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ABSTRACT

Background: Adequate calcium intake is known to protect the
skeleton. However, studies that have reported adverse effects of
calcium supplementation on vascular events have raised widespread
concern.

Objective: We assessed the association between calcium intake
(from diet and supplements) and coronary artery calcification,
which is a measure of atherosclerosis that predicts risk of ischemic
heart disease independent of other risk factors.

Design: This was an observational, prospective cohort study. Par-
ticipants included 690 women and 588 men in the Framingham
Offspring Study (mean age: 60 y; range: 36-83 y) who attended
clinic visits and completed food-frequency questionnaires in 1998—
2001 and underwent computed tomography scans 4 y later in 2002—
2005.

Results: The mean age-adjusted coronary artery—calcification Agat-
ston score decreased with increasing total calcium intake, and the
trend was not significant after adjustment for age, BMI, smoking,
alcohol consumption, vitamin D-supplement use, energy intake,
and, for women, menopause status and estrogen use. Multivariable-
adjusted mean Agatston scores were 2.36, 2.52, 2.16, and 2.39
(P-trend = 0.74) with an increasing quartile of total calcium intake
in women and 4.32, 4.39, 4.19, and 4.37 (P-trend = 0.94) in men,
respectively. Results were similar for dietary calcium and calcium
supplement use.

Conclusions: Our study does not support the hypothesis that high
calcium intake increases coronary artery calcification, which is an
important measure of atherosclerosis burden. The evidence is not
sufficient to modify current recommendations for calcium intake to
protect skeletal health with respect to vascular calcification
risk. Am J Clin Nutr 2012;96:1274-80.

INTRODUCTION

Osteoporosis and atherosclerosis are leading causes of mor-
bidity and mortality in the Western world. Although these
conditions commonly co-occur in older adults, growing evidence
suggests an association between vascular calcification and
skeletal fragility that is independent of age and other shared risk
factors. Postmenopausal women with the greatest bone loss have
the greatest progression of vascular calcification (1, 2), and the
incidence of cardiovascular events is greater in women with
lower bone mass (3) and in men with higher levels of bone re-
sorption (4). Although previously thought to be a passive de-
generative process, vascular calcification is now understood to be
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a highly regulated form of matrix mineral metabolism (5). Al-
though pathogenic mechanisms involved in the bone-vascular
axis are not yet fully elucidated (6), numerous factors have been
implicated, including regulators of bone turnover, inflammatory
cytokines (7-9), oxidized lipids (10, 11), osteoprotegerin and the
receptor activator of nuclear factor kB ligand system (12, 13),
vitamins D (14) and K (15), and others (16). An association
between arterial calcification and skeletal fragility has signifi-
cant clinical implications because strategies for prevention and
therapy could potentially reduce the burden of both osteoporosis
and cardiovascular disease.

A randomized, placebo-controlled, clinical trial designed to
evaluate fracture outcomes showed, in a post hoc analysis, a
2-fold increased incidence of myocardial infarction over 7 y in
women who took supplements of 1000 mg calcium citrate rel-
ative to a placebo (17). Although a mechanism is not yet defined,
even a small, adverse effect of oral calcium on the vascular
system could have major public health consequences because of
the high prevalence of cardiovascular disease and wide use of
calcium supplements. Coronary artery calcification is a strong
predictor of cardiovascular disease, independent of the effects of
established risk factors (18, 19). To help elucidate a potential
mechanism by which oral calcium may affect risk of vascular
disease, we performed an analysis to determine the association
between baseline calcium intake from diet and supplements and
the severity of coronary artery calcification evaluated 4 y later in
a community-based study of women and men.
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SUBJECTS AND METHODS

Participants are members of the Framingham Offspring Study
(20), which includes a cohort enrolled in 1971 that comprised
5124 adult children and spouses of participants in the original
Framingham Heart Study. The current study included 1201
Offspring cohort members, who attended a baseline clinic visit in
1998-2001 (exam 7) and underwent computed tomography (CT)
examinations performed, on average, 4 y later in 2002-2005.
Boston University Institutional Review Board approved the
study, and participants provided written informed consent.

