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ABSTRACT

OBJECTIVES This study sought to evaluate and assess the extent of serial coronary artery calcification in response to
oral calcium supplementation.

BACKGROUND Oral calcium supplements are frequently used despite their cardiovascular safety remaining contro-
versial. Their effects on serial coronary calcification are not well established.

METHODS In a post hoc patient-level analysis of 9 prospective randomized trials using serial coronary intravascular
ultrasound, changes in serial percentage of atheroma volume (PAV) and calcium indices (Cal) were compared in matched
segments of patients coronary artery disease who were receiving concomitant calcium supplements (n = 447) and in
those who did not receive supplements (n = 4,700) during an 18- to 24-month trial period.

RESULTS Patients (mean age 58 + 9 years; 73% were men; 43% received concomitant high-intensity statins)
demonstrated overall annualized changes in PAV and Cal with a mean of —0.02 + 1.9% (p = 0.44) and a median of 0.02
(interquartile range: 0.00 to 0.06) (p < 0.001) from baseline, respectively. Following propensity-weighted mixed
modeling adjusting for treatment and a range of demographic, clinical, ultrasonic, and laboratory parameters (including
but not limited to sex, race, baseline, and annualized change in PAV, baseline Cal, concomitant high-intensity statins,
diabetes mellitus, renal function), there were no significant between-group differences in annualized changes in PAV
(least-squares mean: 0.09; 95% confidence interval [Cl]: —0.20 to 0.37 vs. 0.01; 95% Cl: —0.27 to 0.29; p = 0.092)
according to calcium supplement intake. Per a multivariable logistic regression model accounting for the range of
covariates described, calcium supplementation independently associated with an increase in annualized Cal (odds ratio:
1.15; 95% Cl: 1.05 to 1.26; p = 0.004).

CONCLUSIONS Oral calcium supplementation may increase calcium deposition in the coronary vasculature inde-
pendent of changes in atheroma volume. The impact of these changes on plaque stability and cardiovascular out-
comes requires further investigation. (J Am Coll Cardiol Img 2021;14:259-68) © 2021 by the American College of
Cardiology Foundation.
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ABBREVIATIONS
AND ACRONYMS

Cal = calcium index
CI = confidence interval

IPTW = inverse probability of
treatment weight

IGR = interquartile range

IVUS = intravascular
ultrasound

PAV = percentage of atheroma
volume

alcium supplements are frequently

prescribed to prevent or treat

bone-related disorders. Whereas
the bone benefits of calcium supplementa-
tion appear notionally valid (1-3), their ef-
fects on coronary arteries and overall
cardiovascular risk remains controversial.
Coronary atheromas appear susceptible to
calcification via various pathophysiological
mechanisms, rendering certain plaques un-
stable or vulnerable, and possibly promoting

their progression (4). Although a precise
mechanistic understanding of the effects of oral cal-
cium supplementation on the coronary arterial
vasculature remains unknown, it has been hypothe-
sized that increased circulating calcium levels
induced by exogenous supplementation could
directly calcify the vascular endothelium (5).
Furthermore, a prospective longitudinal cohort
study demonstrated an increased risk of cardiovas-
cular disease when calcium supplement intake
exceeded 1,400 mg/day as compared with daily in-
takes of 600 to 1,000 mg (6).

Serial coronary intravascular ultrasound (IVUS) has
been pivotal in elucidating factors promoting coro-
nary atheroma progression and regression (7) and its
relationship with clinical events (8,9). Measuring
plaque calcification and atheroma volume with the
high imaging resolution of coronary IVUS is well
described and validated (10). In patients with coro-
nary artery disease, we assessed serial changes in
coronary arterial calcium in patients receiving cal-
cium supplements compared with those not receiving
calcium supplements.

METHODS

STUDY POPULATION. The current analysis combined
9 prospective clinical trials that used IVUS to eval-
uate the impact of a range of therapies on serial
changes in coronary atheroma burden (Supplemental
Table 1). For every participating center across each
trial, institutional review board approval was ob-
tained for participant enrolment. In this study, we
combined and analyzed trials evaluating the
following: high-intensity lipid-lowering statins
(REVERSAL [Reversal of Atherosclerosis with
Aggressive Lipid Lowering], ASTERIOD [A Study to
Evaluate the Effect of Rosuvastatin on Intravascular
Ultrasound-Derived Atheroma Burden], and SATURN
[The Study of Coronary Atheroma by Intravascular
Ultrasound: Effect of Rosuvastatin  Versus
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Atorvastatin]) (11-13); PCSK9 inhibitor effects on se-
rial coronary atheroma volume (GLAGOV [global
Assessment of Plaque Regression With a PCSK9
Antibody as Measured by Intravascular Ultrasound])
(14); antihypertensive therapies (NORMALISE [Nor-
vasc for Regression of Manifest Atherosclerotic Le-
sions by Invasive Sonographic Evaluation] and
AQUARIUS [Aliskiren Quantitative Atherosclerosis
Regression Intravascular Ultrasound Study]) (15,16);
the anti-atherosclerotic efficacy of acyl-coenzyme
A:cholestryl ester transfer protein inhibition (ACTI-
VATE [ACAT Intravascular Atherosclerosis Treatment
Evaluation]) (17); cholesteryl ester transfer protein
inhibition (ILLUSTRATE [Investigation of Lipid Level
Management Using Coronary Ultrasound to Assess
Reduction of Atherosclerosis by CETP Inhibition and
HDL Elevation]) (18); and the effects of peroxisome
proliferator-activated  receptor-gamma  agonism
(PERISCOPE [Pioglitazone Effect on Regression of
Intravascular Sonographic Coronary Obstruction
Prospective Evaluation]) (19). From these trials,
included in the present analysis were 447 patients
who received calcium supplements and 4,700 pa-
tients who did not receive calcium. Patients were
identified based on their listed medications in the
case report form from each trial.

