluding the hypothesis-generating trial [9] that first reported
an excess risk of CHD associated with calcium supplements (to
assess replication of results in independent populations). Data
included reported disease outcomes that were confirmed by
clinical adjudication wherever such data were available. Risk of
publication bias was assessed using a funnel plot or Egger test
[19]. Analyses were conducted using SAS version 9.4 and R
version 3.4.2 and results were considered statistically significant
if 2-tailed P values were <0.05.
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Results

Characteristics of individual trials
Study-level data were obtained from 11 randomized trials [4,

5,17,21–28] that fulfilled the inclusion criteria. The trials were
conducted over 3 decades (Tables 1 and 2). One trial [18] did not
respond to a request for data and did not report results for CVD
outcomes and another trial [29] did not collect data on any CVD
outcomes. Among the 11 trials, 2 had a full or partial 2 � 2
factorial-design (i.e., calcium, vitamin D, both, or neither) [17,
22], and 1 trial [26] involved a 3-group comparison (i.e., calcium
compared with calcium plus vitamin D compared with placebo).
Hence, the present meta-analysis assessed the effects of calcium
on CVD outcomes, including 7 comparisons of calcium alone
compared with control and 6 comparisons of calcium plus
vitamin D compared with control.

Calcium alone compared with placebo comparisons
All of the trials of calcium alone were placebo-controlled [17,

21–26], and included a total of 8634 participants. The number of
participants in individual trials varied from 563 to 2643
(Table 1). However, 2 trials were unable to provide all relevant
CVD outcomes [25,26]. The mean (SD) age of trial participants
was 71 (6) y, and 6849 (79.3%) were women. The daily doses of
elemental calcium varied from 1.0 to 1.5 g/d. The mean (SD)
treatment duration was 4.1 (1) y (range: 2–5 y).

Calcium plus vitamin D compared with control
comparisons

Among the trials of calcium plus vitamin D, 6 trials [4,5,17,
22,26,27] involved blinded comparisons with placebo, and the
other trial used an open design [28]. Overall, the meta-analysis
included a total of 46,804 participants, the number of partici-
pants in individual trials varied from 583 to 36,282. However, 3
trials [5,26,27] were unable to provide results for some CVD
outcomes and 2 trials [5,27], only reported data on all-cause
mortality. The mean (SD) age of trial participants was 65
(6.5) y, and 45,689 (97.6%) were women. The median
daily dose of elemental calcium varied from 1 to 1.5 g/d,
and the dose for vitamin D varied from 400 to 2000 IU/d. The
mean duration of treatment was 6.0 (3) y (range: 1.5–7 y)
(Table 1).

Risks of bias
Overall, 5 (45.5%) trials had a low risk of bias and 3 (27.3%)

trials had an uncertain risk of bias. Three trials [5,27,28]
(27.3%) had a high risk of bias (Supplemental Figure 2), each of
which involved comparisons of calcium plus vitamin D
compared with control. One trial did not report allocation
concealment [28], and reporting was incomplete in 2 trials
(with risk of selective reporting) [27,28]. Table 2 shows the
number of CVD outcomes in the individual trials and indicated if
any data were unavailable.

Effects of calcium supplementation on vascular
disease and all-cause mortality

The numbers of events and RRs for the different trials are
shown in Figure 1. The number of vascular disease outcomes in
the individual trials was small. The top panel shows that the
3

overall allocation to calcium supplements alone compared with
placebo was associated with a nonsignificant excess risk of MI
(117 compared with 102 in the calcium and placebo groups,
respectively: RR, 1.15; 95% CI: 0.88, 1.51; P ¼ 0.3). Similar
nonsignificant excess risks of CVD were observed, albeit based
on small numbers, for CHD death, any CHD, stroke, and all-cause
mortality. There was no significant heterogeneity among the
results of individual trials for MI, fatal CHD, stroke, or all-cause
mortality (Figure 1). Among the trials of calcium supplements,
the contour-enhanced funnel plots were broadly symmetric
(Supplemental Figure 3) and Egger test results demonstrated no
evidence of any significant publication bias for any MI (P ¼
0.06), stroke (P ¼ 0.24), or all-cause mortality (P ¼ 0.81).
Effects of calcium plus vitamin D supplementation
on vascular disease and all-cause mortality

