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Calcium Intake From Diet and Supplements and the Risk of Coronary
Artery Calcification and its Progression Among Older Adults: 10-Year
Follow-up of the Multi-Ethnic Study of Atherosclerosis (MESA)

John J.B. Anderson, PhD; Bridget Kruszka, MPH; Joseph A.C. Delaney, PhD; Ka He, MD, ScD; Gregory L. Burke, MD, MSc;
Alvaro Alonso, MD, PhD; Diane E. Bild, MD, MPH; Matthew Budoff, MD; Erin D. Michos, MD, MHS, FACC, FAHA

Background—Recent randomized data suggest that calcium supplements may be associated with increased risk of cardiovascular
disease (CVD) events. Using a longitudinal cohort study, we assessed the association between calcium intake, from both foods and
supplements, and atherosclerosis, as measured by coronary artery calcification (CAC).

Methods and Results—We studied 5448 adults free of clinically diagnosed CVD (52% female; aged 45—84 years) from the Multi-
Ethnic Study of Atherosclerosis. Baseline total calcium intake was assessed from diet (using a food frequency questionnaire) and
calcium supplements (by a medication inventory) and categorized into quintiles. Baseline CAC was measured by computed
tomography, and CAC measurements were repeated in 2742 participants =10 years later. At baseline, mean calcium intakes
across quintiles were 313.3, 540.3, 783.0, 1168.9, and 2157.4 mg/day. Women had higher calcium intakes than men. After
adjustment for potential confounders, among 1567 participants without baseline CAC, the relative risk (RR) of developing incident
CAC over 10 years, by quintile 1 to 5 of calcium intake, were 1 (reference), 0.95 (0.79—-1.14), 1.02 (0.85-1.23), 0.86 (0.69—1.05),
and 0.73 (0.57-0.93). After accounting for total calcium intake, calcium supplement use was associated with increased risk for
incident CAC (RR=1.22 [1.07-1.39]). No relation was found between baseline calcium intake and 10-year changes in log-
transformed CAC among those participants with baseline CAC >0.

Conclusions—High total calcium intake was associated with a decreased risk of incident atherosclerosis over long-term follow-
up, particularly if achieved without supplement use. However, calcium supplement use may increase the risk for incident CAC.
(/ Am Heart Assoc. 2016;5:e003815 doi: 10.1161/JAHA.116.003815)
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xcessive dietary calcium intake, particularly from over-
E consumption of calcium supplements taken to prevent
or treat osteoporosis, may have unintended health conse-
quences. The well-known “milk™-alkali syndrome' has been
increasing in incidence attributed to the widespread use of
over-the-counter calcium supplements.? Supplements con-
tribute to calcium loading (ie, excessive calcium amounts in a
single dose or bolus), which leads to an increase in urinary
calcium excretion in adults with normal renal function, with or
without hypercalcemia, and possibly to soft tissue or ectopic

calcification.® Gallagher et al recently found that 9% of
women taking calcium supplements had evidence of hyper-
calcemia and 31% had hypercalcuria.*

A direct relationship between total calcium intake (diet
plus supplements) and cardiovascular disease (CVD), how-
ever, has not been established, and this issue remains
controversial.> '® Recent evidence derived from randomized,
controlled trials, including the Women’s Health Initiative, have
raised a concern for an association between calcium supple-
ment use and increased risk for CVD events.'> ' Among
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calcium supplement users, a high intake of calcium greater
than 1400 mg/day has been reported to be associated with
higher death rates from all causes, including from CVD.'®

The purported CVD risk associated with total calcium
intake may depend on the source of calcium intake.® Intake of
calcium from food sources has not been shown to increase
CVD risk, whereas a signal for increased risk of myocardial
infarction (MI) among calcium supplement users has been
reported.” In a similar fashion, dietary calcium intake may
decrease risk of kidney stones, whereas calcium supplemen-
tation may increase risk.'® One explanation for this apparent
paradox may be that large boluses of calcium intake through
supplements may transiently elevate serum calcium concen-
trations,'”*'® which, in turn, may lead to vascular calcification
and other adverse health effects.

One potential mechanism underlying the association
between calcium intake and CVD risk may be through
progression of atherosclerosis. The coronary artery calcium
(CAC) score is a well-established surrogate marker for burden
of atherosclerosis and is prognostic for CVD risk.' A few
published reports have not demonstrated any association
between calcium intake and a single evaluation of CAC.>?°
However, little is known about the association of calcium
intake with incident CAC or CAC progression, particularly in a
population-based cohort, and whether any associations with
CAC differ by source of calcium intake (diet vs supplements).

In a multiethnic cohort of men and women, we hypothe-
sized that no associations would be found between dietary
calcium intake and CAC progression over 10 years of follow-
up. We also hypothesized that calcium supplement use would
be associated with increased CAC progression attributed to
unfavorable calcium balance.

Methods

Study Design

The Multi-Ethnic Study of Atherosclerosis (MESA) is a
prospective cohort study investigating risk factors and
progression of subclinical CVD, whose study design has
previously been reported on.?' Briefly, the MESA baseline
information was collected between 2000 and 2002 from
6814 individuals (52% women), aged >45 to 84, of 4 race/
ethnicities (non-Hispanic white, non-Hispanic black, Hispanic,
and Chinese), who were enrolled at 6 US field centers:
Baltimore City and County, Maryland, Chicago, lllinois,
Forsyth County, North Carolina, New York City, New York,
Los Angeles County, California, and St. Paul, Minnesota. The
study was conducted under the guidelines of the Declaration
of Helsinki and approved by the institutional review boards at
each site. Written informed consent of all participants was
obtained.

Participants

Of the 6814 participants enrolled at baseline, participants
were excluded from this analysis if complete information on
dietary intake (n=283) was not available. Those with implau-
sibly high calcium intakes (>5000 mg/day) were excluded
(n=347). Participants with abnormal renal function, that is,
estimated glomerular filtration rate (eGFR) values of 60 mL/
min or less, were also excluded (n=622) given that impaired
renal function could influence calcium metabolism. In addi-
tion, participants with daily energy intakes <600 or
>6000 kcal/day were excluded (n=114). This left 5448
participants available for cross-sectional analysis at the
baseline exam (2000-2002).