ACQUISITION AND ANALYSIS OF SERIAL IVUS
IMAGES. The acquisition and serial analysis of IVUS
images in each of these trials have been previously
described in detail (12,13,15,17-21). Briefly, target
vessels for imaging were selected if they contained no
luminal stenosis of >50% angiographic severity
within a coronary segment at least 30 mm in length.
Imaging was performed within the same coronary
artery at baseline and at study completion, which
ranged from 18 to 24 months. Imaging in all trials was
screened by the Atherosclerosis Imaging Core Labo-
ratory of the Cleveland Clinic Coordinating Center for
Clinical Research. Patients meeting pre-specified re-
quirements for image quality were eligible for
randomization. An anatomically matched segment
was defined at the 2-time points on the basis of
proximal and distal side branches (fiduciary points).
Cross-sectional images spaced precisely 1 mm apart
were selected for measurement. Leading edges of the
lumen and external elastic membrane were traced by
manual planimetry. Plaque area was defined as the
area occupied between these leading edges. The ac-
curacy and reproducibility of this method have been
reported previously (22). The percentage of atheroma
volume (PAV) was determined by calculating the
proportion of the entire vessel wall occupied by
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atherosclerotic plaque throughout the segment of
interest as follows:

> (EEMgrea — Lumengreq)

PAV =
Z EEMgrea

x 100

Calcium was identified by an echogenic signal
brighter than the adventitia with corresponding
acoustic shadowing. A calcium grade was assigned for
each analyzed image, reflecting the degree of acoustic
shadowing (0 = no calcium; 1 = calcium with acoustic
shadowing <90°; 2 = calcium with shadowing =90°
but <180°; 3 = calcium with shadowing =180°
but <270°; 4 = calcium =270°) (10,23,24). For images
containing multiple calcium deposits, the grade rep-
resented the summation of all angles of acoustic
shadowing. For each pull back, a calcium index (Cal)
was thus calculated as follows (24-26):

Total no. of analyzed frames with any calcium
CI =
Total no. of analyzed frames
" Maximal arc of calcium
4

Change in Cal was defined as follow-up Cal minus
baseline Cal (24).

STATISTICAL ANALYSIS. In these trials employing
serial coronary IVUS, we identified 447 patients who
took concomitant calcium supplements and 4,700
patients who did not take any calcium supplements.
Continuous variables were compared between groups
using the Student’s t-test or Wilcoxon rank sum test,
as appropriate, and within groups using the paired
Student’s t-test or Wilcoxon signed rank test, as
appropriate. Mean + SD is reported when normally
distributed and median (interquartile range [IQR])
when non-normally distributed. Categorical variables
were compared between groups using the chi-square
or Fisher exact test. Frequency (percentage) is re-
ported. Due to the fact that Cal (both baseline and
change) contained many zero values, rank trans-
formation was implemented.

As a consequence of differences in many baseline
characteristics among calcium supplement use and
noncalcium supplement use, a propensity score-
weighting approach was applied. Two sets of pro-
pensity scores and a corresponding inverse probabil-
ity of treatment weight (IPTW) (the reciprocal of
propensity scores) were valued by a generalized
linear model, utilizing as covariates all the potential
confounders observed for calcium supplement use
versus change in Cal. The equilibrium of the pre-
treatment covariates was evaluated by examining
absolute standardized differences in baseline con-
founders between concomitant calcium supplement
use and noncalcium supplement use prior to and
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Calcium Supplement Intake

TABLE 1 Demographics, Clinical and Angiographic Characteristics, and Medications by

Any Calcium Supplements Taken

Total No Yes p Value
Subjects 5147 4,700 447
Age, yrs 58.2 +9.17 57.9 +£9.19 60.8 + 8.64 <0.001
Female 1,404 (27.3) 1,148 (24.4) 256 (57.3) <0.001
Caucasian 4,771 (92.7) 4,349 (92.5) 422 (94.4) 0.145
BMI, kg/m? 29.9 +5.39 29.9 +5.32 30.7 £5.99 0.002
Diabetes mellitus 1,368 (26.6) 1,245 (26.5) 123 (27.5) 0.638
Hypertension 3,961 (77.0) 3,611 (76.8) 350 (78.3) 0.481
Prior myocardial infarction 1,537 (29.9) 1,438 (30.6) 99 (22.1) <0.001
Peripheral arterial disease 210 (4.1) 183 (3.9) 27 (6.0) 0.028
Prior stroke 147 (2.9) 132 (2.8) 15 (3.4) 0.507
Aspirin 4,753 (92.3) 4,331 (92.1) 422 (94.4) 0.086
Beta blockers 3,957 (76.9) 3,623 (77.1) 334 (74.7) 0.257
ACE inhibitor or ARB 3,514 (68.3) 3,215 (68.4) 299 (66.9) 0.511
Warfarin 203 (3.9) 177 3.8) 26 (5.8) 0.033
High intensity statin 2,047 of 4,721 1,900 of 4,335 147 of 386 0.029
(43.4) (43.8) (38.1)
Baseline diameter stenosis, % 41.0 £17.44 41.2 +£17.40 39.6 +17.75 0.246
Maximum diameter 480 of 1,877 431 of 1,685 49 of 192 0.986
stenosis >50% (25.6) (25.6) (25.5)

Values are n, mean =+ SD, or n (%), unless otherwise indicated. Medications listed are concomitant.
ACE = angiotensin converting enzyme; ARB = angiotensin receptor blocker; BMI = body mass index.

following IPTW adjustment, and significant
improvement in baseline balance was achieved
following weighting, as judged by a 10% threshold.
IPTW on PAV shared the same covariate set and hence
had the same significance of weighting.

All consecutive analyses of the calcium supple-
ment effect were weighted by IPTW. Serial changes in
IVUS measurements were analyzed by analysis of
covariance, adjusting for their baseline correlate, and
treating clinical trial as a random factor to account for
heterogeneity across trials. Least-squares mean with
95% confidence interval (CI) is reported. A similar
multivariable analysis was performed for rank-
transformed Cal change for which PAV was addi-
tionally adjusted because calcium is a component of
plaque. With each trial’s duration varying between 18
and 24 months, changes in Cal and PAV were inter-
polated at 1 year and therefore reported as annualized
changes. To further determine clinical risk factors for
coronary calcification, a multivariable logistic
regression model was created for Cal increase versus
no increase.

