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Background-—There is controversy surrounding the risk of ischemic stroke associated with the use of calcium supplements either
in monotherapy or in combination with vitamin D.

Methods and Results-—A nested case-control study was performed with patients aged 40 to 89 years old, among whom a total of
2690 patients had a first episode of nonfatal ischemic stroke and for which 19 538 controls were randomly selected from the
source population and frequency-matched with cases for age, sex, and calendar year. Logistic regression provided the odds ratios
while adjusting for confounding factors. A sensitivity analysis was performed by restricting to patients who were new users of
calcium supplements as either monotherapy or with vitamin D. Calcium supplementation with vitamin D was not associated with an
increased risk of ischemic stroke (odds ratio 0.85; 95% confidence interval, 0.67–1.08) in the population as a whole or under any of
the conditions examined (dose, duration, background cardiovascular risk, sex, or age). Calcium supplement monotherapy was not
associated with an increased risk in the population as a whole (odds ratio 1.18; 95% confidence interval, 0.86–1.61), although a
significant increased risk at high doses (≥1000 mg/day: odds ratio 2.09; 95% confidence interval, 1.25–3.49; <1000 mg: odds
ratio 0.76; 95% confidence interval, 0.45–1.26) compared with nonuse was observed. The sensitivity analysis did not affect the
inferences, with similar results observed among new users as to the overall study population.

Conclusions-—This study suggests that calcium supplements given as monotherapy at high doses may increase the risk of
ischemic stroke, whereas their combination with vitamin D seems to offset this hazard. ( J Am Heart Assoc. 2017;6:e005795.
DOI: 10.1161/JAHA.117.005795.)
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C alcium supplements, alone or combined with vitamin D,
represent the first-line therapy for the treatment of

osteoporosis, particularly among women.1 In 2010, Bolland
et al2 reported a meta-analysis of 8 randomized clinical trials in

which calcium supplements in monotherapy (CaM) were
associated with a significant increased risk of acute myocardial
infarction (AMI; relative risk: 1.27; 95% confidence interval [CI],
1.01–1.59) and a marginally nonsignificant increased risk of
stroke (relative risk: 1.12; 95% CI, 0.92–1.36). Two years later,
the same authors extended the concern to the combination of
calcium with vitamin D (CaD), after reanalysis of the WHI
(Women’s Health Initiative) trial and a pooled analysis with 2
other clinical trials, giving rise to a relative risk of 1.21 (95% CI,
1.01–1.44) for AMI and 1.20 (95% CI, 1.00–1.43) for stroke.3

Suchmeta-analyses, however, have been criticized because the
clinical trials were not primarily designed to evaluate cardio-
vascular events.4,5 In addition, a reanalysis of the WHI trial
performed by its own investigators6 and 2 more recent meta-
analyses showed no significant increased risk of AMI,7,8

stroke,8 and all-cause mortality.7

Although a randomized clinical trial specifically designed to
detect cardiovascular events would be the best option to put an
end to this controversy,9 it is a large endeavor that may not be
feasible in the short to medium term. Consequently, the
evidence provided by epidemiological studies may be the only
data available to shed some light and help make important
public health decisions. We recently performed a nested

From the Clinical Pharmacology Unit, University Hospital Pr�ıncipe de Asturias,
Alcal�a de Henares, Madrid, Spain (F.J.d.A., S.R.-M., A.R.-M.); Departament of
Biomedical Sciences (Pharmacology Sector), University of Alcal�a, Alcal�a de
Henares, Madrid, Spain (F.J.d.A.); Division of Pharmacoepidemiology and
Pharmacovigilance, Spanish Agency for Medicines and Medical Devices,
Madrid, Spain (M.J.G.).

Accompanying Tables S1 through S6 are available at http://jaha.ahajournals.
org/content/6/5/e005795/DC1/embed/inline-supplementary-material-1.
pdf

The results, discussion and conclusions are from the authors and do not
represent the position of the Spanish Agency for Medicines and Medical
Devices.

Correspondence to: Francisco J. de Abajo, MD, Departamento de Ciencias
Biom�edicas, Universidad de Alcal�a, Ctra. Madrid-Barcelona km. 33.6, 28871
Alcal�a de Henares, Madrid, Spain. E-mail: francisco.abajo@uah.es

Received February 21, 2017; accepted April 5, 2017.

ª 2017 The Authors. Published on behalf of the American Heart Association,
Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use
and distribution in any medium, provided the original work is properly cited,
the use is non-commercial and no modifications or adaptations are made.

DOI: 10.1161/JAHA.117.005795 Journal of the American Heart Association 1

ORIGINAL RESEARCH

 by guest on M
ay 20, 2017

http://jaha.ahajournals.org/
D

ow
nloaded from

 

https://doi.org/10.1161/JAHA.117.005795
http://jaha.ahajournals.org/content/6/5/e005795/DC1/embed/inline-supplementary-material-1.pdf
http://jaha.ahajournals.org/content/6/5/e005795/DC1/embed/inline-supplementary-material-1.pdf
http://jaha.ahajournals.org/content/6/5/e005795/DC1/embed/inline-supplementary-material-1.pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://jaha.ahajournals.org/


case-control study to primarily assess the association of
nonsteroidal anti-inflammatory drugs with ischemic stroke
(IS)10 using a primary care database in which all medicinal
products prescribed by primary care practitioners (PCPs) are
automatically recorded. We asked the database owner (the
Spanish Agency for Medicines and Medical Devices, the drug
regulatory body in Spain) for additional information concerning
prescriptions of calcium supplements, as monotherapy or in
fixed-dose combination with vitamin D, and tested the hypoth-
esis of an increased risk of IS associated with these drugs.

Observational studies may be affected by a prevalent-user
bias, which has been alleged to partly explain the differences
found with the results from randomized clinical trials in the
assessment of coronary events associated with hormone
replacement therapy.11 This bias can be eliminated and,
consequently, the validity of observational data can be
improved if prevalent users are excluded from the analysis
(the so-called new user design).11 We applied this approach in
a sensitivity analysis to check the impact of such a potential
bias.