There were 3305 subjects who participated in the MESA
Air ancillary study and were eligible for a second computed
tomography (CT) scan 10 years later. Of these participants,
2742 (83%) had complete covariate data and returned for a
second follow-up CAC scan at MESA Exam 5 (2010-2012)
enabling them to be included in longitudinal analysis. Of
these, 1567 were free of CAC at baseline and included
in the incident CAC analysis, and 1175 had a baseline
CAC >0 and were included in the change in CAC score
analysis.

A flow diagram of participant inclusion/exclusion of our
substudy is shown in Figure. Additionally, Table 1 compares
the baseline characteristics of the overall MESA cohort
(n=6814), the MESA Air participants with CAC measured at
Exam 1 and Exam 5 (n=3305), and the sample used for
longitudinal analyses in this article (n=2742).

Dietary Assessment

At the MESA baseline exam, participants’ usual dietary intake
over the previous year was assessed by a modified, validated
120-item quantitative food frequency questionnaire
(FFQ).2%?3 The MESA diet questionnaire for the current
population, with its designed sampling of varied ethnic groups
(independent of validation in general cohort studies), was
validated.?* Consumption frequency and serving size of each
food or beverage were recorded. Using the Block FFQ
design,22 serving sizes were quantified as small, medium, or
large, with corresponding weights (g) imputed according to
National Health and Nutrition Examination Survey (NHANES)
data. Nutrients were calculated for each FFQ line item
according to a weighted recipe using the Nutrition Data
System for Research (NDS-R database; Nutrition Coordinating
Center, Minneapolis, MN). Complete information about the
MESA diet data is available at https://www.mesa-nhlbi.org.

Use of calcium supplements by participants at the baseline
exam was estimated using a medication inventory approach in
which participants brought in all medication containers used
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Multi-Ethnic Study of Atherosclerosis
(Baseline)
N=6814

|

MESA CAC and Calcium

N=5448

i

MESA CAC and Calcium

N=2742

Cross sectional analyses —_—

Longitudinal analyses S -Not eligible for MESA Air Study and did not

N

Excluded (n=1366)
- FFQ not complete (n=283)
- Calcium intake >5000 mg/d or missing (n=347)
- Exam 1 GFR < 60 (n=622)
-Energy intake < 600 or >6000 (n=114)

Excluded (n=2706)

receive second CAC scan (n=2706)

CAC =0 at baseline

CAC >0 at baseline

Missing Variables Excluded (n=50)

-Current aspirin use (n=47)
—> | -Family history of heart attack (n=1)
-HDL (n=2)

Missing Variables Excluded (n=78) N=1567 N=1175
-Current aspirin use (n=75)
-Lipid Lowering Meds (n=1) <«
-Hypertension Meds (n=1)
-HDL (n=1) . )
Incident CAC Final model Change in CAC Final model
(Table 4) N=1125
N=1489

Figure. Flow diagram of study inclusion and exclusion criteria: the Multi-Ethnic Study of Atherosclerosis (MESA; 2000-2012). CAC indicates
coronary artery calcium; FFQ, food frequency questionnaire; GFR, estimated glomerular filtration rate; HDL, high density lipoprotein.

in the past 2 weeks to be assessed and recorded.?*% Total
daily calcium intake for each participant was determined by
adding the intake from daily supplements and total daily
calcium intakes. Total daily calcium intake was categorized
into quintiles based on overall population distribution as
follows: Q1: <434.9, Q2: 434.9 to 650.7, Q3: 650.7 to 936.5,
Q4: 936.5 to 1453.5, Q5: >1453.5 mg.

Blood and Other Measurements

Demographic characteristics, smoking status, physical activ-
ity, medical history, and medication use (including aspirin,
diabetes mellitus medications, antihypertensive medications,
and lipid-lowering medications) were collected through stan-
dardized questionnaires at the MESA baseline exam. Level of
education was defined as <high school, some college, or
college/graduate /professional school. Physical activity was
estimated as the total amount of intentional exercise
performed in a usual week and measured in metabolic
equivalent task (MET)—minutes per week. Smoking status was
categorized into never, former, or current smoker.

Physical examination variables (height, weight, blood
pressure [BP], etc) were assessed by trained staff using
standard MESA procedures.?’ Body mass index (BMI) was
calculated as weight (kg)/height (m?). After a 5-minute rest,
BP was measured 3 times in the seated position using a
Dinamap model Pro 100 automated oscillometric sphygmo-
manometer (Critikon, Tampa, FL) with the average of the last
2 measurements used as the measure of BP.

Before the exam, participants were instructed to fast for
12 hours and refrain from smoking or strenuous exercise.
Blood samples were drawn and stored at —80°C. Blood lipid
variables were measured by standard chemical methods. C-
reactive protein (CRP) was measured by a high-sensitivity
assay (N High-Sensitivity C-reactive protein; Dade Behring,
Deerfield, IL). Homocysteine was measured by fluorescence
polarization immunoassay with an IMx Analyzer (IMx Homo-
cysteine Assay; Axis Biochemicals ASA, Oslo, Norway).

Diabetes mellitus was classified as having a fasting blood
glucose >126 mg/dL and/or the self-reported history of a
physician diagnosis of diabetes mellitus, or the use of
diabetes mellitus medications. Hypertension was diagnosed
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Table 1. Clinical Characteristics* at the MESA Baseline Exam
(2000-2002) Comparing the Overall MESA Cohort, the MESA
Air Ancillary Participants (With CAC Measured at Exam 1 and
Exam 5), and the Sample Used for the Longitudinal Analyses
of This Article

