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Aldosterone increases fecal & urinary calcium & magnesium excretion.

Furosemide potentiates these loses.

Vitamin D deficiency contributes to the low serum calcium  high PTH and 
increased intracellular calcium.



Mitochondria, calcium-dependent neuronal death and neurodegenerative disease.  
Eur J Physiol 464:111–121, 2012.  Michael R. Duchen

Fig. 3  Scheme of pathways involved in glutamate-induced excitotoxicity.  Calcium 
influx through voltage-gated or NMDAR-gated channels is followed by 
mitochondrial Ca2+ influx through the mitochondrial calcium uniporter (MCU).  
While the physiological consequence of raised intra-mitochondrial [Ca2+] is an 
increased activity of the three rate limiting enzymes of the TCA cycle, pathological 
and prolonged Ca2+ influx leads to mitochondrial Ca2+overload.  NMDAR 
mediated Ca2+ influx is closely coupled to the generation of NO by nNOS; raised 
Ca2+ may activate the NADPH oxidase (Nox), while mitochondrial Ca2+ overload 
may also increase generation of superoxide by the electron transport chain (ETC).  
Nitrosative or oxidative stress arising either from the ETC or from Nox activation 
may cause over activation of PARP.  PARP consumes NAD+ to form PAR polymers, 
causing depletion of NAD+, failure of glycolysis and so failure of mitochondrial 
substrate supply.  This culminates in the loss of Δψm, ATP depletion, and cell death.  
The PAR polymers generated by PARP may also cause release of AIF which 
amplifies cell death following its translocation to the nucleus.

Abstract  Understanding the mechanisms of neuronal dysfunction and death 
represents a major frontier in contemporary medicine, involving the acute cell death 
in stroke, and the attrition of the major neurodegenerative diseases, including 
Parkinson's, Alzheimer's, Huntington's and Motoneuron diseases. A growing body of 
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evidence implicates mitochondrial dysfunction as a key step in the pathogenesis of all these 
diseases, with the promise that mitochondrial processes represent valuable potential 
therapeutic targets. Each disease is characterised by the loss of a specific vulnerable 
population of cells--dopaminergic neurons in Parkinson's disease, spinal motoneurons in 
Motoneuron disease, for example. We discuss the possible roles of cell type-specific calcium 
signalling mechanisms in defining the pathological phenotype of each of these major diseases 
and review central mechanisms of calcium-dependent mitochondrial-mediated cell death.
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Figure 1 | Consequences of arterial stiffening and impaired Windkessel physiology.  
During systole, some kinetic energy is stored as potential energy in the elastic 
conduit arteries.  This stored energy permits not only coronary perfusion but also 
smooth distal capillary perfusion during diastole (blue tracing).  With 
arteriosclerotic stiffening (red tracing), less potential energy is stored during systole, 
giving rise to impaired, pulsatile and erratic flow during diastole (two-thirds of the 
cardiac cycle).  Systolic blood pressure is also increased. 
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Background: Cost-effectiveness of calcium supplementation depends not only on 
the cost of the product but on the efficiency of its absorption. Published cost-benefit 
analyses assume equal bioavailability for all calcium sources. Some published 
studies have suggested that there are differences in both the bioavailability and cost 
of the major calcium supplements.

Design: Randomized four period, three-way cross-over comparing single doses of 
off-the-shelf commercial calcium supplements containing either calcium carbonate 
or calcium citrate compared with a no-load blank and with encapsulated calcium 
carbonate devoid of other ingredients; subjects rendered fully vitamin D-replete 
with 10 mg/day 25(OH)D by mouth, starting one week prior to the first test.

Subjects: 24 postmenopausal women

Methods: Pharmacokinetic analysis of the increment in serum total and ionized 
calcium and the decrement in serum iPTH induced by an oral calcium load, based 
upon multiple blood samples over a 24-hour period; measurement of the rise in 
urine calcium excretion. Data analyzed by repeated measures ANOVA. Cost 
calculations based on average retail prices of marketed products used in this study 
from April through October, 2000.

Results: All three calcium sources (marketed calcium carbonate, encapsulated 
calcium carbonate and marketed calcium citrate) produced identical 24-hour time 
courses for the increment in total serum calcium.  Thus, these were equally 
absorbed and had equivalent bioavailability.  Urine calcium rose slightly more with 
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the citrate than with the carbonate preparations, but the difference was not significant. Serum 
iPTH showed the expected depression accompanying the rise in serum calcium, and there 
were no significant differences between products.

Conclusion: Given the equivalent bioavailability of the two marketed products, the cost 
benefit analysis favors the less expensive carbonate product.

101



Objective: To summarize controlled trials examining the effect of calcium on bone 
density and fractures in postmenopausal women.

Data Source: We searched MEDLINE and EMBASE up to 1998 and the Cochrane 
Controlled Register up to 2000, and we examined citations of relevant articles and 
proceedings of international meetings. We contacted osteoporosis investigators to 
identify additional studies, and primary authors for unpublished data.

Study Selection: We included 15 trials (1806 patients) that randomized 
postmenopausal women to calcium supplementation or usual calcium intake in the 
diet and reported bone mineral density of the total body, vertebral spine, hip, or 
forearm, or recorded the number of fractures, and followed patients for at least 1 yr.

Data Extraction: For each trial, three independent reviewers assessed the 
methodological quality and extracted data.

Data Synthesis: We found calcium to be more effective than placebo in reducing 
rates of bone loss after two or more years of treatment. The pooled difference in 
percentage change from baseline was 2.05% [95% confidence interval (CI) 0.24 –
3.86] for total body bone density, 1.66% (95% CI 0.92–2.39) for the lumbar spine, 
1.64% (95% CI 0.70 –2.57) for the hip, and 1.91% (95% CI 0.33–3.50) for the distal 
radius.  The relative risk (RR) of fractures of the vertebrae was 0.77, with a wide CI 
(95% CI 0.54 –1.09); the RR for nonvertebral fractures was 0.86 (95% CI 0.43–
1.72).

Conclusions: Calcium supplementation alone has a small positive effect on bone 
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density. The data show a trend toward reduction in vertebral fractures, but do not 
meaningfully address the possible effect of calcium on reducing the incidence of nonvertebral 
fractures.
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Background  The efficacy of calcium with vitamin D supplementation for 
preventing hip and other fractures in healthy postmenopausal women remains 
equivocal.

