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Background: The use of oral calcium supplementation among the elderly for prevention and treatment
of osteoporosis and osteopenia is increasing. The incidence of aortic valve disease and coronary artery
disease also is increasing. No study thus far has been done to demonstrate whether this affects the pro-
gression of calcification in both the valves and vasculature. We sought to determine whether ingestion of
oral calcium supplementation has an effect on aortic valve calcification (AVC) and coronary artery calci-
fication (CAC).

Methods: We performed an independent assessment of AVC, CAC, and calcium supplementation
among patients enrolled in the Epidemiology of Coronary Artery Calcification study who were >60 years
of age and had baseline and 4-year follow-up AVC data. In this population-based study of Olmsted
County (Minnesota) residents, AVC and CAC scores were determined prospectively by electron beam
computed tomography. We evaluated baseline demographic data and analyzed whether those patients
using calcium supplementation had a higher rate of progression of both AVC and CAC.

Results: We identified 257 patients (mean age, 67.8 � 5.2 years), 144 of whom were women. Twenty-five
patients (all women) reported using calcium supplements. Analysis of the 144 women (25 taking cal-
cium supplementation) showed there was no difference in the progression of AVC (mean difference in
baseline and follow-up AVC score; no supplement versus supplement, 30 � 9 vs 39 � 28; P � .73) or
CAC (mean difference in baseline and follow-up CAC score; no supplement vs supplement, 47 � 15 vs
112 � 22; P � .154). There were no significant differences between the 2 groups with regard to base-
line AVC, serum calcium, renal function, diabetes, hypertension, cholesterol, or body mass index.

Conclusion: In this community-based observational study with a 4-year follow-up, no significant in-
creased progression of AVC or CAC was found in women taking oral calcium supplementation. Larger
prospective, randomized studies are needed to confirm these findings. (J Am Board Fam Med 2009;22:
610–616.)

The aging population of the United States has been
accompanied by a concomitant increase in age-
related disorders. Two such entities include post-
menopausal osteoporosis and degenerative aortic
valve stenosis caused by progressive aortic valve

calcification (AVC),1 or Mönckeberg disease. Os-
teoporosis is a condition that is characterized by a
loss of skeletal bone mass and a concomitant in-
crease in fracture rate. Guidelines from the Amer-
ican Association of Endocrinologists,2 the National
Osteoporosis Foundation,3 and the US Surgeon
General4 recommend oral calcium supplementa-
tion as a measure of prevention and treatment.
These guidelines have led to a rise in the use of
calcium supplementation among the general pop-
ulation.

Aortic valve stenosis from AVC is the most fre-
quent valve disease encountered in clinical prac-
tice5 and represents a major public health burden.6

Recent data has shown that AVC and subsequent
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stenosis is an active process.7 Multiple factors, such
as endothelial disease,8 inflammation,9 and athero-
sclerosis,10 have been implicated as contributors to
the formation and progression of AVC. It has also
been suggested that calcific valvular and vascular
disease have similarities to bone remodeling,11 rais-
ing concern that supplemental calcium taken to
increase or maintain bone density may also increase
AVC and vascular calcification. This concern has
neither been supported nor alleviated by appropri-
ate measurement of AVC or coronary artery calci-
fication (CAC) in patients taking calcium supple-
ments.

Thus, to investigate whether ingestion of oral
calcium supplements affects the severity and pro-
gression of AVC and CAC, we took advantage of
the prospective Epidemiology of Coronary Artery
Calcification (ECAC) study in which AVC and
CAC was objectively scored by high-resolution
computed tomography. We identified those pa-
tients who reported taking calcium supplementa-
tion and compared their rates of AVC and CAC to
the remainder of the cohort who did not use cal-
cium supplements.7