Methods

Data Source
The study was performed using BIFAP (Base de datos para la
Investigaci�on Farmacoepidemiol�ogica en Atenci�on Pri-
maria).12 This database has been validated for pharmacoepi-
demiological research, and results have been successfully
compared with those from other well-known European
databases.13–15 Over the study period (January 1, 2001, to
December 31, 2007), BIFAP included anonymized information
on 2 410 942 patients. This cohort is comparable with the
Spanish population with respect to age and sex distribution.12

Data recorded in BIFAP include demographic information,
prescription details, clinical events, specialist referrals, and
results from laboratory and other exploratory tests. Prescrip-
tion data in BIFAP include product name, the date of
prescription, quantity dispensed, dosage regimens, strength,
and indication. The vast majority of patients get their
prescriptions from their PCPs; even when they visit a
specialist or are discharged from the hospital, they usually
go to the PCP to get their prescriptions, especially for long-
term treatments. Patient complaints and diagnoses are coded
according to the International Classification of Primary Care
(ICPC).16 This information is often enriched with free text in
clinical notes linked to the coded diagnosis.

Study Design
We performed a population-based case-control study nested
in a primary cohort selected from BIFAP over the period

2001–2007. People entered the primary cohort (start date)
once they fulfilled all of the following criteria: aged 40 to
89 years, registered with their PCP for at least 1 year, and no
record of cancer. Patients were followed up until the earliest
occurrence of one of the following end points: the event of
interest, 90 years of age, a diagnosis of cancer, death, or the
end of the study period.

Selection of Cases
An initial computer search was performed including all
patients with an ICPC-BIFAP code of either K90.2 (IS) or
K90.1 (unspecific stroke). All potential cases were manually
reviewed and considered valid if they had a diagnosis of IS (by
code or free text) made in the hospital (eg, hospital discharge
letter, record of hospitalization) or by a neurologist (eg,
specialist report). We also accepted a case as valid if, in
addition to the code and/or free-text diagnosis of IS, the
clinical records included a result from neuromaging tech-
niques and/or clinical information (eg, neurological sequelae)
supporting the diagnosis. In addition, no death should be
recorded within 30 days after the index date. Patients with a
transient ischemic attack were not considered as cases.

The index date was normally considered the date of the
first record of the outcome (IS) in the database, unless the
reviewers had evidence to support an earlier date based on
clinical signs. In the original study, we did not exclude patients
with a previous IS episode,10 but for the present analysis, we
preferred to focus only on first events.

Selection of Controls
Eligible controls were randomly selected from the study
population using an incidence density sampling.17 Briefly, all
persons in the study cohort were randomly assigned a date
within the study period, and study cohort members with their
corresponding random date occurring within their observation
period were considered eligible. In this way, we ensured that
the probability of being sampled was proportional to the
amount of person-time each person contributed to the study
period. Cohort members were then frequency-matched to
cases by age (within 1 year), sex, and calendar year, and from
this pool, we selected a random sample of 20 000 controls.
The random date assigned to controls in the process of
selection was considered the index date.

Exposure Definitions
We categorized patients as current users when they had a
recorded prescription of the drug of interest (either CaM or
CaD) that ended within 30 days before the index date, as
recent users when they had a recorded prescription that
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ended between 31 and 365 days before the index date, and
as past users when they had a recorded prescription that
ended >365 days before the index date. Patients with no
recorded prescription of the drug of interest before the index
date were categorized as nonusers. Among CaD users, we
considered only those patients using a fixed-dose combina-
tion of calcium and vitamin D. The number of patients using
both calcium and vitamin D as separate medicinal products
was negligible.

Among current users, we studied the effect of calcium daily
dose and duration. Calcium daily dose was considered low
when it was <1000 mg and high when it was ≥1000 mg. The
duration was measured as “continuous duration” using only
consecutive prescriptions (defined as those with a <60-day
gap between the end of supply of the previous prescription
and the start of the next one).

Potential Confounding Variables
We considered as potential confounding variables the
antecedents of the following diseases or risk factors at the
time of index date: ischemic heart disease (including AMI),
transient ischemic attack, peripheral artery disease, heart
failure, atrial fibrillation, diabetes mellitus (recorded as such
or when patients were using glucose-lowering drugs), renal
failure, rheumatoid arthritis, osteoarthritis, gout (recorded as
such), hyperuricemia (when recorded as such and no record of
gout), depression, chronic obstructive pulmonary disease,
dyslipidemia (recorded as such or when patients were using
lipid-lowering drugs) and hypertension, smoking, alcohol
abuse (defined as such by the general practitioner), and body
mass index. In addition, we also included the use of the
following drugs: nonsteroidal anti-inflammatory drugs,
metamizole, paracetamol (acetaminophen), corticosteroids,
colchicine, allopurinol, a-blockers, calcium channel blockers,
b-blockers, angiotensin-converting enzyme inhibitors, angio-
tensin II receptor blockers, diuretics, nitrates, low-dose
aspirin, nonaspirin antiplatelet drugs, oral anticoagulants,
and acid-suppressing drugs.

Statistical Analysis
The association between the use of either CaM or CaD and
nonfatal IS was analyzed using an unconditional logistic
regression model including matching factors and all poten-
tially confounding variables described above to compute full-
adjusted odds ratios (ORs) and their 95% confidence intervals
(CIs). The level of statistical significance was set at <0.05.

Some covariates (smoking and body mass index) had
missing values, and we applied multiple imputation by chained
equations models, building 20 imputation data sets to
account for random variability.18 The variables included in

the imputation models were the same as those included in the
full model plus the outcome variable (nonfatal IS).

We also studied whether the main effect was or was not
modified by age (<70, and ≥70 years), sex, and background
cardiovascular risk. For the latter, we divided patients in 3
categories: (1) High risk included those with records of
peripheral artery disease, AMI, diabetes mellitus, transient
ischemic attack, and atrial fibrillation; (2) intermediate risk
included those with at least 1 cardiovascular risk factor
(hypertension, dyslipidemia, current smoking, or renal failure)
but none of the qualifying criteria for high risk, and (3) low risk
included the remainder. We included patients with diabetes
mellitus within the high-risk group because it has been
reported to have a risk equivalent to ischemic heart disease.19

For the statistical evaluation of the effect modification (or
interaction), we ran fully adjusted logistic models across
different categories of potential modifiers and computed the
OR associated with current use of the drugs of interest
compared with nonuse by each stratum. We compared the
ORs using the test of interaction described by Altman and
Bland.20

Statistical analyses were conducted using the software
STATA version 12/SE.