Methods  We recruited 36,282 postmenopausal women, 50 to 79 years of age, who 
were already enrolled in a Women’s Health Initiative (WHI) clinical trial. We 
randomly assigned participants to receive 1000 mg of elemental calcium as calcium 
carbonate with 400 IU of vitamin D3 daily or placebo. Fractures were ascertained 
for an average follow-up period of 7.0 years. Bone density was measured at three 
WHI centers.

Results  Hip bone density was 1.06 percent higher in the calcium plus vitamin D 
group than in the placebo group (P<0.01). Intention-to-treat analysis indicated that 
participants receiving calcium plus vitamin D supplementation had a hazard ratio of 
0.88 for hip fracture (95 percent confidence interval, 0.72 to 1.08), 0.90 for clinical 
spine fracture (0.74 to 1.10), and 0.96 for total fractures (0.91 to 1.02). The risk of 
renal calculi increased with calcium plus vitamin D (hazard ratio, 1.17; 95 percent 
confidence interval, 1.02 to 1.34). Censoring data from women when they ceased to 
adhere to the study medication reduced the hazard ratio for hip fracture to 0.71 (95 
percent confidence interval, 0.52 to 0.97). Effects did not vary significantly 
according to prerandomization serum vitamin D levels.

Conclusions  Among healthy postmenopausal women, calcium with vitamin D 
supplementation resulted in a small but significant improvement in hip bone density, 
did not significantly reduce hip fracture, and increased the risk of kidney stones. 
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Background—Individuals with vascular or valvular calcification are at increased 
risk for coronary events, but the relationship between calcium consumption and 
cardiovascular events is uncertain. We evaluated the risk of coronary and 
cerebrovascular events in the Women’s Health Initiative randomized trial of calcium 
plus vitamin D supplementation.

Methods and Results—We randomized 36 282 postmenopausal women 50 to 79 
years of age at 40 clinical sites to calcium carbonate 500 mg with vitamin D 200 IU 
twice daily or to placebo. Cardiovascular disease was a prespecified secondary 
efficacy outcome. During 7 years of follow-up, myocardial infarction or coronary 
heart disease death was confirmed for 499 women assigned to calcium/vitamin D 
and 475 women assigned to placebo (hazard ratio, 1.04; 95% confidence interval, 
0.92 to 1.18). Stroke was confirmed among 362 women assigned to calcium/vitamin 
D and 377 assigned to placebo (hazard ratio, 0.95; 95% confidence interval, 0.82 to 
1.10). In subgroup analyses, women with higher total calcium intake (diet plus 
supplements) at baseline were not at higher risk for coronary events (P0.91 for 
interaction) or stroke (P0.14 for interaction) if assigned to active calcium/vitamin D.

Conclusions—Calcium/vitamin D supplementation neither increased nor decreased 
coronary or cerebrovascular risk in generally healthy postmenopausal women over a 
7-year use period.
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Figure 1. Differences in mean percent change from baseline to year 2 between 
women assigned to active calcium/vitamin D and those assigned to placebo for 
several intermediate outcomes. Horizontal lines represent 95% CIs. Physical 
measures were performed on the entire cohort; laboratory measures, in a random 
6% subsample. Treatment group differences were significant for low-density 
lipoprotein cholesterol (LDL-C; P0.02), waist circumference and weight (both 
P0.03), and systolic (P0.01) and diastolic (P0.01) blood pressures. HDL-C indicates 
high-density lipoprotein cholesterol; HOMA, homeostasis model assessment; WHR, 
waist-to-hip ratio; and BP, blood pressure.
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Figure 2. Kaplan-Meier estimates of cumulative hazard rates for CHD (myocardial 
infarction or coronary death; left) and for stroke (right). HR indicates hazard ratio.
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Objectives To investigate the effects of personal calcium supplement use on 
cardiovascular risk in the Women’s Health Initiative Calcium/Vitamin D 
Supplementation Study (WHI CaD Study), using the WHI dataset, and to update the 
recent meta-analysis of calcium supplements and cardiovascular risk.  Design 
Reanalysis of WHI CaD Study limited access dataset and incorporation in meta-
analysis with eight other studies.

Data source WHI CaD Study, a seven year, randomised, placebo controlled trial of 
calcium and vitamin D (1g calcium and 400 IU vitamin D daily) in 36 282 
community dwelling postmenopausal women.  Main outcome measures Incidence 
of four cardiovascular events and their combinations (myocardial infarction, 
coronary revascularisation, death from coronary heart disease, and stroke) assessed 
with patient-level data and trial-level data.

Results In the WHI CaD Study there was an interaction between personal use of 
calcium supplements and allocated calcium and vitamin D for cardiovascular 
events. In the 16 718 women (46%) who were not taking personal calcium 
supplements at randomisation the hazard ratios for cardiovascular events with 
calcium and vitamin D ranged from 1.13 to 1.22 (P=0.05 for clinical

myocardial infarction or stroke, P=0.04 for clinical myocardial infarction or 
revascularisation), whereas in the women taking personal calcium supplements 
cardiovascular risk did not alter with allocation to calcium and vitamin D. In meta-
analyses of three placebo controlled trials, calcium and vitamin D increased the risk 
of myocardial infarction (relative risk 1.21 (95% confidence interval 1.01 to 1.44), 
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P=0.04), stroke (1.20 (1.00 to 1.43), P=0.05), and the composite of myocardial infarction or 
stroke (1.16 (1.02 to 1.32), P=0.02). In metaanalyses of placebo controlled trials of calcium or 
calcium and vitamin D, complete trial-level data were available for 28 072 participants from 
eight trials of calcium supplements and the WHI CaD participants not taking

personal calcium supplements. In total 1384 individuals had an incident myocardial infarction 
or stroke. Calcium or calcium and vitamin D increased the risk of myocardial infarction 
(relative risk 1.24 (1.07 to 1.45), P=0.004) and the composite of myocardial infarction or 
stroke (1.15 (1.03 to 1.27), P=0.009).