Calcium and
MESA MESA Air | CAC Longitudinal
N 6814 3305 2742
Total calcium intake, mg 1150.8 | 1128.1 992.9
Calcium supplement use, % 421 43.2 45.8
Age, y 62.2 60.1 59.7
Sex, male % 47.2 475 49.0
Race/ethnic groups, %
White 385 39.4 40.5
Black 27.8 26.7 25.6
Hispanic 22.0 22.2 21.7
Chinese 11.8 1.7 12.3
Education, %
<High school 18.3 13.9 13.3
Some college 18.1 17.8 17.4
>College 63.6 68.3 69.3
Gross family income 62.0 56.9 55.4
<$50 000, %
Body mass index 28.3 28.4 28.3
Waist circumference, cm 98.2 97.8 97.5
Hip circumference, cm 105.6 105.9 105.6
Intentional physical 1552.8 | 1638.5 1661.0
activity, METs/week
Smoking status
Never smoker, % 50.3 51.4 51.5
Former smoker, % 36.6 36.8 36.6
Current smoker, % 13.1 11.9 1.9
Pack/year of cigarette 11.3 10.5 10.5
Alcohol consumed, 4.0 3.9 41
drinks/week
Systolic BP, mm Hg 126.6 124.4 123.7
Diastolic BP, mm Hg 71.9 721 72.0
Antihypertensive 349 324 30.9
medication use, %
Hypertension, % 45.0 41.2 394
Cholesterol, mg/dL
Total cholesterol 194.2 194.5 193.6
HDL cholesterol 51.0 50.7 50.5
Lipid-lowering medication, % | 16.2 16.0 15.2
Diabetes mellitus, % 12.6 10.1 9.5
Diabetes medication, % 9.8 8.1 7.3
Continued

Table 1. Continued

Calcium and
MESA MESA Air CAC Longitudinal

Family history of CHD, % 42.8 43.8 429
hs-CRP, mg/dL 3.8 3.5 35
Homocysteine, mg/dL 9.3 9.0 8.8

Serum triglycerides, mg/dL 131.6 130.9 129.6
€GFR, mL/min 81.2 82.0 83.9
Framingham risk score 14.5 13.0 12.7

ASA use, % 19.9 20.3 19.8
Baseline CAC score >0 49.9 44.0 42.9
Baseline CAC score 146.1 100.2 98.6

ASA indicates acetylsalicylic acid; BP indicates blood pressure; CAC, coronary artery
calcium; CHD, coronary heart disease; eGFR, estimated glomerular filtration rate; HDL,
high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; MESA, the Multi-
Ethnic Study of Atherosclerosis; MET, metabolic equivalent task.

*Data are means or %.

as systolic BP >140 mm Hg, diastolic BP >90 mm Hg, or use
of antihypertensive medications. eGFR was calculated based
on the Modification of Diet in Renal Disease (MDRD)
equation.?’

CAC Assessment

At the MESA baseline exam, CAC was measured by
electron-beam computed tomography at 3 field centers
and by multidetector computed tomography at the other 3
field centers,?®?° and these scans were read independently
at a centralized reading center. The methodology for
acquisition and interpretation of the scans has been
documented previously.>** Amount of CAC was quantified
using the Agatston scoring method.>*? Interobserver
agreement and intraobserver agreement were found to be
very high (x=0.93 and 0.90, respectively). Validation of
phantom-adjusted CAC measurement was made to adjust
for attenuation differences.®"*? At Exam 5, participants of
the MESA Air ancillary study underwent repeat CT scanning,
allowing for a 10-year assessment of incident CAC and
change in CAC.

At each visit (MESA baseline and Exam 5), each participant
was scanned twice consecutively, and the average CAC from
the 2 scans from that respective visit was used in the
analysis.

Statistical Analyses

For our primary analyses, total calcium intake from diet and
supplements was parameterized into quintiles to allow for
examination of possible nonlinear relationships between
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calcium intake and CAC. Presence of CAC was defined as a
detectable Agatston score of >0.

Baseline characteristics of study participants were
described using means (SDs) and proportions stratified by
the calcium intake quintile groups. Mean calcium intakes from
total, dietary, or supplemental sources were tabulated by sex.

Relative risk regression using a generalized linear model
and binomial error distribution was used to estimate preva-
lence ratios (PRs) and 95% Cls for the cross-sectional
association of total calcium intake with a CAC score >0 at
the baseline exam.**3* Similar methods were used to assess
the relationship of calcium intake with the relative risk (RR)
and 95% Cl for incident CAC at follow-up, for those without
baseline CAC (57.1%).

For participants with CAC >0 at the baseline exam (42.9%),
we used linear regression methods to evaluate the cross-
sectional association of calcium intake with extent of CAC
burden at baseline as well as changes in amount of CAC over
10 years of follow-up. We also retested this relationship after
log transformation of CAC score because of evidence from
previous reports of the possibility of influential levels of
skew.>?

For both the cross-sectional and prospective analyses, we
considered 2 progressively adjusted models. Model 1 was
adjusted for demographic and lifestyle factors, including age,
sex, race/ethnicity, study site, BMI, exercise, smoking, pack-
years, alcohol use, education, income, health insurance, and
total caloric energy intake. Model 2 was further adjusted for
CVD risk markers, including systolic BP, diastolic BP, family
history of heart disease, total cholesterol, high-density
lipoprotein (HDL)-cholesterol, lipid-lowering medication use,
diabetes mellitus, eGFR, total homocysteine, current aspirin
use, and calcium supplement use. Separate analyses were
performed for women and men, as well as for all participants
combined. Interaction terms for calcium intake with both sex
and race/ethnicity were used to test for any possible effect-
measurement modification of the association by these
characteristics.

Given that risk of atherosclerosis may differ by source of
calcium intake (dietary vs supplementation), we examined the
impact of calcium supplement use in several ways. First, we
examined risk of incident CAC associated with calcium
supplement use (vs nonuse) in our fully adjusted model
(model 2) that was also adjusted for total daily calcium intake.
Next, we examined risk for incident CAC for calcium
supplement use in models adjusted for confounders, but not
adjusted for total calcium intake. Finally, we created dummy
variables for calcium supplement users and nonusers by total
calcium intake quintiles and compared all groups to quintile 1
of calcium intake among nonsupplement users. We also
checked for interaction of the calcium intake quintiles with
calcium supplement use.