New-User Analyses
For the new-user analyses, we excluded from both cases and
controls all patients with a recorded prescription of either
CaM or CaD before the start date of cohort entry, thus
ensuring that all users of CaM or CaD initiated the treatment
during their observation time.11

Ethics Review
The scientific committee of BIFAP granted a positive opinion
to the study protocol. The investigators had access to only
fully anonymized data, and under this condition, no specific
ethics review was required according to Spanish law.

Results

Main Analysis
We identified 2690 cases with a first episode of IS and
19 538 controls (Figure). The characteristics of cases and
controls are described in Table 1. As expected, cases
presented a higher prevalence of cardiovascular diseases (in
particular, history of atrial fibrillation, transient ischemic
attack, diabetes mellitus, and peripheral artery disease),
cardiovascular risk factors (renal failure, hypertension, dys-
lipidemia, and smoking), and use of cardiovascular drugs.
Among cases, 87 participants (3.23%) were current users of
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CaD compared with 743 (3.80%) among controls, yielding an
adjusted OR of 0.85 (95% CI, 0.67–1.08). No dose or duration
effect was observed (Table 2). Sex, age (<70 or ≥70 years),
and background cardiovascular risk did not modify the results
associated with CaD (Table 3).

Fifty cases (1.86%) were current users of CaM compared
with 293 controls (1.50%) (OR: 1.18; 95% CI, 0.86–1.61;
Table 4). We observed a significantly increased risk at doses
of ≥1000 mg/day (OR 2.09; 95% CI, 1.25–3.49; P=0.005)
that was present in both women (OR: 1.77; 95% CI, 0.94–
3.35; P=0.079) and men (OR: 3.00; 95% CI, 1.20–7.45;
P=0.018; test for interaction, P=0.353). At lower daily doses,
we did not observe an increased risk (OR: 0.76; 95% CI, 0.45–
1.26). We did not observe a duration effect or an effect
modification by sex, age, or background cardiovascular risk
(Table 5).

New-User Approach
After excluding prevalent users of CaM or CaD, we had 2493
cases with a first episode of IS and 18 092 controls (Figure).
Their characteristics are shown in Table S1. The ORs were
similar to those of the main analysis (OR for CaD: 0.67; 95% CI,
0.44–1.00; OR for CaM: 1.20; 95%CI, 0.69–2.11; Tables S2 and
S3). Consistent with the main analysis, we also detected a
significantly increased risk at calcium daily doses of ≥1000 mg
among current CaM users (OR: 3.99; 95% CI, 1.71–9.34;
P=0.001; Table S3), both in women (OR: 4.57; 95% CI, 1.61–
12.97; P=0.004) and in men (OR: 3.34; 95% CI, 0.74–15.07;
P=0.116; test for interaction, P=0.741). No such dose effect
was observed for CaD users (≥1000 mg/day: OR: 0.55; 95% CI,

0.26–1.16; <1000 mg/day: OR: 0.64; 95% CI, 0.34–1.20:
Table S2). No duration effect was observed with either CaM or
CaD. Sex, age, and background cardiovascular risk did not
appear to be effect modification factors (Tables S4 and S5).

Discussion
The present study shows that CaM at high daily doses is
associated with an increased risk of nonfatal IS, whereas no
such a risk was observed when calcium supplements were
used either at low-doses or in association with vitamin D.

High serum calcium concentrations are linked to artery
calcification,21–23 an important marker of atherosclerosis, and
are considered a relevant predictor of hard ischemic
events.24–27 This mechanism has been postulated as the
biological link between the use of calcium supplements and
atherothombotic events.28 In a recent study, Anderson et al29

reported that calcium supplements were associated with an
increased risk of atherosclerosis as measured by coronary
artery calcification, whereas they found the opposite effect
with dietary calcium. This apparent paradox could be
explained by the abrupt increase of serum calcium that
seems to occur after the intake of calcium supplements and
not with dietary calcium.28,29 Consequently, intermittent
increases in serum calcium sustained over long periods
would ultimately promote vascular calcification and the
development of atherosclerosis. This could occur particularly
when there is a positive calcium balance (eg, after calcium
intake >1400 mg/day).29,30

Our data support the hypothesis of a distinct effect of
calcium when used in CaM or CaD. A number of studies seem

Figure. Flowchart of selection of cases and controls. BIFAP indicates Base de datos para
la Investigaci�on Farmacoepidemiol�ogica en Atenci�on Primaria; CaD, calcium supplements
with vitamin D; CaM, calcium supplements as monotherapy; IS, ischemic stroke.
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Table 1. Characteristics of Cases and Controls

Cases (%)
n=2690

Controls (%)
n=19 538

Nonadjusted OR*
(95% CI)

Age mean, y (�SD) 72.0 (10.8) 72.0 (11.2) ���
Men 1403 (52.16) 10 246 (52.44) ���
Visits, n

<6 287 (10.67) 3480 (17.81) 1 (ref)

6–15 909 (33.79) 7918 (40.53) 1.46 (1.27–1.68)

16–24 782 (29.07) 4790 (24.52) 2.11 (1.82–2.44)

≥25 712 (26.47) 3350 (17.15) 2.77 (2.38–3.21)

History of IHD (no AMI) 174 (6.47) 986 (5.05) 1.34 (1.13–1.58)

History of AMI 186 (6.91) 1013 (5.18) 1.37 (1.16–1.61)

History of TIA 90 (3.35) 395 (2.02) 1.69 (1.33–2.13)

Heart failure 153 (5.69) 687 (3.52) 1.67 (1.39–2.01)

Atrial fibrillation 262 (9.74) 974 (4.99) 2.08 (1.80–2.41)