Figure 2 shows the number of disease outcomes and results
for the comparisons of allocation to calcium plus vitamin D
supplements compared with control where available. The num-
ber of disease outcomes in each category was dominated by the
WHI trial [4], which accounted for 97% of all trial participants
and 95% of all CHD outcomes. No significant excess risks were
observed, but the RRs were >1.0 for MI (RR, 1.09; 95% CI: 0.95,
1.25; P ¼ 0.2), CHD death, any CHD, and stroke (Figure 2). For
all-cause mortality, the RR was<1.0, an outcome that included a
high proportion of nonvascular deaths. There was no significant
heterogeneity between the results of individual trials of calcium
plus vitamin D compared with control on any of the disease
outcomes. A contour-enhanced funnel plot demonstrated no
evidence of asymmetry and the Egger test indicated no evidence
of publication bias (P ¼ 0.87).
Sensitivity analyses
The results of sensitivity analyses, excluding participants who

reported use of calcium supplements at baseline in the WHI trial,
[4] did not differ from the overall findings with no significant
excess risks of MI, fatal CHD, any CHD, stroke, or all-cause
mortality (Supplemental Figure 4). The RR (95% CI) associated
with calcium supplements were 1.15 (95% CI: 0.96, 1.37) for MI
and 1.04 (95% CI: 0.89, 1.23) for any CHD. In a further sensi-
tivity analysis after excluding the hypothesis-generating trial
[24] that first reported the excess risks of CHD with calcium
supplements, the RR (95% CI) associated with calcium supple-
ments were 1.06 (95% CI: 0.78, 1.45) for MI and 1.01 (95% CI:
0.75, 1.37) for any CHD (Supplemental Figure 5). The results
were unaltered by additional sensitivity analyses involving
sequential exclusion of individual trials with high risk of bias
(Supplemental Tables 2 and 3).

Discussion

Historically, vitamin supplements (including vitamin D and
calcium) were administered to individuals with the insufficiency
of the relevant vitamins, but advances in precision medicine
prompted the need for randomized evidence on the efficacy and
safety of vitamin supplements for prevention of disease out-
comes in a wider proportion of the population. The present
report, involving 2 meta-analyses, 1 involving 7 trials of calcium
alone (including 8634 participants) and 1 involving 6 trials of



TABLE 1
Characteristics of individual randomized clinical trials of supplementation with calcium alone or calcium plus vitamin D supplements vs. placebo or
no treatment group

Author (citation) Country No. of
participants

Criteria for selection
of trial participants

Daily dose
of calcium (Ca)
(g/d)/vitamin D (vitD)

Duration,
y mean
(SD)

Age,
y mean
(SD)

Female %

Trials of calcium supplements
Baron et al., 1999 [21] United States 930 Colorectal

adenoma
1.2g/d Ca 4 61 (9) 28

Grant et al., 2005 [22] United Kingdom 2643 Prior fracture 1g/d Ca 3.8 77 (6) 85
Prince et al., 2006 [23] Australia 1460 Healthy women 1.2g/d Ca 5 75 (3) 100
Reid et al., 2006 [24] New Zealand 1471 Healthy women 1g/d Ca 5 74 (4) 100
Bonnick et al., 2007 [25] United States 563 Healthy women 1g/d Ca 2 66 (9) 100
Lappe et al., 2007 [26] Unites States 733 Healthy women 1.4–1.5g/d Ca 4 67 (7) 100
Baron et al., 2015 [17] Unites States 834 Colorectal adenoma 1.2g/d Ca 3.7 58 (7) 15
All 8634 4.1 (1) 71 (6) 79
Trials of calcium with vitamin D supplements
Chapuy et al., 1992 [5] France 3270 Institutionalized