Examination of multicollinearity was performed in
the full models. Whereas propensity scores tend to
yield extreme values or degrees of overlap, a sensi-
tivity analysis with trimmed outliers was performed
to reduce extreme values or degrees generated by
possible propensity score weighting by removing the
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TABLE 2 Baseline and Follow-Up Laboratory Values According to Calcium
Supplement Intake

Any Calcium Supplements Taken

Total (N = 5,147) No (n = 4,700) Yes (n = 447) p Value
Baseline
LDL-C, mg/dl 105.1 + 34.79 105.5 + 34.83 101.0 + 34.12 0.009
HDL-C, mg/dl 44.4 +11.91 44.1 +11.65 47.7 £13.94 <0.001
Non-HDL-C, mg/dl 135.1 + 40.33 135.4 + 40.36 131.2 + 39.80 0.036
Triglycerides, mg/dl 133 (97-188) 133 (97-188) 133 (91-190) 0.828
CRP, mg/L 2.0 (1.0-4.4) 2.0 (0.9-4.3) 2.2 (1.1-5.1) 0.005
Creatinine, mg/dl 0.9 (0.8-1.1) 1.0 (0.8-1.1) 0.9 (0.8-1.0) <0.001
Calcium, mg/dl 9.3 (8.9-9.6) 9.3 (8.9-9.6) 9.2 (8.9-9.6) 0.133
Phosphate, mg/dl 3.4 (3.0-3.7) 3.4 (3.0-3.7) 3.5 (3.1-3.9) 0.007
Follow-up

LDL-C, mg/dl 78.9 + 30.04 78.8 + 30.34 79.5 + 26.68 0.651
HDL-C, mg/dl 49.1 +14.59 48.6 +14.13 54.1 +18.06 <0.001
Non-HDL-C, mg/dl 106.1 + 35.48 106.1 + 35.80 106.9 + 31.90 0.623
Triglycerides, mg/dl 125 (93-169) 125 (93-169) 128 (92-172) 0.720
CRP, mg/L 1.6 (0.8-3.8) 1.6 (0.8-3.7) 1.8 (0.9-4.0) 0.051
Last CRP, mg/L 1.5 (0.7-3.5) 1.5 (0.7-3.5) 1.7 (0.8-4.1) 0.022
Last creatinine, mg/dl 0.9 (0.8-1.1) 0.9 (0.8-1.1) 0.9 (0.8-1.0) 0.008
Calcium,* mg/dl 9.3 (9.0-9.6) 9.3 (9.0-9.6) 9.3 (9.0-9.5) 0.199
Phosphate,* mg/dl 3.4 (3.1-3.7) 3.3 (3.0-3.6) 3.5(3.2-3.8) <0.001

Values are mean + SD or median (interquartile range). *Laboratory values obtained during treatment are the
time-weighted averages of all post-baseline values.

CRP = C-reactive protein; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein
cholesterol.

top and bottom 1% of propensity scores within each
calcium supplement group.

A 2-sided p value of 0.05 was considered statisti-
cally significant. All analyses were executed using
SAS software version 9.4 (SAS Institute, Cary, North
Carolina). Figures were created using R version 3.6.1
(The R Foundation for Statistical Computing, Vienna,
Austria).

RESULTS

Table 1 describes the clinical characteristics,

concomitant medications during the study period,
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and angiographic characteristics of the imaged vessel
at baseline corresponding to calcium supplement
intake or not. The mean age of the overall population
was 58.2 + 9.2 years, the majority of subjects (73%)
were male, and 43.4% of the study population
received concomitant high-intensity
Compared with those not receiving calcium supple-

statins.

ments, those receiving calcium supplements were
older (60.8 + 8.6 vs. 57.9 + 9.2 years; p < 0.001), more
likely to be women (57.3% Vs. 24.4%; p < 0.001), have
a lower incidence of prior myocardial infarction
(22.1% vs. 30.6%; p < 0.001), more likely to be
receiving concomitant aspirin (95.1% Vs. 91.2%;
p = 0.005) and warfarin (5.8% vs. 3.8%; p = 0.03), but
less likely to receive concomitant high-intensity sta-
tins (38.1% Vvs. 43.8%; p = 0.029). There were no
between-group differences in the angiographic char-
acteristics of the imaged coronary artery.

Table 2 summarizes laboratory biochemical mea-
sures at baseline and follow-up. Compared with those
not receiving calcium supplements, those receiving
calcium supplements had significantly greater base-
line levels of high-density lipoprotein cholesterol
(47.7 + 13.9 vs. 44.1 + 11.7 mg/dl; p < 0.001), C-reac-
tive protein (median: 2.2; IQR: 1.1 to 5.1 vs. 2.0; IQR:
0.9 to 4.3 mg/l; p = 0.005) and phosphate levels
(median: 3.5; IQR: 3.1 to 3.9 vs. 3.4; IQR: 3.0 to
3.7 mg/dl; p = 0.007), but significantly lower baseline
levels of low-density lipoprotein cholesterol and non-
high-density lipoprotein cholesterol. At follow-up,
compared with the noncalcium supplements group,
those receiving calcium supplements demonstrated
significantly greater high-density lipoprotein choles-
terol (54.1 &+ 18.1 vs. 48.6 + 14.1 mg/d; p < 0.001).