Information on clinical risk factors was obtained through
a comprehensive physical examination, structured interview, and
laboratory testing at the time of the baseline clinic visit. Diet
and supplement use were assessed by using the Harvard food-
frequency questionnaire (21). Information on participant age,
smoking, alcohol consumption, menopausal status, use of osteo-
porosis medications (bisphophonate, selective estrogen-receptor
modulator, and calcitonin), estrogen-replacement therapy (for
women), lipid-lowering medications, antihypertensive agents,
statins, nonsteroidal antiinflammatory drugs, and aspirin use was
obtained through a structured interview. Medication use (yes or no)
was assessed as regular use in the past year. Individuals considered
current smokers were those who reported smoking at least one
cigarette per day in the past year. Alcohol consumption (oz/wk)
was determined from the usual intake of beer, wine, and mixed
drinks reported in the past year. A woman was classified as
postmenopausal if she reported that menstrual periods had stopped
for =1y.

Height, to the nearest one-quarter inch, and weight, to the
nearest one-half pound, were measured by using a stadiometer
and balance-beam scale, respectively. BMI (in kg/m?) was cal-
culated as weight divided by the square of height. Blood pres-
sure (mm Hg) was measured twice, and the mean value of the 2
readings was used. Hypertension was defined as systolic blood
pressure =140 mm Hg or diastolic blood pressure =90 mm Hg
or treatment with an antihypertensive agent. Type 2 diabetes was
defined as a fasting plasma glucose concentration =126 mg/dL
or treatment with insulin or an oral hypoglycemic agent. Cor-
onary artery disease was defined as recognized or unrecognized
myocardial infarction (identified by using an electrocardiogram
or enzymes), angina pectoris, and coronary insufficiency. Car-
diovascular disease included coronary artery disease, congestive
heart failure, stroke (including transient ischemic attack), and
intermittent claudication (22). These diagnoses were adjudicated
by a 3-member panel of physicians who used standardized cri-
teria and examined all available information including hospital
records (23).

The concentration of plasma total cholesterol (mg/dL) was
measured from fasting, morning blood samples by using an
automated enzymatic assay procedure (24). HDL cholesterol and
triglycerides were measured by using standard precipitation
methods, and LDL cholesterol was calculated in subjects with
triglyceride concentrations <400 mg/dL by using Friedewald’s
formula (25). The glomerular filtration rate (GFR) was calcu-
lated according to a simplified Modification of Diet in Renal
Disease study equation (26).

An 8-slice multidetector CT scanner (Lightspeed Ultra;
General Electric Medical Systems) was used for cardiac imaging
(27). Four experienced readers independently analyzed axial
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images, and the Agatston score was used to quantify coronary
artery calcification. Correlation (r) was 0.96 for the agreement
between Agatston scores for scan-rescan reliability based on 161
pairs of duplicate scans from a sample of participants (27).

We adjusted daily calcium (mg/d) and vitamin D intake (IU/d)
for total energy by using a residual method suggested by Willett
etal (21). ANCOVA was used to compare baseline characteristics
according to sex-specific quartiles of energy-adjusted calcium
intake. General linear regression models were used to estimate
mean coronary artery—calcification Agatston scores and 95% Cls
by quartiles of calcium intake with adjustment for covariates.
Supplemental calcium was categorized into 3 groups as no use
and =500 or >500 mg/d to ensure adequate numbers of in-
dividuals in each group for analysis. We compared mean
Agatston scores between participants who either used or did not
use any supplementary calcium (classified as yes or no). Be-
cause of a high frequency of Agatston scores of 0, we used the
natural logarithm log (Agatston score + 1).

We constructed 3 hierarchical, multivariable-adjusted models.
These models used total, dietary, or supplemental calcium as the
primary independent variable of interest. The first multivariable
model adjusted for age (y) and total energy (kcal). The second
model adjusted as for the first model and for BMI, cigarette
smoking (never, past, or current), alcohol consumption (0z/wk),
energy-adjusted total vitamin D intake (including intake from
supplements; IU), and, for women, menopause status (post-
menopausal or premenopausal) and hormone replacement ther-
apy (yes or no). The third multivariable model adjusted as for the
second model and for diabetes, hypertension, cardiovascular
disease (each yes or no), total cholesterol (mg/dL), and aspirin
use (yes or no). In models with dietary calcium (mg) as the main
effect, supplementary calcium (mg) was also included as a
covariate. Conversely, in models with supplementary calcium
(mg) as the main effect, energy-adjusted dietary calcium (mg)
was included as a covariate.