Conclusions Calcium supplements with or without vitamin D modestly increase the risk of 
cardiovascular events, especially myocardial infarction, a finding obscured in the WHI CaD 
Study by the widespread use of personal calcium supplements. A reassessment of the role of 
calcium supplements in osteoporosis management is warranted.
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Concern has been expressed that calcium supplementation, a key intervention for 
preventing osteoporotic fracture in older women, may increase the risk of 
atherosclerotic vascular disease. To evaluate the risk further, an examination of 
complete verified atherosclerotic vascular hospitalization and mortality data from a 
5-year randomized, controlled trial (RCT) of calcium carbonate and 4.5 years of 
post-trial follow-up was undertaken. This study used data from a published 5-year 
randomized, double-blinded, placebo-controlled trial [Calcium Intake Fracture 
Outcome Study (CAIFOS)]. The participants were 1460 women aged 75.1+2.7 
years at baseline (1998) recruited from the general population and randomized to 
receive 1200mg of calcium carbonate daily or an identical placebo. All hospital 
admission and deaths during the 5-year study and the 4.5-year follow-up were 
derived from the Western Australian Data Linkage Service (WADLS).  Hazard 
ratios (HRs) for the combined endpoint of atherosclerotic vascular mortality or first 
hospitalization were calculated using pre-specified intention-to-treat and per-
protocol models.  The intervention group that received calcium supplementation did 
not have a higher risk of death or first-time hospitalization from atherosclerotic 
vascular disease in either the 5-year RCT [multivariate-adjusted HR=0.938, 95% 
confidence interval (CI) 0.690–1.275] or during the 9.5 years of observational study 
(multivariate-adjusted HR=0.919, 95% CI 0.737–1.146).  Further analysis suggested 
that calcium supplementation may reduce the risk of hospitalization and mortality in 
patients with preexisting atherosclerotic cardiovascular disease. This trial provides 
compelling evidence that calcium supplementation of 1200mg daily does not 
significantly increase the risk of atherosclerotic vascular disease in elderly women.
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Fig. 2.  Cox proportional hazards analysis for combined atherosclerotic vascular 
disease events (incident hospitalization or death) over 9.5 years adjusted for age, 
calcium intake at baseline, compliance, baseline atherosclerotic vascular disease, 
eGFR, diabetes, previous or current smoking, and cardiovascular medications. (A) 
Intention-to-treat analysis (calcium group n=730; placebo n=730) multivariate-
adjusted HR=0.919, 95% CI 0.737–1.146. (B) Per-protocol analysis (calcium group 
n=420; placebo n=410) multivariate-adjusted HR=0.953, 95% CI 0.702–1.296.
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Fig. 3.  The effect of calcium treatment compared with placebo on all 
atherosclerotic vascular disease hospitalizations and death outcomes over 5 and 9.5 
years. The analyses used groups with the named baseline risk factor. Analyses 
adjusted for baseline age, calcium intake, compliance, cardiovascular disease, 
eGFR, diabetes, previous or current smoking, and baseline cardiovascular 
medications unless that covariate was the subject of the analysis. eGFR refers to 
estimated glomerular function rate, whereas ASVD refers to atherosclerotic vascular 
disease.
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Background and Methods  Laboratory, clinical, and epidemiologic evidence 
suggests that calcium may help prevent colorectal adenomas. We conducted a 
randomized, double-blind trial of the effect of supplementation with calcium 
carbonate on the recurrence of colorectal adenomas. We randomly assigned 930 
subjects (mean age, 61 years; 72 percent men) with a recent history of colorectal 
adenomas to receive either calcium carbonate (3 g [1200 mg of elemental calcium] 
daily) or placebo, with follow-up colonoscopies one and four years after the 
qualifying examination. The primary end point was the proportion of subjects in 
whom at least one adenoma was detected after the first follow-up endoscopy but up 
to (and including) the second follow-up examination.

Risk ratios for the recurrence of adenomas were adjusted for age, sex, lifetime 
number of adenomas before the study, clinical center, and length of the surveillance 
period.

Results  The subjects in the calcium group had a lower risk of recurrent adenomas. 
Among the 913 subjects who underwent at least one study colonoscopy, the adjusted 
risk ratio for any recurrence of adenoma with calcium as compared with placebo 
was 0.85 (95 percent confidence interval, 0.74 to 0.98; P=0.03).  The main analysis 
was based on the 832 subjects (409 in the calcium group and 423 in the placebo 
group) who completed both follow-up examinations. At least one adenoma was 
diagnosed between the first and second follow-up endoscopies in 127 subjects in the 
calcium group (31 percent) and 159 subjects in the placebo group (38 percent); the 
adjusted risk ratio was 0.81 (95 percent confidence interval, 0.67 to 0.99; P=0.04). 
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The adjusted ratio of the average number of adenomas in the calcium group to that in the 
placebo group was 0.76 (95 percent confidence interval, 0.60 to 0.96; P=0.02). The effect of 
calcium was independent of initial dietary fat and calcium intake.

Conclusions  Calcium supplementation is associated with a significant — though moderate 
— reduction in the risk of recurrent colorectal adenomas. (N Engl J Med 1999;340:101-7.)
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Objective To determine the effect of calcium supplementation on myocardial 
infarction, stroke, and sudden death in healthy postmenopausal women.

Design Randomised, placebo controlled trial.  Setting Academic medical centre in 
an urban setting in New Zealand.  Participants 1471 postmenopausal women (mean 
age 74): 732 were randomised to calcium supplementation and 739 to placebo.  
Main outcome measures Adverse cardiovascular events over five years: death, 
sudden death, myocardial infarction, angina, other chest pain, stroke, transient 
ischaemic attack, and a composite end point of myocardial infarction, stroke, or 
sudden death.

Results Myocardial infarction was more commonly reported in the calcium group 
than in the placebo group (45 events in 31 women v 19 events in 14 women, 
P=0.01).  The composite end point of myocardial infarction, stroke, or sudden death 
was also more common in the calcium group (101 events in 69 women v 54 events 
in 42 women, P=0.008). After adjudication myocardial infarction remained more 
common in the calcium group (24 events in 21 women v 10 events in 10 women, 
relative risk 2.12, 95% confidence interval 1.01 to 4.47).  For the composite end 
point 61 events were verified in 51 women in the calcium group and 36 events in 35 
women in the placebo group (relative risk 1.47, 0.97 to 2.23). When unreported 
events were added from the national database of hospital admissions in New 
Zealand the relative risk of myocardial infarction was 1.49 (0.86 to 2.57) and that of 
the composite end point was 1.21 (0.84 to 1.74).  The respective rate ratios were 
1.67 (95% confidence intervals 0.98 to 2.87) and 1.43 (1.01 to 2.04); event rates: 
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placebo 16.3/1000 person years, calcium 23.3/1000 person years. For stroke (including 
unreported events) the relative risk was 1.37 (0.83 to 2.28) and the rate ratio was 1.45 (0.88 to 
2.49).