Table 3 summarizes baseline, follow-up, and
changes in PAV over time according to treatment
disposition, in addition to comparisons of differences
in PAV following propensity matching. Compared
with the noncalcium supplements group, those

TABLE 3 Baseline and Changes in IVUS-Derived PAV According to Calcium Supplement Intake

Any Calcium Supplements Taken

Total (N = 5,147) No (n = 4,700) Yes (n = 447) p Value
Baseline PAV 37.9 £ 9.04 38.0 + 9.04 36.6 + 8.89 0.001*
38.5(37.3-39.7) 38.7 (37.5-39.9) 36.9 (35.5-38.3) <0.001t
Follow-up PAV 37.8 £9.09 379+ 9.1 36.7 + 8.85 0.012*
Annualized change in PAV —0.02 +1.915 —0.03 £1.923 0.12 +1.832 0.092*
Within group p valuet 0.435* 0.216* 0.150*
LS mean (95% Cl) 0.04 (-0.24 t0 0.32) 0.01 (-0.27 to 0.29) 0.09 (-0.20 to 0.37) 0.0928

abbreviations as in Table 1.

Values are mean + SD or median (interquartile range), unless otherwise indicated. *Unadjusted results with mean + SD reported. tLinear mixed model adjusting for trial. +Paired
Student's t-test. §Inverse probability of treatment-weighted linear mixed model for annualized change in PAV adjusting for age, sex, race, BMI, diabetes mellitus, history of
myocardial infarction, baseline ACE or ARB, concomitant high-intensity statins, baseline PAV, and trial. Due to missing values of covariates, 4,639 records were used here.

Cl = confidence interval; IPTW = inverse probability of treatment weight; IVUS = intravascular ultrasound; LS = least squares; PAV = percentage of atheroma volume; other
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TABLE 4 Baseline, Follow-Up, and Continuous Change in Cal According to Calcium Supplement Intake

Any Calcium Supplements Taken

Total (N = 5,147) No (n = 4,700) Yes (n = 447) p Value
Baseline Cal 0.29 (0.09-0.55) 0.29 (0.09-0.55) 0.26 (0.07-0.56) 0.30*
Follow-up Cal 0.35 (0.12-0.63) 0.35 (0.12-0.63) 0.33 (0.10-0.61) 0.438*
Annualized change in Cal 0.02 (0.00-0.06) 0.02 (0.00-0.06) 0.02 (0.00-0.06) 0.95*%
Within group pt <0.001* <0.001* <0.001*
Quantiles of ranks, multivariable 50.2 (47.4-52.9) 49.5 (46.7-52.3) 50.9 (48.1-53.8) 0.067+

Cal = calcium index; other abbreviations as in Tables 1 and 3.

Values are median (interquartile range), unless otherwise indicated. *Unadjusted univariate results with median (interquartile range) reported. tWilcoxon signed-rank test.
$IPTW-weighted linear mixed model for change in Cal (quantiles of ranks because there are many zero values) adjusting for sex, race, BMI, hypertension, prior myocardial
infarction, diabetes mellitus, concomitant high-intensity statins, concomitant warfarin, renal function (last creatinine), baseline and annualized change in PAV, baseline Cal
(quantiles of ranks), and trial. Least-squares mean with 95% CI reported. Due to missing values of covariates, 4,634 records were used here.

receiving calcium supplements had significantly less
atheroma volume at baseline (36.6 4+ 8.9% vs. 38.0 +
9.0%; p = 0.001) and follow-up (36.7 + 8.85% vs. 37.9
+ 9.1%; p = 0.012). However, whether adjusted or
unadjusted, there were no significant within-group
nor between-group differences in annualized
changes in PAV.

Table 4 summarizes baseline, follow-up, and
continuous change in Cal for each treatment group
along with analysis of continuous changes in Cal
following propensity score weighting and adjustment
for the baseline measure of plaque burden and Cal,
treatment, and other covariates. When unadjusted,
there was no significant difference in the change in
Cal between treatment groups. Following additional

adjustment for baseline PAV within a full multivari-
able model, the (quantiles of the ranks for) annual-
ized change in Cal were similar between the 2 groups
(least-squares mean: 49.5; 95% CI: 46.7 to 52.3 vs.
50.9; 95% CI: 48.1 to 53.8; p = 0.067), with a trend
toward being greater in those receiving calcium
supplements.

Figure 1 describes a multivariable logistic regres-
sion model describing factors independently associ-
ated with an increase in Cal following IPTW
weighting. The use of calcium supplements was
independently associated with progressive coronary
artery calcification (odds ratio: 1.15; 95% CI: 1.05 to
1.26; p = 0.004). Other significant variables associated
with a rising Cal included a non-Caucasian race,

FIGURE 1 Full Multivariable Model for Annualized CI Increase

0Odds Ratio
Variable (95% Confidence Interval) P-Value
Calcium supplement 115 (1.05, 1.26) - 0.004
Female 0.95 (0.86, 1.06) 0.40
Caucasian 0.83(0.70, 0.99) 0.04
BMI 1.05 (1.01,1.10) o 0.031
Diabetes 1.11(0.98, 1.25) on
Hypertension 0.97 (0.87,1.09) 0.65
Prior M1 111 (1.01,1.24) i 0.039
Concomitant high-intensity statin use 1.54 (1.34,1.78) —— <0.001
Concomitant warfarin use 0.92 (0.74,1.13) —— 0.42
Baseline calcium index (ranks) 1.11(1.04,1.17) il < 0.001
Baseline PAV 2.12(1.99, 2.27) —— <0.001
Annualized change in PAV 1.51(1.44, 1.59) il <0.001
Creatinine (last observation) 0.86 (0.83, 0.90) » <0.001
0.5 1 1.5 2 2.5

0dds ratios for body mass index (BMI), rank-transformed baseline calcium index (Cal), baseline percentage of atheroma volume (PAV),
annualized change in PAV, and last observation creatinine are reported per SD. The model was also adjusted for trial and was weighted by the
inverse probability of treatment. Due to missing values of covariates, 4,634 records were used here. Ml = myocardial infarction.
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FIGURE 2 Full Multivariable Model for Annualized Cal Increase in Atheroma Progressors and Nonprogressors

Creatinine (last observation)