We evaluated total energy-adjusted vitamin D intake and the
GFR as potential confounders and effect modifiers by conducting
stratified analysis (treating vitamin D and GFR as categorical
variables) and multivariable analysis (constructing models with
and without vitamin D and GFR). Finally, we repeated our
analysis by excluding individuals with baseline cardiovascular
disease because a potential effect of calcium intake on vascular
calcification may differ between individuals with and without
prevalent vascular disease. An analysis was conducted separately
for women and men. We performed the analysis with SAS
software (version 9.3; SAS Institute).

RESULTS

Participants included 669 women and 532 men who ranged in
age from 36 to 83 y, with a mean age of 60 y. Mean (*SD)
(unadjusted) total calcium intake was 1185 * 565 mg/d in
women (760 mg from the diet and 425 mg from supplements) and
891 * 461 mg/d in men (797 mg from the diet and 94 mg from
supplements). Sixty-five percent of women and 25% of men took
calcium supplements. Thirteen percent of women and 3% of men
had intakes =1000 mg from supplements, and 7% of women and
2% of men had intakes =1200 mg from supplements.

Women in the highest quartile of energy-adjusted total calcium
intake were slightly older, were more frequently postmenopausal,
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had lower BMI, had more favorable lipid concentrations and
blood pressure, and were more likely to have used osteoporosis
medications and estrogen-replacement therapy than were women
in the lowest quartile (Table 1). Men in the highest quartile of
total calcium intake had lower blood pressure and triglycerides
than did men with lower calcium intake. The regular use of
aspirin was more common in men in the highest quartile of
calcium intake than in men in the lowest quartile of calcium
intake. The prevalence of diabetes increased in men from 5% in
the lowest quartile of calcium intake to 13% in the highest
quartile of calcium intake (P-trend = 0.09), whereas no positive
trend was seen in women. The use of antihypertensives, lipid-
lowering medications, statins, and nonsteroidal inflammatory
drugs did not vary by calcium intake in women or men.

The mean Agatston score was 125 * 334 in women and
474 = 814 in men and ranged from 0 to 3052 in women and
from 0O to 5016 in men. Forty-three percent of women and 16%
of men had no evidence of coronary calcification (Agatston
score = 0), whereas an Agatston score =400 was 4 times more
common in men (32%) than in women (8%).

Mean Agatston scores, which were adjusted for age and en-
ergy, were similar across groups of total calcium intake (Figure
1) and dietary calcium intake (Figure 2) in women and men.
Mean Agatston scores in women were 2.35 (95% CI: 2.03,
2.67), 2.56 (95% CI: 2.23, 2.88), 2.15 (95% CI: 1.82, 2.47), and
2.38 (95% CI: 2.05, 2.70) in the lowest to highest quartiles of
total calcium, respectively (P-trend = 0.65) and 2.33 (95% CI:
2.00, 2.66), 2.28 (95% CI: 1.96, 2.61), 2.47 (95% CI: 2.14,

TABLE 1
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2.79), and 2.35 (95% CI: 2.02, 2.58), respectively, for dietary
calcium (P-trend = 0.74). The findings in men also showed no
effect of total or dietary calcium intake on Agatston scores, with
P-trend values of 0.38 and 0.52 for total and dietary calcium,
respectively. There were no significant linear trends between
mean Agatston scores adjusted for age and energy and a higher
intake of supplemental calcium in women (P = 0.31) or men
(P = 0.07; Figure 3). Multivariable-adjusted mean Agatston
scores were similar to age- and energy-adjusted values and were
not associated with total, dietary, or supplementary calcium
intake in women or men (Table 2).