For all primary analyses, we used a complete case
approach to missing data. However, a sensitivity analysis
was performed using inverse probability of censoring weight-
ing (IPCW) to account for incomplete follow-up to estimate the
impact of attrition of participants.®® Two-sided P<0.05 was
considered statistically significant. Models were developed in
SAS software (version 9.4; SAS Institute Inc., Cary, NC).

Results

MESA participant characteristics at the baseline exam by
quintiles of total calcium intake are given in Table 2. Total
calcium intake varied by key demographic characteristics,
including sex, race/ethnicity, education, income, physical
activity, current smoking, BP, cholesterol, diabetes mellitus,
family history of heart disease, homocysteine, eGFR, Fram-
ingham Risk Score, and aspirin use. Use of calcium supple-
ments was greater in the higher quintiles of total calcium
intake. The distributions of total, dietary, and supplemental
calcium intake by sex are listed in Table 3. Table 4 shows the
breakdown of supplement use by quintile, separately for
women and men. Women had a higher mean total calcium
intake, which was driven by their higher use of calcium
supplementation.

Table 5 shows the adjusted risk of prevalent CAC at the
baseline exam. In cross-sectional analysis adjusted for
demographics and lifestyle factors (model 1), quintile 2
(PR=0.92 [95% CI, 0.85-1.00]) and quintile 4 (0.90 [0.83—
0.99]) of calcium intake were statistically significantly asso-
ciated with a lower prevalence of CAC >0 when compared to
participants in quintile 1, although this association was
attenuated with further adjustments of CVD risk factors.
Calcium supplement use was not significantly associated with
prevalent CAC (PR=0.96 [0.91-1.02]). For those with CAC >0
at baseline exam, there was no cross-sectional association of
calcium intake with extent of CAC burden (Table 6).

Table 7 shows the longitudinal associations between
baseline calcium intake and incident CAC over 10-year
follow-up, among those without baseline CAC. In the fully
adjusted model, which included adjustment for calcium
supplement use (model 2), the highest quintile of total
calcium intake compared to the lowest was associated with
decreased risk of incident CAC (RR=0.73 [0.57-0.93]).

On the other hand, in this same fully adjusted model, also
adjusted for total calcium intake, calcium supplement use was
associated with a 22% increase in risk in incident CAC
(RR=1.22 [1.07-1.39]). Given that this risk associated with
calcium supplement use was conditioned on total calcium
intake, we also explored a model of dietary calcium only and
evaluated the association of supplement use with CAC
without adjustment for total calcium intake (Table 8). In this
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Table 2. Baseline Characteristics* of the Study Population (n=5448) by Quintiles of Total Daily Calcium Intake; Data From MESA
2000-2002; Calcium Intake Above 5000 mg Excluded

Quintiles of Total Daily Calcium Intake

Characteristics Q1 (N=1052) Q2 (N=1097) Q3 (N=1105) Q4 (N=1106) Q5 (N=1088) P Value
Total calcium intake, mg 313.3 540.3 783.0 1168.9 2157.4
Calcium supplement use, % 12.93 29.3 46.4 59.6 75.0 <0.0001
Age, yr 61.6 61.5 61.2 61.0 62.0 0.54
Sex, male % 50.0 55.2 54.0 491 35.8 <0.0001
Race/ethnic groups, %

White 27.8 34.2 38.3 44.2 48.5 <0.0001

Black 37.0 321 25.6 201 18.5 <0.0001

Hispanic 18.0 20.7 24.3 24.6 23.5 0.0005

Chinese 17.3 13.0 11.9 11.1 9.5 <0.0001
Education, %

<High school 40.5 33.8 33.5 33.9 33.9 0.005

Some college 26.9 27.8 30.2 27.4 27.6 0.45

>College 32.4 38.3 36.2 38.6 38.3 0.01
Gross family income <$50 000, % 59.8 54.2 56.83 56.1 57.4 0.02
BMI 28.2 28.5 28.2 27.9 28.2 0.33
Waist circumference, cm 97.4 98.5 98.0 97.2 97.7 0.53
Hip circumference, cm 105.0 105.7 105.2 104.8 106.0 0.27
Intentional physical activity, METs*minutes/week 1341.8 1493.6 17041 1572.7 1747.6 0.0006
Smoking status

Never smoker, % 50.6 50.1 47.4 49.0 53.5 0.06

Former smoker, % 34.4 37.6 38.1 37.3 35.9 0.39

Current smoker, % 149 12.3 144 13.6 10.4 0.014
Pack/year of cigarette 11.3 11.2 11.9 10.9 10.7 0.55
Alcohol consumed, drinks/week 3.7 4.4 47 4.3 3.6 0.57
Systolic BP, mm Hg 127.5 126.1 125.8 124.0 124.6 0.0003
Diastolic BP, mm Hg 73.3 72.9 72.3 7.2 70.2 <0.0001
Antihypertensive medication use, % 36.7 33.8 321 29.7 29.4 0.003
Hypertension, % 46.6 45.2 414 36.5 40.7 <0.0001
Cholesterol, mg/dL

Total cholesterol 193.4 190.9 193.7 195.0 195.1 0.02

HDL cholesterol 50.0 50.1 49.6 51.1 53.6 <0.0001
Lipid-lowering medication, % 16.3 17.9 13.7 14.4 13.1 0.011
Diabetes mellitus, % 14.0 121 131 10.0 9.3 0.002
Diabetes mellitus medication, % 10.8 94 10.0 7.8 7.0 0.01
Family history of CHD, % 38.8 39.4 39.6 36.9 42.9 0.02
hs-CRP, mg/dL 4.0 35 3.6 35 3.8 0.95
Homocysteine, mg/dL 9.5 9.2 9.0 8.7 8.6 <0.0001
Serum triglycerides, mg/dL 128.0 123.7 136.4 130.5 131.6 0.09
eGFR, mL/min 85.0 84.9 84.7 83.7 82.5 0.0002

Continued
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Table 2. Continued

Quintiles of Total Daily Calcium Intake
Characteristics Q1 (N=1052) 02 (N=1097) Q3 (N=1105) 04 (N=1106) 05 (N=1088) P Value
Framingham risk score 15.1 14.5 14.8 13.5 12.4 <0.0001
Aspirin use, % 14.9 18.1 18.8 21.0 19.8 0.003
Baseline CAC score >0 51.7 49.2 49.5 46.0 457 0.25

BMI indicates body mass index; BP, blood pressure; CAC, coronary artery calcium; CHD, coronary heart disease; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein;
hs-CRP, high-sensitivity C-reactive protein; MESA, the Multi-Ethnic Study of Atherosclerosis; MET, metabolic equivalent task.

