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Abstract
Background—Some recent reports suggest that calcium supplements may increase
cardiovascular disease (CVD) risk.
Purpose—The objective was to examine the independent associations between calcium
supplement use and risk of CVD.
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Methods—We conducted a prospective cohort study of supplemental calcium use and incident
CVD in 74,245 women in the Nurses' Health Study (1984–2008) free of CVD and cancer at
baseline. Calcium supplement intake was assessed every four years. Outcomes were incident
coronary heart disease (CHD) (nonfatal or fatal MI) and stroke (ischemic or hemorrhagic),
confirmed by medical record review.
Results—During 24 years of follow-up, 4,565 cardiovascular events occurred (2,709 CHD and
1,856 strokes). At baseline, women who took calcium supplements had higher levels of physical
activity, smoked less, and had lower trans fat intake compared with those who did not take
calcium supplements. After multivariable adjustment for age, body mass index, dietary calcium,
vitamin D intake, and other CVD risk factors, the relative risk of CVD for women taking
>1,000mg/day of calcium supplements compared with none was 0.82 (95% CI 0.74 to 0.92; p for
trend <0.001). For women taking >1,000mg/day of calcium supplements compared with none, the
multivariable-adjusted relative risk for CHD was 0.71 (0.61 to 0.83; p for trend<0.001) and for
stroke was 1.03 (0.87 to 1.21; p for trend=0.61). The relative risks were similar in analyses limited
to non-smokers, women without hypertension, and women who had regular physical exams.
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Conclusions—Our findings do not support the hypothesis that calcium supplement intake
increases CVD risk in women.
Keywords
Calcium Supplements; Cardiovascular Disease; Coronary Heart Disease; Stroke; Prospective
Study