women
1.2g/d Ca þ 800 IU/d VitD 1.5 84 (6) 100

Chapuy et al., 2002 [27] France 583 Institutionalized
women

1.2g/d Ca þ 800 IU/d VitD 2 85 (7) 100

Grant et al., 2005 [22] United Kingdom 2638 Prior fracture 1g/d Ca þ 800 IU/d VitD 3.8 77 (6) 85
Jackson et al., 2006 [4] United States 36,282 Healthy women 1g/d Ca þ 400 IU/d VitD 7 62 (7) 100
Salovaara et al., 2010 [28] 1 Finland 3195 Healthy women 1g/d Ca þ 800 IU/d VitD 3 67 (2) 100
Baron et al., 2015, [27] United States 836 Colorectal adenoma 1g/d Ca þ 1000 IU/d VitD 3.7 58 (7) 15
All 46,804 6.0 (3) 65 (6.5) 98

1 All trials used placebo except Salovaara, where the control group was allocated to receive no treatment.
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calcium with vitamin D (including 46,804 participants compared
with control) demonstrated no significant adverse effects of
calcium on CHD or stroke, but the numbers of these CVD types
were insufficient to exclude absolute excess risks of 0.3%–0.5%
per year for CHD or stroke associated with calcium supplements
in the study populations. The randomized comparisons of cal-
cium alone compared with placebo (n ¼ 8634) assessed the hy-
pothesis that calcium might increase risk of CHD or stroke, but
even for MI, the CHD outcome with the most events, the numbers
of outcomes (117 compared with 102) were insufficient to yield
reliable conclusions. Likewise, for stroke, the numbers of
TABLE 2
Distribution of vascular disease outcomes in the randomized trials of calciu

No. of participants

Author, y (citation) Total No. of
participants

No. of treated/control

Comparisons of calcium supplements
Baron et al., 1999 [21] 930 464/466
Grant et al., 2005 [22] 2643 1311/1332
Prince et al., 2006 [23] 1460 730/730
Reid et al., 2006 [24] 1471 732/739
Bonnick et al., 2007 [25] 563 282/281
Lappe et al., 2007 [26] 733 445/288
Baron et al., 2015 (17) 834 419/415
ALL 8634 4383/4251
Comparisons of calcium plus vitamin D supplements
Chapuy et al., 1992 [5] 3270 1634/1636
Chapuy et al., 2002 [27] 583 389/194
Grant et al., 2005 [22] 2638 1306/1332
Jackson et al., 2006 [4] 36,282 18,176/18,106
Salovaara et al., 2010 [28] 3195 1586/1609
Baron et al., 2015 [27] 836 421/415
ALL 46,804 23,512/23,292

1 Any MI includes fatal MI and nonfatal MI.
2 N/A denotes not assessed.
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outcomes (147 compared with 128) were insufficient to yield
reliable conclusions.

The comparisons of calcium plus vitamin D with control
included a larger number of participants and disease outcomes
(reflecting the inclusion of the WHI trial), than those for calcium
alone. Consequently, the meta-analysis could only exclude the
possibility that calcium supplements might cause an excess risk
of CVD greater than 0.3%–0.5% per year (equivalent to a
20%–30% higher-RRs) for any CHD or any stroke. Trials of
vitamin D alone have not reported any adverse effects on CVD
outcomes and a meta-analysis of 8 trials, involving 42,637
m alone or calcium plus vitamin D vs. placebo or no treatment

No. of disease outcomes

Any MI1 CHD Death Any CHD Any stroke All-cause
mortality

35 16 46 20 47
84 99 NA2 104 455
40 22 122 78 92
52 NA NA 59 63
0 NA NA 3 3
4 NA NA 9 NA
4 5 9 2 13
219 142 177 275 673

NA NA NA NA 532
NA NA NA NA 116
83 83 NA 108 437
730 280 1010 726 1584
35 5 38 46 33
6 7 13 5 15
854 391 1061 885 2717



FIGURE 1. Meta-analysis of randomized trials of supplementation with calcium alone vs. placebo for the prevention of vascular disease outcomes.
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individuals, of vitamin D alone compared with placebo reported
no overall effect on major vascular events (RR, 1.00; 95% CI:
0.93, 1.07) [31].

