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Abstract

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 eventsin 42 women,
P=0.008). After adjudication myocardial infarction remained more common in the calcium
group (24 events in 21 womenv 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 eventsin 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:
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 ratiowas 1.45
(0.88 t0 2.49).

Conclusion Calcium supplementation in healthy postmenopausal women is associated
with upward trends in cardiovascular eventrates. This potentially detrimental effect should
be balanced against the likely benefits of calcium on bone.

Trial registration Australian Clinical Trials Registry ACTRN 012605000242628.
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Introduction

Evidence suggests that high calcium intakes might protect against vascular disease.
Calcium supplementation has been shown to increase the ratio of high density lipoprotein
cholesterol to low density lipoprotein cholesterol by almost 20% in healthy postmenopausal
women.? Studies in humans and animals suggest that these effects on cholesterol result
from calcium binding to fatty acids and bile acids in the gut, leading to malabsorption of
fat,2 2 although direct effects of calcitropic hormones on adipocytes have also been
implicated.? 2 Cholesterol changes of this order may be associated with 20%-30%
reductions in vascular event rates.® £ In addition evidence suggests that calcium
supplementation causes reductions in blood pressure,? although these reductions are small
and transient.? Evidence is also inconsistent that high calcium intakes are associated with
weight loss.2 These data from interventional studies are supported by observational
evidence that calcium intake is inversely associated with vascular disease. The lowa
women’s health study, for example, found a one third reduction in deaths from
cardiovascular events in women whose calcium intakes (diet or supplements) were in the
highest fourth compared with those in the lowest fourth.2? The Boston nurses health study
found that women in the highest fifth for calcium intake had an adjusted relative risk of
ischaemic stroke of 0.69 (95% confidence interval 0.50 to 0.95) compared with those in the
lowest fifth.22 A study in the United Kingdom reported a strong inverse relation between
calcium intake and standardised mortality ratios for ischaemic heart disease.2
Communities with a calcium rich water supply also seem to have lower risks of
cardiovascular events.t

Because of the high incidence of vascular disease in postmenopausal women any effects
of calcium supplements on vascular health could be as important in terms of their effects
on morbidity and mortality as their effects on bone. Although no randomised controlled
trials have been designed primarily to assess the effect of calcium supplementation on
vascular event rates or deaths, secondary analyses of the women'’s health initiative study
have recently shown no consistent effects in a population of average age 62.1
Interpretation of the data from this study is hampered by its failure to show consistent
effects of calcium on bone density and fractures, poor adherence to study drugs, and a
high rate of use of other vasoactive drugs, particularly oestrogen. We recently reported a
five year study of calcium supplementation in 1471 healthy older women (mean age 74).2
We tested whether the potential vascular benefits from calcium use were evident in the
context of a randomised controlled trial.

Methods

This study is a secondary analysis of a randomised controlled trial of calcium
supplementation in healthy postmenopausal women, primarily designed to assess the
effects of calcium on bone density and fracture incidence over five years. The methods
have been described previously.t £2 Briefly, women were included in the study if they had
been postmenopausal for more than five years, were aged 55 or more, and had a life
expectancy of more than five years. We excluded women who were receiving treatment for
osteoporosis or taking calcium supplements; those with any other major ongoing disease
including hepatic, renal, or thyroid dysfunction, malignancy, or metabolic bone disease;
and those with serum 25-hydroxyvitamin D levels less than 25 nmol/l. Participants gave
written, informed consent to take part in the study.

Women were recruited by advertisement, and by post using electoral rolls. In total, 2421
women responded, of whom 641 were ineligible and 309 decided not to participate.

Participants received either 1 g of elemental calcium daily as the citrate (Citracal; Mission
Pharmacal, San Antonio, TX) or identical placebo. They were asked to take two tablets
(each containing 200 mg elemental calcium) before breakfast and three in the evening. We
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used a validated food frequency questionnaire to assess dietary calcium intake.®
Compliance was assessed by tablet counts. The women were followed up every six
months for five years.