Introduction
Calcium supplements are widely taken in the United States [1] and there is growing interest
in their association with cardiovascular disease (CVD). Calcium supplements may improve
lipid profiles [2] and lower blood pressure [3]. On the other hand, they could increase CVD
risk by elevating serum calcium [4], which could promote vascular calcification [5] and
CVD events [6].
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Previous studies on the association between calcium supplements and CVD have reported
conflicting results [7–13]. In a post-hoc analysis of a randomized controlled trial (RCT) of
calcium supplementation (1,000 mg/day) in healthy postmenopausal women (n=1,471)
designed to study the effects of calcium on bone density and fracture risk, women taking
calcium supplements had a two-fold increased risk of myocardial infarction (MI) [14].
However, there were only 31 adjudicated MIs in this study, and when unreported MI events
were added from a national database of hospital admissions, the results were no longer
statistically significant. In a subsequent meta-analysis of CVD in 11,921 participants in 11
RCTs, most of which included supplement doses≥1,000mg/day [15–24] and utilized
measures of bone health as primary outcomes, calcium supplements were associated with
27% higher risk of MI [25] (mean follow-up of 4 years, total of 296 MIs). An updated metaanalysis [26] which included participants in the Women's Health Initiative (WHI) who were
not taking calcium supplements at baseline also reported that co-administration of calcium
supplements and vitamin D was associated with a 24% higher risk of MI. In contrast,
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another meta-analysis [7] which included RCTs of calcium supplements alone [14, 18–19,
27] or in combination with vitamin D supplements [28–30] suggested no association
between calcium supplements and CVD risk.
Because of the inherent limitations of post-hoc analyses of RCTs not specifically designed
to test the effect of calcium supplementation on CVD (small numbers of CVD events,
inclusion of non-adjudicated CVD cases, non-adherence to study protocols, lack of CVD
covariate information, etc.), observational prospective cohort studies examining associations
between calcium supplement use and CVD risk are needed. However, observational studies
to date have not included follow-up beyond 11 years [31–33], a large number of events [12,
32] or repeated, detailed assessments of calcium supplement intake and dose [12–13, 31–32,
34].
To examine independent associations between calcium supplement use and the risk of CVD
in women, we conducted a prospective analysis with 24 years of follow-up (1984–2008)
among 74,245 women in the Nurses’ Health Study (NHS) cohort without history of CVD or
cancer at baseline.
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Methods
Study Population
The Nurses’ Health Study is an ongoing, prospective cohort study which began in 1976,
enrolling 121,700 female registered nurses between the ages of 30 and 55 years of age. The
cohort is followed with biennial mailed questionnaires that ask about lifestyle practices and
newly diagnosed diseases. The follow-up has been >90% of the eligible person-time. This
analysis includes 74,245 women participating in NHS (1984–2008) who completed the 1984
dietary questionnaire and were free of CVD and cancer at baseline. The study protocol was
reviewed and approved by the Brigham and Women’s Hospital Institutional Review Board.
Assessment of Supplemental Calcium Intake and Diet
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To assess participants’ calcium supplement intake and diet, we used semiquantitative foodfrequency questionnaires (FFQ) which assessed participants' average intake over the
previous year. The participants were asked to complete FFQs in 1984, 1986, 1990, 1994,
1998, 2002, and 2006. The intakes of supplemental calcium, vitamins A, D, and E in
multivitamins or isolated form were determined by the brand, type, and frequency of
reported use. We categorized study participants into 5 categories of calcium supplement
intake: none, 1–100mg/day, 101–500mg/day, 501–1,000mg/day, and >1,000mg/day.
The FFQs also inquired about the intake of over 130 individual food items and 22 beverages
in the previous year. Intake of calcium and other dietary factors were computed from the
reported frequency of consumption of each specified unit of food and from U.S. Department
of Agriculture data on the content of the relevant nutrient in specified portions. Nutrient
values were adjusted for total energy intake to determine the nutrient composition of the diet
independent of the total amount of food eaten.
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The FFQ has been extensively validated [35]. In 173 NHS participants, nutrient intake
reported on two FFQs was compared with four seven-day records kept by the nurses who
weighed and measured everything they ate or drank [36]. The values for the nutrient data on
the FFQs and the food diaries were correlated and the degree of reproducibility was not
modified by obesity or other personal characteristics.
To examine dietary patterns, we also used responses to each FFQ to construct a Dietary
Approaches to Stop Hypertension (DASH) score, which has been associated with lower
CVD risk in NHS [37]. The DASH score focuses on 8 components that are emphasized or
minimized in the DASH diet: high intake of fruits, vegetables, nuts and legumes, low-fat
dairy products, and whole grains and low intake of sodium, sweetened beverages, and red
and processed meats. We classified participants into quintiles according to their intake
ranking (with reverse scoring for sodium, red and processed meats, and sweetened
beverages) and summed up the component scores to obtain an overall DASH score ranging
from 8 to 40. We updated the DASH score throughout the follow-up period.
Assessment of Nondietary Factors
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Age, body mass index (<21.0, 21.0–22.9, 23.0–24.9, 25.0–26.9, 27.0–29.9, 30.0–32.9, 33.0–
34.9, or ≥35.0 kg/m2), race, smoking status (never, past, and current smoker of 1–14
cigarettes/day, 15–24 cigarettes/day, or ≥25 cigarettes/day), physical activity (in quintiles of
metabolic equivalent task scores), history of diabetes, hypertension, high cholesterol, or
