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ABSTRACT
Background: Frequent use of personal, nonprotocol calcium sup-
plements obscured an adverse effect of coadministered calcium and
vitamin D (CaD) on cardiovascular risk in the Women’s Health
Initiative (WHI).
Objective: We investigated the effects of the use of personal cal-
cium or vitamin D supplements on other outcomes in the WHI CaD
Study (WHI CaD) by using the WHI limited-access clinical trials
data set.
Design: The WHI CaD was a 7-y, randomized, placebo-controlled
trial of CaD (1 g Ca/400 IU vitamin D daily) in 36,282 community-
dwelling, postmenopausal women. The incidence of total cancer
(excluding nonmelanoma skin cancers), breast and colorectal can-
cers, hip and total fracture, and mortality was assessed by using Cox
proportional hazards models.
Results: In the WHI CaD, interactions between the use of either
personal calcium or vitamin D supplements and CaD were found for
total, breast, and colorectal cancers but not for fracture or mortality.
In 15,646 women (43%) who were not taking personal calcium or
vitamin D supplements at randomization, CaD significantly de-
creased the risk of total, breast, and invasive breast cancers by
14–20% and nonsignificantly reduced the risk of colorectal cancer
by 17%. In women taking personal calcium or vitamin D supple-
ments, CaD did not alter cancer risk (HR: 1.06–1.26).
Conclusions: For women in the WHI CaD who were not taking
personal calcium or vitamin D supplements at randomization, CaD
decreased the risk of total, breast, and colorectal cancers and did not
change the risk of fractures or total mortality. The nonskeletal effects
of CaD may be more important than the skeletal effects and should be
considered when evaluating these supplements. The WHI CaD trial is
registered at clinicaltrials.gov as NCT00000611. Am J Clin Nutr
2011;94:1144–9.

INTRODUCTION

Calcium and vitamin D supplements are commonly taken either
individually or in combination by older people to maintain or
improve skeletal health. Recent evidence suggests that they may
also have nonskeletal effects. In randomized controlled trials,
CaD5 supplements administered individually or in combination
decreased recurrent colorectal adenomas (1, 2), reduced the risk
of cancer (3) and mortality (4), and increased the risk of MI
(5, 6). The WHI previously assessed the effect of CaD supple-
ments on skeletal (7) and nonskeletal endpoints (8–11). Post-
menopausal women (n = 36,282) were randomly assigned to
receive daily supplemental calcium (1 g) and vitamin D (10 lg) or

matching placebos and followed for an average of 7 y. CaD had
no effect of the incidence of hip or total fracture, cardiovascular
outcomes, colorectal or breast cancer, or mortality (8–11).

We recently reported that calcium supplements when used
without vitamin D increased the risk of MI in a meta-analysis of
randomized controlled trials (6). In one of the studies in that
meta-analysis (12), the risk of MI with CaD was increased by
a similar amount to the risks observed with calcium alone. In
contrast, there was no increased risk of MI with CaD in the WHI
CaD Study (WHI CaD) (9). A noteworthy feature of WHI CaD
was that more than half of the participants were taking personal,
nonprotocol calcium or vitamin D supplements at randomization.
Personal calcium supplements of up to 1 g/d and personal vitamin
D supplements of up to 600 IU/d (and later 1000 IU/d) were
permitted inWHI CaD (7). We hypothesized that the frequent use
of personal calcium supplements may have obscured an adverse
effect of CaD on cardiovascular endpoints in WHI CaD.
Reanalysis of the publicly available limited-access WHI clinical
trials database showed statistically significant interactions be-
tween personal calcium supplement use, CaD allocation, and
cardiovascular events (13). In women not taking personal calcium
supplements at randomization, CaD increased the risk of car-
diovascular events by 13–22%, whereas CaD did not alter car-
diovascular risk in women taking personal calcium supplements
(13).
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We therefore hypothesized that the frequent use of personal
calcium and/or vitamin D supplements may have obscured the
effects of CaD on other endpoints in WHI. We reanalyzed the
publicly available WHI database to determine whether there were
interactions between personal calcium and/or vitamin D sup-
plement use, CaD allocation, and risk of hip or total fracture, all-
cause mortality, and colorectal, breast, and total cancers and, if
such interactions occurred, whether any benefits or risks of CaD
on these endpoints were obscured by personal calcium or vitamin
D use.