Methods
Study Population
This study was reviewed and approved by The
Mayo Clinic Institutional Review Board. The da-
tabase of the AVC substudy of the ECAC provided
the patient population for our study.12 The ECAC
database consists of 1376 randomly selected adult
Olmsted County (Minnesota) residents of all ages.
After obtaining informed written consent, these
patients were prospectively and repeatedly exam-
ined by electron beam computed tomography
(EBCT) for cardiac calcifications in addition to a
comprehensive clinical and cardiac risk factor as-
sessment. Exclusion criteria for ECAC were active
pregnancy, lactation at enrollment, or previous car-
diac surgery. The AVC substudy further limited
enrollment to patients �60 years old who had a
baseline and follow-up EBCT performed after
1995. Analysis of the effect of calcium supplemen-
tation on AVC was performed on the overall pop-
ulation and then limited to women only because no
men reported taking calcium supplementation.

Measures and Definitions
We performed a retrospective review of the clinical
charts of all patients enrolled in the ECAC AVC

substudy. The chart reviewer was blinded to EBCT
scores while compiling a database consisting of
patients’ calcium supplementation use (irrespective
of dose); measured serum creatinine; calculated
glomerular filtration rate (GFR); and measured se-
rum calcium at initial evaluation. No data were
collected with regard to dietary intake of calcium.
Additional variables of interest included age, sex,
blood pressure, history of diabetes, tobacco use,
lipid profile, myocardial infarction history, physi-
cian-diagnosed hypertension, myocardial infarc-
tion, and stroke. Hypertension was diagnosed
and/or confirmed by physician examination using a
Hawksley sphygmomanometer (Lancing, Sussex,
England) in the right arm with a random-zero.
Three measures were taken, each 2 minutes apart,
and the average of the second and third measure-
ments was recorded and used. Patients with a sys-
tolic blood pressure �140 mm Hg or diastolic
blood pressure �90 mm Hg were considered hy-
pertensive if they did not already have the diagno-
sis. Patients using insulin or oral hypoglycemic
agents were considered diabetic. Body mass index
was calculated by dividing the weight (kg) by the
square of the height (meters). Standard automated
laboratory measures for calcium and creatinine
were used. Standard enzymatic methods after over-
night fast for total cholesterol, high-density lipo-
protein (HDL) cholesterol, and triglycerides were
used. Low-density lipoprotein (LDL) was calcu-
lated using the Friedwald equation. GFR was ap-
proximated using the Modification of Diet in Renal
Disease (MDRD) equation13 because it takes into
account age, sex, and race when calculating approx-
imate GFR.

Electron Beam Computed Tomography
The images were obtained using a Imatron C-100 or
C-150 (San Francisco, CA) triggered at 80% of RR
intervals for 2 chest scan runs14 of 30 to 40 contiguous
transverses slices (3-mm thickness; 100 ms/slice). Cal-
cification was defined by at least 4 adjacent pixel
nodules with density �130 Hounsfield units. Dedi-
cated software15 was used to calculate Agatston units
(AUs) separately for AVCs. Calcium identification on
imaging was automated and highlighted all calcifica-
tions. Operators then selected which calcifications
were on the aortic valve and which were on the aorta
or coronary arteries. Two runs were scored separately
and averaged. Progression rates of AVC were calcu-
lated as the difference between baseline and follow-up
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score divided by the follow-up duration. To avoid
misdiagnosis of change in regard to interrun variabil-
ity, the progression was defined categorically based
on a validated regression approach. The follow-up
calcification score was compared with the baseline
calcification 95% CIs, and progression was defined by
a score �95% CI upper limit, regression by a fol-
low-up score �95% CI, and stability by score be-
tween the 95% CI lower and upper limits.

Statistical Analysis
Statistical analysis was done on JMP software (ver-
sion 6.0.0; SAS Institute, Inc., Cary, NC). All data
presented are in the form of mean � SD or as a
percentage. Comparison between groups was done
using standard t test, either on regular or log values,
or Wilcoxon rank sum test for non-normally dis-
tributed variables. Stepwise multiple linear regres-
sion analysis helped to determine progression rate
from baseline to follow-up.