osteoporosis, family history of heart disease, postmenopausal hormone use (never, past,
current), bisphosphonate use, thiazide use, and aspirin use (<1, 1–2, 3–6, 7–14, or ≥ 15
tablets/week) were ascertained from the biennial questionnaires. Self-reported weight was
highly reliable (r=0.97) among a subset of participants who underwent direct measurement
of their weight [38]. Physical activity reported on the questionnaires has been previously
validated in comparison with physical activity diaries (r=0.79) in a comparable cohort [39].
Self-reported hypertension and diabetes were previously validated in this cohort. Race or
ethnicity was self-reported and categorized in this analysis as white, African-American,
Hispanic and Asian.
Ascertainment of Cases
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CVD outcomes were defined as CHD (nonfatal or fatal MI) and stroke (ischemic or
hemorrhagic). To confirm newly diagnosed cases of CHD or stroke reported on the biennial
questionnaires, we requested permission to access the participants’ medical records and
cases were confirmed by NHS study physicians. To confirm nonfatal MI, we used the World
Health Organization criteria, which require typical symptoms plus either diagnostic
electrocardiographic findings or elevated cardiac enzyme concentrations. Nonfatal strokes
were confirmed by medical records according to the National Survey of Stroke [40] criteria,
which requires a constellation of neurologic deficits of sudden or rapid onset lasting ≥ 24
hours or until death. Based on findings from computed tomography, magnetic resonance
imaging, or autopsy, strokes were classified as ischemic (embolic or thrombotic),
hemorrhagic (subarachnoid or intracerebral), or undetermined. Cerebrovascular diseases
caused by infection, trauma, or malignancy, or silent strokes were excluded. Undetermined
strokes were excluded from this analysis. CHD and stroke events for which confirmatory
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information was obtained by interview or letter but for which medical records were
unavailable were designated as “probable”.
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Deaths were identified by reports from next of kin, postal authorities, or by searching the
National Death Index. CHD and stroke deaths were classified by examining autopsy reports,
hospital records, or death certificates. Fatal CHD was confirmed by medical records or
autopsy reports or if CHD was listed as the cause of death on the death certificate and there
was prior evidence of CHD in the medical records or if the participant previously reported
CHD. We designated as probable those cases in which CHD was the underlying cause on
the death certificates but no prior knowledge of CHD was indicated and medical records
concerning the death were unavailable. Similarly, we followed the same procedures to
classify confirmed or probable fatal stroke cases.
Since the exclusion of probable CVD events (30% of CHD and 3% of stroke cases) did not
alter the results, we included both confirmed and probable CVD cases in the main analysis.
Statistical Analyses
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The study design was prospective; information on calcium supplement use was collected
before the diagnosis of CVD. For each participant, person-months of follow-up were
counted from the date on which the 1984 questionnaire was returned 1) to the date on which
CVD was diagnosed or death occurred or 2) to June 30, 2008, whichever occurred first.
Information on calcium supplement use and other covariates recorded in response to the
1984 questionnaire was updated on subsequent questionnaires. We allocated person-time of
follow-up according to exposure status at the start of each follow-up period. Thus, it was
possible for study participants to change from one calcium supplement category to another
over time. If information on calcium supplement use or diet was missing at the start of a
time period, the participant was excluded from that time period. Period-specific categories
of calcium supplement intake were used in the analysis. The Mantel extension test was used
to evaluate linear trends across categories of calcium supplement intake. We used Cox
proportional-hazards regression to simultaneously adjust for CVD risk factors.
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The final multivariable model included calcium supplement intake and the following
variables: age, body mass index, race or ethnicity, alcohol intake, smoking status, physical
activity, postmenopausal hormone use, aspirin use, multivitamin use, history of
hypertension, diabetes, or high cholesterol, family history of heart disease, physical exam
within the past two years, recent mammogram, and intakes (quintiles) of dietary calcium,
total vitamin D, vitamin E, magnesium, trans fat, fiber, glycemic load, polyunsaturated fatto-saturated fat ratio, and total energy.
We calculated 95% confidence intervals for all relative risks. All P values are two-tailed.
Tests for trend were performed by assigning the median value to each category and
modeling as a continuous variable. Data were analyzed with the Statistical Analysis Systems
software package (version 9.2; SAS Institute Inc., Cary, North Carolina).
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Calcium Supplement Intake and CVD Risk
During 1,680,894 person-years of follow-up over a 24 year period, we confirmed 4,565
CVD cases (2,709 CHD events and 1,856 strokes). The characteristics of the cohort
according to baseline calcium supplement category are shown in Table 1. At baseline,
30.5% of the study participants were taking calcium supplements. For our analyses,
however, the updated calcium supplement values were used for each time period. Calcium
supplement use increased over the study period so that by 2004, 80% of the study
participants were taking calcium supplements.
The mean age, total vitamin D intake, postmenopausal hormone use, self-reported history of
high cholesterol, and physical activity level increased with higher supplemental calcium
intake. The percentage of current smokers decreased with greater supplemental calcium
intake. The percentage of women with self-reported diabetes or hypertension and the mean