Hypertension 1597 (59.37) 9824 (50.28) 1.48 (1.36–1.61)

Dyslipidemia 978 (36.36) 6511 (33.32) 1.14 (1.04–1.24)

Diabetes mellitus 907 (33.72) 4028 (20.62) 1.97 (1.80–2.15)

PAD 108 (4.01) 488 (2.50) 1.64 (1.32–2.03)

COPD 264 (9.81) 1677 (8.58) 1.18 (1.02–1.35)

Depression 392 (14.57) 2046 (10.47) 1.46 (1.30–1.65)

Hyperuricemia 120 (4.46) 757 (3.87) 1.18 (0.97–1.43)

Gout 129 (4.80) 685 (3.51) 1.41 (1.16–1.71)

Renal failure 127 (4.72) 594 (3.04) 1.58 (1.30–1.92)

Rheumatoid arthritis 24 (0.89) 189 (0.97) 0.92 (0.60–1.40)

Osteoarthritis 807 (30.0) 5395 (27.61) 1.13 (1.03–1.23)

Smoking

Never smoker 920 (34.20) 6818 (34.90) 1 (ref)

Current smoker 736 (27.36) 4732 (24.22) 1.15 (1.04–1.28)

Past smoker 266 (9.89) 1634 (8.36) 1.20 (1.04–1.39)

No record 786 (28.55) 6354 (32.52) 0.90 (0.81–0.99)

Alcohol abuse 537 (19.96) 3098 (15.86) 1.36 (1.22–1.52)

BMI, kg/m2

<25 332 (12.34) 2212 (11.32) 1 (ref)

25–30 827 (30.74) 5687 (29.11) 0.97 (0.85–1.11)

>30 752 (27.96) 4669 (23.90) 1.07 (0.93–1.23)

No record 779 (28.96) 6970 (35.67) 0.75 (0.65–0.86)

Current use of

Low-dose aspirin 507 (18.85) 2369 (12.13) 1.77 (1.59–1.98)

Nonaspirin antiplatelet 155 (5.76) 704 (3.60) 1.66 (1.39–1.99)

a-Blockers 83 (3.09) 556 (2.85) 1.10 (0.87–1.39)

Calcium channel blockers 411 (15.28) 2392 (12.24) 1.39 (1.24–1.56)

b-Blockers 293 (10.89) 1490 (7.63) 1.51 (1.33–1.73)

ACEIs 608 (22.60) 3529 (18.06) 1.45 (1.31–1.60)

Continued
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to support this idea. In their meta-analyses of randomized
clinical trials, for instance, Lewis et al7 and Mao et al8 found
no increased risk of AMI with CaD, whereas they detected
quasisignificant ORs of 1.37 (95% CI, 0.98–1.92) and 1.28
(95% CI, 0.97–1.68), respectively, for CaM. For stroke, Mao
et al8 also suggested a slightly different result for CaM (OR:
1.14) and for CaD (OR: 0.98), although CIs overlapped. Other
studies, however, do not support this differential effect.3 An
increasing body of evidence suggests that the deficiency of
vitamin D is associated with higher cardiovascular morbidity
and mortality31,32 and that such deficiency is prevalent, even
in countries with supposedly high sunlight exposure like Spain
(some studies estimate figures as high as 56%).33 It is
conceivable that the use of vitamin D supplements by
patients, most of whom are vitamin D deficient, may offset
potential cardiovascular damage induced by calcium supple-
ments. Although it would have been interesting to assess the
effect of vitamin D alone, the exposure was very low in our
study and precluded any meaningful analysis.

According to our results, the amount of daily calcium
intake (without vitamin D) may have a crucial role in the risk of
IS. Similarly, in 2 studies performed in Denmark, Larsson et al
found an increased risk of stroke in both men34 and women35

who had dietary calcium intake >1000 mg/day with respect
to those with a lower intake. In a recent meta-analysis, Chung
et al36 reviewed all observational studies that examined the
association between total calcium intake (diet and

supplements) and stroke risk, and the dose response found
was highly inconsistent, but in most studies, there was no
information on intake >1600 mg/day. In our study, we
observed a risk only in patients with a daily dose of ≥1000 mg
of calcium supplements in addition to dietary calcium intake
(not recorded). Overall, it is likely that these patients had total
daily intake of ≥1600 mg, precisely the part of the range at
which most studies offer no data.

With an average incidence of IS of 460 cases per
100 000 person-years in the US population aged ≥65 years,37

a relative risk of 2 for IS among users of high-dose CaM would
yield a number needed to treat of 217 patients per year to have
1 patient harmed, which is not a negligible population impact
(see Table S6 for other scenarios).

The main strengths of our study are as follows. First, PCPs
are the gatekeepers of the Spanish National Health System,
and all patients, including those discharged from hospitals,
should visit them to continue treatment; therefore, the
recording of important diseases can be considered almost
complete. Second, PCPs need to use a computer to fill in
prescriptions, so the underrecording of prescription drugs can
reasonably be excluded. Third, controls were randomly
selected from the source population, which ensures their
representativeness with respect to population exposure and
reduces the possibility of a control selection bias. Fourth,
researchers were blind to drug exposure when ascertaining
cases, so avoiding a differential misclassification of cases

Table 1. Continued

Cases (%)
n=2690

Controls (%)
n=19 538

Nonadjusted OR*
(95% CI)

ARBs 324 (12.04) 1958 (10.02) 1.25 (1.10–1.42)

Nitrates 179 (6.65) 896 (4.59) 1.52 (1.29–1.80)

Oral anticoagulants 150 (5.58) 802 (4.10) 1.39 (1.16–1.67)

Diuretics, high ceiling 323 (12.01) 1442 (7.38) 1.81 (1.59–2.07)

Diuretics, low ceiling 251 (9.33) 2029 (10.38) 0.91 (0.79–1.05)

Diuretics, K sparing 50 (1.86) 233 (1.19) 1.58 (1.16–2.15)

Corticosteroids 55 (2.04) 407 (2.08) 0.99 (0.75–1.32)