Results
Baseline Characteristics
Of the total number of patients enrolled in the orig-
inal ECAC database, 257 participants aged 60 years
or older had AVC and CAC studies. From this group
of 257 patients, we identified those who reported

using calcium supplementation (Table 1). We found
statistically significant baseline characteristic differ-
ences in CAC scores and HDL levels among these
patients. Because 113 out of the total 257 participants
were men, none of whom were taking supplements,
we performed a gender-based analysis, evaluating the
effect of calcium supplementation in women only.
There were a total of 144 women, 25 of whom re-
ported using calcium supplementation (Table 2). The
baseline comparison of the 2 cohorts of women (cal-
cium supplements vs no supplements) showed no sig-
nificant differences in CAC, AVC, serum calcium
levels, GFR, total cholesterol, HDL, LDL, or triglyc-
eride). Only one woman with diabetes was using cal-
cium supplementation. Thus, the baseline statistical
differences seen in the group overall (men and women)
were accounted for by male gender. Oral calcium sup-
plementation dose subanalysis was inhibited by the small
samples of patients taking various doses. All patients
were using �500 mg/day and �2000 mg/day.

Progression of AVC
Overall Group (Including Men)
Overall aortic valve calcification progressed by
41 � 7.7 U in the 3.7 � 0.9 years of follow-up (P �
.001). Within this group, those who used calcium
supplementation showed no difference in the rate

Table 1. Baseline Characteristics in the Overall Population and Subgroups of Those Who Take and Do Not Take
Calcium Supplementation*

Variable
Overall

(n � 257)
No Supplement

(n � 232)
Supplement

(n � 25) P

Age (yr) 67.8 � 5.2 67.7 � 5.1 68.5 � 5.9 .45
Male Gender (n �%�) 113 (44) 113 (49) 0 (0) �.001
Body Mass Index (kg/m2) 28.6 � 5.1 28.8 � 5.1 27.2 � 4.7 .13
Age �70 years (n �%�) 168 (65) 154 (66) 14 (56) .3
Smoking (pack/yr) 13.7 � 21.8 14.5 � 22.3 6.5 � 14.1 .08
History of HTN (n �%�) 140 (54) 128 (55) 12 (48) .49
Treated DM (n �%�) 25 (10) 24 (10) 1 (4) .31
Tchol (mg/dL) 209.6 � 34.6 207.9 � 34.7 225 � 30.1 .018
LDL (mg/dL) 121.9 � 29.0 121.3 � 29.2 127.8 � 27.3 .28
HDL (mg/dL) 52.6 � 15.7 51.8 � 15.7 60.1 � 13.3 .012
TG (mg/dL) 176.9 � 81.4 175.9 � 82.2 185.8 � 74.6 .57
CAC score (base) 317.5 � 645.4 346.3 � 672.6 50.4 � 79.3 .029
AVC score (base) 54.5 � 174.4 57.7 � 181.6 25.4 � 77.9 .38
Serum calcium 9.5 � 0.3 9.5 � 0.3 9.4 � 0.3 .88
GFR (MDRD) 67.9 � 14.7 67.7 � 15.0 69.3 � 12.7 .62

*Data source: the Epidemiology of Coronary Artery Calcification (ECAC) study.12

HTN, hypertension; DM, diabetes mellitus; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglycerides; CAC,
coronary artery calcification; AVC, aortic valve calcification; GFR, glomerular filtration rate; MDRD, Modification of Diet in Renal
Disease equation.
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of progression (40 � 29 U) compared with those
who did not take calcium supplements (41.4 � 8.0
U) in the 3.7 year follow-up (P � .96). In addition,
there was no regression of aortic valve calcification
or stenosis in either group or the group overall.