daily intake of dietary calcium were similar across the calcium supplement categories. The
Spearman correlation coefficients between calcium supplements and total and supplemental
vitamin D intakes were 0.33 and 0.43, respectively.
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After adjusting for age, the relative risk of CVD was 0.69 (95% CI 0.62, 0.76; p for
trend<0.001) for women taking >1,000mg/day of calcium supplements compared with none
(Table 2). After further adjusting for body mass index, vitamin D intake and other CVD risk
factors, the relative risk of CVD was 0.82 (95% CI 0.74, 0.92; p for trend<0.001) for women
taking >1,000mg/day of calcium supplements compared with none.
Calcium Supplement Intake and CHD Risk
During the 24-year study period, there were 2,151 nonfatal and 558 fatal CHD events. After
adjusting for age, the relative risk of CHD was 0.56 (95% CI 0.49, 0.64; p for trend<0.001)
for women taking >1,000mg/day of calcium supplements compared to none (Table 2). The
multivariable-adjusted relative risk of CHD was 0.71 (95% CI 0.61, 0.83; p for
trend<0.001).
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The age-adjusted relative risk of nonfatal CHD for women taking >1,000mg/day of calcium
supplements compared with none was 0.59 (95% CI 0.51, 0.69; p for trend <0.001) and was
attenuated after multivariable adjustment (0.77; 95% CI 0.65, 0.91; p for trend<0.001)
(Table 3). The age-adjusted relative risk of fatal CHD for women taking >1,000mg/day of
calcium supplements compared with none was 0.45 (95% CI 0.33, 0.63; p for trend <0.001)
and was attenuated and no longer significant after multivariable adjustment (0.71; 95% CI
0.50, 1.00; p for trend=0.06) (Table 3).
Calcium Supplement Intake and Stroke Risk
During the 24-year study period, there were 1,449 ischemic and 407 hemorrhagic strokes.
After adjusting for age, the relative risk of stroke was 0.89 (95% CI 0.77, 1.04; p for
trend=0.007) for women taking >1,000mg/day of calcium supplements compared with none,
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but was no longer significant after multivariable adjustment (1.03; 95% CI 0.87, 1.21; p for
trend=0.61) (Table 2).
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We studied the association between calcium supplement use and subtype of stroke (Table 4).
The age-adjusted relative risk of ischemic stroke was 0.85 (95% CI 0.72, 1.01; p for
trend=0.003) and the multivariable-adjusted relative risk was 0.96 (95% CI 0.79, 1.16; p for
trend=0.22) for women taking >1,000mg/day of calcium supplements compared with none.
The age-adjusted relative risk of hemorrhagic stroke was 1.07 (95% CI 0.78, 1.46; p for
trend=0.83) and the multivariable-adjusted relative risk was 1.32 (95% CI 0.94, 1.87; p for
trend=0.24) for women taking >1,000mg/day of calcium supplements compared with none.
Additional Analyses
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We also examined calcium supplement doses >1,500mg/day, cumulative average calcium
supplement intake, duration of calcium supplement use, lifetime intake of calcium
supplements, total calcium (dietary and supplemental) intake and risk of CVD. Compared
with non-users, the multivariable-adjusted relative risk among calcium supplement users
taking >1,500mg/day was 0.78 (95% CI 0.63, 0.96; p for trend<0.001) for CVD, 0.73 (95%
CI 0.55, 0.97; p for trend<0.001) for CHD, and 0.84 (95% CI 0.61, 1.14; p for trend=0.46)
for stroke. Since there were relatively few cases (105 CHD and 105 strokes) in participants
with cumulative average calcium supplement intake >1,000mg/day, we examined
cumulative average calcium supplement intake >500mg/day. Compared with non-users, the
multivariable-adjusted relative risk was 0.89 (95% CI 0.81, 0.98; p for trend=0.02) for CVD,
0.79 (95% CI 0.70, 0.89; p for trend<0.001) for CHD, and 1.08 (95% CI 0.93, 1.25; p for
trend=0.31) for stroke for cumulative average calcium supplement intake >500mg/day. We
also examined the association between duration of calcium supplement use (none, 1–3.9
years, 4–7.9 years, 8–11.9 years, and ≥12 years of use) and CVD and did not find an
association in multivariable analysis (Online Supplemental Table 1). We also did not find an
association between lifetime calcium supplement intake and higher CVD risk. We also
examined the association between total calcium (dietary and supplemental) intake and CVD
risk. For women with total calcium intake >2,000mg/day compared to women with a total
calcium intake 1–500mg/day, the multivariable adjusted relative risk for CVD was 0.92
(95% CI 0.79, 1.07).
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The multivariable-adjusted relative risks for the association between calcium supplement
use and CVD were similar in analyses restricted to women who were non-smokers, women
without hypertension, women without high cholesterol, and women who had regular
mammograms and/or regular physical exams. We also found the association was unchanged
after additional adjustment for thiazide use, menopausal status, and the DASH dietary score.
We also performed multivariable-adjusted analyses stratified by median vitamin D intake,
median dietary calcium intake, multivitamin (MVI) use (yes/no), and postmenopausal
hormone use (never and past vs. current users). Associations between calcium supplement
use and CVD risk were similar in participants above and below the median intakes of
vitamin D and dietary calcium, and were similar in users and non-users of both MVIs and
postmenopausal hormones.
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We also examined women who newly started calcium supplements (i.e., women who were
not taking calcium supplements in 1984 and subsequently took calcium supplements), and
did not observe an association between calcium supplement use and increased risk of CVD.
In additional multivariable-adjusted analyses including all self-reported non-fatal CVD
events (rather than investigator confirmed and probable events), the association between
calcium supplement intake >1,000mg/day compared with none was 0.85 (95% CI 0.77, 0.93;
p for trend<0.001) for non-fatal CVD and 0.82 (95% CI 0.72, 0.92; p for trend<0.001) for
non-fatal CHD. Finally, no significant interaction was found between age and calcium
supplement intake (p values for interaction 0.14 for CVD, 0.32 for CHD, and 0.39 for
stroke).

