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ABSTRACT
Appropriate calcium intake is necessary for the accrual and maintenance of bone mass. A significant proportion of the world0s population does
not have adequate calcium intake, and thus, supplementation plays a key role inmaintaining bone homeostasis and other aspects of health. Since
a series of reports from the Auckland calcium study andmeta-analysis indicated that calcium supplementation was associated with an increased
risk for adverse cardiovascular events, concern over the safety of calcium supplementation has grown; however, considerable inconsistencies in
the reproducibility were found and questions regarding the study methodologies have been raised. In addition, since the increased adverse
cardiovascular events by calcium supplementation were observed in calcium-replete subjects, it should be clarified whether the same risk profile
would be observed in countries with low calcium intake. Dietary calcium intake varies widely across the world; cardiovascular event risk factors
and outcomes also vary and appear to be the opposite of calcium intake levels. Furthermore, the effects of calcium supplementation were shown
to depend on dietary calcium intake, with a better bone mineral density response for low calcium intake subjects compared to that in calcium-
replete subjects. Based on these evidences, the risk-benefit ratio of calcium supplement is likely to be different in different region of the world.
Therefore, accumulation of evidence to establish population-specific guidelines for calcium supplementation is warranted before extrapolating
the results obtained from a limited number of studies to the other people with different age, gender, ethnicity and risk profile across the world. J.
Cell. Biochem. 116: 1513–1521, 2015. � 2015 Wiley Periodicals, Inc.
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Calcium is a crucial component of bone mineral. It has been well
established that appropriate calcium intake is necessary for the

development and accrual of bone mass in growing phase [Krall and
Dawson-Hughes, 1993; Food and Nutrition Board, 2011] as well as
the maintenance of bone mineral density (BMD) in elderly people
[Health, 1994; Shea et al., 2004]. Unfortunately, a significant
proportion of the world population does not meet the recommended
calcium intake level [Cashman, 2002]. Therefore, for this segment,
calcium supplementation is critical not only for maintaining
adequate bone homeostasis but also for regulating other aspects of
health status. In addition, supplement of calcium and vitamin D
along with the therapeutic medication is an essential element of
osteoporosis management. Indeed, in almost all the randomized trials
of new osteoporosis drugs, calcium and vitamin D have been
administered to both the placebo and the active drug groups
[Liberman et al., 1995; Delmas et al., 1997; McClung et al., 2001; Neer
et al., 2001; Cummings et al., 2009].

Recently, a secondary analysis of a large trial examining the effects
of calcium supplementation on fracture and bone loss in NewZealand
reveled an increased incidence of cardiovascular events [Bolland
et al., 2008] in contrast to the generally held belief and the results of
several observational studies [Bostick et al., 1999; Paik et al., 2014].
This controversial report has instigated a considerable debate over
the safety of calcium supplementation for the past few years in the
medical field. This review discusses the relevance of this controversy
from the perspective of the global health.

GENERAL BELIEF AND RATIONALE FOR CALCIUM
SUPPLEMENTATION

Calcium is the most abundant cation in human body and 99% of
calcium is retained in skeletal tissue, while the other 1% circulates in
the plasma and other soft tissues. Thousands of milligrams of calcium
are exchanged daily through gastrointestinal absorption, renal
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filtration and resorption. In addition, hundreds of milligrams of
calcium are actively moved into and out of the skeleton during the
process of bone remodeling [Weaver, 2007; Bockman et al., 2012].

The recommended dietary allowance of calcium in the United
States is 1,200mg for adults and 1,500mg for the elderly [Food and
Nutrition Board, 2011]. According to the NHANES study 2003,
however, less than 60% of the U.S. adult population meets this
requirement, while 85–92% of elderly falls below the adequate intake
level from diet alone [Bailey et al., 2010; Fulgoni et al., 2011].
Additionally, �43% of the U.S. population and 70% of older women
use calcium supplements [Bailey et al., 2010].