Conclusion Calcium supplementation in healthy postmenopausal women is associated with 
upward trends in cardiovascular event rates. This potentially detrimental effect should be 
balanced against the likely benefits of calcium on bone.
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Objectives To investigate the effects of personal calcium supplement use on 
cardiovascular risk in the Women’s Health Initiative Calcium/Vitamin D 
Supplementation Study (WHI CaD Study), using the WHI dataset, and to update the 
recent meta-analysis of calcium supplements and cardiovascular risk.  Design 
Reanalysis of WHI CaD Study limited access dataset and incorporation in meta-
analysis with eight other studies.

Data source  WHI CaD Study, a seven year, randomised, placebo controlled trial of 
calcium and vitamin D (1g calcium and 400 IU vitamin D daily) in 36,282 
community dwelling postmenopausal women.  Main outcome measures Incidence 
of four cardiovascular events and their combinations (myocardial infarction, 
coronary revascularisation, death from coronary heart disease, and stroke) assessed 
with patient-level data and trial-level data.

Results In the WHI CaD Study there was an interaction between personal use of 
calcium supplements and allocated calcium and vitamin D for cardiovascular 
events. In the 16 718 women (46%) who were not taking personal calcium 
supplements at randomisation the hazard ratios for cardiovascular events with 
calcium and vitamin D ranged from 1.13 to 1.22 (P=0.05 for clinical myocardial 
infarction or stroke, P=0.04 for clinical myocardial infarction or revascularisation), 
whereas in the women taking personal calcium supplements cardiovascular risk did 
not alter with allocation to calcium and vitamin D.  In meta-analyses of three 
placebo controlled trials, calcium and vitamin D increased the risk of myocardial 
infarction (relative risk 1.21 (95% confidence interval 1.01 to 1.44), P=0.04), stroke 
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(1.20 (1.00 to 1.43), P=0.05), and the composite of myocardial infarction or stroke (1.16 (1.02 
to 1.32), P=0.02).  In meta-analyses of placebo controlled trials of calcium or calcium and 
vitamin D, complete trial-level data were available for 28 072 participants from eight trials of 
calcium supplements and the WHI CaD participants not taking personal calcium supplements.  
In total 1384 individuals had an incident myocardial infarction or stroke. Calcium or calcium 
and vitamin D increased the risk of myocardial infarction (relative risk 1.24 (1.07 to 1.45), 
P=0.004) and the composite of myocardial infarction or stroke (1.15 (1.03 to 1.27), P=0.009).

Conclusions Calcium supplements with or without vitamin D modestly increase the risk of 
cardiovascular events, especially myocardial infarction, a finding obscured in the WHI CaD 
Study by the widespread use of personal calcium supplements.  A reassessment of the role of 
calcium supplements in osteoporosis management is warranted.
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recent meta-analysis of calcium supplements and cardiovascular risk.  Design 
Reanalysis of WHI CaD Study limited access dataset and incorporation in meta-
analysis with eight other studies.

Data source WHI CaD Study, a seven year, randomised, placebo controlled trial of 
calcium and vitamin D (1g calcium and 400 IU vitamin D daily) in 36 282 
community dwelling postmenopausal women.  Main outcome measures Incidence 
of four cardiovascular events and their combinations (myocardial infarction, 
coronary revascularisation, death from coronary heart disease, and stroke) assessed 
with patient-level data and trial-level data.

Results In the WHI CaD Study there was an interaction between personal use of 
calcium supplements and allocated calcium and vitamin D for cardiovascular 
events. In the 16 718 women (46%) who were not taking personal calcium 
supplements at randomisation the hazard ratios for cardiovascular events with 
calcium and vitamin D ranged from 1.13 to 1.22 (P=0.05 for clinical myocardial 
infarction or stroke, P=0.04 for clinical myocardial infarction or revascularisation), 
whereas in the women taking personal calcium supplements cardiovascular risk did 
not alter with allocation to calcium and vitamin D.  In meta-analyses of three 
placebo controlled trials, calcium and vitamin D increased the risk of myocardial 
infarction (relative risk 1.21 (95% confidence interval 1.01 to 1.44), P=0.04), stroke 
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(1.20 (1.00 to 1.43), P=0.05), and the composite of myocardial infarction or stroke (1.16 (1.02 
to 1.32), P=0.02).  In meta-analyses of placebo controlled trials of calcium or calcium and 
vitamin D, complete trial-level data were available for 28 072 participants from eight trials of 
calcium supplements and the WHI CaD participants not taking personal calcium supplements.  
In total 1384 individuals had an incident myocardial infarction or stroke. Calcium or calcium 
and vitamin D increased the risk of myocardial infarction (relative risk 1.24 (1.07 to 1.45), 
P=0.004) and the composite of myocardial infarction or stroke (1.15 (1.03 to 1.27), P=0.009).

Conclusions Calcium supplements with or without vitamin D modestly increase the risk of 
cardiovascular events, especially myocardial infarction, a finding obscured in the WHI CaD 
Study by the widespread use of personal calcium supplements.  A reassessment of the role of 
calcium supplements in osteoporosis management is warranted.
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Importance: Calcium intake has been promoted because of its proposed benefit on 
bone health, particularly among the older population. However, concerns have been 
raised about the potential adverse effect of high calcium intake on cardiovascular 
health.

Objective: To investigate whether intake of dietary and supplemental calcium is 
associated with mortality from total cardiovascular disease (CVD), heart disease, 
and cerebrovascular diseases.

Design and Setting: Prospective study from 1995 through 1996 in California, 
Florida, Louisiana, New Jersey, North Carolina, and Pennsylvania and the 2 
metropolitan areas of Atlanta, Georgia, and Detroit, Michigan.  