Discussion
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In our long term prospective study of women, calcium supplement intake was not associated
with increased risk of CVD. Rather, we observed an inverse association between calcium
supplement use and CHD risk. Our study has several distinct strengths that distinguish it
from other reports, including the large number of events that were confirmed by medical
record review, large sample size, long-term follow-up, detailed and repeated assessment of
calcium supplement use that allowed for examination of dose-response relationship, and
assessment and inclusion of CVD risk factors as covariates.
Observational prospective studies to date on calcium supplements and CHD risk in women
[12–13, 31–34] have reported disparate results. The Iowa Women’s Health Study [34] of
34,486 postmenopausal women with 8 years of follow-up did not find a risk of fatal CHD
associated with taking ≥500mg/day of calcium supplements versus none (RR 0.88; 95% CI
0.64, 1.23). In the National Institutes of Health-AARP Diet and Health Study [13] with 12
years of follow-up, no association was found between supplemental calcium intake
(assessed once at baseline) and CVD death (RR 1.06; 95% CI 0.96, 1.18), heart disease
death (RR 1.05; 0.93, 1.18) or stroke death (RR 1.08; 0.87, 1.33) in women (although some
positive associations were observed in men).
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In contrast, the Kuopio Osteoporosis Risk Factor and Prevention Study [31] of 10,555 Finish
women aged 52–62 years old reported an increased risk of CHD (RR 1.24; 95% CI 1.02,
1.52) associated with calcium supplement use. However, this study assessed calcium
supplement intake as a binary variable (yes/no) only once at baseline and had < 7 years of
follow-up. The European Prospective Investigation into Cancer and Nutrition study (EPICHeidelberg) [32] of 23,980 men and women, aged 35–64 years old, found that calcium
supplement users compared to non-users had an increased MI risk (RR 1.86; 95% CI 1.17,
2.96). However, the prevalence of calcium supplement use in this study was only 3.6%,
which is substantially lower than that observed in a German elderly population [41] and in
the U.S. [1], raising the possibility of important differences between study populations. In
the Swedish mammographic cohort [12], use of calcium supplements was not associated
with all-cause mortality, but participants with dietary calcium > 1,400 mg/d who also used
calcium supplements had higher CVD mortality (RR=2.57; 95% CI 1.19, 5.55). However,
this finding was based on only 7 deaths. In addition, the prevalence of calcium supplement
use in the Swedish mammographic cohort was only 6% [42–43]. Finally, there was
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significant loss to follow-up in this study (only 63.5% of baseline participants were included
in the calcium supplement analysis).
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To date, no RCT has tested the effect of calcium supplementation on CVD as its primary
endpoint. However, Bolland et al. conducted secondary analyses of calcium supplement
RCTs with non-CVD endpoints and reported positive associations between calcium
supplements and CHD [14, 25–26]. No association was found with other cardiovascular
outcomes. Although these well conducted analyses have numerous distinct strengths, some
investigators [7] suggest interpreting with caution because: 1) the studies are post-hoc
analyses of RCTs not specifically designed to test the effect of calcium supplementation on
CVD, 2) the number of CVD events was relatively small, 3) most of the CVD events were
not adjudicated, 4) most of the individual trials in the meta-analyses did not report a
significant difference in CVD events between the calcium and placebo groups, and 5) the
meta-analyses utilized unpublished (in addition to published) data. Additional potential
limitations include non-adherence by participants to study protocols and lack of covariate
information for many participants [44].
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The relationship between calcium supplements and CVD risk in WHI has generated
controversy. A recent analysis of participants in the WHI RCT and the WHI prospective
observational study (OS) by Prentice et al. did not find an association with CVD among
women taking calcium supplements alone (OS) or calcium in combination with vitamin D
(RCT, OS, and combined RCT and OS analysis) [33]. In contrast, the results of the updated
meta-analysis by Bolland et al. [26] included WHI and reported a positive association
between calcium supplements and MI risk. Of note, the study by Bolland et al. only included
a subset of WHI participants who were not taking calcium supplements at baseline.
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Because CVD risk associated with calcium supplements in some previous reports was
attenuated when utilizing confirmed (rather than self-reported) cases of CVD, some
investigators have suggested that gastrointestinal side effects from calcium supplement use
may have led to misreports of MIs [45]. For example, in a study combining data from two
RCTs of calcium supplementation [14, 19], self-reported MI rates were higher in the
calcium group compared to the placebo group (3.6% vs. 2.1%; p=0.02), but after
adjudication, the MI rates decreased in the calcium group from 3.6% to 2.4% and the
difference between the calcium and placebo group was no longer statistically significant
[45]. In our study, we performed analyses examining the association between calcium
supplements and self-reported non-fatal CVD and CHD cases and did not observe
substantial changes in our risk estimates.
A major limitation to our observational study is the possibility that residual confounding
and/or confounding by unknown or unmeasured factors related to better cardiovascular
health may have contributed to the inverse association between calcium supplement use and
risk of CHD. To address this, we performed a wide variety of subgroup-analyses (such as
restriction to women without hypertension, women without high cholesterol, and nonsmokers). We also adjusted our analyses for behaviors that may be associated with overall
health status, such as regular physical exams, screenings (i.e., mammograms), and the use of
multivitamins. Thus, it is also possible that supplemental calcium intake lowers CVD risk.
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Calcium supplements may improve lipid profiles [2] and lower blood pressure [3], and
previous observational studies have reported inverse associations between calcium intake
and CHD (e.g. the Iowa Women’s Health Study [34] and the WHI follow-up study by
Prentice et al. [33]).
There are other limitations to our study. Many calcium supplements also contain vitamin D.
It is possible that study participants taking supplemental calcium under-reported their
supplemental vitamin D intake. In addition, socioeconomic variables were not included in
our models. Finally, since our study population was female and almost entirely white, our
findings are not necessarily generalizable to men or other races.
In this large-scale, long-term prospective cohort study in women, calcium supplement use
was inversely associated with risk of CHD. Our findings do not support an increased risk of
CVD with calcium supplement use in women. Additional prospective cohort studies
examining potential CVD risk associated with calcium supplement use are needed, and
future randomized trials of calcium supplementation, if conducted, should be designed to
optimize assessment of CVD events.
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3.0
19.4
70.3
24.0