NSAIDs 334 (12.42) 2277 (11.65) 1.10 (0.97–1.26)

Paracetamol 481 (17.88) 3354 (17.17) 1.14 (1.01–1.29)

Metamizole 114 (4.24) 732 (3.75) 1.12 (0.96–1.44)

Colchicine 16 (0.59) 75 (0.38) 1.57 (0.91–2.70)

Allopurinol 94 (3.49) 578 (2.96) 1.19 (0.95–1.49)

PPI 606 (22.53) 3803 (19.46) 1.22 (1.10–1.35)

H2 blockers 82 (3.05) 616 (3.15) 0.98 (0.77–1.24)

ACEI indicates angiotensin-converting enzyme inhibitor; AMI, acute myocardial infarction; ARB, angiotensin II receptor blocker; BMI, body mass index; CI, confidence interval; COPD,
chronic obstructive pulmonary disease; H2, histamine receptor type 2; IHD, ischemic heart disease; NSAIDs, non-steroidal anti-inflammatory drugs; OR, odds ratio; PAD, peripheral artery
disease; PPI, proton pump inhibitor; ref, reference; TIA, transient ischemic attack.
*Adjusted only for matching factors (age, sex, and calendar year).
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influenced by exposure. Fifth, the results applying the new-
user approach were consistent with the main analysis, thus
reinforcing their validity.

Our study has a number of limitations. First, we did not
include fatal events because PCPs do not have a complete
registry of deaths, and, in particular, there is no appropriate
recording of cause of death. Consequently, our results cannot
be extrapolated to fatal events. Second, although we made

efforts to identify potential cases and validate the diagnosis of
IS, the possibility of false positives and false negatives cannot
be totally excluded; however, in our view, such potential
misclassification would dilute any association between the
exposure and the outcome and then could not explain the
increased risk associated with high-dose CaM. Third, we did not
have information about the intake of calcium supplements with
diet or with nonprescription medicinal products; if such intake

Table 3. Evaluation of the Potential Interaction of Fixed-Dose Combination of CaD With Sex, Age, and Baseline Cardiovascular Risk
on the Risk of Nonfatal Ischemic Stroke

Current Use of CaD
Cases (%)
n=2690

Controls (%)
n=19 538

Nonadjusted OR*
(95% CI)

Adjusted OR†

(95% CI)

Sex

Male 11 (0.78) 92 (0.90) 0.87 (0.47–1.64) 0.86 (0.44–1.65)

Female 76 (5.91) 651 (7.01) 0.83 (0.65–1.06) 0.86 (0.67–1.12)
Test for interaction, P=1.000

Age

<70 y 16 (1.75) 154 (2.30) 0.75 (0.44–1.27) 0.76 (0.43–1.32)

≥70 y 71 (4.00) 589 (4.59) 0.85 (0.66–1.10) 0.87 (0.67–1.13)
Test for interaction, P=0.668

Cardiovascular risk

Low-intermediate 58 (3.96) 572 (4.10) 0.96 (0.72–1.27) 0.92 (0.69–1.23)

High 29 (2.37) 171 (3.06) 0.76 (0.51–1.14) 0.73 (0.48–1.10)
Test for interaction, P=0.370

CaD indicates calcium supplements with vitamin D; CI, confidence interval; OR, odds ratio.
*Adjusted only for matching factors (age, sex, and calendar year).
†Adjusted for matching factors and for the variables described in Methods and Table 1.

Table 2. Risk of Nonfatal Ischemic Stroke Associated With the Use of Fixed-Dose Combination of CaD and the Effect of Dose and
Duration of Treatment

Cases (%)
n=2690

Controls (%)
n=19 538

Nonadjusted OR*
(95% CI)

Adjusted OR†

(95% CI)

CaD

Nonuse 2462 (91.52) 17 825 (91.23) 1 (ref) 1 (ref)

Current 87 (3.23) 743 (3.80) 0.83 (0.66–1.05) 0.85 (0.67–1.08)

Recent 80 (2.97) 516 (2.64) 1.11 (0.87–1.41) 1.09 (0.85–1.40)

Past 61 (2.27) 454 (2.32) 0.95 (0.72–1.24) 0.92 (0.69–1.21)

Calcium dose‡

<1000 mg/d 35 (1.30) 342 (1.75) 0.73 (0.51–1.03) 0.76 (0.53–1.08)

≥1000 mg/d 37 (1.38) 247 (1.26) 1.07 (0.75–1.51) 1.07 (0.74–1.53)

Unknown 15 (0.56) 154 (0.79) 0.70 (0.41–1.19) 0.73 (0.42–1.25)

Duration‡

≤180 d 41 (1.52) 371 (1.90) 0.79 (0.57–1.10) 0.81 (0.58–1.13)

>180 d 46 (1.71) 372 (1.90) 0.88 (0.64–1.20) 0.90 (0.65–1.23)

CaD indicates calcium supplements with vitamin D; CI, confidence interval; OR, odds ratio; ref, reference.
*Adjusted only for matching factors (age, sex, and calendar year).
†Adjusted for matching factors and for the variables described in Methods and Table 1.
‡Among current users compared with nonusers.
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were higher among nonusers of CaD or CaM (the reference
category for all analyses), themeasures of association would be
distorted toward the null, assuming that calcium intake
increases the risk of atherothrombotic events. Nevertheless,
if this were true, the increased risk of IS observed with high-
dose CaM would be even greater, and the differential effect of
CaM and CaD would still hold. Fourth, although the study has a
large number of events, the exposure is limited (in particular, for
CaM), and some estimates had wide CIs; however, the
possibility that the association of high-dose CaM with stroke

is explained by chance is highly unlikely (P=0.005 in the main
analysis and P=0.001 in the new-user analysis), even in a
scenario of multiple testing. Finally, despite our efforts to adjust
for many potential confounding factors, the possibility of
residual confounding still exists, as in any observational study,
particularly for unmeasured factors.

In conclusion, the results from the present study do not
support the hypothesis that CaD increases the risk of IS but
add to the concerns relative to the safety of CaM, particularly
when used at high doses.