SUBJECTS AND METHODS

The design and results of the WHI CaD trial were published in
full (7–11). Outcomes for hip and total fracture, mortality, and
colorectal, breast, endometrial, and ovarian cancers were adju-
dicated centrally, whereas other cancers were adjudicated by
local researchers (14). We obtained the WHI limited-access
clinical trials data set from the NHLBI. A protocol was submitted
to the NHLBI before any analyses were carried out.We attempted
to replicate the approach of the WHI investigators where pos-
sible, carrying out prespecified analyses looking for interactions
between prespecified subgroups based on the use of personal
calcium or vitamin D supplements at randomization for the
following endpoints: hip or total fracture, mortality, and co-
lorectal, breast, and total cancers (total cancer excludes non-
melanoma skin cancer).

We reported the baseline characteristics at the time of ran-
domization to CaD, whereas theWHI investigators reported these
characteristics at the time of entry to the WHI program. For BMI
and dietary and supplemental calcium and vitamin D intakes, we
used the latest value recorded between screening and 1 mo after
CaD randomization.

The effect of CaD on the time-to-first event for each endpoint
was assessed by using Cox proportional hazards models stratified
by age, randomization status in the WHI hormone and dietary
modification trials, and relevant prevalent disease at baseline
(history of breast cancer, colorectal cancer, or any cancer for
breast, colorectal, and total cancer endpoints, respectively, and
history of fracture for hip and total fracture) following the ap-
proach of the WHI investigators (7, 8, 10, 11). The assumption
of proportional hazards was tested by performing a test for
proportionality of the interaction between variables included
in the model and the logarithm of time. Comparisons between
subgroups were assessed by using interaction terms. All analyses
were performed by using the SAS software package (version 9.1;
SAS Institute). All tests were 2-tailed, and P , 0.05 was con-
sidered significant.

RESULTS

A total of 20,636 (57%) participants were taking personal
calcium or vitamin D supplements at randomization, 16,100
(44%) were taking both calcium and vitamin D supplements,
3464 (10%) were taking calcium supplements alone, and 1072
(3%) were taking vitamin D supplements alone. The charac-
teristics of the participants at randomization to the WHI CaD
trial, grouped by personal use of calcium and/or vitamin D
supplements, are shown in Table 1. The characteristics of the
participants allocated to CaD or placebo were similar within the

subgroups defined by personal calcium or vitamin D supplement
use. However, participants using personal calcium or vitamin D
supplements differed from those not using these supplements in
several factors associated with comorbidity, such as age, BMI,
blood pressure, hormone replacement therapy, smoking status,
and history of MI, stroke, fracture, or diabetes (Table 1).

A total of 24,710 (68%) participants reported taking personal
calcium or vitamin D supplements on their last questionnaire
(70%, year 6 visit; 19%, year 9 visit); 60% were taking both
calcium and vitamin D supplements, 6% were taking calcium
supplements alone, and 2% were taking vitamin D alone. A total
of 17,372 (84%) participants taking personal calcium or vitamin
D supplements at randomization reported taking personal cal-
cium or vitamin D supplements on their last questionnaire; 7338
(47%) participants who were not taking personal calcium or
vitamin D supplements at randomization reported taking personal
calcium or vitamin D supplements on their last questionnaire.

The influence of personal calcium and/or vitamin D supple-
ment use at randomization on the effect of CaD on fractures,
cancer, and mortality is shown in Table 2. Significant inter-
actions between CaD allocation and personal calcium and/or
vitamin D supplement use were found for total, breast, invasive
breast, and colorectal cancers. In participants not taking personal
calcium or vitamin D, CaD significantly decreased the risk of
total cancer, breast cancer, and invasive breast cancer by 14–
20% and nonsignificantly reduced the risk of colorectal cancer
by 17%. In contrast, in women taking personal calcium or vi-
tamin D, the HRs with CaD for these cancer endpoints ranged
from 1.06 to 1.26. No significant interactions were found be-
tween CaD allocation and personal calcium or vitamin D sup-
plement use for total or hip fracture or mortality. Kaplan-Meier
estimates of the cumulative incidence for the cancer, fracture,
and mortality endpoints in women not taking personal calcium
or vitamin D supplements at randomization are shown in Figure
1. In women not taking personal calcium or vitamin D supple-
ments at randomization, the number needed to treat for 5 y to
prevent 1 event was 216 for invasive breast cancer, 889 for
colorectal cancer, 124 for any cancer, 457 for death, 704 for any
fracture, and 879 for hip fracture.