Additional adjustment for diabetes, hypertension, cardiovas-
cular disease, cholesterol, and aspirin use had little effect on
results. Results were unchanged when we stratified by or adjusted
for vitamin D intake or GFR. The exclusion of individuals with
cardiovascular disease did not affect the findings. We performed
an analysis in which coronary artery calcification was treated as
a dichotomous outcome with individuals with any calcification
(Agatston score =1) compared with individuals with no calci-
fication (Agatston score = (). Finally, we performed a Tobit
analysis that was used for modeling outcome variables with floor
effects, such as coronary artery calcification. Both of these ap-
proaches yielded similar findings.

DISCUSSION

In this community-based sample of women and men, baseline
calcium intake from diet and supplements appeared to neither

Characteristics of participants according to quartiles of energy-adjusted total calcium intake per day in the Framingham Offspring Study, 1998-2001"

Energy-adjusted total calcium intake quartiles’

Women

Men

1(n=167) 2(m=167) 3 (n=168) 4 (n=167) P-trend 1 (n=133) 2 (n=133) 3 (n=133) 4 (n = 133) P-trend

Median (IQR) (mg) 627 (141) 917 (190) 1305 (223) 1845 (412) — 566 (103) 722 (69) 892 (106) 1339 (436) —

Range (mg) 263-772  773-1127 1128-1557 1558-2821 — 8-652 653-803  804-1046 1047-3050 —

Age (y) 59 59 59 61 0.04 59 60 59 60 0.49
BMI (kg/m?) 29 28 27 26 <0.01 29 29 29 28 0.25
Current smoker (%) 14 7 10 9 0.23 11 11 6 9 0.38
Any alcohol consumption (%) 64 58 63 59 0.51 83 79 70 76 0.07
Type 2 diabetes (%) 10 7 7 7 0.34 5 13 11 13 0.09
Hypertension (%) 38 42 33 37 041 47 43 46 36 0.14
Coronary artery disease (%) 4 4 4 2 0.37 5 12 3 10 0.66
Cardiovascular disease (%) 5 11 6 7 0.95 8 18 5 11 0.75
SBP (mm Hg) 126 125 123 124 0.14 129 126 128 124 0.04
DBP (mm Hg) 74 73 73 72 0.07 78 76 76 74 0.01
Total cholesterol (mg/dL) 210 207 208 203 0.09 197 191 193 191 0.18
HDL cholesterol (mg/dL) 59 59 60 63 0.02 46 45 45 45 0.57
LDL cholesterol (mg/dL) 125 121 122 116 0.03 123 119 122 120 0.66
Triglyceride cholesterol (mg/dL) 132 136 127 118 0.04 151 147 132 130 0.03
Antihypertensives (%) 27 29 25 28 0.99 30 30 32 27 0.67
Lipid-lowering medications (%) 13 21 14 15 0.99 17 23 19 21 0.63
Statins (%) 13 20 14 13 0.73 17 21 17 23 0.47
Aspirin use (%) 23 25 29 24 0.64 31 35 39 47 <0.01
NSAIDs (%) 28 34 31 30 0.85 35 29 20 29 0.28
Osteoporosis medications (%) 5 4 8 19 <0.01 0 0 0 <1 0.06
Postmenopausal (%) 83 80 84 92 0.01 — — — — —

Estrogen use (%) 34 35 38 42 0.09 — — — — —

"DBP, diastolic blood pressure; NSAIDs, nonsteroidal antiinflammatory drugs; SBP, systolic blood pressure.
2 Quartiles are numbered from the lowest (quartile 1) to highest (quartile 4).
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FIGURE 1. Mean (95% CI) coronary artery—calcification Agatston scores
(2002-2005) adjusted for age and total energy according to total calcium
intake quartile at baseline (1998-2001) in 690 women (open bars) and 588
men (filled bars) in the Framingham Offspring Study.

increase nor decrease vascular calcification, which is a measure
of cardiovascular risk, after 4 y of follow-up. A lack of asso-
ciation with the Agatston score was consistent for total calcium
intake (which ranged as high as 3000 mg/d), dietary calcium
intake, and supplementary calcium intake, in both sexes. Con-
sistent with our study, Wang et al (28) observed no effect of
calcium treatment (600 or 1200 mg/d) on coronary calcium
scores in 163 men (50% of subjects) and no effect of calcium
treatment (1000 mg/d) on abdominal aortic calcification assessed
by using lateral spine images from dual-energy X-ray absorp-
tiometry in 1471 women. Wang et al (28) did report that dietary
calcium was inversely related to abdominal aortic calcification
score at baseline in women but not in men (28), which is an
observation that was not noted in the current study.