Women Only
The entire cohort of women showed a statistically
significant increase in AVC score from 29.8 � 7.6
at baseline to 62.8 � 15.6 U at follow-up (P �
.0007). Of the 144 women included in this study, 25
reported using calcium supplementation at base-
line. AVC in women using supplementation in-
creased from 25 � 16 U at baseline to 65 � 42 U
at follow-up (P � .18). Those not using supple-
mentation showed a significant increase in AVC:
from 31 � 9 at baseline to 62 � 17 U at follow-up
(P � .002; see Figure 1). The progressions over
3.7 � 0.9 years were not significantly different
between those taking supplementation (39 � 28 U)
and those not taking supplementation (30 � 9 U;
P � .73; see Figure 1). To correct for outlying data,
we analyzed the log of the progression of AVC. We
found that those women taking calcium supple-
mentation had mean log values of 2.6 � 0.81 U at
baseline and 3 � 1.0 U at follow-up, with a mean
progression of 1.00 � 0.34 U (P � .076) over 3.7 �

0.9 years. The cohort not using supplements had
mean log values of 2.9 � 0.25 U at baseline and
3.5 � 0.25 U at follow-up, with a mean progression

Table 2. Baseline Characteristics in the Overall Female Population and in Subgroups of Females Both Taking and
Not Taking Calcium Supplementation*

Variable
Overall

(n � 144)
No Supplement

(n � 119)
Supplement

(n � 25) P

Age (yr) 67.8 � 5.2 67.6 � 5.0 68.5 � 5.9 .42
Male Gender (n �%�) 0 (0) 0 (0) 0 (0)
Body Mass Index (kg/m2) 28.6 � 5.5 28.8 � 5.7 27.2 � 4.7 .17
Age �70 years (n �%�) 97 (67) 83 (70) 14 (56) .18
Smoking (pack/yr) 6.6 � 12.6 6.6 � 12.4 6.5 � 14.1 .94
History of HTN (n �%�) 86 (60) 74 (62) 12 (48) .19
Treated DM (n �%�) 11 (8) 10 (8) 1 (4) .45
Tchol (mg/dL) 220.2 � 34.4 219.2 � 35.2 225 � 30.1 .44
LDL (mg/dL) 124.8 � 30.7 124.2 � 31.4 127.8 � 27.3 .6
HDL (mg/dL) 58.6 � 15.9 58.3 � 16.4 60.1 � 13.3 .61
TG (mg/dL) 185.5 � 80.0 185.5 � 81.4 185.8 � 74.6 .98
CAC score (base) 160.7 � 383.5 183.9 � 416.9 50.4 � 79.3 .11
AVC score (base) 29.8 � 91.0 30.7 � 93.8 25.4 � 77.9 .79
Serum calcium 9.5 � 0.4 9.5 � 0.4 9.4 � 0.3 .38
GFR (MDRD) 66.3 � 17.0 65.3 � 18.3 69.3 � 12.7 .34

*Data source: the Epidemiology of Coronary Artery Calcification (ECAC) study.12

HTN, hypertension; DM, diabetes mellitus; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglycerides; CAC,
coronary artery calcification; AVC, aortic valve calcification; GFR, glomerular filtration rate; MDRD, Modification of Diet in Renal
Disease equation.

Figure 1. Comparison of the change in aortic valve
calcification (AVC) from baseline to follow-up
(vertical lines show SD) in women who took calcium
supplementation and those that did not take
supplementation. P is comparing rates of change in
AVC score (supplement vs no supplement). Data
source: the Epidemiology of Coronary Artery
Calcification (ECAC) study.12
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of 1.00 � 0.11 U (P � .001 over 3.7 � 0.9 years).
There was no significant difference in the progres-
sion between the 2 groups (P � .91). A difference in
AVC score of 85 between baseline and follow-up
could be predicted with 80% power (� � 0.05).