Odds Ratio
Variable (95% Confidence Interval) P-Value
Atheroma Progressors (APAV >0)
Calcium supplement 1.46 (1.27,1.68) —_— < 0.001
Female 0.69 (0.59, 0.81) - = <0.001
Caucasian 0.97 (0.73,1.29) —r— 0.85
BMI 1.07 (0.99, 1.15) HE- 0.07
Diabetes 1.41(1.17,1.70) —— <0.001
Hypertension 0.97 (0.81,1.16) —— 0.70
Prior Ml 0.91(0.78,1.06) — 0.22
Concomitant high-intensity statin use 1.36 (1.10, 1.68) —_— 0.005
Concomitant warfarin use 1.42 (1.02,1.98) —_ 0.04
Baseline calcium index (ranks) 1.39(1.27,1.52) —— <0.001
Baseline PAV 1.87 (1.69, 2.07) —— <0.001
Annualized change in PAV 1.22(1.10, 1.35) —— <0.001
Creatinine (last observation) 0.78 (0.74, 0.83) - <0.001
Atheroma Non-Progressors (APAV <0)
Calcium supplement 0.94 (0.82,1.07) — 0.32
Female 1.21(1.04, 1.47) —— 0.013
Caucasian 0.72 (0.57, 0.92) —— 0.008
BMI 1.03 (0.97, 1.10) 0.36
Diabetes 0.84 (0.71,1.01) —Ii 0.058
Hypertension 1.01(0.86, 1.18) 0.94
Prior MI 1.19 (1.03, 1.38) —— 0.021
Concomitant high-intensity statin use 1.99 (1.63, 2.43) —_— <0.001
Concomitant warfarin use 0.53 (0.39, 0.73) —— <0.001
Baseline calcium index (ranks) 0.92 (0.85, 0.99) - 0.036
Baseline PAV 2.34 (214, 2.56) —u— < 0.001
Annualized change in PAV 1.65 (1.47,1.85) —_— < 0.001

0.98 (0.91, 1.05)

-T 0.59

ORs for BMI, rank-transformed baseline Cal, baseline PAV, annualized change in PAV, and last observation creatinine are reported per SD. The
model was also adjusted for trial and was weighted by the inverse probability of treatment. Due to missing values of covariates, 2,149 of the

progressors' records and 2,485 of the 2,706 nonprogressors' records were used here. The interaction p value between calcium supplement use
and PAV progressor status was <0.001. Abbreviations as in Figure 1.

greater body-mass index, concomitant high-intensity
statin use, greater baseline PAV and Cal, and higher
annualized change in PAV.

A sensitivity analysis examining for potential in-
teractions among atheroma progressors (APAV >0),
nonprogressors (APAV =0), and calcium supplement
use on an increase in Cal is described in Figure 2. In
those demonstrating coronary atheroma progression,
calcium supplements significantly associated with an
increasing Cal, whereas in those not demonstrating
coronary atheroma progression, there was no signifi-
cant association between calcium supplement use
and an increase in Cal (p-interaction < 0.001).

A further sensitivity (trimmed) analysis was per-
formed, trimming the top and bottom 1% of pro-
pensity scores within each calcium supplement
group. When treating change in annualized Cal as a
continuous variable (Table 4), the p value for calcium
supplement use versus nonuse went from 0.067 to
0.011 following trimming.

DISCUSSION

In this post hoc propensity-weighted analysis of pa-
tients with coronary artery disease undergoing serial
coronary IVUS evaluation in the context of 9 random-
ized clinical trials, we demonstrate for the first time a
statistically significant independent association be-
tween oral calcium supplementation and progressive
coronary arterial calcification (Central Illustration).
These findings were irrespective of the concomitant
changes in coronary atheroma volume, patient age,
concomitant statin or warfarin therapy, as well as renal
function and the calcium-phosphate product: factors
all known to associate with arterial calcification.
The longer-term clinical implications of the demon-
strated isolated pro-calcific effects of exogenous oral
calcium supplements were beyond the scope of the
present analysis. However, these effects on plaque
stability and clinical outcomes require further
investigation.



JACC: CARDIOVASCULAR IMAGING, VOL. 14, NO. 1, 2021

JANUARY 2021:259-68

Bazarbashi et al.
Oral Calcium Supplements Associate With Serial Coronary Calcification

265

CENTRAL ILLUSTRATION Use of Oral Calcium Supplements and Effects on Coronary Calcification

Calcium Supplements

No Calcium Supplements

Post hoc analysis of 9 Randomized Cli

plaque progression, 5,147 pa

using coronary Intravascular Ultrasound to assess the effects of a
ided into those re

ge of medical therapies on
concomitant calcium supplements vs. no calcium supplements.

74
> >

Oral Calcium Supplements

Calcium supplements —

05 1 15 2 285]

Odds Ratio
(95% Confidence Interval)

Full Multivariable Model for Annualized Calcium Index Increase

0dds Ratio
Variable (95% Confidence Interval) P-Value 0dds Ratio
Variable (95% Confidence Interval)
1.15 (1.05, 1.26) 0.004

Atheroma Progressors

Calcium supplements | —a— 1.46 (1.27,1.68)

Atheroma Non-Progressors

Bazarbashi, N. et al. J Am Coll Cardiol Img. 2021;14(1):259-68.

Calcium supplements 0.94 (0.82,1.07)
P-interaction: calcium supplements * atheroma progression

05 1 s 2 25

Odds Ratio
(95% Confidence Interval)

Full Multivariable Model for Annualized Calcium Index Increase in
Atheroma Progressors and Non-Progressors

P-Value

<0.001

0.32
<0.001

Oral calcium supplements may increase calcium deposition in the coronary vasculature

independent of changes in atheroma volume.

A broad study outline is depicted, and results of the multivariable analysis are provided, highlighting oral calcium supplement use to independently associate with
progressive coronary atheroma calcification. IVUS = intravascular ultrasound; RCT = randomized clinical trial.