Serum calcium levels are tightly regulated by hormones, such as
parathyroid hormone, vitamin D and calcitonin, although the active
role of the latter is not well established. Under conditions of low serum
calcium levels, the parathyroid hormone level is rapidly upregulated
by a compensatory mechanism, which should be obviously
deleterious to bone mass maintenance as the upregulated hormone
levels increase osteoclast-mediated bone resorption [Parfitt et al.,
1982; Allain and Dhesi, 2003].

Based on these facts, calcium supplementation has been routinely
employed in the management of osteoporosis patients as well as in
clinical trials of anti-osteoporosis medications. However, the role of
calcium supplementation specifically in fracture prevention has not
been well documented. Although an observational study [Chevalley
et al., 1994] and a meta-analysis of randomized controlled trials
(RCTs) [Tang et al., 2007] showed that calcium supplementation is
effective for preventing hip fracture, subsequent data from the
Auckland calcium study [Reid et al., 2008] as well as another meta-
analysis of cohort studies and RCTs [Bischoff-Ferrari et al., 2007] did
not find consistent effects on fracture prevention. Besides bone
health, calcium supplementation has been associated with non-
skeletal benefits including reduction of adenomatous polyps in the
colon [Baron et al., 1999], cancers [Lappe et al., 2007] and pre-
eclampsia [Hofmeyr et al., 2007].

CONTROVERSIES OVER CALCIUM SUPPLEMENT
AND CARDIOVASCULAR EVENTS

Along with other health benefits delineated above, calcium
supplementation has been also associated with a reduced risk of
mortality from cardiovascular disease. An observational study,
namely the Iowa Women0s Health study, which included a
prospective cohort of more than 30,000 postmenopausal women,
showed that high dietary or supplemental calcium intake was
associated with lower mortality from ischemic heart disease [Bostick
et al., 1999]. In addition, the risk of total mortality was also inversely
related to the use of calcium supplements in this cohort in more than
20 years of follow-up [Mursu et al., 2011]. Regarding the underlying
mechanism for this beneficial effect, improvement of plasma lipid
profile and reduction of blood pressure have been suggested [Reid
et al., 2002, 2005].

Controversy over calcium supplements arose after Bolland et al.
reported that calcium supplementation resulted in a significant
increase of adverse cardiovascular events in a secondary analysis of a
large trial that studied the effects of calcium on fracture and bone loss
in New Zealand [Bolland et al., 2008]. This report provoked a series of

critiques that mentioned a lack of reproducibility in other cohorts
[Lappe and Heaney, 2008], unbalanced or ignored confounders
[Puccetti, 2008; Ramlackhansingh, 2008], and misinterpretation of
the data [Biggs, 2008]. The same authors then published the results of
their post-hoc analysis of the Women0s Health Initiative (WHI) study
as well as a meta-analysis of trials examining calcium supplementa-
tion with or without vitamin D, which also revealed a similar increase
in adverse cardiovascular events in subjects who received calcium
supplementation [Bolland et al., 2010, 2011].

Again this report evoked the following concerns: (1) the meta-
analysis relied heavily upon unpublished data from the “Rosiglita-
zone evaluated for cardiovascular outcomes in oral agent combina-
tion therapy for type 2 diabetes (RECORD)” trial; (2) myocardial
infarctions were not the end point of the trial and thus were not
verified; (3) low compliance (54.5%), especially in the calcium arms of
the trial; (4) calcium alone is no longer recommended to prevent or
treat osteoporosis; (5) most of the data are unpublished and
impossible to investigate independently [Dawson-Hughes, 2010];
(6) inappropriate analysis of the WHI study result [Heiss et al., 2010];
(7) the study is dominated by one trial accounting for 66% of all the
subjects (5292 out of 8033); (8) no known physiological pathway
could lead from a transient 5% rise in serum calcium levels to
cardiovascular damage [Nordin et al., 2010]; and (9) only 3.5% of the
prescriptions were for calcium supplements not containing vitamin D
[Grove and Cook, 2010].