Progression of CAC
Overall Group (Including Men)
Of the 257 patients enrolled in the study overall,
not all patients had follow-up CAC measurements.
Only those patients with CAC scores both at base-
line and follow-up were included in the analysis
(203 patients not taking supplements; 25 patients
taking supplements). Of the 203 patients not taking
supplements, 108 were women. CAC progressed
from 346 � 44 U to 471 � 52 U at follow-up in
those not taking supplements, for mean progres-
sion value of 112 � 21 U (P � .001) over 3.8 � 0.9
years. Those using calcium supplementation pro-
gressed 50 � 16 U to 97 � 28 U, for a mean
progression of 46 � 15 U (P � .004). The rates of
progression were different (P � .001) but the dif-
ferences in sex and degree of baseline calcification
necessitated assessment in women only.

Women Only
A comparison of the female cohort further delin-
eated the effect of calcium supplementation on
CAC. Those using supplementation had a mean
CAC change from 50 � 16 U to 97 � 28 U at
follow-up, resulting in a mean change of 47 � 15 U
(P � .004) during a follow-up period of 3.7 � 0.9
years. Patients not taking calcium supplementation
had a baseline CAC of 184 � 32 U with follow-up
of CAC 275 � 54 U; a mean progression score of
112 � 22 (P � .001). The difference in the mean
changes between the 2 groups was not statistically
significant (P � .15; see Figure 2). Similar to the
AVC analysis, we calculated progression rates using
log values to account for outlying data. Among
patients using calcium supplementation, the log
CAC at baseline was 3.8 � 0.42 U and at follow-up
was 3.8 � 0.43 U; mean log progression 0.6 � 0.24
U (P � .0006). In those subsets not taking supple-
ments, the log CAC baseline was 4.2 � 0.2 U and
was at follow-up 4.6 � 0.20 U (progression of
0.98 � 0.11 U; P � .001). The rates of progression
were not significantly different between groups
(P � .72). A minimal difference between cohorts in
baseline to follow-up CAC score of 237 could be
done with 80% power (� � 0.05).

Discussion
This retrospective analysis of prospectively collected
data shows that there is neither an increase nor a
decrease in the rate of progression of either AVC or
CAC in patients using supplemental calcium. This
finding is important given that the use of oral calcium
has been clearly shown to decrease bone degradation,
potentially leading to stabilization in bone density and
decreased vertebral fractures.16 These effects on bone
metabolism have led to an overall increased use of
calcium supplementation in the elderly population—
the same population that is most susceptible to AVC,
aortic stenosis, and CAC.

Recently our understanding of the pathophysi-
ology of AVC and CAC has expanded, raising clin-
ical concerns that calcium supplementation may
promote AVC and vascular calcification. These
concerns are supported in part by evidence of up-
regulation of bone morphogenetic protein associ-
ated with valvular calcification,10 a process mimick-
ing bone formation. Furthermore, in the first
population-based study to objectively follow the
natural progression of AVC, Messika-Zeitoun et al7

found that specific atherosclerotic risk factors ac-
celerated the rate of progression of AVC. They
proposed that the pathophysiology of AVC is char-
acterized by 2 distinct phases. The first, or early,
phase is characteristic of atherosclerosis and similar