Table 5. Evaluation of the Potential Interaction of CaM With Sex, Age, and Baseline Cardiovascular Risk on the Risk of Nonfatal
Ischemic Stroke

Current Use of CaM
Cases (%)
n=2690

Controls (%)
n=19 538

Nonadjusted OR*
(95% CI)

Adjusted OR†

(95% CI)

Sex

Male 13 (0.93) 45 (0.44) 2.09 (1.12–3.89) 1.77 (0.92–3.42)

Female 37 (2.87) 248 (2.67) 1.08 (0.76–1.54) 1.04 (0.73–1.50)
Test for interaction, P=0.164

Age

<70 y 11 (1.20) 71 (1.06) 1.13 (0.59–2.15) 1.11 (0.56–2.21)

≥70 y 39 (2.20) 222 (1.73) 1.28 (0.91–1.81) 1.19 (0.84–1.70)
Test for interaction, P=0.860

Cardiovascular risk

Low-intermediate 28 (1.91) 219 (1.57) 1.23 (0.82–1.83) 1.09 (0.73–1.64)

High 22 (1.80) 74 (1.32) 1.34 (0.83–2.18) 1.21 (0.73–2.00)
Test for interaction, P=0.752

CaM indicates calcium supplements as monotherapy; CI, confidence interval; OR, odds ratio.
*Adjusted only for matching factors (age, sex, and calendar year).
†Adjusted for matching factors and for the variables described in Methods and Table 1.

Table 4. Risk of Nonfatal Ischemic Stroke Associated With the Use of CaM and the Effect of Dose and Duration of Treatment

Cases (%)
n=2690

Controls (%)
n=19 538

Nonadjusted OR*
(95% CI)

Adjusted OR†

(95% CI)

CaM

Nonuse 2578 (95.84) 18 769 (96.06) 1 (ref) 1 (ref)

Current 50 (1.86) 293 (1.50) 1.25 (0.92–1.69) 1.18 (0.86–1.61)

Recent 32 (1.19) 214 (1.10) 1.09 (0.75–1.59) 1.04 (0.71–1.53)

Past 30 (1.12) 262 (1.34) 0.83 (0.56–1.21) 0.79 (0.54–1.17)

Calcium dose‡

<1000 mg/d 17 (0.63) 155 (0.79) 0.80 (0.48–1.32) 0.76 (0.45–1.26)

≥1000 mg/d 21 (0.78) 67 (0.34) 2.29 (1.40–3.75) 2.09 (1.25–3.49)

Unknown 12 (0.45) 71 (0.36) 1.23 (0.67–2.27) 1.22 (0.65–2.29)

Duration‡

≤180 d 24 (0.89) 134 (0.69) 1.31 (0.85–2.03) 1.23 (0.79–1.93)

>180 d 26 (0.97) 159 (0.81) 1.19 (0.78–1.81) 1.13 (0.74–1.73)

CaM indicates calcium supplements as monotherapy; CI, confidence interval; OR, odds ratio.
*Adjusted only for matching factors (age, sex, and calendar year).
†Adjusted for matching factors and for the variables described in Methods and Table 1.
‡Among current users compared with nonusers.
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Table S1. Characteristics of cases and controls. New-user approach. 
 Cases (%) 

n= 2,493 

Controls (%) 

n= 18,092 

Non adjusted OR* 

(95% CI) 

Age mean in years (±SD) 71.81 (10.95) 71.76 (11.27) 1.00 (1.00-1.00) 

Men 1,373 (55.07) 10,067 (55.64) 1.02 (0.94-1.12) 

Visits (n)    

<6 282 (11.31) 3,358 (18.56) 1 (ref.) 

6-15 848 (34.02) 7,399 (40.90) 1.42 (1.24-1.64) 

16-24 724 (29.04) 4,359 (24.09) 2.10 (1.81-2.44) 

25 + 639 (25.63) 2,976 (16.45) 2.73 (2.34-3.19) 

History of IHD (no AMI) 158 (6.34) 917 (5.07) 1.30 (1.09-1.55) 

History of TIA 85 (3.41) 260 (1.99) 1.74 (1.37-2.22) 

History of AMI 175 (7.02) 971 (5.37) 1.34 (1.13-1.58) 

Heart failure 137 (5.50) 626 (3.46) 1.63 (1.34-1.97) 

History of Atrial fibrillation 238 (9.55) 906 (5.01) 2.02 (1.74-2.35) 

Hypertension 1,476 (59.21) 9,011 (49.81) 1.49 (1.37-1.63) 

Dyslipidemia 913 (36.62) 6,014 (33.24) 1.15 (1.06-1.26) 

Diabetes 867 (34.78) 3,809 (21.05) 2.01 (1.83-2.20) 

PAD 103 (4.13) 456 (2.52) 1.68 (1.35-2.09) 

COPD 247 (9.91) 1,601 (8.85) 1.15 (0.99-1.33) 

Depression 348 (13.96) 1,790 (9.89) 1.48 (1.30-1.67) 

Hyperuricaemia 117 (4.69) 722 (3.99) 1.21 (0.99-1.48) 

Gout 125 (5.01) 668 (3.69) 1.41 (1.15-1.71) 

Renal failure 112 (4.49) 534 (2.95) 1.54 (1.25-1.90) 

Rheumatoid arthritis 14 (0.56) 144 (0.80) 0.70 (0.40-1.21) 

Osteoarthritis 721 (28.92) 4,746 (26.23) 1.14 (1.04-1.26) 

Smoking    

Never smoker 839 (33.65) 6,236 (34.47) 1 (ref.) 

Current smoker 694 (27.84) 4,412 (24.39) 1.17 (1.05-1.31) 

Past smoker 247 (9.91) 1,522 (8.41) 1.20 (1.03-1.40) 

No record 713 (28.60) 5,922 (32.73) 0.90 (0.81-1.00) 

Alcohol abuse 522 (20.94) 3,002 (16.59) 1.38 (1.24-1.54) 

BMI (kg/m
2
)    

<25 306 (12.27) 2,008 (11.10) 1 (ref.) 