In addition, subsequent study by Prentice et al., which was
conducted on the sameWHI subjects receiving 1,000mg supplements
of calcium and 400 IU of vitamin D, failed to demonstrate an
increased incidence of adverse cardiovascular events after 7 years of
follow up [Prentice et al., 2013]. Another meta-analysis of RCTs also
showed that the risks for myocardial infarction, angina pectoris and
acute coronary syndrome were not significantly increased by calcium
supplements [Lewis et al., 2015]. There is, however, another study that
demonstrated increased risk of cardiovascular death by calcium
supplementation from a prospective cohort of men and women aged
50–71 after an average of 12 years of follow up. The result of this
study indicates that supplemental calcium raised the risk of
cardiovascular death by 20% among men but not women, and the
there was a statistically significant interaction between smoking
status and supplemental calcium intake in men [Xiao et al., 2013].

Conversely, Lewis et al. who investigated the effects of 3 years of
calcium supplements on carotid artery intimal medial thickness and
the presence or absence of atherosclerotic carotid plaque, showed that
supplementation of calcium carbonate (1,200mg/day of elemental
calcium) to 1,500 older women with a mean baseline calcium intake
of 970mg/day did not increase carotid atherosclerosis both in
intention to treat and per protocol analysis, strongly suggesting that
extended daily calcium supplementation in older women does not
have an adverse effect on carotid atherosclerosis [Lewis et al., 2014b].

In 2010, the Institute of Medicine (IOM) released its recommen-
dations for the dietary intake of calcium and vitamin D, emphasizing
that available scientific evidence supports a key role of calcium and
vitamin D in skeletal health while extraskeletal outcomes, including
cardiovascular disease is inconsistent, inconclusive as to causality.
The new report has set the Recommended Dietary Allowances
(covering requirements of >97.5% of the population) for calcium for
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men 51–70 years of age is 1,000mg and that formen>70 years of age
and women�51 years of age is 1,200mg [Food and Nutrition Board,
2011]. However, in early 2013, the U.S. Preventive Services Task
Force (USPSTF) released a new statement that advised against daily
supplementation with 400 IU or less of vitamin D3 and 1,000mg or
less of calcium for the primary prevention of fractures in non-
institutionalized postmenopausal women based on insufficient
evidence to support the supplement although they did not express
explicit concern over calcium supplementation posing a risk for
adverse cardiovascular events [Moyer and USPSTF, 2013]. In
response to this statement, however, the American Society of Bone
and Mineral Research (ASBMR) issued a statement indicating that
although calcium supplementation in healthy adults may not be
needed, those at high risk for fractures in assisted living and nursing
home should be receiving supplements [American Society of Bone
and Mineral Research, 2013].

IMPLICATIONS IN GLOBAL HEALTH PERSPECTIVES
— DIETARY CALCIUM INTAKE

As has been reviewed here, it is quite confusing in everyday clinical
practice whether to recommend calcium supplements in the general
public or to prescribe them to patients with osteoporosis. Even the
experts do not seem to fully agree on this issue and the debate is
ongoing via numerous new publications and throughout conferences.

The recent publication by Lewis et al. [2015], which described a
meta-analysis of RCTs on the effects of calcium supplementation on

coronary heart disease, revealed the contrasting opinions on this
critical subject, as illustrated by the letter to the editor by Bolland et al.
[2014] and the subsequent reply by Lewis et al. [2014a]. Although the
debate centered mainly around the statistical and study design issues,
whether calcium supplementation is casually related to adverse
cardiovascular events is currently inconsistent and inconclusive. It
would be interesting to note that the inclusion or exclusion of a
couple of papers in the meta-analysis could result in quite different
conclusion [Bolland et al., 2014; Lewis et al., 2014a], implying that
the difference may not be huge.