Vascular calcification is a highly regulated, active process with
characteristics similar to bone formation (29, 30). Numerous cell
types involved in bone turnover, including osteoblasts and os-
teoclasts, also participate in vascular calcification (31). Osteo-
clast-like cells have been shown in calcified arteries (12, 31).
Many epidemiologic studies have shown an inverse association
between various measures of bone health and vascular calcifi-
cation (1, 2, 32, 33) and the incidence of cardiovascular outcomes
(3, 4). The co-occurrence of calcium loss from the skeleton and
deposition of calcium in the vasculature is far more complex than
a simple transfer of calcium from bone to artery (34). The tight
regulation of the calcium concentration in the blood argues
against such a hypothesis of passive deposition. Although the
knowledge of possible mechanisms shared in vascular and
skeletal pathophysiology has significantly increased in the past 2
decades, our understanding in this area is not complete, partic-
ularly with respect to clinical implications (35, 36).

Although there are adverse effects of calcium supplementation
on vascular calcification in patients with chronic kidney disease
(37), the mechanism differs in adults with normal kidney func-
tion. Patients with chronic kidney disease, as well as those with
diabetes, typically develop vascular calcification in the medial
layers that causes arterial stiffness (38). In contrast, individuals
with normal renal function tend to develop plaque calcification in
the intima that causes reduced vascular compliance.
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FIGURE 2. Mean (95% CI) coronary artery—calcification Agatston scores
(2002-2005) adjusted for age and total energy according to dietary calcium
intake quartile at baseline (1998-2001) in 690 women (open bars) and 588
men (filled bars) in the Framingham Offspring Study.

A potential role of calcium supplements in myocardial risk has
created concern regarding the safety of calcium supplements for
bone health (39, 40). However, in a recent report of recom-
mendations for dietary reference intakes (41), the Institute of
Medicine concluded that evidence from clinical trials currently
does not support an effect of calcium intake on risk of cardio-
vascular disease. Although the discussion of methodologic issues
of studies that reported an adverse effect of calcium supplements
on cardiovascular events has been presented elsewhere (36, 42—
44), some concerns include a lack of adjudicated endpoints, the
undermining of random assignment, a low compliance with cal-
cium supplements, and inadequate access to patient-level data.

Our study showed that calcium intake, whether from dietary or
supplementary sources, was not associated with an increased
coronary artery—calcification Agatston score. It is possible that
calcium intake, particularly from supplements, was too low in
participants to detect a potential effect. However, the highest
quartile of total energy-adjusted calcium intake in our study

Mean log (Agatston Score + 1)

0 (mg) 1-500 (mg)

FIGURE 3. Mean (95% CI) coronary artery—calcification Agatston scores
(2002-2005) adjusted for age and total energy according to supplemental
calcium intake at baseline (1998-2001) in 690 women (open bars) and 588
men (filled bars) in the Framingham Offspring Study.

=500 (mg)
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TABLE 2
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Multivariable-adjusted mean coronary artery—calcification Agatston score
(2002-2005) according to quartiles of total, dietary, and supplemental
calcium intake at baseline (1998-2001) in the Framingham Offspring

Study’

Log (Agatston score + 1)

‘Women

Men

Total energy-adjusted
calcium intake quartile

[SSIN SRy

4
P-trend
Dietary energy-adjusted
calcium intake quartile

W N =

4
P-trend

Supplemental calcium (mg/d)
0

2.36 (2.01, 2.71)

2.52 (2.20, 2.84)

2.16 (1.83, 2.48)

2.39 (2.06, 2.73)
0.74

2.34 (2.01, 2.68)

2.28 (1.96, 2.61)

2.43 (2.10, 2.75)