Cardiovascular event assessment

At each visit we recorded adverse events. We compared the frequency of events in the two
groups: death, sudden death, myocardial infarction, angina, other chest pain, stroke, and
transientischaemic attack, and a composite cardiovascular end point consisting of sudden
death, myocardial infarction, angina, or chest pain. We wrote a more detailed protocol
before the analysis of vascular events, and this added an additional composite end point of
myocardial infarction, stroke, or sudden death, as this has become the commonly used end
point in such analyses. It also enabled adjudication of these events. When a myocardial
infarction, stroke, or transient ischaemic attack was recorded we reviewed the participant’s
medical records (completed by the family doctor or hospital). For women who died during
the study we obtained the cause of death from hospital records or death certificates. To
identify events that occurred during the study and were unreported by participants we
searched the national database of hospital admissions for cardiovascular events
(discharge codes 410-414 and 430-438, international classification of diseases, ninth
revision). We also reviewed the hospital records related to these admissions.

We defined myocardial infarction in accordance with the Joint European Society of
Cardiology and American College of Cardiology Committee criteria for acute, evolving, or
recent myocardial infarction.t’ Thus we classified an event as a myocardial infarction if the
typical rise and fall of a biochemical marker for myocardial necrosis occurred with at least
one of the following: ischaemic symptoms, development of diagnostic Q waves on the
electrocardiogram, electrocardiographic changes indicative of ischaemia (ST segment
elevation or depression), or coronary artery intervention. We defined stroke as a sudden
focal neurological deficit of presumed vascular origin that persisted for more than 24 hours
or that led to death, and transient ischaemic attack as a sudden focal neurological deficit of
presumed vascular origin that persisted for less than 24 hours. Sudden death was defined
in accordance with the international classification of diseases, ninth revision (code 798.2)
as death occurring in less than 24 hours from onset of symptoms, not otherwise explained.
Data for each event were compiled by a doctor and then adjudicated by a cardiologist
(myocardial infarction and sudden death) or neurologist (transientischaemic attack or
stroke). All were blinded to the participants’ treatment group.

Statistical analysis

We used Student’s t test to compare the groups for continuous variables and Fisher’s
exact test for the numbers of women experiencing an event. Results are presented as
relative risks with 95% confidence intervals. We used Kaplan-Meier survival analysis to
compare the proportion of women in each group experiencing an event over time, using
Prism v 4.03 (GraphPad Software, San Diego, CA). We calculated the person time rates
for events using Open-Epi V1.1 (www.openepi.com) and compared these using an exact
midP statistic. Poisson regression was done using the GENMOD procedure of SAS. The
number needed to treat or number needed to harm was calculated as the inverse of the
absolute difference in event rates between the groups. The significance level was set at
P<0.05; all tests were two tailed. Unless specified otherwise statistical analyses were done
using the SAS software package version 9.1 and were based on intention to treat.

Results

Overall 1471 healthy postmenopausal women were randomised: 732 to calcium and 739 to
placebo. Three hundred and thirty sixwomen in the calcium group and 296 women in the
placebo group stopped the study drug before the five year end point. Baseline
characteristics were similar between the groups (table 1+). Between baseline and five
years significant changes were found in weight (0.9 kg), systolic blood pressure (10 mm
Hg), high density lipoprotein cholesterol levels (0.19 mmol/l), and low density lipoprotein
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cholesterol levels (—0.76 mmol/l); these did not differ between the groups. The flow chart of
study participants has been presented previously.X2 Overall, 90% of participants had
complete follow-up. Among those still taking the study drugs at five years, tablet
compliance was 85% in both groups in each six month period. When participants who
discontinued the study drugs were included, compliance over the study was 58% in the
placebo group and 55% in the calcium group (P=0.13).

