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Calcium supplementation and cardiovascular risk: A rising
concern
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Over the past decade, the number of individuals taking calcium supplementation
worldwide has been on the rise, especially with the emergence of new pharmaceuti-
cal companies specialized in the marketing of dietary supplements; with calcium sup-
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adverse effect of calcium supplementation on nonskeletal, especially cardiovascular,
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health has been a cause for concern. In fact, a significant number of studies have re-
ported an association between calcium supplementation and adverse cardiovascular
events, even though high dietary calcium intake was shown to have a protective ef-
fect. The mechanism by which calcium supplementation could cause a cardiovascular
event was still unclear until a recent study published in the Journal of the American
Heart Association. Combining this recent finding with available data associating cal-
cium supplementation with cardiovascular mortality and all-cause mortality, we call
on the need for an evidence-based approach to calcium supplementation, while
stressing on the safety of dietary calcium intake over the former on cardiovascular
health.

and older.* But to date, many people in general population consume

1 | INTRODUCTION

high doses calcium-containing multivitamin and mineral supplements.’

In daily practice, health workers encounter an increasing number of pa-
tients currently taking calcium supplements without any proven deficit,
especially elderly postmenopausal women. This practice quickly spread
in the past decade based on the supposed role of calcium in the pre-
vention of osteoporosis and fractures, especially hip fractures, among
the elderly population. In fact, recent studies have reported up to 70%
of older women taking calcium supplementation in some developed
countries.! Few data are available in developing countries on the sub-
ject, but the practice is just as commonly encouraged as calcium and
vitamin D inadequacies, especially in the elderly, have been a cause for
concern.2 With the emergence of new companies specializing in the sell-
ing of dietary supplements that have made calcium supplementation a
priority marketing axis, this practice can only escalate.® The Institute of
Medicine’s guideline-recommended daily allowance for calcium intake
is 1000 mg/d for men aged 18 to 70 years and women aged 18 to 50

years and 1200 mg/d for men 70 years and older and women 50 years

Nevertheless, there is rising concern on the cardiovascular effects of cal-
cium supplementation, especially when it leads to high calcium intake,
which is thought to increase the risk of myocardial infarction, stroke
and cardiovascular mortality, as well as other noncardiovascular events
such as kidney stones.®” The increased cardiovascular risk and overall
mortality reported by some cohort studies is far from unanimous, in
part because of the scarcity of findings related to the pathophysiolog-
ical mechanism underlying such an observation.? In this sense, a study
recently published in the Journal of the American Heart Association by
Anderson and colleagues,’” assessing the association between the risk
of coronary artery calcification (CAC) and calcium intake, showed that,
after 10 years of follow-up, calcium supplement use was associated with
increased risk for incident CAC (relative risk [RR], 1.22; 95% confidence
interval [Cl], 1.07-1.39). This brought light to the issue and relaunched
the debate on the necessity of and risk associated with calcium supple-
mentation in the general population as practiced and promoted today.”
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2 | IMPORTANCE OF CALCIUM ON
CARDIOVASCULAR HEALTH

The benefit of calcium intake on blood pressure (BP) has been con-
sistent among several studies, demonstrating an inverse relationship
between calcium and BP. In 2006, a Cochrane review including 13
randomized control trials with a sample size of 485 participants dem-
onstrated a small but significant reduction in mean systolic BP by
2.5 mm Hg (95% Cl, -4.5 to -0.6) in patients with hypertension, even
though they failed to show any benefit on diastolic BP.? These find-
ings were attributed to a small sample size and possible bias, as the
included studies were mostly of poor quality. A more recent Cochrane
review including 16 trials with 3048 normotensive participants
showed a mean reduction in systolic and diastolic BP by 1.43 mm Hg
(Cl, -2.15to -0.72) and 0.96 mm Hg (Cl, -1.46 to -0.50), respectively,
with the greatest effect observed among participants younger than
35 years and a daily dose of calcium supplementation >1000 mg.10
However, the authors cautioned that these results must be inter-
preted carefully as the mechanism by which calcium causes a reduc-
tion in BP is still unclear. They also called for more basic and clinical
studies in order to allow a better understanding of the mechanism
underlying the association between calcium supplementation and
BP reduction. In addition, the authors suggested that more studies
should be carried out to evaluate the required dose and best strategy
to improve calcium intake, comparing the effect of dietary with sup-
plemental calcium. Evidence on the causal association between cal-
cium supplementation and BP reduction has been demonstrated by
other studies.* Investigators11 showed that calcium supplementation
has the ability to reduce the risk of pregnancy-related hypertensive
disorders, especially preeclampsia.