*Data are means or %.

particular model, calcium supplement use was associated
with a barely significant, slight increase risk of incident CAC
(RR=1.12 [1.00-1.26], P=0.047).

Therefore, we further examined the association of quintiles
of calcium intake with risk of incident CAC stratified by
nonusers and users of calcium supplements, comparing
nonsupplement users in quintile 1 as reference (Table 9).
We found that there was a signal for increased risk of incident
CAC among users of calcium supplements across the first 4
quintiles of calcium intake, with greatest risk noted among
calcium supplement users with the lowest total calcium intake
(quintile 1; RR, 1.41 [1.02-1.97]). For quintile 5, the
previously noted inverse association of high calcium intake
with incident CAC was attenuated among calcium supplement
users (0.91 [0.72—1.15]) versus quintile 5 of intake among
nonsupplement users (0.74 [0.51-1.07]). However, there was
no statistically significant interaction of calcium supplement
use with total calcium intake for quintiles 2 to 5 (P interaction,
>0.05 for all).

Among those with prevalent CAC at the baseline exam,
calcium intake was not associated with an increase in CAC
progression over an average of 10 years of follow-up
(Table 10). This lack of association persisted even when we
considered calcium as a continuous variable and log-
transformed CAC (Alog CAC=—0.0004 [—0.047 to 0.046])
per gram of calcium consumed per day.

We conducted a sensitivity analysis using IPCW to account
for participant loss to follow-up and compared these to the
primary analysis. Using IPCW, estimates of RR of incident CAC
among participants with baseline CAC=0: were Q2: 0.95
(0.78-1.16); Q3: 1.16 (0.97—-1.40); Q4: 0.96 (0.79-1.18); and
Q5: 0.85 (0.68-1.07). RRs did not vary from the adjusted
complete case estimates, using the lowest intake group (Q1)
as the reference.

Effect modification was tested by sex and race/ethnicity,
and no significant interactions were found.

Discussion

In this large, multiethnic study of men and women without
past history of clinical CVD, our results suggest a possible
protective association against risk for incident CAC over a
mean follow-up of 10 years for those with the highest daily
calcium intake, particularly among those who achieved this
without calcium supplements. On the other hand, calcium
supplement use, conditioned on total calcium intake, was
actually associated with an increased risk of incident CAC.
Previous calcium balance studies suggest that healthy
nongrowing adults require =550 to 1200 mg of dietary calcium
per day to maintain zero balance.®* Other balance studies have
shown that calcium intakes greater than 1400 mg/day resultin

Table 3. Comparison of Mean Level of Calcium, by Sex, Comparing Calcium From Diet, Calcium From Supplements and Total
Calcium (mg); Calcium Intakes Above 5000 mg/day Excluded From Study

Sex Variable No. of Subjects Mean (mg) SD Minimum Maximum
Women Total calcium 2788 1080.52 778.35 105.75 4927.47
Dietary calcium 2788 704.61 514.05 105.75 4368.42
Calcium from 2788 712.00 649.74 2.00 4200.00

supplements
Men Total calcium 2660 907.92 642.92 73.76 4780.57
Dietary calcium 2660 756.08 527.29 73.76 4780.57
Calcium from 2660 415.53 524.77 1.00 4200.00

supplements
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Table 4. Calcium Intake (Dietary and Supplemental) by Overall Total Calcium Intake Quintile

Quintile of Calcium % Supplement Mean Dietary Mean Supplementary Mean Total
Intake No. Users Calcium (mg/day) Calcium (mg/day) Calcium (mg/day)
(A) Women
a1 526 14 300 [SD=83] 94 [SD=60] 314 [SD=83]
02 492 32 481 [SD=108] 177 [SD=78] 539 [SD=60]
Q3 508 49 636 [SD=193] 299 [SD=187] 784 [SD=81]
Q4 563 69 792 [SD=361] 567 [SD=307] 1186 [SD=147]
Q5 699 83 1146 [SD=739] 1212 [SD=713] 2169 [SD=692]
(B) Men
a1 526 1 302 [SD=78] 97 [SD=63] 312 [SD=78]
Q2 605 26 500 [SD=93] 156 [SD=71] 541 [SD=62]
Q3 597 43 693 [SD=139] 204 [SD=125] 782 [SD=83]
Q4 543 49 963 [SD=283] 380 [SD=274] 1151 [SD=144]
Q5 389 57 1574 [SD=788] 966 [SD=804] 2136 [SD=685]

positive calcium balance both in individuals with normal renal
function as well as in patients with end-stage renal disease.?>*°
Little of the additional calcium provided by calcium supple-
ments, however, is incorporated in bone by adults,®”-*® but it
may lead to a positive calcium balance and contribute to ectopic
calcification.

Table 5. Adjusted Regression Models for the Risk of
Prevalent CAC (Agatston Score >0) by Quintiles of Total
Calcium Intake (mg) at the MESA Baseline Exam

Calcium Intake Quintile | Median Prevalence
at Baseline Ca Intake Ratio 95% Cl P Value
Model 1*
Q1: <434.9 3233 1 Reference | —
02: 434.9-650.7 | 541.8 0.92 0.85-1.00 | 0.04
03: 650.7-936.5 | 783.0 0.94 0.87-1.02 | 0.14
Q4: 936.5-1453.5 | 1160.4 0.90 0.83-0.99 | 0.02
Q5: >1453.5 1919.0 0.92 0.84-1.01 | 0.10
Model 2°
Q1: <434.9 323.3 1 Reference | —
Q2: 434.9-650.7 | 541.8 0.94 0.87-1.02 | 0.12
Q3: 650.7-936.5 | 783.0 0.96 0.88-1.05 | 0.40
Q4: 936.5-1453.5 | 1160.4 0.93 0.85-1.02 | 0.13
Q5: >1453.5 1919.0 0.98 0.88-1.09 | 0.72

BMI indicates body mass index; BP, blood pressure; Ca, calcium; CAC, coronary artery
calcium; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; MESA,
the Multi-Ethnic Study of Atherosclerosis.