View this Table 1 Descriptive and biochemical characteristics of healthy,
table:  postmenopausal women assigned to calcium supplementation or to
in this  placebo. Values are means (standard deviations) unless stated

window] otherwise

[in a new

window

Table 2+ shows the numbers of women with possible cardiovascular events that were self
reported or reported by family members. Although no difference was found between
groups in the number of women with any cardiovascular event (angina, chest pain,
myocardial infarction, or sudden death), a statistically significantincrease was found in the
number of women who had a myocardial infarction (P=0.01). Similar trends were found in
the calcium group compared with the placebo group for stroke, transientischaemic attack,
and sudden death. The composite end point of myocardial infarction, stroke, or sudden
death was higherin the calcium group (P=0.008).

Table 2 Potential vascular events self reported by healthy
View this postmenopausal women assigned to calcium supplementation or to
table: placebo or reported by family members. Values are numbers of women
[in this (numbers of events) unless stated otherwise
window
in a new
window

Table 3+ shows the number of women with cardiovascular events that were self reported
or reported by family members and were confirmed by the adjudication process. A
statistically significantincrease was found in myocardial infarction in the calcium group, but
there was not a significant increase in stroke or the composite end point (P=0.076).

Table 3 Verified vascular events self reported by healthy
View this postmenopausal women assigned to calcium supplementation or to
table: placebo or reported by family members. Values are numbers of women
[in this (numbers of events) unless stated otherwise
window
in a new
window

Table 4+ shows adjudicated data, including events not reported by participants. A
statistically significant increase in the number of women with any of the end points in the
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calcium group was no longer found. When the data were expressed as event rates,
however, the rate ratios for both myocardial infarction and the composite end point were of
borderline significance. When these data for myocardial infarction were plotted over time
the groups began to diverge at about 24 months, and thereafter continued to separate
(figure+), although statistical significance was not achieved (P=0.14). Time course
analyses of the proportion of women with a verified stroke or a verified composite end point
showed a similar temporal pattern (P=0.2-0.3 for both analyses, data not shown).

Kaplan-Meier survival plot showing proportion of
healthy postmenopausal women assigned to calcium
supplementation or to placebo that had a verified
myocardial infarction during the study. Included are
events self reported by participants and those from
the national database of hospital admissions and

* * review of death certificates (P=0.14 when compared

Time b Niest mrpocardial Infaction [months)
View larger version (31K): PY l0g rank test)

[in this window]
[in a new window]
[PowerPoint Slide for

Teaching]

Fropariban with verdled
wryncardial |nfanklos (%)

View this Table 4 Verified vascular events self reported by healthy
table: postmenopausal women assigned to calcium supplementation or to
[in this placebo, reported by family members, and from the national database of
window] hospital admissions in New Zealand.* Values are numbers of women
[in a new (numbers of events) unless stated otherwise

window]

When the analyses in table 4+ were restricted to events occurring in participants with more
than 60% compliance since the start of the study no sudden deaths were found. For
myocardial infarction, stroke, and myocardial infarction or stroke, event rates were little
changed in the placebo group from those for the cohort shown in table 4+ (6.6, 11.6, and
18.2), but event rates tended to be higher in the compliant members of the calcium group
(15.5, 22.6, and 38.1). This was reflected in the respective rate ratios (2.4, 0.8 to 8.5,
P=0.14; 2.0, 0.8 to 5.1, P=0.14; and 2.1, 1.1 to 4.4, P=0.03).