Even though the mechanism by which calcium influences BP is
poorly understood, it has been hypothesized that low calcium intake
would result in changes in vitamin D and parathyroid hormones. These
changes in vitamin D and parathyroid hormones result in an increase
in intracellular calcium and hence increased reactivity of the vascu-
lar smooth muscles. Increased reactivity of vascular smooth muscles
would lead to raised peripheral resistance and consequently increased
BP.1%1213 According to this hypothesis, a raised BP is an indirect effect
of a compensatory release of the vitamin D and parathyroid hormones

in response to low calcium levels in the organism.14

3 | STRENGTHS AND LIMITATIONS OF
AVAILABLE EVIDENCE ON THE BENEFITS
OF CALCIUM SUPPLEMENTATION ON
BONE HEALTH

The widespread use of calcium supplementation is mainly based on
the effect of calcium in the prevention of osteoporosis and related
fractures. Although a very large number of studies has investigated
this issue, there is still weak evidence that calcium supplementa-

tion in elderly individuals within the general population improves
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bone health. In the early 2000s, the National Institutes of Health
reached a consensus on the supplementation of calcium and vitamin
D in individuals with inadequate dietary intake for the prevention
of osteoporosis.15 This assertion was later the subject of much de-
bate and further meta-analyses assessing the true effect of calcium
supplementation provided no evidence on the benefits of calcium
supplementation on bone health in the general population.”® Even
though there is an established role of calcium supplementation in
the prevention of osteoporosis, available evidence supporting its
role in the prevention of fractures is weak and inconsistent among
studies.® While some findings, mostly drawn from institutionalized
and vitamin D-deficient patients, showed a small or marginal ef-
fect of calcium supplementation on bone loss and risk of total frac-
ture, others reported no reduction in hip fracture risk with calcium
supplementation and a neutral effect for nonvertebral fractures.”®
For instance, in a recently published systematic review and meta-
analysis by Chung and colleagues,'” including studies where cal-
cium supplementation dose was provided, calcium supplementation
was found to be neither harmful nor beneficial. There was a lack of
dose-response benefit for calcium supplementation, challenging the
thinking that “more is better.” Given that, Bolland and colleagues®
suggested that widespread prescription of calcium supplements
to prevent fractures should be abandoned since there is no strong
evidence on the benefits of calcium supplementation in the general
population and universal supplementation without proven deficit in
the elderly was thought unnecessary. So, there is a need for stronger
evidence in order to incorporate this suggestion into daily clinical

practice.

4 | CALCIUM SUPPLEMENTATION AND
CARDIOVASCULAR RISK

Recently, there has been an increasing interest on the nonskeletal
outcomes, including cardiovascular health of calcium intake, espe-
cially calcium supplementation and consequently its relation with
cardiovascular mortality or morbidity.»4'8 Most studies agree on the
fact that adequate calcium intake is important for bone health and
several major physiologic functions. But the effects of calcium sup-
plementation on other health outcomes are still controversial. At the
root of this debate is the meaning of the term “adequate” since the
problem is not only the quantity but also the quality and source of
calcium intake. In this context, many cohort studies have shown an
increase in cardiovascular risk and mortality associated with calcium
supplementation but not dietary calcium intake. Thus, it is generally
admitted that dietary calcium intake is safe compared with calcium
supplementation.>® For instance, in a large prospective cohort of
388 229 men and women aged 50 to 71 years, Xiao and colleagues®
found that men with >1000 mg/d intake of supplemental calcium had
significantly higher risk of total CVD death (multivariate RR=1.20,
[95% Cl, 1.05, 1.36]) after an average follow-up of 12 years. Another
prospective study conducted by Yang and coIIeagues,19 which in-
volved 132 823 participants followed during 17.5 years, reported
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that dietary calcium was not associated with all-cause mortality in
either sex. However, men who were taking 21000 mg/d supplemen-
tal calcium had a higher risk of all-cause mortality (RR, 1.17; 95%
Cl, 1.03-1.33) and cardiovascular disease-specific mortality (RR,
1.22; 95% ClI, 0.99-1.51). For women, they found that supplemen-
tal calcium was inversely associated with mortality from all causes
(RR, 0.90 [95% Cl, 0.87-0.94], 0.84 [95% Cl, 0.80-0.88], and 0.93
[95% ClI, 0.87-0.99] for intakes of 0.1 to <500, 500 to <1000, and
>1000 mg/d, respectively; P trend <.01). Overall, total calcium intake
was inversely associated with mortality in women (P trend <.01) but
not in men.'? There is a growing concern on the increase in cardio-
vascular and all-cause mortality related to supplemental calcium in-
take; however, despite this rising evidence, many gray areas persist
regarding the mechanism by which calcium supplementation may
increase the risk of myocardial infarction and overall cardiovascular
mortality (Tables 1 and 2).