Historically, oral calcium supplements had been
thought to not significantly affect coronary arterial
calcification (27,28). Data gleaned from a mini-swine
model of exogenous calcium supplementation sup-
ported this notion, whereby swine afflicted with
metabolic syndrome fed a high-calcium diet were
found to have low levels of calcium carbonate in their
coronary arteries (29). However, meta-analyses and
prospective cohorts evaluating calcium supplements
suggested an association between calcium

supplementation and myocardial infarction risk in
healthy post-menopausal women (30). Furthermore,
data from the EPIC-Heidelberg (European Prospective
Investigation into Cancer and Nutrition) study
demonstrated a statistically significant increased risk
of myocardial infarction in patients using calcium
supplements (31). Additionally, the WHI CaD (Wom-
an’s Health Initiative Calcium/Vitamin D Supple-
mentation Study) examined the association between
calcium supplements with and without vitamin D and
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cardiovascular outcomes, and a modest increase in
cardiovascular risk was observed, most notably
myocardial infarction (32). Whether these observa-
tions related to an underlying propensity for
enhanced intimal calcification as the nidus for
myocardial infarction versus an alternative patho-
physiological explanation remains to be explored.
Consequently, the present observations could have
potential implications in patients prescribed long-
term calcium supplements, most notably in those
with concomitant atherosclerotic risk factors. Further
studies are required to elucidate the clinical impli-
cations of the present findings.

The present analysis is unique in that it enabled
the assessment of the impact of exogenous calcium
supplements on the serial behavior of coronary
atheroma using IVUS as a sensitive imaging modality
for tracking volumetric plaque changes. Other studies
evaluating the effects of oral calcium supplementa-
tion on the vessel wall involved static assessments of
the arterial vasculature in relation to the history of
calcium intake. The MESA (Multi-Ethnic Study of
Atherosclerosis) evaluated the impact of calcium
supplements intake on the increase of coronary artery
calcium on cardiac computed tomography and found
a 22% increase in incidence of coronary artery cal-
cium. However, it is worth noting that there was no
significant coronary artery calcium progression over
an average 10-year follow-up (33).

The present data demonstrate that calcium sup-
plementation associates with progressive arterial
calcium regardless of the baseline extent of calcium
and plaque volume, concomitant statin use, age,
renal function, and sex. A further notable finding
from the present analysis was the significant inter-
action between calcium supplement use, atheroma
progression-regression, and change in Cal. Increases
in Cal corresponded with those demonstrating coro-
nary atheroma progression who received calcium
supplements. However, in those without plaque
progression, calcium supplement use imparted no
significant effect on the change in Cal. These mech-
anistic observations will ultimately need to be pro-
spectively investigated in appropriately designed
clinical trials to better understand the cardiovascular
safety of oral calcium supplementation. Furthermore,
the present analysis could have implications in those
undergoing cardiac computed tomography scanning
for coronary calcium scoring as a means of cardio-
vascular risk stratification. Whether a history of prior
and/or active calcium supplementation significantly
affects the Agatston score and thus cardiovascular

JACC: CARDIOVASCULAR IMAGING, VOL. 14, NO. 1, 2021
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prognostication requires further investigation. The
density of coronary calcium rather than simply its
aggregate may associate more strongly with incident
cardiovascular events (34), and how calcium supple-
ments influence these differential parameters is
presently unknown.

STUDY LIMITATIONS. Several caveats of the present
analysis warrant further consideration. We were un-
able to assess for a dose-response association be-
tween oral calcium supplementation and subsequent
pro-calcific plaque effects. Also, trial participants
were asked to list their concomitant medication,
rather than “supplement” use, which could have
resulted in inadvertent under-reporting of calcium
supplement use. We demonstrated significant differ-
ences in plaque calcification despite a follow-up
period of 18 to 24 months, a relatively modest time
period compared with the duration of calcium sup-
plement therapy typically prescribed for individuals
with appropriate clinical indications. Given the sig-
nificant procalcific effects in calcium supplement-
treated individuals demonstrated within this rela-
tively short 18- to 24-month time frame, one could,
therefore, speculate on the extent of coronary
atheroma calcification following a much more
extended period of calcium supplement therapy. The
current analysis was not a placebo-controlled trial
and a degree of heterogeneity should be considered
when interpreting the results of our current study.
Nevertheless, to the best of our knowledge, this
analysis currently serves as the best available evi-
dence to date of the serial, procalcific effects of cal-
cium supplements in human coronary atheroma
in vivo. There is the possibility of unmeasured con-
founders influencing our analysis. However, a range
of clinical, ultrasonic, and metabolic parameters, as
well as clinical trials, have been extensively
controlled for in the present analysis, thus mini-
mizing the effects of potential biases. Moreover, the
inclusion and exclusion criteria for all the included
serial IVUS trials were relatively uniform, and the
analysis was performed within a single core labora-
tory wusing standardized analytic techniques.
Furthermore, concordant results in a differing pro-
pensity model (sensitivity analysis) highlight the
consistency and biological plausibility of these find-
ings. Depth analysis of calcium is not a standard
component of our core laboratory’s IVUS imaging
protocol. Consequently, the relative location of the
calcium (intimal vs. adventitial) was not ascertained.
Whereas calcium deposits may be assessed
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quantitively utilizing IVUS by measuring the arc and
length, a fraction of the ultrasound beam penetrates
the calcium deposits showing only the leading edge of
the calcification and therefore does not represent its
anatomic thickness, precluding true volumetric cal-
cium assessment.

CONCLUSIONS

Oral calcium supplement use is independently asso-
ciated with serial procalcific effects within the coro-
nary vasculature in vivo, irrespective of concomitant
changes in atheroma volume, concomitant warfarin
and statin therapy, and renal function. These findings
are consistent with prior preclinical cross-sectional
human vascular imaging data. The longer-term clin-
ical implications on atherosclerotic cardiovascular
risk of these data remain unknown, thus necessi-

Bazarbashi et al.
Oral Calcium Supplements Associate With Serial Coronary Calcification

ADDRESS FOR CORRESPONDENCE: Dr. Rishi Puri,
Department of Cardiovascular Medicine, Cleveland
Clinic Foundation, Mail Code J2-3, 9500 Euclid Avenue,
Cleveland, Ohio 44195, USA. E-mail: purir@ccf.org.

PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:

apparent coronary artery disease demonstrate progressive
coronary arterial calcification in vivo, independent

of its baseline extent, the degree of baseline plaque
burden, baseline or concomitant statin use, or

renal function.

Patients receiving calcium supplements with angiographically

TRANSLATIONAL OUTLOOK: Further studies are needed to

tating further investigations.

AUTHOR DISCLOSURES

The authors have reported that they have no relationships relevant to

the contents of this paper to disclose.

determine whether these observations relate to intensity and

duration of calcium supplement exposure and whether calcium
supplement-induced atheroma calcification renders a plaque to
be more vulnerable.

REFERENCES

1. Moyer VA, U.S. Preventive Services Task Force.
Vitamin D and calcium supplementation to prevent
fractures in adults: U.S. Preventive Services Task
Force recommendation statement. Ann Intern Med
2013;158:691-6.

2. Bolland MJ, Leung W, Tai V, et al. Calcium
intake and risk of fracture: systematic review. BMJ
2015;351:h4580.

3. Lappe J, Cullen D, Haynatzki G, Recker R, Ahlf R,
Thompson K. Calcium and vitamin D supplemen-
tation decreases incidence of stress fractures in
female navy recruits. J Bone Miner Res 2008;23:
741-9.

4. Andrews J, Psaltis PJ, Bartolo BAD, Nicholls SJ,
Puri R. Coronary arterial calcification: a review of
mechanisms, promoters and imaging. Trends Car-
diovasc Med 2018;28:491-501.

5. Reid IR, Bristow SM, Bolland MJ. Cardiovascular
complications of calcium supplements. J Cell
Biochem 2015;116:494-501.

6. Michaelsson K, Melhus H, Warensjo Lemming E,
Wolk A, Byberg L. Long term calcium intake and
rates of all cause and cardiovascular mortality:
community based prospective longitudinal cohort
study. BMJ 2013;346:228.

7. Puri R, Tuzcu EM, Nissen SE, Nicholls SJ.
Exploring coronary atherosclerosis with intravas-
cular imaging. Int J Cardiol 2013;168:670-9.

8. Nicholls SJ, Hsu A, Wolski K, et al. Intravascular
ultrasound-derived measures of coronary athero-
sclerotic plaque burden and clinical outcome. J Am
Coll Cardiol 2010;55:2399-407.

9. Puri R, Wolski K, Uno K, et al. Left main coro-
nary atherosclerosis progression, constrictive
remodeling, and clinical events. J Am Coll Cardiol
Intv 2013;6:29-35.

10. Mintz GS, Nissen SE, Anderson WD, et al.
American College of Cardiology Clinical Expert
Consensus Document on Standards for Acquisi-
tion, Measurement and Reporting of Intravascular
Ultrasound Studies (IVUS): a report of the Amer-
ican College of Cardiology Task Force on Clinical
Expert Consensus Documents. J Am Coll Cardiol
2001;37:1478-92.

11. Nissen SE, Nicholls SJ, Sipahi |, et al. Effect of
very high-intensity statin therapy on regression of
coronary atherosclerosis: the ASTEROID trial.
JAMA 2006;295:1556-65.

12. Nissen SE, Tuzcu EM, Schoenhagen P, et al., for
the REVERSAL Investigators. Effect of intensive
compared with moderate lipid-lowering therapy
on progression of coronary atherosclerosis: a
randomized controlled trial. JAMA 2004;291:
1071-80.

13. Nicholls SJ, Ballantyne CM, Barter PJ, et al.
Effect of two intensive statin regimens on pro-
gression of coronary disease. N Engl J Med 2011;
365:2078-87.

14. Nicholls SJ, Puri R, Anderson T, et al. Effect of
evolocumab on progression of coronary disease in
statin-treated patients: the GLAGOV randomized
clinical trial. JAMA 2016;316:2373-84.

15. Nicholls SJ, Bakris GL, Kastelein JJ, et al.
Effect of aliskiren on progression of coronary
disease in patients with prehypertension: the

AQUARIUS randomized clinical trial. JAMA 2013;
310:1135-44.

16. Brener SJ, Ivanc TB, Poliszczuk R, et al.
Antihypertensive therapy and regression of cor-
onary artery disease: insights from the Compari-
son of Amlodipine versus Enalapril to Limit
Occurrences of Thrombosis (CAMELOT) and Nor-
vasc for Regression of Manifest Atherosclerotic
Lesions by Intravascular Sonographic Evaluation
(NORMALISE) trials. Am Heart J 2006;152:
1059-63.

17. Nissen SE, Tuzcu EM, Brewer HB, et al., for the
ACTIVATE Investigators. Effect of ACAT inhibition
on the progression of coronary atherosclerosis.
N Engl J Med 2006;354:1253-63.

18. Nissen SE, Tardif JC, Nicholls SJ, et al., for the
ILLUSTRATE Investigators. Effect of torcetrapib
on the progression of coronary atherosclerosis.
N Engl J Med 2007;356:1304-16.

19. Nissen SE, Nicholls SJ, Wolski K, et al., for the
PERISCOPE Investigators. Comparison of pioglita-
zone vs glimepiride on progression of coronary
atherosclerosis in patients with type 2 diabetes:
the PERISCOPE randomized controlled trial. JAMA
2008;299:1561-73.

20. Nissen SE, Tuzcu EM, Libby P, et al., for the
CAMELOT Investigators. Effect of antihyperten-
sive agents on cardiovascular events in patients
with coronary disease and normal blood pressure:
the CAMELOT study: a randomized controlled
trial. JAMA 2004;292:2217-25.