Poisson regression analysis was used to determine whether the effect of treatment on
number of events per participant was independent of age and glomerular filtration rate
(above or below median for each); history of ischaemic heart disease, stroke, hypertension,
dyslipidaemia, and diabetes; and compliance with the study drug. The P values for the
effect of treatment allocation were not significantly attenuated by adjustment for any of
these potential confounders (table 5+), but previous ischaemic heart disease and high
compliance were identified as independent risk factors.
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View this Table 5 Poisson regression models of effects of calcium
table:  supplementation or placebo and other variables on composite end point
in this  (myocardial infarction, stroke, or sudden death) in healthy

window] postmenopausal women

[in a new
window]

No differences were found between groups in the number of women who had a verified ST
segment elevation myocardial infarction or a verified non-ST segment elevation myocardial
infarction, or in the number of women in whom the diagnosis of myocardial infarction was
made by an elevated troponin level in the context of a recent operation or other important
medical iliness. Also, no differences were found between groups in the number of women
with different clinical categories of stroke (partial anterior circulation infarct, total anterior
circulation infarct, lacunar infarct, or posterior circulation infarct).g

The number of women needed to treat for five years to cause one myocardial infarction
was 44, to cause one stroke was 56, and to cause one cardiovascular event was 29. By
comparison the number needed to treat to prevent one symptomatic fracture was 50.

Discussion

Evidence that calcium might decrease the incidence of vascular events in healthy
postmenopausal women is lacking, despite this study also showing a sustained
improvement in the ratio of high density lipoprotein cholesterol to low density lipoprotein
cholesterol. In fact the present data suggest the opposite, showing significantincreases in
the rates of adjudicated vascular events reported by the women allocated to calcium
supplementation. This effectwas more noticeable in those with high compliance with the
study drug and seems to be progressive during the 30 to 60 months of the study,
consistent with an initial latent period during which vascular damage occurs before event
rates increase. That calcium supplementation might have adverse effects on vascular
disease incidence is of concern because the morbidity and mortality that would follow from
even a small adverse effect on vascular event rates is such that the beneficial effects of
calcium supplementation on bone loss would be rapidly counterbalanced, as shown by the
calculations of numbers needed to treat and harm in this study.

Because of the potential importance of this finding we searched for relevant events that
had not been reported by participants. A national database for hospital admissions in New
Zealand made this possible, although it is not normal practice to assess adverse events in
clinical trials in this way. This process resulted in some attenuation of the calcium effect,
although the rate ratios for myocardial infarction and for the composite end point
(myocardial infarction, stroke, or sudden death) still had borderline significance (P value
about 0.05). Thus the present study does not unequivocally show an adverse
cardiovascular effect of calcium but suggests that this matter needs to be considered
carefully before calcium supplementation can be broadly advocated.

Strengths and weaknesses of the study

The present study has several limitations, principally its small size for a study with
cardiovascular end points. The cohort comprised elderly (10% aged more than 80 at
baseline) and white participants, so the findings are not necessarily generalisable to other
ages and racial groups. Its strengths are that it is a randomised controlled trial of a
substantial dose of a highly bioavailable calcium supplement and has already shown
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unequivocal effects of this regimen on bone turnover and bone density. This was
something the women'’s health initiative did not achieve, possibly because of the low
bioavailability of the supplement used by that study, the lower compliance with drug taking,
or the competing effects of the use of oestrogen and non-trial calcium supplements.

Other studies

Some of the largest studies of calcium supplementation do not mention vascular

events, 222 3lthough the randomised evaluation of calcium or vitamin D study did report a
trend to higher death rates in those allocated to calcium (18.5%) than to placebo (16.3%).%
The findings in a study by Prince et al of 1460 postmenopausal women (mean age 75)
randomised to calcium carbonate or placebo over five years were similar to our own.% Few
details of vascular events are given in that publication, but the hazard ratio for the
diagnosis of incident ischemic heart disease was 1.12 (95% confidence interval 0.77 to
1.64). Thus the trend is in the same direction as in the present study although non-
significant. These confidence intervals do, however, embrace the relative risk found in the
present study.