A recent genetic study reported that there was evidence of a
causal association of low plasma levels of 25(OH)D with all-
cause mortality when restricted to individuals with low plasma
levels of 25(OH)D (<40 nmol/L) [32]. The available evidence
5

cannot exclude the possibility that vitamin D supplements may
have some beneficial effects on CVD in people with vitamin D
deficiency which could offset any adverse effects of calcium
when administered in combination. In contrast, MR studies have
suggested that genetically-predicted higher plasma calcium
levels were associated with higher risks of CHD [13], but not
with ischemic stroke [14], although the possibility of horizontal



FIGURE 2. Meta-analysis of randomized trials of supplementation with calcium plus vitamin D vs. placebo or no treatment for the prevention of
vascular disease outcomes.
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pleiotropy (where the associations were because of factors other
than calcium levels) could not be excluded. Furthermore,
comparing intermittent postmedication hypercalcemia in later
life with life-long mild hypercalcemia related to genetic predis-
position is problematic.

The present meta-analysis had several strengths and limita-
tions. None of the trials included in this meta-analysis had pre-
specified CVD outcomes as their primary outcome and none had
6

a sufficient number of CVD outcomes to exclude a small, but
potentially important hazard for risk of CVD. The meta-analysis
was constrained by heterogeneity in reported CVD types re-
ported in the individual trials. The inclusion of the additional
unpublished trial results for 2 trials has enabled more reliable
estimates of any associations of calcium supplements with CVD
subtypes. The inclusion criteria and vascular disease outcomes
used in this meta-analysis (which were prespecified) differ from
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those used in previous similar meta-analyses of subsets of these
trials or related smaller trials [11,12,33,34]. The meta-analysis
minimized the risks of publication bias (and other bias) by
restricting the inclusion criteria to trials involving �500 partic-
ipants and a duration of treatment �12 mo and avoiding the
conduct of subgroup analyses.

The results of previous meta-analyses [10–12,34–37] of cal-
cium supplements and risk of CHD or stroke have been difficult
to interpret, partly because of selection biases (exclusion of
participants from W HI [16]), selective emphasis on MI rather
than any CHD [10], failure to stratify trials by those that assessed
the effects by calcium alone from those that assessed combined
effects of calcium and vitamin D, and use of random effects
models to estimate summary measures of effect of calcium on
risk of CHD and stroke outcomes [10–12,16,34]. Because the
number of participants in individual trials differs by about
60-fold, use of random effects models to combine the results of
all trials is likely to yield unreliable results because such models
assign disproportionate weight to the smaller trials. In contrast,
the present meta-analysis prespecified the primary disease out-
comes, stratified trials that reported effects of calcium alone from
those trials of calcium plus vitamin D, and use fixed effects (i.e.,
assumption-free inverse-variance weighted method) rather than
random effects models to combine the results of the individual
trials.

The 2016 guidelines of the National Osteoporosis Foundation
and the American Society for Preventive Cardiology advocate
that daily intake of calcium with or without vitamin D from
supplements or food should not exceed the tolerable upper level
of intake of 2–2.5 g/d, which they suggest should not be asso-
ciated with adverse effects on CVD outcomes [38]. The United
States Preventive Task Force concluded that the available evi-
dence was insufficient to assess the balance of the benefits and
hazards of combined calcium and vitamin D supplementation on
CVD outcomes [2].

The present meta-analysis of calcium trials, involving 55,438
participants demonstrated that calcium supplements were not
associated with any significant excess hazards for CHD and
stroke outcomes, but still included too few CHD and stroke
outcomes to exclude absolute excess risks of any CHD or stroke of
0.3%–0.5% per year because of use of calcium supplements.
Hence, for people with low-bone density and low absolute risks
of CVD, the present report demonstrates no concern about excess
CVD risks associated with calcium supplements. However,
further large trials are needed to assess the efficacy and safety of
combined supplementation with calcium and vitamin D for the
prevention of osteoporotic fracture in older people at high risk of
CVD.
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