Family History of Heart Disease, %

Aspirin Use (at least once/month), %

Multivitamin Supplement User, %

7.5

High Cholesterol, %

Diabetes, %

21.2

Hypertension, %

26.0

Current Smoker, %
58.3

97.7

White Race, %

20.0

6.8 ± 11.3

Alcohol, gm/day

Postmenopausal Hormone Use, %

4.0 ± 2.2

Cereal fiber intake, g/day

Postmenopausal, %

0.5 ± 0.2
99.0 ± 19.5

Polyunsaturated-to-saturated fat ratio

Glycemic Load

1,754 ± 534
2.0 ± 0.6

Total energy intake, kcal/day

3,351 ± 3,444

Retinol, IU/day

Trans fat intake, % of total energy

6,929 ± 7,066

275 ± 67

Magnesium, mg/day

190 ± 92

100.0

73.2

18.7

2.8

7.8

19.5

23.9

57.0

25.9

98.1

6.7 ± 11.1

4.2 ± 2.3

99.2 ± 19.2

0.5 ± 0.2

1.9 ± 0.6

318 ± 70

54 ± 89

187 ± 97
26 ± 60

Dietary Vitamin D Intake, IU/day

417 ± 264

52 ± 34

726 ± 239

14.6 ± 19.7

24.7 ± 4.5

48.9 ±7.2

1–100 mg
(n=1,617)

Vitamin E intake, mg/day

0
256 ± 190

Supplemental Calcium Intake, mg/day

Total Vitamin D Intake, IU/day

13.2 ± 20.2
708 ± 251

Dietary Calcium Intake, mg/day

25.2 ± 4.8

BMI, kg/m2

Physical Activity, METS/week

49.6 ±7.2

Age, yearsa

None
(n=51,623)