21. Nissen SE, Nicholls SJ, Wolski K, et al., for the
STRADIVARIUS Investigators. Effect of rimonabant


mailto:purir@ccf.org
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref1
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref1
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref1
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref1
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref1
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref2
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref2
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref2
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref3
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref3
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref3
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref3
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref3
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref4
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref4
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref4
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref4
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref5
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref5
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref5
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref6
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref6
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref6
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref6
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref6
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref7
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref7
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref7
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref8
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref8
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref8
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref8
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref9
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref9
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref9
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref9
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref10
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref10
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref10
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref10
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref10
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref10
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref10
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref10
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref11
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref11
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref11
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref11
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref12
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref12
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref12
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref12
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref12
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref12
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref13
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref13
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref13
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref13
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref14
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref14
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref14
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref14
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref15
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref15
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref15
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref15
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref15
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref16
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref16
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref16
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref16
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref16
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref16
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref16
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref16
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref16
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref17
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref17
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref17
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref17
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref18
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref18
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref18
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref18
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref19
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref19
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref19
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref19
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref19
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref19
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref20
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref20
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref20
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref20
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref20
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref20
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref21
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref21

Bazarbashi et al.

on progression of atherosclerosis in patients with
abdominal obesity and coronary artery disease:
the STRADIVARIUS randomized controlled trial.
JAMA 2008;299:1547-60.

22, Schoenhagen P, Sapp SK, Tuzcu EM, et al.
Variability of area measurements obtained with
different intravascular ultrasound catheter sys-
tems: impact on clinical trials and a method for
accurate calibration. J Am Soc Echocardiogr 2003;
16:277-84.

23. Nicholls SJ, Tuzcu EM, Wolski K, et al. Coro-
nary artery calcification and changes in atheroma
burden in response to established medical thera-
pies. J Am Coll Cardiol 2007;49:263-70.

24. Puri R, Nicholls SJ, Shao M, et al. Impact of
statins on serial coronary calcification during
atheroma progression and regression. J Am Coll
Cardiol 2015;65:1273-82.

25. Chirumamilla AP, Maehara A, Mintz GS, et al.
High platelet reactivity on clopidogrel therapy
correlates with increased coronary atherosclerosis
and calcification: a volumetric intravascular ultra-
sound study. J Am Coll Cardiol Img 2012;5:540-9.

26. Andrews J, Psaltis PJ, Bayturan O, et al.
Warfarin use is associated with progressive coro-
nary arterial calcification: insights from serial

JACC: CARDIOVASCULAR IMAGING, VOL. 14, NO. 1,
Oral Calcium Supplements Associate With Serial Coronary Calcification

intravascular ultrasound. J Am Coll Cardiol Img
2018;11:1315-23.

27. Bhakta M, Bruce C, Messika-Zeitoun D, et al.
Oral calcium supplements do not affect the pro-
gression of aortic valve calcification or coronary
artery calcification. J Am Board Fam Med 2009;
22:610-6.

28. Samelson EJ, Booth SL, Fox CS, et al. Calcium
intake is not associated with increased coronary
artery calcification: the Framingham Study. Am J
Clin Nutr 2012;96:1274-80.

29. Phillips-Eakley AK, McKenney-Drake ML,
Bahls M, et al. Effect of high-calcium diet on
coronary artery disease in Ossabaw miniature
swine with metabolic syndrome. J Am Heart Assoc
2015;4:€001620.

30. Heaney RP, Kopecky S, Maki KC, Hathcock J,
Mackay D, Wallace TC. A review of calcium sup-
plements and cardiovascular disease risk. Adv Nutr
2012;3:763-71.

31. Li K, Kaaks R, Linseisen J, Rohrmann S.
Associations of dietary calcium intake and cal-
cium supplementation with myocardial infarc-
tion and stroke risk and overall cardiovascular
mortality in the Heidelberg cohort of the Eu-
ropean Prospective Investigation into Cancer

2021
JANUARY 2021:259-68

and Nutrition study (EPIC-Heidelberg). Heart
2012;98:920-5.

32. Bolland MJ, Grey A, Avenell A, Gamble GD,
Reid IR. Calcium supplements with or without
vitamin D and risk of cardiovascular events: rean-
alysis of the Women's Health Initiative limited
access dataset and meta-analysis. BMJ 2011;342:
d2040.

33. Anderson JJ, Kruszka B, Delaney JA, et al.
Calcium intake from diet and supplements and the
risk of coronary artery calcification and its pro-
gression among older adults: 10-year follow-up of
the Multi-Ethnic Study of Atherosclerosis (MESA).
J Am Heart Assoc 2016;5:e003815.

34. Criqui MH, Denenberg JO, Ix JH, et al. Calcium
density of coronary artery plaque and risk of
incident cardiovascular events. JAMA 2014;311:
271-8.

KEY WORDS calcium supplements,
coronary artery calcification, IVUS

APPENDIX For a supplemental figure, please
see the online version of this paper.


http://refhub.elsevier.com/S1936-878X(20)30606-9/sref21
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref21
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref21
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref21
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref22
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref22
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref22
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref22
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref22
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref22
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref23
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref23
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref23
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref23
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref24
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref24
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref24
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref24
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref25
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref25
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref25
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref25
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref25
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref26
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref26
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref26
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref26
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref26
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref27
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref27
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref27
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref27
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref27
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref28
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref28
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref28
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref28
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref29
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref29
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref29
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref29
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref29
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref30
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref30
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref30
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref30
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref31
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref31
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref31
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref31
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref31
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref31
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref31
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref31
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref32
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref32
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref32
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref32
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref32
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref32
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref33
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref33
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref33
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref33
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref33
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref33
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref34
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref34
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref34
http://refhub.elsevier.com/S1936-878X(20)30606-9/sref34

	Oral Calcium Supplements Associate With Serial Coronary Calcification
	Methods
	Study population
	Acquisition and analysis of serial IVUS images
	Statistical analysis

	Results
	Discussion
	Study limitations

	Conclusions
	Author Disclosures
	References