*Model 1 adjusted for age, sex, race/ethnicity, site, BMI, exercise, smoking, pack-years,
alcohol, education, income, health insurance, and total dietary caloric intake.

"Model 2: adjusted for model 1 variables+systolic BP, diastolic BP, family history of heart
disease, total cholesterol, HDL-cholesterol, lipid-lowering medication use, diabetes
mellitus, eGFR, total homocysteine, current aspirin use, and calcium supplement use.

Because of the widespread awareness and treatment of
osteoporosis with calcium supplements among older adults,
this population would appear to be at greater risk of
developing the adverse consequences of positive calcium
balance, including vascular calcification. Calcium supplements
are used by 43% of US adults according to NHANES data.®’
The current Institute of Medicine recommendations of calcium
intake for adults 51 years and older in the United States and
Canada are 1200 mg/day for women and 1000 mg/day for
men,*° but a substantial percentage of adults are consuming
total amounts of calcium in excess of 1200 mg/day.'#'>38 In
our MESA sample, the overall mean calcium intake of
participants was slightly less than US guidelines, with mean
intakes of 1081 and 908 mg for women and men, respec-
tively. However, among the highest quintile of calcium intake,
mean intake was 2157 mg, nearly double the recommended
daily allowance.

Calcium may be involved in pathogenesis of CVD through
multiple pathways, including through influences in lipid
metabolism, insulin secretion and sensitivity, inflammation,
thrombosis, regulation of body weight, and vascular calcifica-
tion.*! However, only a few past studies have investigated the
relationship between dietary calcium and subclinical
atherosclerosis, as assessed by CAC. A past study from the
Framingham Study did not find any association of total dietary
calcium with CAC measured on a single CT 4 years later,” but
they did not have a baseline measure of CAC to evaluate for
change. An ancillary study of the Women’s Health Initiative did
not find that women randomized to calcium/vitamin D
supplements had increased burden of CAC on a single CT
obtained 7 years after treatment, but, again, there was no
baseline CAC to assess for change.?’® One study (n=144
women) did not find any significant progression of CAC among
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Table 6. Adjusted Regression Models Assessing Extent of
CAC Burden in Participants With CAC >0 by Quintiles of Total
Calcium Intake at the MESA Baseline Exam

Calcium Intake Difference in
Quintile Agatston Units* | 95% CI Limits P Value
Model 17
Q1: <434.9 0 Reference —
Q2: 434.9-650.7 —15.45 —76.5 to 45.6 0.62
Q3: 650.7-936.5 —19.69 —80.7 to 41.3 0.53
Q4: 936.5-14535 | —31.78 —94.3 t0 30.7 0.32
Q5: >1453.5 —7.84 —71.4 10 55.7 0.81
Model 2
Q1: <434.9 0 Reference —
Q2: 434.9-650.7 —31.95 —95.2 t0 31.3 0.32
Q3: 650.7-936.5 —45.16 —113.710 234 | 0.20
Q4: 936.5-1453.5 | —59.33 —13331t0 146 | 0.12
Q5: >1453.5 —51.00 —133.61t031.6 | 0.23

BMI indicates body mass index; BP, blood pressure; CAC, coronary artery calcium; eGFR,
estimated glomerular filtration rate; HDL, high-density lipoprotein; MESA, the Multi-
Ethnic Study of Atherosclerosis.

*Log transformed.

"Model 1 adjusted for age, sex, race/ethnicity, site, BMI, exercise, smoking, pack-years,
alcohol, education, income, health insurance, and total caloric intake.

‘Model 2 adjusted for model 1 variables+systolic BP, diastolic BP, family history of heart
disease, total cholesterol, HDL-cholesterol, lipid-lowering medication use, diabetes
mellitus, eGFR, total homocysteine, current aspirin use, and calcium supplement use.

older women taking calcium supplements.*? However, that
study did not factor calcium supplement use in the context of
total calcium intake and was a small study of only women.
To our knowledge, this is the first study that evaluated total
dietary intake of calcium with progression of CAC scores in a
large multiethnic population of men and women. After full
adjustment for demographics, lifestyle factors, CVD risk
factors, and use of calcium supplements, we found that
among participants with a baseline CAC of zero, the highest
calcium intake (>1453 mg) compared to the lowest intake
(<434 mg) was associated with a 27% decreased risk for
incident CAC, suggesting a protective effect of total calcium
intake in the highest consumers of overall calcium. However,
when considering supplement use, the risk of developing
incident CAC was 22% higher in those who used supplements
than those who did not. When stratified by supplement users
versus nonusers, the highest risk for incident CAC was found
among supplement users with the lowest intake of total
calcium (Q1); conversely, the lowest risk of incident CAC was
noted among nonsupplement users with the highest intake of
total calcium (Q5). These results suggest that any protective
association of calcium intake and incident CAC occurs in the
participants with high dietary calcium intake (excluding
supplemental calcium), which could be a proxy for overall

Table 7. Adjusted Estimates of Risk for Incident CAC (n=707
Instances of Incident CAC) by Total Calcium Intake Among the
1567 Participants With No Baseline CAC and No Missing
Covariate Information

Calcium Intake Quintile
at Baseline Relative Risk 95% Cl Limits P Value
Model 1*
Q1: <434.9 1 Reference —
02: 434.9-650.7 0.96 0.80-1.16 0.69
Q3: 650.7-936.5 1.13 0.95-1.34 0.17
Q4: 936.5-1453.5 0.92 0.76-1.12 0.41
Q5: >1453.5 0.83 0.67-1.03 0.09
Model 2
Q1: <434.9 1 Reference —
02: 434.9-650.7 0.95 0.79-1.14 0.59
Q3: 650.7-936.5 1.02 0.85-1.23 0.84
Q4: 936.5-1453.5 0.86 0.69-1.05 0.15
05: >1453.5 0.73 0.57-0.93 0.01

Estimates are grouped by quintile of baseline calcium intake, indexed to the cross-
sectional cut points for ease of comparison. BMI indicates body mass index; BP, blood
pressure; CAC, coronary artery calcium; eGFR, estimated glomerular filtration rate; HDL,
high-density lipoprotein.