63.6

74.6

18.8

2.6

8.6

20.7

32.0

63.4

19.8

97.8

7.2 ± 11.3

4.4 ± 2.4

99.1 ± 19.9

0.6 ± 0.2

1.8 ± 0.6

1,727 ± 524

6,378 ± 6,118

313 ± 81

76 ± 105

189 ± 98

428 ± 290

350 ± 152

720 ± 247

16.2 ± 23.6

24.5 ± 4.4

51.8 ± 6.8

101–500 mg
(n=14,699)

68.6

72.7

18.7

2.7

9.3

21.3

35.4

64.3

19.3

97.9

6.9 ± 10.8

4.6 ± 2.6

99.5 ± 20.4

0.6 ± 0.2

1.7 ± 0.6

1,695 ± 514

7,802 ± 7,956

331 ± 96

98 ± 119

190 ± 102

474 ± 327

893 ± 170

733 ± 265

16.8 ± 20.8

24.4 ± 4.3

52.0 ± 6.6

501–1000 mg
(n=4,516)

Supplemental Calcium Intake

77.1

70.2

19.9

2.9

10.9

22.7

35.7

67.2

19.0

98.5

6.9 ± 11.3

4.5 ± 2.8

99.3 ± 22.2

0.6 ± 0.2

1.7 ± 0.6

1,672 ± 527

10,134 ± 10,576

348 ± 110

138 ± 152

187 ± 103

560 ± 378

1408 ± 209

730 ± 269

18.1 ± 24.3

24.4 ± 4.5

52.4 ± 6.5

>1000 mg
(n=1,790)

Age-Standardized Baseline Characteristics of Women According to Categories of Supplemental Calcium Intake in 1984
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Values are means ± SD or percentages and are standardized to the age distribution of the study population.

Value is not age adjusted.
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0.98 (0.78, 1.24)

0.93 (0.82, 1.05)

0.86 (0.77, 0.97)

429,622

467

0.86 (0.78, 0.95)

0.77 (0.70, 0.84)

428,626

684

0.88 (0.81, 0.95)

0.80 (0.74, 0.86)

429,584

1,151

101–500
mg/day

0.90 (0.78, 1.05)

0.80 (0.70, 0.91)

310,154

343

0.81 (0.72, 0.91)

0.66 (0.59, 0.74)

309,461

463

0.83 (0.76, 0.92)

0.71 (0.65, 0.78)

310,161

806

501–1000
mg/day

1.03 (0.87, 1.21)

0.89 (0.77, 1.04)

192,873

253

0.71 (0.61, 0.83)

0.56 (0.49, 0.64)

192,417

261

0.82 (0.74, 0.92)

0.69 (0.62, 0.76)

192,931

514

>1000
mg/day

0.61

0.007

<0.0001

<0.0001

0.0008

<0.0001

P for Trend

The multivariate model includes: diet calcium intake, total vitamin D intake, vitamin E intake, magnesium intake, multivitamin use, BMI, family history of heart disease, smoking status, alcohol intake,
postmenopausal hormone use, physical activity, race, aspirin use, history of hypertension, diabetes, or high cholesterol, glycemic load, trans fat intake, polyunsaturated fat-to-saturated fat ratio, fiber intake,
total energy intake, recent physical exam, and recent mammogram.

b

Calcium supplement use was updated throughout the analysis period (1984–2008). Relative risks are for the risk of CVD, CHD, or stroke compared with the group that took no calcium supplements.

a

1.00

Multivariate Relative Risk (95% CI) b

64,159
0.94 (0.75, 1.19)

684,304
1.00

83

0.97 (0.80, 1.16)

710

Age-adjusted Relative Risk (95% CI)

Person-years (n)

Cases of Total Stroke (n)

Total Stroke

1.00

Multivariate Relative Risk (95% CI) b

63,985
0.90 (0.75, 1.09)

682,662
1.00

128

Age-adjusted Relative Risk (95% CI)

Person-years (n)

Cases of CHD (n)

0.97 (0.84, 1.12)

0.92 (0.80, 1.06)

64,174

211

1–100
mg/day

1,173

1.00

Multivariate Relative Risk (95% CI) b

Total CHD

1.00

684,044

Person-years (n)

Age-adjusted Relative Risk (95% CI)