DISCUSSION

In WHI CaD, the use of personal calcium or vitamin D
supplements at randomization significantly influenced the effect
of CaD on the risk of cancer. In the entire WHI cohort, significant
interactions were found between allocation to CaD and personal
calcium and/or vitamin D supplement use for total, breast, and
colorectal cancers. In the 43% of WHI CaD participants who
were not taking personal calcium or vitamin D supplements at
randomization, CaD decreased the risk of total, breast, and co-
lorectal cancers by 14–20%. In contrast, inWHI CaD participants
taking personal calcium or vitamin D supplements at randomi-
zation, allocation to CaD did not alter cancer risk. No significant
interactions were found between CaD and personal calcium and/
or vitamin D supplement use for any fracture, hip fracture, or
mortality. Previously, we reported significant interactions be-
tween CaD and personal calcium supplement use at randomi-
zation for cardiovascular endpoints (13). In women not taking
personal calcium supplements, CaD increased the risk of car-
diovascular events by 13–22%, whereas CaD did not alter
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cardiovascular disease risk in women taking personal calcium
supplements (13). Thus, personal calcium and/or vitamin D use in
WHI CaD obscured beneficial effects of CaD on cancer incidence
and adverse effects of CaD on cardiovascular events, but did not
have a significant effect on the effects of CaD on fractures or
mortality. On the basis of data from women not taking personal
calcium or vitamin D at randomization, the treatment of 1000
women with CaD for 5 y would prevent 5 breast cancers, 1
colorectal cancer, and 8 total cancers; would cause 4 MIs or
strokes; and might prevent 1 fracture and 2 deaths.

Because of the frequent use of personal calcium or vitamin D
supplements, WHI CaD was, in effect, a trial that assessed the
effect of adding CaD to personal calcium and/or vitamin D
supplements and essentially compared higher doses of CaD with
lower doses of CaD. By restricting the analyses to women not
taking personal calcium or vitamin D supplements, we were able
to compare the effects of CaD with those of placebo. These
current analyses, together with our previous report on cardio-
vascular events (13), suggest that CaD has important effects on
cancer and cardiovascular disease incidence. The magnitude of
these effects may have been diminished by an increasing personal
use of calcium and vitamin D supplements during the study. A

total of 47% of the placebo group who did not take personal
calcium or vitamin D supplements at randomization were taking
these supplements at the end of the study, which may have further
obscured the effects of CaD. In contrast, the analyses of women
taking personal calcium or vitamin D supplements, which
compared higher doses of CaD with lower doses of CaD, suggest
that higher doses of CaD do not further decrease cancer incidence
or increase cardiovascular disease incidence compared with
lower doses of CaD. These results suggest that there may be
a threshold effect, rather than a dose-dependent effect, of CaD on
these endpoints.

The WHI trial studied CaD, so it is not possible to determine
whether the observed effects on cancer and cardiovascular events
were due to calcium, vitamin D, or the combination of agents.
Similarly, most of the women using personal calcium or vitamin
D supplements were taking both calcium and vitamin D sup-
plements, and, again, it was not possible to determine whether the
observed effects of CaD were obscured by personal calcium use,
personal vitamin D use, or a combination thereof. For cardio-
vascular events, the risks of calcium supplements used as mon-
otherapy are similar to those with CaD, which suggests that the
risk is largely due to calcium supplements, and the increased risk

TABLE 1

Characteristics of participants at randomization, by personal use of calcium and/or vitamin D supplements1

No personal calcium or

vitamin D use2
Personal calcium or

vitamin D use2

CaD group

(n = 7891)

Placebo group

(n = 7755)

CaD group

(n = 10285)

Placebo group

(n = 10351)

Age (y) 62.8 6 7.03 62.9 6 7.0 64.0 6 6.9 63.9 6 6.8

BMI (kg/m2) 29.5 6 5.9 29.4 6 6.0 28.4 6 5.7 28.3 6 5.7

Supplemental calcium intake (mg/d) 0 6 0 0 6 0 551 6 539 552 6 522

Dietary calcium intake (mg/d) 801 6 491 790 6 470 828 6 454 832 6 455

Supplemental vitamin D intake (lg/d) 0 6 0 0 6 0 8.4 6 5.5 8.4 6 5.5

Dietary vitamin D intake (lg/d) 4.3 6 3.2 4.2 6 3.2 4.4 6 3.1 4.4 6 3.1

Blood pressure (mm Hg)