A much larger randomised controlled trial of the effect of calcium carbonate and vitamin D
supplementation has recently been published by the women'’s health initiative
investigators.1* This study of 36 000 women, followed over seven years, showed no overall
effect of the supplements on cardiovascular event rates, with a hazard ratio for myocardial
infarction or coronary heart disease death of 1.04 (95% confidence interval 0.92 to 1.18).
When the composite end point of myocardial infarction, coronary heart disease death,
coronary artery bypass graft, or percutaneous coronary intervention was used, however,
the hazard ratio approached significance (1.08, 0.99 to 1.19). The participants in that study
differed in several respects from those in the present study: they were younger (mean age
62), heavier (mean body mass index 29), had higher calcium intakes (mean 1150 mg/day),
were taking vitamin D with the calcium, and 50% were taking hormone replacement
therapy. Hazard ratios for vascular events in the supplemented group tended to be higher
in older women and the interaction with body mass index was significant such that women
with lower values had a higher cardiovascular risk associated with the use of calcium and
vitamin D. Thus the hazard ratio for myocardial infarction for women with a body mass
index lessthan 25 was 1.16 and for death from coronary heart disease for women with a
body mass index of 25-30 was 1.18, findings similar to those in the present study (relative
risk of myocardial infarction, stroke or sudden death, 1.21) in which the mean body mass
index was 26.5. Also, in the women’s health initiative the trend was towards an adverse
effect of calcium supplementation in those with baseline calcium intakes of less than 800
mg/day (hazard ratio 1.12). If calcium supplementation does contribute to vascular adverse
events, then the use of a less bioavailable supplement in that study may have reduced the
size of any adverse effect, as may the poor compliance. The use of oestrogen by half the
participants and the administration of vitamin D with calcium might have also obscured any
vascular effects of the calcium supplementation. Thus the results of the present trial are not
incompatible with those of the randomised evaluation of calcium or vitamin D study, the
study by Prince et al, orthe women’s health initiative. Taken together these four studies
raise major concerns about the cardiovascular safety of calcium supplementation,
particularly with respect to myocardial infarction in older postmenopausal women.

Possible mechanisms

The finding of an adverse trend in vascular events with calcium supplementation is not
necessarily surprising, since calcium supplements acutely elevate serum calcium levels®
possibly accelerating vascular calcification, which is predictive of vascular event rates.®
High calcium intakes have also been associated with brain lesions on magnetic resonance
imaging scans? and with vascular calcification®222% and mortality®: 2 in patients who
receive dialysis. Data from patients requiring dialysis may be relevant to the present study
population because of the age of our participants and the associated reduced renal
function. The trend to more frequent cardiac events in the calcium group does not seem to

be secondary to changes in lipids or other risk factors, since calcium supplementation was
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associated with beneficial trends in levels of high density lipoprotein cholesterol and low
density lipoprotein cholesterol in the present study, and these were sustained until four
years’ follow-up, although the differences between groups attenuated in the final year (data
not shown). Similar beneficial trends in cholesterol fractions were also shown in the
women’s health initiative X4

Unanswered questions and future research

The data on vascular events from a secondary, preplanned analysis of the Auckland
calcium study are not conclusive but suggest that high calcium intakes might have an
adverse effect on vascular health. The similarities between these findings and those from
the dialysis literature suggest that this might be a particular concern in those with poor
renal function, particularly elderly people. The subgroup analyses available within the
women’s health initiative would be consistent with this hypothesis. The present data do not
permit definitive conclusions to be reached in this regard but do flag cardiac health as an
area of concern in relation to calcium use and mandate that this is assessed carefully in
future studies of calcium supplementation. In the meantime this potentially detrimental
effect should be balanced against the likely benefits of calcium on bone, particularly in
elderly women.

What is already known on this topic
Calcium supplementation produces changes in serum lipids that might impact
favourably on the incidence of cardiovascular disease
Although observational data support this idea, evidence from trials is lacking

What this study adds
Healthy older women randomised to calcium supplementation showed

increased rates of myocardial infarction
This effect could outweigh any benefits on bone from calcium supplements
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