Furthermore, it is yet to be determined whether such a risk does
exist in low calcium intake regions, such as the countries in East Asia.
The average dietary calcium intake in South Korea, Japan, Hong Kong
and Thailand is 300–500mg/day as in other countries in this region
[Lau et al., 2001; Piaseu et al., 2001; Ho et al., 2005; Pongchaiyakul
et al., 2008; Higashiguchi et al., 2010; Kim et al., 2014], while in New
Zealand and United States, where the Auckland calcium and WHI
studies were conducted, those values are 800 and 850mg, respectively
(Fig. 1). Furthermore, none of the nine studies analyzed in Bolland0s
meta-analysis [Bolland et al., 2011] and only one (Thailand) of the 18
studies in Lewis0s meta-analysis [Lewis et al., 2015] included data
from Asian countries or other ethnicities. Indeed, almost all the
studies included in the meta-analysis were performed with
Caucasians in United States, United Kingdom, France, Denmark,
Australia and New Zealand. As shown in Fig. 1, the average dietary
calcium intake in this region ranges from 800 to 1,200mg daily,
which is almost twice the amount observed in other parts of the world.

Fig. 1. World-wide distribution of dietary calcium intake. Data obtained from EFSA Panel on Dietetic Products [2012], Looker [2006], Wang and Li [2008] and Pinheiro et al.
[2009].
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Even in the United States, fewer than 10% of women up to the age of
70 and fewer than 1% after 70 years, along with fewer than 25% of
adult men met the guideline of the U.S. National Academy of
Sciences, i.e., 1200mg of elemental calcium per day [Bailey et al.,
2010; Fulgoni et al., 2011].

Whether supplemental calcium �1,000mg/day would elicit a
similar increase in adverse cardiovascular events in people with
insufficient calcium intake is questionable.

In this regard, the result of an observational cohort study from
Sweden is noteworthy. In this Swedish Mammography Study
consisting of a population-based cohort of 61,433 women, dietary
calcium intakes above 1,400mg/day were associated with higher all-
cause and cardiovascular mortality compared to intake between 600
and 1,000mg/day. In addition, the use of calcium tablets was
associated with all cause mortality only in those with a dietary
calcium intake above 1,400mg/day. Interestingly, the mortality
rates also rose among women with an intake below 600mg/day,
giving a J-shaped relationship between calcium intake and mortality
[Michaelsson et al., 2013]. Similar tendency of higher mortality in
subjects with low calcium intake (<700mg/day) was observed in
Iowa Womens0 Health Study [Bostick et al., 1999].

The result of the Swedish Mammography Study strongly suggest
that the risk for adverse cardiovascular events, if exists, may be
related to the total calcium intake (dietary plus supplemental) rather
than the problem of supplementation. According to the J-shaped
curve shown by Michaelsson et al., in subjects who are already
consuming 1,000mg/day of dietary calcium, such as the people in

United States, New Zealand or other Western countries, supplemen-
tation of 1,000mg of elemental calcium may have led to increased
mortality from cardiovascular disease [Michaelsson et al., 2013] (red
arrow in Fig. 2). However, it could be argued that those with low
calcium intake (less than 500mg/day) including people in East Asian
countries, the risk for cardiovascular mortality would be decreased by
additional calcium intake by supplementation (blue arrow in Fig. 2).
Prospective study investigating the separate effects of dietary versus
supplemental calcium on adverse cardiovascular events should be the
subject of future research.

IMPLICATIONS IN GLOBAL HEALTH PERSPECTIVES –
FRACTURE AND CARDIOVASCULAR DISEASES

Besides the dietary calcium intake level, the epidemiological
characteristics of heart disease and osteoporotic fracture also vary
widely across the world. According to the annual “OECD health
statistics”, the consumption of anti-hypertensives or anti-cholester-
ols ranged from 148 to 555 defined daily dose per 1,000 people/day or
10 to 137 defined daily dose per 1,000 people/day, respectively, in
OECD nations in 2011 [OECD, 2013] (Fig. 3). For example, compared
to Denmark, Korea use less than 1/2 and less than 1/3 of the anti-
hypertensive and anti-cholesterol medication, respectively. In
addition, clinical characteristics and long-term outcomes of major
cardiovascular diseases have been shown to differ among countries.
Indeed, in an analysis of long-term data from the Coronary
Revascularization Demonstrating Outcome registry (Kyoto, Japan)