5 | CALCIUM SUPPLEMENTATION AND
CORONARY ARTERY CALCIFICATION (CAC)

Until now, scant evidence existed for biological mechanisms linking
calcium supplementation to atherosclerotic heart disease.> A previ-
ous substudy of the Women'’s Health Initiative Calcium/Vitamin D
Supplemental Trial found no difference in coronary artery calcium
scores after 7 years of follow-up in women receiving supplements
(1000 mg of elemental calcium and 400 IU of vitamin D3 daily) and
those receiving placebo.?! More recently, the National Osteoporosis
Foundation and the American Society for Preventive Cardiology con-
vened an expert panel to evaluate the effects of dietary and sup-
plemental calcium on cardiovascular disease based on the existing
peer-reviewed scientific literature. According to this panel, there was
currently moderate-quality evidence (B level) that calcium with or
without vitamin D intake from food or supplements has a relationship
(beneficial or harmful) with the risk for cardiovascular and cerebro-
vascular disease mortality, or all-cause mortality in generally healthy
adults. In light of available evidence, their conclusion was that calcium
intake from food and supplements that does not exceed the tolerable
upper level of intake (defined by the National Academy of Medicine
as 2000-2500 mg/d) should be considered safe from a cardiovascu-

t.22 However, the paper published by Anderson and col-

lar standpoin
laborators’ suggests the opposite. Indeed, they provided evidence of
the association between the risk of CAC and calcium intake, both di-
etary and supplementary, in a large cohort of patients involving 2742
participants from the Multi-Ethnic Study of Atherosclerosis (MESA)
without cardiovascular disease. In this cohort, baseline total calcium
intake was assessed from diet (using a food frequency questionnaire)
and calcium supplements (by a medication inventory) and categorized
into quintiles: 313.3 mg/d, 540.3 mg/d, 783.0 mg/d, 1168.9 mg/d,
and 2157.4 mg/d. Baseline CAC was also measured by computed
tomography, and CAC measurements were repeated after 10 years.7
They found that after adjusting for confounders, the RR of incident