Participants: A total of 388 229 men and women aged 50 to 71 years from the 
National Institutes of Health–AARP Diet and Health Study.

Main Outcome Measures: Dietary and supplemental calcium intake was assessed 
at baseline (1995-1996). Supplemental calcium intake included calcium from 
multivitamins and individual calcium supplements.  Cardiovascular disease deaths 
were ascertained using the National Death Index. Multivariate Cox proportional 
hazards regression models adjusted for demographic, lifestyle, and dietary variables 
were used to estimate relative risks (RRs) and 95% CIs.

Results: During a mean of 12 years of follow-up, 7904 and 3874 CVD deaths in 
men and women, respectively, were identified. Supplements containing calcium 
were used by 51% of men and 70% of women. In men, supplemental calcium intake 
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was associated with an elevated risk of CVD death (RR1000 vs 0 mg/d, 1.20; 95% CI, 1.05-
1.36), more specifically with heart disease death (RR, 1.19; 95% CI, 1.03-1.37) but not 
significantly with cerebrovascular disease death (RR,1.14; 95% CI, 0.81-1.61).  In women, 
supplemental calcium intake was not associated with CVD death (RR, 1.06; 95% CI, 0.96-
1.18), heart disease death (1.05; 0.93-1.18), or cerebrovascular disease death (1.08; 0.87-
1.33).  Dietary calcium intake was unrelated to CVD death in either men or women.

Conclusions and Relevance: Our findings suggest that high intake of supplemental calcium 
is associated with an excess risk of CVD death in men but not in women.  Additional studies 
are needed to investigate the effect of supplemental calcium use beyond bone health.
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Importance:  Calcium intake has been promoted because of its proposed benefit on 
bone health, particularly among the older population.  However, concerns have been 
raised about the potential adverse effect of high calcium intake on cardiovascular 
health.

Objective:  To investigate whether intake of dietary and supplemental calcium is 
associated with mortality from total cardiovascular disease (CVD), heart disease, 
and cerebrovascular diseases.

Design and Setting:  Prospective study from 1995 through 1996 in California, 
Florida, Louisiana, New Jersey, North Carolina, and Pennsylvania and the 2 
metropolitan areas of Atlanta, Georgia, and Detroit, Michigan.  

Participants:  A total of 388 229 men and women aged 50 to 71 years from the 
National Institutes of Health–AARP Diet and Health Study.

Main Outcome Measures:  Dietary and supplemental calcium intake was assessed 
at baseline (1995-1996). Supplemental calcium intake included calcium from 
multivitamins and individual calcium supplements.  Cardiovascular disease deaths 
were ascertained using the National Death Index. Multivariate Cox proportional 
hazards regression models adjusted for demographic, lifestyle, and dietary variables 
were used to estimate relative risks (RRs) and 95% CIs.

Results:  During a mean of 12 years of follow-up, 7904 and 3874 CVD deaths in 
men and women, respectively, were identified. Supplements containing calcium 
were used by 51% of men and 70% of women. In men, supplemental calcium intake 
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was associated with an elevated risk of CVD death (RR 1000 vs 0 mg/d, 1.20; 95% CI, 1.05-
1.36), more specifically with heart disease death (RR, 1.19; 95% CI, 1.03-1.37) but not 
significantly with cerebrovascular disease death (RR,1.14; 95% CI, 0.81-1.61).  In women, 
supplemental calcium intake was not associated with CVD death (RR, 1.06; 95% CI, 0.96-
1.18), heart disease death (1.05; 0.93-1.18), or cerebrovascular disease death (1.08; 0.87-
1.33).  Dietary calcium intake was unrelated to CVD death in either men or women.

Conclusions and Relevance:  Our findings suggest that high intake of supplemental calcium 
is associated with an excess risk of CVD death in men but not in women.  Additional studies 
are needed to investigate the effect of supplemental calcium use beyond bone health.
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Importance: Calcium intake has been promoted because of its proposed benefit on 
bone health, particularly among the older population. However, concerns have been 
raised about the potential adverse effect of high calcium intake on cardiovascular 
health.

Objective: To investigate whether intake of dietary and supplemental calcium is 
associated with mortality from total cardiovascular disease (CVD), heart disease, 
and cerebrovascular diseases.

Design and Setting: Prospective study from 1995 through 1996 in California, 
Florida, Louisiana, New Jersey, North Carolina, and Pennsylvania and the 2 
metropolitan areas of Atlanta, Georgia, and Detroit, Michigan.  

Participants: A total of 388 229 men and women aged 50 to 71 years from the 
National Institutes of Health–AARP Diet and Health Study.

Main Outcome Measures: Dietary and supplemental calcium intake was assessed 
at baseline (1995-1996). Supplemental calcium intake included calcium from 
multivitamins and individual calcium supplements.  Cardiovascular disease deaths 
were ascertained using the National Death Index. Multivariate Cox proportional 
hazards regression models adjusted for demographic, lifestyle, and dietary variables 
were used to estimate relative risks (RRs) and 95% CIs.

Results: During a mean of 12 years of follow-up, 7904 and 3874 CVD deaths in 
men and women, respectively, were identified. Supplements containing calcium 
were used by 51% of men and 70% of women. In men, supplemental calcium intake 
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was associated with an elevated risk of CVD death (RR1000 vs 0 mg/d, 1.20; 95% CI, 1.05-
1.36), more specifically with heart disease death (RR, 1.19; 95% CI, 1.03-1.37) but not 
significantly with cerebrovascular disease death (RR,1.14; 95% CI, 0.81-1.61).  In women, 
supplemental calcium intake was not associated with CVD death (RR, 1.06; 95% CI, 0.96-
1.18), heart disease death (1.05; 0.93-1.18), or cerebrovascular disease death (1.08; 0.87-
1.33).  Dietary calcium intake was unrelated to CVD death in either men or women.