*Model 1 adjusted for age, sex, race/ethnicity, site, BMI, exercise, smoking, pack-years,
alcohol, education, income, health insurance, and total dietary caloric intake.

"Model 2: adjusted for model 1 variables+systolic BP, diastolic BP, family history of heart
disease, total cholesterol, HDL-cholesterol, lipid-lowering medication use, diabetes
mellitus, eGFR, total homocysteine, current aspirin use, and calcium supplement use.

healthier diets. Approximately 75% of participants in quintile 5
and 60% in quintile 4 were supplement users. Without
clarifying the method of calcium intake, increasing total daily
calcium intake through supplement use might be considered
protective of heart disease.

We were prompted to conduct this analysis because
several recent reports have suggested that an association
exists between high calcium intakes in older adults (ie,
calcium supplement loading), and an increase in the risk of
CVD, including MI,"?~* but this is not without controversy.®'°
Our findings add further support to previously published
reports by suggesting that the relationship between calcium
intake and CVD risk is complex and appears to depend on the
source of calcium intake, with dietary calcium generally
showing a protective effect, but calcium supplement use
being associated with increased risk.

Rather than promoting bone health, excess calcium from
the diet and supplements is postulated to accrue in vascular
tissues. Pathological changes, presumably resulting from
atheromas, initiate conversions of smooth muscle cells to
bone-forming cells or osteroblasts.*> Excessive calcium
loading also has the potential to decrease parathyroid
hormone (PTH) to suboptimal levels and thus increase the
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Table 8. Adjusted Estimates for Incident CAC for Dietary
Calcium Intake Only Among the 1567 Participants With No
Baseline CAC and No Missing Covariate Information

Dietary Calcium Intake

Quintile at Baseline Relative Risk 95% CI Limits P Value

Model 1*
Q1: <349.2 1 Reference —
02: 349.2-499.6 0.91 0.76-1.09 0.30
03: 499.6-680.9 0.91 0.76-1.09 0.31
Q4: 680.9-1022.0 1.00 0.83-1.21 1.00
05: >1022.0 0.89 0.70-1.12 0.31

Model 27
Q1: <349.2 1 Reference —
02: 349.2-499.6 0.93 0.78-1.12 0.46
03: 499.6-680.9 0.92 0.77-1.10 0.35
Q4: 680.9-1022.0 1.03 0.85-1.24 0.75
Q5: >1022.0 0.91 0.72-1.16 0.46
Supplement use 1.12 1.00-1.26 0.047

BMI indicates body mass index; BP, blood pressure; CAC, coronary artery calcium; eGFR,
estimated glomerular filtration rate; HDL, high-density lipoprotein.

*Model 1 adjusted for age, sex, race/ethnicity, site, BMI, exercise, smoking, pack-years,
alcohol, education, income, health insurance, and total dietary caloric intake.

"Model 2: adjusted for model 1 variables+systolic BP, diastolic BP, family history of heart
disease, total cholesterol, HDL-cholesterol, lipid-lowering medication use, diabetes
mellitus, eGFR, total homocysteine, current aspirin use, and calcium supplement use
(yes/no).

risk for adynamic or low bone turnover.** To date, long-term
evidence that calcium loading from excessive dietary and
supplement sources may accelerate pre-existent arterial
calcification has been lacking. CAC scoring is now recognized

as a reliable biomarker of total atherosclerotic plaque burden
and prognostic of risk for all-cause mortality and coronary
heart disease.'?*? Although widely prevalent, CAC typically
occurs in the absence of positive calcium balance. It is
uncertain whether CAC that occurs in the setting of a positive
calcium balance has the same association with CVD risk as
CAC that occurs in the absence of a positive calcium balance.

Low calcium intake (ie, less than 800 mg/day) has also
been suggested to be associated with increased CVD risk.*®
This mechanism may be related to excess phosphorus intake
because of a low dietary calcium-to-phosphorus ratio.*® Our
results suggest that a wide range of calcium intakes between
~400 and 1400 mg/day are not associated with CAC over a
period of 10 years.

Low bone mineral density (BMD) has been linked to
vascular calcification in past studies.*’” *° Those results
suggest that older women and, possibly, men may be
transferring calcium ions from extracellular bone fluid com-
partments to vascular sites, even in the absence of calcium
loading from supplements. This phenomenon may result from
a chronically elevated serum PTH concentration because of
calcium intakes that are too low relative to high dietary
phosphorus, but this scenario has not been established.
Under these conditions, calcium ions are thought to be
shunted from bone to arteries and other soft tissue sites that
have previously been signaled by phosphate ions to convert
medial arterial cells to osteoblasts and subsequent bone
formation.

When low BMD is identified in older osteoporotic patients,
they are typically treated with additional calcium and vitamin
D as supplements. Rather than increase skeletal mass,
excessive calcium consumption may contribute to

Table 9. Adjusted* Estimates Using Model 4 Adjustments for Dietary and Supplement Calcium Intake by Overall Calcium Quintile
Among the 1567 Participants With No Baseline CAC and No Missing Covariate Information

Quintile of Average Calcium

Calcium Average Calcium Intake From % Supplement RR Calcium RR Calcium

Intake N Intake From Diet Supplements Users (No Sup) (w/Sup)

Q1 521 306.0 (76.9) 90.6 (60.5) 13 Reference (1) 1.41 (1.02, 1.97)
N=521 N=70 P=0.038