2.38 (2.05, 2.71)
0.74

2.53 (2.24, 2.83)

4.32 (3.94, 4.70)

4.39 (4.03, 3.75)

4.19 (3.83, 4.55)

4.37 (3.98, 4.75)
0.94

4.24 (3.87, 4.62)

4.53 (4.17, 4.89)

4.05 (3.69, 4.41)

4.44 (4.07, 4.81)
0.92

4.41 (4.20, 4.63)

1-500 2.25 (1.96, 2.54) 3.98 (3.54, 4.43)
>500 2.28 (1.98, 2.57) 4.16 (3.37, 4.96)
P-trend 0.46 0.21

! All values are means; 95% Cls in parentheses. Model was adjusted for
age (y) and total energy (kcal), BMI (kg/m?), smoking (never, past, or
current), alcohol consumption (oz/wk), energy-adjusted total vitamin D in-
take (IU), and, for women, menopause status (postmenopausal or premeno-
pausal) and hormone-replacement therapy (yes or no). In models with
energy-adjusted dietary calcium as the main effect, supplementary calcium
(mg) was included as a covariate. In models with supplementary calcium as
the main effect, energy-adjusted dietary calcium (mg) was included as a co-
variate. Quartiles of total energy-adjusted calcium were as follows: quartile
1, =772 mg/d in women and =652 mg/d in men; quartile 2, 773-1127 mg/d in
women and 653-803 mg/d in men; quartile 3, 1128-1557 in women and
804-1046 in men; and quartile 4, =1558 in women and =1047 in men.
Quartiles of dietary energy-adjusted calcium were as follows: quartile
1, =408 mg/d in women and =587 mg/d in men; quartile 2, 409-550
mg/d in women and 588-721 mg/d in men; quartile 3, 551-714 mg/d in
women and 722-896 mg/d in men; and quartile 4, =715 mg/d in women and
=897 mg/d in men.

ranged from 1558 to 2821 mg/d in women and from 1047 to
3050 mg/d in men, which are levels comparable to those of
supplements in clinical trials of fracture outcomes and compa-
rable to intakes in the general population for whom we wish to
generalize our results.

Alternatively, the null results of our study may have been due
to, in part, uncontrolled confounding in that participants with
a high calcium intake may have been healthier (45) and, thereby,
at lower risk of vascular calcification than were participants with
a low calcium intake. We showed that some risk factors for
vascular disease, such as increased BMI, smoking, hypertension,
and coronary artery disease, were less frequent in women and
men with high calcium intakes. However, the differences were
not large, and in addition, adjustment for these factors did not
change results. Also, information was available for a large number
of confounders that were measured with a physical examination,
laboratory testing, and the adjudication of diagnoses. Nonetheless,
it is possible that a potential adverse association of calcium intake

on vascular calcification could have been obscured by an in-
adequate control of confounders.

The assessment of diet is subject to error such that a non-
differential misclassification could have diluted an association
between calcium intake and vascular calcification, particularly if
the magnitude of the effect was small. Alternatively, the food-
frequency questionnaire used in this study has been reproduced
and validated for numerous nutrients in several populations
(46-49), with a range of reliability from 64% to 79% for energy-
adjusted calcium intake (50-52).

The use of calcium supplements is important for many older
adults to ensure adequate intake for bone health. Current rec-
ommendations range from 1000 to 1200 mg Ca/d for adults aged
=50y (53). Adequate calcium intake has also been proposed as
potentially beneficial for nonskeletal outcomes, including the
prevention of obesity, hypertension, hyperlipidemia, and vas-
cular diseases (54, 55).

Our prospective study in a large, community-based population
of women and men evaluated the relation between calcium in-
take, with an upper range as high as 3000 mg/d, on a specific
measure of the presence and severity of coronary atherosclerosis
(ie, coronary artery calcification), which is an independent
predictor of cardiovascular events. We used state-of-the-art CT
measures of coronary artery calcification, and we were able to
take into account important factors in a study of calcium intake
and vascular calcification such as vitamin D intake, prevalent
coronary artery disease, and kidney function. Our results do not
support a significant detrimental effect of calcium intake on
coronary artery calcification.
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