1,863

Cases of CVD (n)

Total CVD

None

Age-Adjusted and Multivariate Relative Risks for Cardiovascular Disease According to Calcium Supplement Intake Category a
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0.83 (0.66, 1.03)

0.88 (0.67, 1.14)

0.59 (0.46, 0.76)

309,783

88

0.85 (0.74, 0.97)

0.68 (0.60, 0.77)

309,462

375

501–1000
mg/day

0.71 (0.50, 1.00)

0.45 (0.33, 0.63)

192,594

45

0.77 (0.65, 0.91)

0.59 (0.51, 0.69)

192,417

216

>1000
mg/day

0.06

<0.0001

0.0004

<0.0001

P for Trend

. Calcium supplement use was updated throughout the analysis period (1984–2008). Relative risks are for the risk of nonfatal or fatal CHD compared with the group that took no calcium supplements.

0.96 (0.65, 1.43)

0.65 (0.53, 0.81)

429,123

133

0.91 (0.82, 1.02)

0.80 (0.72, 0.89)

428,626

551

101–500
mg/day

The multivariate model includes: diet calcium intake, total vitamin D intake, vitamin E intake, magnesium intake, multivitamin use, BMI, family history of heart disease, smoking status, alcohol intake,
postmenopausal hormone use, physical activity, race, aspirin use, history of hypertension, diabetes, or high cholesterol, glycemic load, trans fat intake, polyunsaturated fat-to-saturated fat ratio, fiber intake,
total energy intake, recent physical exam, recent mammogram.

b

a

1.00

Multivariate Relative Risk (95% CI) b

64,063
0.86 (0.58, 1.28)

683,493
1.00

28

Age-adjusted Relative Risk (95% CI)

Person-years (n)

Cases of Fatal CHD (n)

0.97 (0.79, 1.20)

0.92 (0.74, 1.13)

63,986

100

1–100
mg/day

264

1.00

Multivariate Relative Risk (95% CI) b

Fatal CHD

1.00

682,665

909

Age-adjusted Relative Risk (95% CI)

Person-years (n)

Cases of Nonfatal CHD (n)

Nonfatal CHD

None

Age-Adjusted and Multivariate Relative Risks for Coronary Heart Disease Subcategories According to Calcium Supplement Intake Categorya
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1.27 (0.80, 2.02)

0.82 (0.62, 1.08)

0.72 (0.55, 0.94)

429,203

84

0.96 (0.83, 1.10)

0.90 (0.79, 1.03)

429,543

383

101–500
mg/day

1.09 (0.81, 1.48)

0.91 (0.69, 1.21)

309,861

81

0.86 (0.73, 1.01)

0.77 (0.66, 0.90)

310,076

262

501–1000
mg/day

1.32 (0.94, 1.87)

1.07 (0.78, 1.46)

192,661

60

0.96 (0.79, 1.16)

0.85 (0.72, 1.01)

192,806

193

>1000
mg/day

0.24

0.83

0.22

0.003

P for Trend

The multivariate model includes: diet calcium intake, total vitamin D intake, vitamin E intake, magnesium intake, multivitamin use, BMI, family history of heart disease, smoking status, alcohol intake,
postmenopausal hormone use, physical activity, race, aspirin use, history of hypertension, diabetes, or high cholesterol, glycemic load, trans fat intake, polyunsaturated fat-to-saturated fat ratio, fiber intake,
total energy intake, recent physical exam, recent mammogram.

b

a
. Calcium supplement use was updated throughout the analysis period (1984–2008). Relative risks are for the risk of ischemic stroke or hemorrhagic stroke compared with the group that took no calcium
supplements.

1.00

Multivariate Relative Risk (95% CI) b

64,084
1.16 (0.73, 1.84)

683,673
1.00

21

Age-adjusted Relative Risk (95% CI)

Person-years (n)

Cases of Hemorrhagic Stroke (n)

0.91 (0.70, 1.19)

0.89 (0.68, 1.16)

64,138

62

1–100
mg/day

161

1.00

Multivariate Relative Risk (95% CI) b

Hemorrhagic Stroke

1.00

684,127

549

Age-adjusted Relative Risk (95% CI)

Person-years (n)

Cases of Ischemic Stroke (n)

Ischemic Stroke

None

Age-Adjusted and Multivariate Relative Risks for Stroke Subcategories According to Calcium Supplement Intake Category a
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