Q2 544 491.9 (100.2) 165.0 (70.9) 30 0.96 (0.77, 1.19) 1.22 (0.96, 1.56)
N=544 N=162 P=0.71 P=0.10

Q3 570 670.0 (170.7) 248.6 (167.4) 46 1.08 (0.87, 1.36) 1.22 (0.99, 1.51)
N=570 N=268 P=0.46 P=0.063

04 573 870.8 (329.5) 492.6 (329.5) 60 0.90 (0.69, 1.17) 1.06 (0.85, 1.31)
N=573 N=346 P=0.43 P=0.60

Q5 534 1280.5 (779.7) 1123.3 (717.7) 75 0.74 (0.51, 1.07) 0.91 (0.72, 1.15)
N=534 N=410 P=0.11 P=0.45

BMI indicates body mass index; BP, blood pressure; CAC, coronary artery calcium; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; Sup, supplement.
*Adjusted for age, sex, race/ethnicity, site, BMI, exercise, smoking, pack-years, alcohol, systolic BP, diastolic BP, family history of heart disease, total cholesterol, HDL-cholesterol, lipid-
lowering medication use, diabetes mellitus medication, education, income, health insurance, family history of heart attacks, eGFR, total homocysteine, current aspirin use, and total caloric

intake.
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Table 10. Adjusted Change in CAC Over Follow-up for the
1175 Participants With Baseline CAC >0, a Follow-up CT Scan,
and No Missing Covariate Information

Calcium Intake Change in
Quintile Agatston units* 95% Cl Limits P Value
Model 17

Q1: <434.9 0 Reference —

02: 434.9-650.7 +10.12
Q3: 650.7-936.5 —-17.12
Q4: 936.5-1453.5 | —58.66

—70.1 10 90.4 0.80
—99.1 to 64.8 0.68
—145.7 to 28.4 0.19

Q5: >1453.5 —37.43 —130.7 to 55.9 0.43
Model 2%
01: <434.9 0 Reference —

02: 434.9-650.7 +25.62
Q3: 650.7-936.5 —14.35
Q4: 936.5-1453.5 | —32.88
Q5: >1453.5 —17.33

—55.710107.0 | 0.54
—101.4 to 72.7 0.75
—127.1 t0 61.3 0.49
—122.5t0 87.8 0.74

BMI indicates body mass index; BP, blood pressure; CAC, coronary artery calcium; CT,
computed tomography; eGFR, estimated glomerular filtration rate; HDL, high-density
lipoprotein.

*Log transformed.

"Model 1 adjusted for age, sex, race/ethnicity, site, BMI, exercise, smoking, pack-years,
alcohol, education, income, health insurance, and total caloric intake.

‘Model 2 adjusted for model 1 variables+systolic BP, diastolic blood BP, family history of
heart disease, total cholesterol, HDL-cholesterol, lipid-lowering medication use, diabetes
mellitus, eGFR, total homocysteine, current aspirin use, and calcium supplement use.

cardiovascular calcification, especially smooth muscle calci-
fication.***> A leading risk factor for stimulating arterial
calcification that is supported by laboratory data is an
elevation of serum phosphate ions that have been shown to
induce calcification in animal models and cells.**** Better
understanding of the mechanisms of vascular calcification,
which have not yet been established, may generate better
insight into the long-term development of this process.

A key strength of our study is the ability to evaluate the
association of calcium intake, source of calcium intake, and
CAC in a large, multiethnic sample of US men and women at
both baseline and with repeat longitudinal estimates of
incident CAC up to 10 years. However, our findings should
be placed in the context of several limitations. First, we used an
FFQ for the assessment of dietary calcium intake. Although the
quantitative tool used in this assessment has been previously
validated, the daily variability of dietary calcium intakes
remains high and therefore an issue of potential measurement
error. Calcium supplement intake recall may also be question-
able despite use of a validated questionnaire.?® For example, a
very small percentage of participants (1.2%) self-reported
implausibly low mg values for their calcium supplements (0—
34 mg), where 1to 2 mg might have been intended to be 1 to
2 g. However, study findings were consistent even when

supplemental calcium was not considered. Our study did not
control for vitamin D intake or seasonal ultraviolet exposure of
skin. We did not have measures of BMD at Exams 1 and 5 to
consider this possible confounder. Other study concerns may
relate to accuracy of self-reported data attained by question-
naires that elicited information on drug usage, concurrent
diseases, physical activity, and other personal health issues,
despite validation of the questionnaires.

Additionally, study participants who took the recom-
mended amounts of dietary calcium may have been engaging
in other unmeasurable health-promoting behaviors (ie, the
healthy user effect), which could potentially explain why a
decrease in risk of CAC development was observed in the
highest quintile of calcium intake.?® Calcium-rich foods are
associated with a healthy diet, and many of the participants
with a high dietary calcium intake may be consuming
vegetables, dairy, nuts, and fish—that provide cardioprotec-
tive benefits. Associations between calcium intake and
cardiovascular events observed in previous research may
possibly have resulted from completely different mechanisms
than an increase in CAC. Even though 50% of our study
participants had CAC at baseline, they were unusually healthy
as a result of stringent MESA recruitment protocols and the
current results may not necessarily generalize to other
populations. Another consideration of our study is that
although the prognostic value of CAC is well established, it
is only a surrogate marker for clinical CVD. Finally, we did
perform multiple testing, and it is possible that associations
found may be attributed to chance. Thus, our findings should
be considered hypothesis generating to stimulate further
investigation in this area. A type 2 statistical error (ie, a false-
negative result) is also always possible.

In summary, results from this long-term study of 10 years
showed a protective relationship between total calcium intake
and incident coronary atherosclerosis, particularly among
nonsupplement users. Even though mean total calcium intake
in quintile 5 was greater than the upper limits of current
recommendations, no increased risk of CAC progression was
found, and the highest quintile of calcium intake actually had
decreased risk of incident CAC among those without preva-
lent CAC at baseline. However, we found evidence that
calcium supplement use was independently associated with
incident CAC, whether or not we adjusted for total calcium
intake. This finding suggests that calcium loading with
supplements may not be entirely free of undesirable side
effects, especially considering evidence for events in ran-
domized trials of calcium supplementation like the Women’s
Health Initiative. Finally, our findings should reassure individ-
uals who are following dietary calcium recommendations by
eating high-calcium foods that consuming calcium from
diet alone at these levels or higher is not associated with
incident CAC.
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