Conclusions and Relevance: Our findings suggest that high intake of supplemental calcium 
is associated with an excess risk of CVD death in men but not in women.  Additional studies 
are needed to investigate the effect of supplemental calcium use beyond bone health.
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Calcium supplements have been associated with an increased risk of cardiovascular 
events. However, the validity of these findings has been questioned. A major 
concern is that the mechanism underlying an increase in cardiovascular events has 
not been demonstrated. Calcium initiates cardiac and vascular contraction following 
influx of calcium into cardiac and smooth muscle from extracellular fluid. We have 
investigated whether the acute rise in serum calcium following calcium supplement 
administration is associated with adverse changes in cardiovascular function. In an 
open interventional study, we recruited 25 volunteers (16 female, age 60.3 ± 6.5 
years, body mass index 25.7 ± 2.7 kg/m2) from the community who were not taking 
calcium supplements. Participants were studied before and 3 hours after a single 
oral dose of 1000 mg calcium citrate. We assessed well-validated markers of arterial 
stiffness (pulse wave velocity [PWV]), arterial wave reflection (augmentation index 
[AIx]), and myocardial perfusion (subendocardial viability ratio [SEVR]) by pulse 
wave analysis and endothelial function (reactive hyperemia index [RHI]) by 
peripheral arterial tonometry. Total and ionized serum calcium were acutely 
increased by 0.10 ± 0.07 and 0.06 ± 0.03 mmol/L, respectively, 3 hours after calcium 
citrate administration (p < 0.0001 for both comparisons). Following administration 
of calcium citrate there was a fall in AIx from a median of 29.7% (23.8% to 34.0%) 
to 26.4% (22.7% to 34.0%, p = 0.03) and an increase in SEVR from 163% (148% to 
174%) to 170% (149% to 185%, p = 0.007). PWV and RHI were not significantly 
altered. The change in total calcium was negatively correlated with the change in 
AIx (r = -0.48, p = 0.02). In summary, the acute increase in serum calcium following 
calcium supplement administration is associated with reduced arterial wave 
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reflection and a marker of increased myocardial perfusion. If maintained long-term, these 
changes would be expected to reduce cardiovascular risk. Acute serum calcium-mediated 
changes in these parameters of cardiovascular function are unlikely to underlie an association 
between calcium supplementation and cardiovascular events.
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changes would be expected to reduce cardiovascular risk. Acute serum calcium-mediated 
changes in these parameters of cardiovascular function are unlikely to underlie an association 
between calcium supplementation and cardiovascular events.
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Figure 1. Blood and urine biochemistry at baseline and following the 
calcium challenges. The supplement challenge is indicated by solid lines and 
square symbols, the food challenge by dashed lines and closed circles. (a) 
serum calcium; (b) urinary calcium/creatinine; (c) plasma PTH; (d) serum 
phosphorus. Asterisks denote the differences between post-challenge and 
baseline values within each intervention. *P= 0.01, **P =0.002, ***P=0.001. 
There were no differences between the two challenges at either time point.

BACKGROUND/OBJECTIVES: Often recommended, calcium supplements 
have been incriminated as increasing the risk of cardiovascular events, 
whereas dietary calcium has generally been exonerated. As a first step to 
address the vascular safety of such dietary measures at the clinical 
nutritionist toolbox, we sought to determine and compare the acute effects of 
a typical oral calcium load, provided either as a supplement or as food, on 
vascular parameters assessed noninvasively in healthy subjects.

SUBJECTS/METHODS:  In this acute, cross-over, random-order 
intervention, 11 young and healthy vitamin D-sufficient volunteers (8 
women/3 men, 33 ± 6.1 years, body mass index 22.6 ± 2.3 kg/m2), ingested 
600 mg of calcium twice, once as calcium citrate and the other time from 
dairy products. Biochemical, vascular and hemodynamic parameters, before 
and 2 h after each challenge, were compared. Arterial stiffness was studied 
by measuring pulse wave velocity, augmentation index and large (C1) and 

128



small (C2) arterial compliance. Endothelial function was assessed by flow-mediated 
dilation (FMD).

RESULTS:  Despite effective calcium loading accompanied by a significant 60% 
parathyroid hormone level reduction on both occasions, there were no clinically 
significant changes in the vascular parameters neither in comparison with baseline, 
nor between the studies. A decrease in heart rate with no change in cardiac output 
was noticed after the supplement.

CONCLUSIONS: An effective calcium load has no clinically significant untoward 
effect on the vascular properties of young healthy subjects, regardless of its source. 
Additional studies should determine whether this holds true for chronic calcium 
supplementation, particularly in subjects with a priori vascular impairment.
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and 2 h after each challenge, were compared. Arterial stiffness was studied 
by measuring pulse wave velocity, augmentation index and large (C1) and 
small (C2) arterial compliance. Endothelial function was assessed by flow-
mediated dilation (FMD).

RESULTS:  Despite effective calcium loading accompanied by a significant 
60% parathyroid hormone level reduction on both occasions, there were no 
clinically significant changes in the vascular parameters neither in 
comparison with baseline, nor between the studies. A decrease in heart rate 
with no change in cardiac output was noticed after the supplement.

CONCLUSIONS: An effective calcium load has no clinically significant 
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untoward effect on the vascular properties of young healthy subjects, regardless of its 
source. Additional studies should determine whether this holds true for chronic 
calcium supplementation, particularly in subjects with a priori vascular impairment.
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Fig. 2  Changes in serum. a Ionized calcium. b Total calcium. c Phosphate 
over 8 h in postmenopausal women after 1 g of calcium as carbonate (n=20) 
or a placebo containing no calcium (n=20).  Asterisk indicates change from 
baseline significantly different from placebo group, p<0.05.  Values are 
mean±SEM

Summary Calcium supplements have been associated with increased 
cardiovascular risk, but the mechanism is unknown.  We investigated the 
effects of calcium supplements on the propensity of serum to calcify, based 
on the transition time of primary to secondary calciprotein particles (T50).  
Changes in serum calcium were related to changes in T50.  

Introduction Calcium supplements have been associated with increased 
cardiovascular risk; however, it is unknown whether this is related to an 
increase in vascular calcification.

Methods We investigated the acute and 3-month effects of calcium 
supplements on the propensity of serum to calcify, based on the transition 
time of primary to secondary calciprotein particles (T50), and on three 
possible regulators of calcification: fetuin-A, pyrophosphate and fibroblast 
growth factor-23 (FGF23).  We randomized 41 postmenopausal women to 1 
g/ day of calcium as carbonate, or to a placebo containing no calcium.  
Measurements were performed at baseline and then 4 and 8 h after their first 
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dose, and after 3 months of supplementation.  Fetuin-A, pyrophosphate and FGF23 
were measured in the first 10 participants allocated to calcium carbonate and placebo 
who completed the study.