25-30 771 (30.93) 5,269 (29.12) 0.96 (0.83-1.11) 

>30 698 (28.00) 4,341 (23.99) 1.05 (0.91-1.22) 

No record 718 (28.80) 6,474 (35.78) 0.73 (0.63-0.84) 
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Table S1 (continued). Characteristics of cases and controls. New-user approach. 

 
 Cases (%) 

n= 2,493 

Controls (%) 

n= 18,092 

Non adjusted 

OR* 

(95% CI) 

Drug use (current) of:    

Low-dose aspirin 470 (18.85) 2,196 (12.14) 1.77 (1.58-1.98) 

Non-aspirin antiplatelet 147 (5.90) 659 (3.64) 1.68 (1.40-2.02) 

Alpha blockers 81 (3.25) 527 (2.91) 1.14 (0.90-1.45) 

Calcium-channel blockers 384 (15.40) 2,209 (12.21) 1.41 (1.25-1.59) 

Beta-blockers 269 (10.79) 1,409 (7.79) 1.46 (1.27-1.68) 

ACE inhibitors 568 (22.78) 3,279 (18.12) 1.46 (1.31-1.62) 

AT II receptor blockers 301 (12.07) 1,786 (9.87) 1.28 (1.12-1.46) 

Nitrates 164 (6.58) 838 (4.63) 1.49 (1.25-1.77) 

Oral anticoagulants 133 (5.33) 767 (4.24) 1.28 (1.06-1.55) 

Diuretics-high ceiling 291 (11.67) 1,310 (7.24) 1.79 (1.56-2.05) 

Diuretics-low ceiling 231 (9.27) 1,824 (10.08) 0.93 (0.80-1.08) 

Diuretics K sparing 47 (1.89) 217 (1.20) 1.59 (1.15-2.18) 

Corticosteroids 40 (1.60) 315 (1.74) 0.93 (0.67-1.30) 

NSAIDs 295 (11.83) 2,017 (11.15) 1.09 (0.95-1.25) 

Paracetamol 415 (16.65) 2,950 (16.31) 1.09 (0.96-1.24) 

Metamizole 92 (3.69) 646 (3.,57) 1.07 (0.86-1.34) 

Colchicine 16 (0.64) 67 (0.37) 1.77 (1.02-3.06) 

Allopurinol 93 (3.73) 559 (3.09) 1.22 (0.97-1.53) 

PPI 537 (21.54) 3,354 (18.54) 1.21 (1.09-1.36) 

H2 blockers 76 (3.05) 562 (3.11) 1.00 (0.78-1.27) 
 

 

* Adjusted only for matching factors (age, sex and calendar year). 

 

AMI: Acute myocardial infarction; IHD: Ischemic heart disease; TIA: Transient 

ischemic attack; PAD: Peripheral artery disease; COPD: Chronic obstructive pulmonary 

disease; BMI: Body mass index; ACE: Angiotensin converting enzyme; ATII: 

Angiotensin II; NSAIDs: Non-steroidal anti-inflammatory drugs; PPI: Proton pump 

inhibitors; H2: Histamine receptor type 2. 
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Table S2. Risk of ischemic stroke associated with the use of fixed-dose combination 

of calcium and vitamin D supplements (CaD) and the effect of dose and duration of 

treatment. New-user approach. 

 
 Cases (%) 

n= 2,493 

Controls (%) 

n= 18,092 

Non adjusted OR
† 

(95% CI) 

Adjusted OR
‡ 

(95% CI) 

CaD     

Non use 2,407 (96.55) 17,432 (96.35) 1 (ref.) 1 (ref.) 

Current 27 (1.08) 279 (1.54) 0.68 (0.46-1.02) 0.67 (0.44-1.00) 

Recent 39 (1.56) 221 (1.22) 1.25 (0.89-1.77) 1.19 (0.83-1.70) 

Past 20 (0.80) 160 (0.88) 0.87 (0.55-1.39) 0.82 (0.51-1.33) 

Calcium dose*     

<1000mg 11 (0.44) 121 (0.67) 0.64 (0.34-1.19) 0.64 (0.34-1.20) 

≥1000mg 8 (0.32) 93 (0.51) 0.61 (0.29-1.25) 0.55 (0.26-1.16) 

Unknown 8 (0.32) 65 (0.36) 0.87 (0.41-1.81) 0.91 (0.43-1.93) 

Duration*     

≤180 days 18 (0.72) 174 (0.96) 0.73 (0.45-1.19) 0.75 (0.46-1.24) 

>180 days 9 (0.36) 105 (0.58) 0.60 (0.30-1.19) 0.54 (0.27-1.09) 
 

* Among current users. 
† 

Adjusted only for matching factors (age, sex and calendar year). 
‡ 
Adjusted for matching factors and for all factors included in Table 1. 
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Table S3. Risk of ischemic stroke associated with the use of calcium in 

monotherapy (CaM) and the effect o dose and duration of treatment. New-user 

approach. 

 
 Cases (%) 

n= 2,493 

Controls (%) 

n= 18,092 

Non adjusted OR
† 

(95% CI) 

Adjusted OR
‡ 

(95% CI) 

CaM     

Non use 2,458 (98.60) 17,884 (98.85) 1 (ref.) 1 (ref.) 

Current 16 (0.64) 78 (0.43) 1.48 (0.86-2.53) 1.20 (0.69-2.11) 

Recent 12 (0.48) 69 (0.38) 1.24 (0.67-2.30) 1.26 (0.67-2.38) 

Past 7 (0.28) 61 (0.34) 0.81 (0.37-1.77) 0.78 (0.35-1.74) 

Calcium dose*     

<1000mg 6 (0.24) 38 (0.21) 1.05 (0.44-2.48) 0.84 (0.34-2.04) 

≥1000mg 10 (0.40) 17 (0.09) 5.13 (2.27-11.56) 3.99 (1.71-9.34) 

Unknown - 23 (0.13) - - 

Duration*     

≤180 days 7 (0.28) 49 (0.27) 1.03 (0.47-2.28) 0.82 (0.36-1.87) 

>180 days 9 (0.36) 29 (0.16) 2.22 (1.05-4.70) 1.84 (0.85-3.98) 
 

* Among current users. 
† 

Adjusted only for matching factors (age, sex and calendar year). 
‡ 
Adjusted for matching factors and for all factors included in Table 1. 
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Table S4. Evaluation of the potential interaction of fixed-dose combination of 

calcium and vitamin D supplements (CaD) with sex, age and baseline CV risk with 

respect to the risk of ischemic stroke. 