Fig. 2. Multivariable adjusted spline curves for relation between cumulative average of dietary and total calcium intake with time to death from all causes and cardiovascular
disease. �Adjusted for age, total energy and vitamin D intake, healthy dietary pattern, body mass index, height, living alone, educational level, physical activity level, smoking status,
use of calcium containing supplements, and score on Charlson comorbidity index. Reference value for estimation was set at 800mg, which corresponds to the Swedish
recommended level of calcium intake for women older than 50 years (adapted from Michaelsson et al. [2013] with permission).
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and the Texas Heart Institute Research Database (Houston, Texas)
including 16,100 patients who had undergone elective, initial
percutaneous coronary intervention or coronary artery bypass
grafting, greater long-term mortality was found in the U.S. group
compared with the Japanese group after adjustment for known
predictors (hazard ratio 1.71, 95% confidence interval 1.50–1.95;
P< 0.001) [Kohsaka et al., 2010]. Consistent with this evidence,
mortality from ischemic heart disease is also the lower in East Asian
countries compared to the United States, Oceanian and East European
countries [OECD, 2013] (Fig. 4).

Conversely, although the annual incidence of hip fracture in East
Asia is lower than in Western countries, this incidence is projected to
increase sharply due to the rapid ageing of the population, thereby
yielding a great socio-economical burden. It has been estimated that
more than half of all hip fracture will occur in Asia in year 2050
[Cooper et al., 1992].

As in the case of the relation between calcium supplements and
adverse cardiovascular events, it is likely that the effects of calcium
supplementation on skeletal benefits may be different depending on
the region or ethnicity. However, it is still not clear whether calcium
supplementation can prevent fracture. Although calcium (1,000mg)
monotherapy for 5 years was shown to prevent forearm and vertebral
fracture over a 10-year period in the Auckland calcium study, the
supplementation was unable to prevent hip fracture [Radford et al.,
2014]. Another study from Australia showed that supplementation of
calcium carbonate (elemental calcium 480mg) for 5 years did not
result in fracture prevention, although a positive effect was observed
in drug-compliant subgroup [Prince et al., 2006]. In addition, calcium

and vitamin D supplementation did not significantly reduce hip
fracture in the WHI study, while an increased risk of kidney stones
was identified [Jackson et al., 2006].

In contrast to the questionable role in fracture prevention,
however, beneficial effects of calcium supplementation on bone
mineral density have been observed in many studies.

Supplementation of as low as 500mg of calcium could effectively
slow lumbar spine bone loss in Japanese perimenopausal womenwith
low calcium intake [Nakamura et al., 2012]. Similar beneficial effects
have been observed in postmenopausal women from Hong Kong [Lau
et al., 1992; Haines et al., 1995; Lee et al., 1995; Lau et al., 2001; Ho
et al., 2005], China [Gui et al., 2012], Chile [Rodriguez and Novik,
1998], Argentina [Malpeli et al., 2012] and Nigeria [Umaretiya et al.,
2013]. Interestingly, however, calcium supplementation failed to
produce consistent effects on BMD in studies from calcium sufficient
areas [Aloia et al., 1994; Chevalley et al., 1994; Barger-Lux et al.,
2005]. This differential effect was clearly demonstrated in a study of
Caucasian women aged 40–70 years old by Dawson-Hughes et al.,
who showed that 500mg of calcium supplementation prevented bone
loss only in those whose dietary calcium intake was less than 400mg/
day, while the effects were not evident in those with dietary intakes of
400–650mg/day [Dawson-Hughes et al., 1990]. Another study on
prepubertal girls in Switzerland also showed that 850mg of calcium
supplementation had the greatest in girls with dietary calcium intake
below the median of 880mg/day [Bonjour et al., 1997].