Results T50 declined in both groups, the changes tending to be greater in the 
calcium group. Pyrophosphate declined from baseline in the placebo group at 4 h and 
was different from the calcium group at this time point (p=0.04). There were no other 
significant between-groups differences. The changes in serum total calcium from 
baseline were significantly related to changes in T50 at 4 h (r=−0.32, p=0.05) and 8 h 
(r=−0.39, p= 0.01), to fetuin-A at 3 months (r=0.57, p=0.01) and to pyrophosphate at 
4 h (r=0.61, p=0.02).

Conclusions These correlative findings suggest that serum calcium concentrations 
modulate the propensity of serum to calcify (T50), and possibly produce counter-
regulatory changes in pyrophosphate and fetuin-A.  This provides a possible 
mechanism by which calcium supplements might influence vascular calcification.
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Klotho, phosphate and FGF-23 in ageing and disturbed mineral metabolism.  
Kuro-o, M. Nat. Rev. Nephrol. 9, 650–660 (2013) 

Figure 2 | The formation of calciprotein particles. a | When the concentration of free 
calcium and phosphate exceed the concentration of the formation product, calcium–
phosphate crystals are generated by nucleation. Calcium–phosphate crystals are 
transformed from monetite to hydroxyapatite through different phases and 
eventually precipitate.  b | In the presence of serum, calcium–phosphate crystals 
bind to fetuin-A and form colloidal nanoparticles.  The calcium–phosphate-crystal-
laden fetuin-A molecules aggregate to form nanoparticles (50–100 nm diameter; 
scale bar 500 nm), which are called primary calciprotein particles.  Primary 
calciprotein particles undergo topological rearrangement to form a stable structure, 
in which a densely packed fetuin-A monolayer covers a mineral core, thereby 
preventing further crystal growth.83,84  These particles are referred to as secondary 
calciprotein particles and are 100–200 nm diameter.  The image in panel b is 
republished with permission of the American Society of Nephrology, from © 
Nanoparticle-based test measures overall propensity for calcification in serum.  
Pasch, A. J. Am. Soc. Nephrol. 10, 1744–1752 (2012); permission conveyed through 
Copyright Clearance Center. 
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Fig. 3  Changes in a the half-maximal transition time of primary to secondary 
calciprotein particles (T50), b fetuin-A, c pyrophosphate and d fibroblast 
growth factor-23 (FGF23) over 8 h in postmenopausal women after 1 g of 
calcium as carbonate or a placebo containing no calcium. n=10/group, 
except for T50 where n=20/group.  Asterisk indicates change from baseline 
significantly different from placebo group, p=0.04.  Values are mean±SEM

Reduced T50, reflecting a reduced ability of serum to withstand calcification, is 
associated with progressive aortic stiffening and mortality in patients with chronic 
kidney disease (CKD), [20] and with mortality in renal transplant recipients [19].  
Pasch et al. reported that T50 was positively associated with fetuin-A, albumin, and 
magnesium, and inversely associated with serum phosphate and calcium [18].  
Similarly, in a cross-sectional analysis in patients with CKD, T50 was inversely 
associated with ionized calcium and phosphate and was lower among calcium 
supplement users versus non-users [20].

There have been other reports of an association between serum calcium and fetuin-
A.  Fetuin-A was positively correlated with serum calcium in 82 elderly women [20] 
and in 112 children with CKD [22].  Furthermore, in 40 end-stage renal disease 
patients, fetuin-A was higher after 12 months of peritoneal dialysis with a high 
versus low calcium dialysate [23].  It is possible that an increase in fetuin-A may 
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reflect a physiologic response to prevent calcification in the face of elevated serum calcium 
[24].

Summary Calcium supplements have been associated with increased 
cardiovascular risk, but the mechanism is unknown.  We investigated the effects of 
calcium supplements on the propensity of serum to calcify, based on the transition 
time of primary to secondary calciprotein particles (T50).  Changes in serum calcium 
were related to changes in T50.  

Introduction Calcium supplements have been associated with increased 
cardiovascular risk; however, it is unknown whether this is related to an increase in 
vascular calcification.

Methods We investigated the acute and 3-month effects of calcium supplements on 
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(r=−0.39, p= 0.01), to fetuin-A at 3 months (r=0.57, p=0.01) and to pyrophosphate at 
4 h (r=0.61, p=0.02).
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regulatory changes in pyrophosphate and fetuin-A.  This provides a possible 
mechanism by which calcium supplements might influence vascular calcification.
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cardiovascular risk, but the mechanism is unknown.  We investigated the 
effects of calcium supplements on the propensity of serum to calcify, based 
on the transition time of primary to secondary calciprotein particles (T50).  
Changes in serum calcium were related to changes in T50.  

Introduction Calcium supplements have been associated with increased 
cardiovascular risk; however, it is unknown whether this is related to an 
increase in vascular calcification.

Methods We investigated the acute and 3-month effects of calcium 
supplements on the propensity of serum to calcify, based on the transition 
time of primary to secondary calciprotein particles (T50), and on three 
possible regulators of calcification: fetuin-A, pyrophosphate and fibroblast 
growth factor-23 (FGF23).  We randomized 41 postmenopausal women to 1 
g/ day of calcium as carbonate, or to a placebo containing no calcium.  
Measurements were performed at baseline and then 4 and 8 h after their first 
dose, and after 3 months of supplementation.  Fetuin-A, pyrophosphate and 
FGF23 were measured in the first 10 participants allocated to calcium 
carbonate and placebo who completed the study.

Results T50 declined in both groups, the changes tending to be greater in 
the calcium group. Pyrophosphate declined from baseline in the placebo 
group at 4 h and was different from the calcium group at this time point 
(p=0.04). There were no other significant between-groups differences. The 
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changes in serum total calcium from baseline were significantly related to changes in 
T50 at 4 h (r=−0.32, p=0.05) and 8 h (r=−0.39, p= 0.01), to fetuin-A at 3 months 
(r=0.57, p=0.01) and to pyrophosphate at 4 h (r=0.61, p=0.02).