 

Current use of 

CaD by 

Cases (%) 

n= 2,493 

Controls (%) 

n= 18,092 

Non adjusted OR
* 

(95% CI) 

Adjusted OR
†
 

(95% CI) 

Sex     

Male 3 (0.22) 43 (0.43) 0.51 (0.16-1.65) 0.55 (0.17-1.82) 

Female 24 (2.14) 236 (2.94) 0.72 (0.47-1.10) 0.69 (0.44-1.07) 

    
Test for interaction, 

    p=0.726 

Age     

< 70 6 (0.69) 57 (0.89) 0.75 (0.32-1.76) 0.67 (0.27-1.68) 

70 + 21 (1.29) 222 (1.90) 0.66 (0.42-1.04) 0.66 (0.41-1.05) 

    
Test for interaction, 

    p=0.977 

CV risk     

Low-intermed. 19 (1.42) 213 (1.66) 0.83 (0.52-1.33) 0.79 (0.49-1.29) 

High 8 (0.69) 66 (1.25) 0.53 (0.25-1.11) 0.49 (0.22-1.02) 

    
Test for interaction, 

    p=0.302 
 

* 
Adjusted only for matching factors (age, sex and calendar year). 

† 
Adjusted for matching factors and for all factors included in Table 1. 
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Table S5. Evaluation of the potential interaction of calcium in monotherapy (CaM) 

with sex, age and baseline CV risk with respect to the risk of ischemic stroke. 

 

Current use of 

CaM by 

Cases (%) 

n= 2,493 

Controls (%) 

n= 18,092 

Non adjusted OR
* 

(95% CI) 

Adjusted OR
† 

(95% CI) 

Sex     

Male 5 (0.36) 15 (0.15) 2.43 (0.88-6.72) 1.91 (0.66-5.55) 

Female 11 (0.98) 63 (0.79) 1.25 (0.66-2.38) 1.04 (0.53-2.05) 

    
Test for interaction, 

    p=0.347 

Age     

< 70 5 (0.57) 24 (0.38) 1.50 (0.57-3.97) 1.25 (0.43-3.60) 

70 + 11 (0.68) 54 (0.46) 1.47 (0.76-2.81) 1.18 (0.60-2.32) 

    
Test for interaction, 

    p=0.936 

CV risk     

Low-intermed. 10 (0.75) 54 (0.42) 1.76 (0.89-3.46) 1.41 (0.70-2.84) 

High 6 (0.52) 24 (0.46) 1.10 (0.45-2.70) 0.86 (0.34-2.20) 

    
Test for interaction, 

    p=0.406 
 

* 
Adjusted only for matching factors (age, sex and calendar year). 

† 
Adjusted for matching factors and for the variables described in methods and Table 1. 
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Table S6. Number Needed to treat with high-dose calcium supplements to have one 

patient Harmed (NNH) per year under different scenarios 

 
   

 

Incidence of 

ischemic 

stroke per 

100,000 

person-

years in the 

population 

 
Incidence of 

ischemic stroke 

among users of 

high-dose calcium 

supplements in 

monotherapy 

(≥1000mg Ca) 

per 100,000 

person-years 

(assuming a RR=2) 

 

Attributable 

Risk among 

exposed to high- 

dose calcium 

supplements in 

monotherapy 

(≥1000mg Ca) 

per 100,000 

person-years 

 

 

 

 

 

NNH 

  

Men 
 

372 
 

744 
 

372 
 

269 
 Women 288 576 288 347 
 Overall 325 650 325 308 

USA
*†

 
     

< 65 years 191 382 191 524 

  

≥ 65 years 
 

460 
 

920 
 

460 
 

217 

 

Spain
‡
 

 
Men 

Women 

 
128 

106 

 
256 

212 

 
128 

106 

 
781 

943 
 Overall 118 236 118 847 

 

*
Koton S, Schneider AL, Rosamond WD, Shahar E, Sang Y, Gottesman RF, Coresh J. 

Stroke incidence and mortality trends in US communities, 1987 to 2011. JAMA. 

2014;312:259-68.  
 

† 
Assuming that 87% was ischemic stroke (Koton et al, 2014). 

‡ 
Díaz-Guzman J, Egido JA, Gabriel-Sánchez R, Barberá-Comes G, Fuentes-Gimeno B, 

Fernández-Perez C. Stroke and transient ischemic attack incidence rate in Spain: the 

IBERICTUS study. Cerebrovasc Dis. 2012; 34: 272-281. 

 by guest on M
ay 20, 2017

http://jaha.ahajournals.org/
D

ow
nloaded from

 

http://jaha.ahajournals.org/


Francisco J. de Abajo, Sara Rodríguez-Martín, Antonio Rodríguez-Miguel and Miguel J. Gil
Control Study−Nested Case

Risk of Ischemic Stroke Associated With Calcium Supplements With or Without Vitamin D: A

Online ISSN: 2047-9980 
Dallas, TX 75231

 is published by the American Heart Association, 7272 Greenville Avenue,Journal of the American Heart AssociationThe 
doi: 10.1161/JAHA.117.005795

2017;6:e005795; originally published May 18, 2017;J Am Heart Assoc. 

 http://jaha.ahajournals.org/content/6/5/e005795
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

 
 for more information. http://jaha.ahajournals.orgAccess publication. Visit the Journal at 

 is an online only OpenJournal of the American Heart AssociationSubscriptions, Permissions, and Reprints: The 

 by guest on M
ay 20, 2017

http://jaha.ahajournals.org/
D

ow
nloaded from

 

http://jaha.ahajournals.org/content/6/5/e005795
http://jaha.ahajournals.org
http://jaha.ahajournals.org/