Figure 2. Comparison of the change in coronary artery
calcification (CAC) from baseline to follow-up
(vertical lines show SD) in women who took calcium
supplementation and those that did not take
supplementation. P is comparing rates of change in
coronary artery calcium score (supplement vs no
supplement). Data source: the Epidemiology of
Coronary Artery Calcification (ECAC) study.12
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to the pathology of the early aortic valve lesion
comprising inflammation, oxidized lipoprotein
deposition, and colocalization with early calcium
deposition.17 The later phase is characterized pri-
marily by calcium ossification18 occurring at a rate
correlating with calcification load, manifest by the
CAC score19 but independent of atherosclerotic
risk factors responsible for the early phase. Sup-
porting their hypothesis, Mohler et al18 also found
that AVC progresses independently of lipid levels
and is unaffected by statin therapy, presumably
because treatment was instituted during the late
phase of AVC. Furthermore, the impact of calcium
deposition is aggravated by the calcium load: the
higher the calcium load the faster the calcium ac-
cumulates.7 Similarly, patients with aortic stenosis
who have a higher calcium load experience clinical
cardiac events at a higher rate than those with a
lesser calcium load irrespective of the hemody-
namic severity.20–22 Thus, based on this evidence,
it could be anticipated that any intervention that
either increases or reduces aortic calcium load may
have important clinical implications. We were un-
able to draw conclusions based on oral calcium
doses secondary to the small samples of patients
taking the various doses. Reassuringly, however,
our study found that the presence of oral calcium
supplementation was associated with neither accel-
erated AVC nor CAC progression. The lower CAC
calcium scores overall in the calcium supplement
group were felt to be secondary to the nonrandom-
ized nature of this study.

Hsai et al23 recently published a study of 36,282
female patients randomized to calcium supplemen-
tation or placebo and found no difference in the
natural outcome rates of coronary events or stroke.
This result, combined with our finding of no vari-
ation in the rate of progression of AVC or CAC,
supports the evidence that calcium supplementa-
tion is not associated with an increase in adverse
cardiovascular effects.

The Women’s Health Initiative database pro-
vided insight with objective measurement of coro-
nary artery calcium scores and their natural pro-
gression.24 Similar to the natural progression of
AVCs, the baseline calcium scores correlated di-
rectly with progression rate. The database, how-
ever, did not attempt to correlate these scores with
oral calcium supplementation use or objective mea-
surement of AVC with EBCT. This is the first

study to look at AVC and CAC in the context of
calcium supplementation.

Limitations
This study was based on data collected from the
ECAC12,25 database and AVC substudy.7 Thus, be-
cause this was not a clinical trial we cannot rule out
a beneficial or deleterious effect of a therapeutic
intervention. The small sample size of 25 patients
also makes it difficult to draw significant conclu-
sions. The minimal difference in the AVCs and
CACs that could be detected by our sample size was
found to be 85 and 237, respectively, with 80%
power and � of 0.05. A rate of progression of 95 �
80 AU/year was found to have clinical significance
with hemodynamic changes in the previously pub-
lished report about this database.7 Our prospective
study was powered to measure changes of �28
AU/year (85 during a 3-year follow-up period).
Progression that occurs at less than this rate is felt
to be clinically insignificant based on data from our
previous study. The small size of the cohort poten-
tially could mask smaller increases in the rate of
progression that may become evident after a longer
follow-up, but this would need to be assessed using
a much larger database with a substantially longer
follow-up time. The use of EBCT to objectively
measure calcium deposition on the aortic valve and
coronary arteries is a more sensitive marker of
valvular calcification than echocardiogram,26 also
adding to the power of the study.

The additional disadvantage to the small sample
size was the inability to detect differences in the
rate of progression associated with higher intake of
oral calcium or with different disease states, such as
diabetes. In addition, the overall baseline CAC
scores and HDL levels were statistically significant
in the groups; however, when only the female co-
horts were compared, neither of these reached sig-
nificance (P � .11). With only 25 patients it would
not be possible to differentiate characteristics that
may have led to this discrepancy in the overall
group, but may be related to sex alone. These types
of analyses would necessitate a much larger cohort
with more detailed history taking, with emphasis
on dietary intake of calcium in addition to oral
calcium supplementation.

Conclusion
The prevalence of AVC and CAC is increasing as
our population ages. The use of oral calcium sup-
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plementation is also increasing among this same
demographic. In this small study with 4-year fol-
low-up, we found that calcium supplementation use
in a general community population did not affect
the progression of AVC and CAC. Larger prospec-
tive, randomized studies are needed to confirm
these findings.
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