Conclusions These correlative findings suggest that serum calcium concentrations 
modulate the propensity of serum to calcify (T50), and possibly produce counter-
regulatory changes in pyrophosphate and fetuin-A.  This provides a possible 
mechanism by which calcium supplements might influence vascular calcification.
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Fig. 4  Relationships between changes in serum total calcium from baseline 
and changes in a the half-maximal transition time of primary to secondary 
calciprotein particles (T50) at 8 h, b fetuin-A at 3 months and c 
pyrophosphate at 4 h. Data are from both the calcium carbonate and 
placebo groups.

Summary Calcium supplements have been associated with increased 
cardiovascular risk, but the mechanism is unknown.  We investigated the 
effects of calcium supplements on the propensity of serum to calcify, based 
on the transition time of primary to secondary calciprotein particles (T50).  
Changes in serum calcium were related to changes in T50.  

Introduction Calcium supplements have been associated with increased 
cardiovascular risk; however, it is unknown whether this is related to an 
increase in vascular calcification.

Methods We investigated the acute and 3-month effects of calcium 
supplements on the propensity of serum to calcify, based on the transition 
time of primary to secondary calciprotein particles (T50), and on three 
possible regulators of calcification: fetuin-A, pyrophosphate and fibroblast 
growth factor-23 (FGF23).  We randomized 41 postmenopausal women to 1 
g/ day of calcium as carbonate, or to a placebo containing no calcium.  
Measurements were performed at baseline and then 4 and 8 h after their first 
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dose, and after 3 months of supplementation.  Fetuin-A, pyrophosphate and FGF23 
were measured in the first 10 participants allocated to calcium carbonate and placebo 
who completed the study.

Results T50 declined in both groups, the changes tending to be greater in the 
calcium group. Pyrophosphate declined from baseline in the placebo group at 4 h and 
was different from the calcium group at this time point (p=0.04). There were no other 
significant between-groups differences. The changes in serum total calcium from 
baseline were significantly related to changes in T50 at 4 h (r=−0.32, p=0.05) and 8 h 
(r=−0.39, p= 0.01), to fetuin-A at 3 months (r=0.57, p=0.01) and to pyrophosphate at 
4 h (r=0.61, p=0.02).

Conclusions These correlative findings suggest that serum calcium concentrations 
modulate the propensity of serum to calcify (T50), and possibly produce counter-
regulatory changes in pyrophosphate and fetuin-A.  This provides a possible 
mechanism by which calcium supplements might influence vascular calcification.
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Abstract: Recent evidence suggests that Ca supplements increase the risk of 
cardiovascular events, but the mechanism(s) by which this occurs is uncertain. In a 
study primarily assessing the effects of various Ca supplements on blood Ca levels, 
we also investigated the effects of Ca supplements on blood pressure and their acute 
effects on blood coagulation. We randomised 100 post-menopausal women to 1 g/d 
of Ca or a placebo containing no Ca. Blood pressure was measured at baseline and 
every 2 h up to 8 h after their first dose and after 3 months of supplementation. 
Blood coagulation was measured by thromboelastography (TEG) in a subgroup of 
participants (n 40) up to 8 h only. Blood pressure declined over 8 h in both the 
groups, consistent with its normal diurnal rhythm. The reduction in systolic blood 
pressure was smaller in the Ca group compared with the control group by >5 mmHg 
between 2 and 6 h (P ≤0ꞏ02), and the reduction in diastolic blood pressure was 
smaller at 2 h (between-groups difference 4ꞏ5 mmHg, P =0ꞏ004). Blood 
coagulability, assessed by TEG, increased from baseline over 8 h in the calcium 
citrate and control groups. At 4 h, the increase in the coagulation index was greater 
in the calcium citrate group compared with the control group (P=0ꞏ03), which 
appeared to be due to a greater reduction in the time to clot initiation. These data 
suggest that Ca supplements may acutely influence blood pressure and blood 
coagulation. Further investigation of this possibility is required.
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Fig. 2. Changes (a) systolic and (b) diastolic blood pressures in postmenopausal 
women over 8 h after the ingestion of 1000 mg of Ca (n=76) or a placebo containing 
no Ca (n=20). Values are means with their standard errors. Changes from baseline in 
systolic blood pressure were significantly different between the Ca and placebo 
groups between 2 and 6 h (all P <0ꞏ02) and diastolic blood pressure at 2 h (P 
=0ꞏ004). *Significantly different from the control group (P <0ꞏ02).

Fig. 3. Changes in the thromboelastographic measures of blood coagulation (a) 
coagulation index and (b) time to clot initiation (R-time) in post-menopausal 
women over 8 h after the ingestion of 1000 mg of Ca as citrate ( , n 16) or a placebo 
containing no Ca ( , n 19). Changes from baseline in the coagulation index and time 
to clot initiation were significantly different between the calcium citrate and 
placebo groups at 4 h (both P =0ꞏ03). * Significantly different from the control 
group, P=0ꞏ03.  Values are means with their standard errors.
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Atherosclerotic calcification and osteoporosis often coexist in patients, yielding 
formation of bone mineral in vascular walls and its simultaneous loss from bone. To 
assess the potential role of lipoproteins in both processes, we examined the effects 
of minimally oxidized low-density lipoprotein (MM-LDL) and several other lipid 
oxidation products on calcifying vascular cells (CVCs) and bone-derived 
preosteoblasts MC3T3-E1. In CVCs, MM-LDL but not native LDL inhibited 
proliferation, caused a dose-dependent increase in alkaline phosphatase activity, 
which is a marker of osteoblastic differentiation, and induced the formation of 
extensive areas of calcification. Similar to MM-LDL, oxidized 1-palmitoyl-2-
arachidonoyl-sn-glycero-3-phosphorylcholine (ox-PAPC) and the isoprostane 8-iso 
prostaglandin E2 but not PAPC or isoprostane 8-iso prostaglandin F2 alpha induced 
alkaline phosphatase activity and differentiation of CVCs. In contrast, MM-LDL 
and the above oxidized lipids inhibited differentiation of the MC3T3-E1 bone cells, 
as evidenced by their stimulatory effect on proliferation and their inhibitory effect 
on the induction of alkaline phosphatase and calcium uptake. These results suggest 
that specific oxidized lipids may be the common factors underlying the 
pathogenesis of both atherosclerotic calcification and osteoporosis.
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