The differential effects of calcium depending on dietary calcium
intake level were also found in cross-sectional studies that
investigated the association between dietary calcium intake level

Fig. 3. (A) Hypertension drugs consumption, 2000 and 2011 (or nearest year) (B) Anti-cholesterols consumption, 2000 and 2011 (or nearest year) in OECD countries (Source:
OECD Health Statistics 2013, http://dx.doi.org/10.1787/health-data-en).
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and BMD. In a study of Chinese women aged 21–30 years, dietary
calcium intake of at least 600mg/day was associated with a 4–7%
higher mean BMD at the spine and femur compared to a mean intake
of less than 300mg/day [Ho et al., 1994]. A similar association was
found in studies conducted in Japan [Ito et al., 2011] and Thailand
[Piaseu et al., 2001; Pongchaiyakul et al., 2008], where the dietary
calcium intake level is less than 500mg/day. Recently, we have also
demonstrated that dietary calcium intake is positively associated with
BMD in Koreans whose average daily calcium intake is around
470mg, particularly in subjects with very low serum 25(OH) vitamin
D3 levels [Kim et al., 2014]. Interestingly, such a positive association
was not readily observed in studies from calcium-replete countries.
Indeed, in NHANES 2005–2006 cohorts, representing U.S. men and
women of aged 50 years and older (daily calcium intake, 890–975mg
in men; 1,003–1,009mg in women), high calcium intake beyond the
recommended dietary allowance did not provide any benefit for hip or
lumbar BMD [Anderson et al., 2012]. Another study of European girls
aged 11–15 years also showed that dietary calcium was not a
determinant of peak BMD, although the low calcium intake group
(<600mg) exhibited an association, albeit insignificant, between
calcium intake and peak BMD [Kardinaal et al., 1999]. These
results support the notion that calcium is a threshold nutrient, i.e.,
the effect of calcium intake is observed only up to some threshold
level but above which no further effect can be produced by further

increase in intake [Food and Nutrition Board, 1997; Barger-Lux et al.,
2005].

Altogether, these results suggest that the beneficial effects of
dietary or supplemental calcium may vary depending on the dietary
calcium intake level across the geographical area or ethnic
background and; therefore, for people living in low calcium intake
area, the benefit from calcium supplement in bone health aspects may
outweigh the questionable risks associated with extraskeletal
problems.

CONCLUSION

To summarize, although concern over the possible adverse
cardiovascular events by calcium supplementation is emerging, there
is not enough evidence to support it consistently. Furthermore, most
of the data have been obtained from calcium-replete countries, where
the question is whether supplementation of 1,000mg of elemental
calcium to subjects already taking �1,000mg of dietary calcium is
safe.

Although dietary calcium is preferable to supplemental calcium,
the tissues do not directly perceive the source (i.e., food vs.
supplement) [Heaney et al., 2012]; therefore, it would be more
reasonable to take into account the dietary calcium intake level when
analyzing the risk/benefit profile of the calcium supplement in a

Fig. 4. Ischemic heart disease mortality 2011 in OECD countries (Source: OECD Health Statistics 2013, http://dx.doi.org/10.1787/health-data-en).
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particular population. Reid et al. has also acknowledged the presence
of interaction between the adverse cardiovascular events and dietary
calcium intake in their Auckland Calcium study, albeit it is complex
[Reid et al., 2014]. As dietary calcium intake level varies widely across
the world, the impact of calcium supplementation is also likely to
vary. Moreover, cardiovascular risk factors and outcomes tend to be
better in low calcium intake countries, while the beneficial effects of
calcium supplementation have shown to be greater than those in
calcium-replete areas.

Based on the calculation from the Auckland calcium study, the
number needed to treat one fracture by calcium supplements is 302
while the number needed to produce cardiovascular event is 178
[Bolland et al., 2011]. Although sufficient data is currently
unavailable for the calculation of these values in other areas, it is
quite possible that the risk/benefit ratio will be different depending on
the cardiovascular disease profiles and degree of skeletal benefit from
calcium supplementation. For those people living in low calcium
intake areas, appropriate calcium supplementation may be beneficial
for fracture prevention and even for reduction of all cause mortality.
Therefore, the number needed to harm (cardiovascular disease) versus
the number needed to treat (osteoporotic fracture) by calcium
supplementation should be different from that in calcium-replete
regions. We fully understand that this notion is presently
circumstantial and unsupported. Accumulation of evidence to
make population-specific guideline for calcium supplement is
warranted before extrapolating the results obtained from a limited
number of studies to the other people with different age, gender,
ethnicity and risk profile across the world.
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