CAC by quintile 1 through 5 of calcium intake were 1 (reference), 0.95

(0.79-1.14), 1.02 (0.85-1.23), 0.86 (0.69-1.05), and 0.73 (0.57-0.93),
respectively. This indicates that high total calcium intake may be asso-
ciated with a decreased risk of incident atherosclerosis over long-term
follow-up. On the contrary, they found that calcium supplement use
was associated with a 22% increase in risk of incident CAC (RR, 1.22;
95% Cl, 1.07-1.39). In addition, Li and colleagues*? prospectively
evaluated the association of dietary calcium intake and calcium sup-
plementation with M, stroke risk, and overall cardiovascular disease
mortality. They showed that after an average follow-up of 11 years, in
comparison with nonusers of any supplements, users of calcium sup-
plements had a statistically significantly increased Ml risk (HR, 1.86;
95% Cl, 1.17-2.96), which was more pronounced for users of calcium
supplements only (HR, 2.39; 95% Cl, 1.12-5.12). It is noteworthy that
among previous studies that did not demonstrate a relationship be-
tween the consumption of calcium supplements and coronary arterial
calcifications, were not primarily designed to evaluate the effect of
calcium supplements on cardiovascular or coronary heart disease out-
comes; increasing the potential for false-positive findings.5 Therefore,
the recent findings by Anderson and colleagues’ offer additional in-
formation on the possible mechanism by which calcium supplements
may raise the risk of myocardial infarction. This may be through an
increase in incident atherosclerosis since the CAC score is a well-
established surrogate marker for burden of atherosclerosis and its
prognosis.” These studies suggest that long-term consumption of cal-
cium supplements might increase the risk of atherosclerosis. On the
contrary, there might be a protective effect of total calcium intake on
incident coronary atherosclerosis, particularly among nonsupplement
users. Indeed, patients achieving high calcium intake with lower die-
tary proportion and higher supplement use present the greatest risk of
coronary subclinical atherosclerosis. This is of paramount importance
because more patients with high calcium needs such as the elderly, en-
couraged by advertisements of companies specializing in the manufac-
turing and selling of calcium supplements, rely on regular consumption
of high doses of calcium supplements to fill their daily needs. These
findings clearly show that increasing calcium intake should ideally be
done by increasing dietary intake, not a supplement that has a harmful
effect on cardiovascular health. Thus, the widespread use of calcium
supplements, largely prevalent in older individuals, is not a beneficial
way to meet the growing needs of calcium with age and should indeed
be abandoned.

6 | CONCLUSIONS

Recently published data suggest a significant increase in incident CAC
with calcium supplementation. Along with previous data associating
calcium supplementation with cardiovascular mortality and all-cause
mortality, this new evidence stresses the need for an evidence-based
approach to calcium supplementation. Moreover, it is urgent to edu-
cate health care providers on the possible risk of excessive and unnec-
essary calcium supplementation. From a cardiovascular perspective,
dietary calcium intake by eating foods high in calcium appears safer
than calcium loading with supplements.
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(Continued)

TABLE 2

Name of First

Author,

Follow-Up
Duration, y

Relevant Findings

Intervention Primary CVD Outcome

Sample Size

Publication Year

Neutral effect of dietary (RR, 0.90; 95% Cl, 0.68-1.19) supplemental (RR, 0.98; 95% Cl, 0.75-1.29) calcium on

12

Dietary and Incidence of stroke

36 094

Sluijs, 2014

stroke

supplemental
calcium

.007]) but neutral effect against CHD

Protective effect against the risk of stroke (HR, 0.70; 95% ClI, 0.56-0.88 [P:

Dietary calcium Incidence of CHD and 533 692

41526

Umesawa, 2008*¢

17])

(HR, 0.94; 95% Cl, 0.59-1.51 [P:
Increased risk of ischemic stroke (RR, 1.66; 95% Cl, 1.08-2.53 [P

person-years

10.6

stroke

.017])

Dietary calcium Incidence of ischemic

1772

Weng, 2008

stroke

For men: nonsignificant increased risk of all-cause mortality with supplemental calcium (RR, 1.17; 95% ClI,

17.5

All-cause mortality and

Dietary and

132823

Yang, 20167

1.03-1.33), specifically CVD-specific mortality (RR, 1.22; 95% Cl, 0.99-1.51)
For women: protective effect against all-cause mortality (RR, 0.93; 95% Cl, 0.87-0.99 [P<.01])

Dietary calcium was not associated with all-cause mortality in both sexes

CVD-specific death

supplemental

calcium

Increased risk of CVD mortality with supplemental calcium in men (RR, 1.20; 95% Cl, 1.05-1.36), specifically

All CVD death

Dietary and
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death from cardiac disease (RR, 1.19; 95% Cl, 1.03-1.37)
No associated mortality or benefit found in women taking supplemental calcium (RR, 1.06; 95% Cl, 0.96-1.18)

Dietary calcium intake was unrelated to CVD death in men (RR, 1.04; 95% Cl, 0.97-1.12) and women (RR, 1.04;

supplemental

calcium intake

95% Cl, 0.94-1.15)

Abbreviations: CACS, coronary artery calcification score; CHD, coronary heart disease; Cl, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; IHD, ischemic heart disease; MI, myocardial

infarction; RR, relative risk.
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