Systolic 126 6 17 126 6 17 125 6 17 125 6 17

Diastolic 75 6 9 75 6 9 74 6 9 74 6 9

Medical history (%)4

Current HRT, trials or personal 49 51 54 55

High cholesterol requiring medication 12 12 13 12

Cardiovascular disease 14 15 14 15

Hypertension 33 35 33 32

Stroke 1.0 1.2 0.7 1.0

Myocardial infarction 2.2 2.0 1.6 1.5

Any cancer 3.8 4.1 4.4 3.7

Breast cancer 0.2 0.2 0.1 0.2

Colorectal cancer 0.1 0.2 0.2 0.1

Any fracture since age 55 y 14 14 16 16

Hip fracture 2.0 1.9 2.5 2.8

Diabetes 7 7 5 5

Smoking status (%)4

Never 52 52 52 53

Past 39 38 41 41

Current 9 9 7 6

1 CaD, calcium and vitamin D; HRT, hormone replacement therapy.
2 Personal calcium or vitamin D refers to use of nonprotocol calcium and/or vitamin D supplements at randomization.
3 Mean 6 SD (all such values).
4 All data are from the time of randomization, except for medical history and smoking status, which are from the time

at entry to the WHI clinical trials program; 91% of participants in the WHI CaD Study entered at their first annual visit and

the remainder at their second annual visit. WHI, Women’s Health Initiative.
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of calcium is not mitigated by vitamin D use (13). It is possible
that vitamin D supplements may have independent effects on
cardiovascular events (15). For cancer outcomes, few data from
randomized controlled trials—other than WHI—have assessed
the effect of calcium or vitamin D, individually or in combi-
nation. Trivedi et al (16) reported no effects of 4 monthly doses of
100,000 IU vitamin D on cancer incidence or mortality in 2686
people followed for 5 y. We reported no effects of 1 g Ca/d (as
citrate) on cancer incidence in 1471 women followed for 5 y (17).
Lappe et al (3) reported a 60% reduction in cancer incidence with
CaD (P = 0.01) and a 47% reduction with calcium alone (P =
0.06) in 1179 women followed for 4 y, although the apparent
reductions might largely be due to an unexpectedly high in-
cidence of cancer in the placebo group (18). Thus, data from
existing randomized controlled trials do not allow a definitive
answer to this issue, but raise the possibility that combination
therapy is required for cancer prevention.

Preclinical studies have suggested possible roles for both
calcium and vitamin D in cancer prevention. In animal models,
dietary fat influences breast cancer development at several stages
(19), and dietary fat and bile acids influence colorectal carci-
nogenesis (20, 21). Calcium binds fatty acids and bile acids in the
intestinal lumen, which may prevent their absorption or direct
tissue effects. Vitamin D may influence cancer development
through the antiproliferative effects of 1,25-dihydroxyvitamin D
shown in many tissues (22). Calcium may have a further role in
the potential effects of vitamin D, because it regulates 1,25-
dihydroxyvitamin D metabolism directly and indirectly through
its effects on parathyroid hormone.

This analysis had several limitations. We used the publicly
accessible limited-access WHI clinical trials data set for these
analyses, so the analysis is limited to the information available in
this data set. The hypothesis that the use of personal calcium and/
or vitamin D supplements might have interacted with the CaD
treatment effect in WHI CaD was based on plausibility following
our findings for cardiovascular events (13) and on the evidence
linking both vitamin D and calcium with cancer prevention
described above. Subgroup analysis should be undertaken and
interpreted with caution because of the potential for false-positive
results and an overinterpretation of the findings (23, 24). To
minimize these risks, we prespecified the variable of interest
(personal calcium or vitamin D supplement use) before carrying
out any analyses, assessed its effect by using interaction tests, and
followed recommended approaches for subgroup analysis and
interpretation (24, 25). We followed the approach of the WHI
investigators in not adjusting P values for multiple subgroup
analyses. Instead, we estimated the likelihood of false-positive
tests (7)—an approved approach for addressing the multiplicity
of statistical tests (26). Eight interaction tests were performed. If
the effect of CaD was unrelated to personal calcium or vitamin
D use, and the endpoints were independent, the probability of at
least one false-positive interaction test was 33% (25).

In summary, CaD supplements decreased the risk of breast,
colorectal, and total cancers in WHI CaD participants who were
not taking personal calcium or vitamin D supplements at the time
of randomization, but also increased the risk of cardiovascular
events. The increased risk of cardiovascular events appeared
largely due to calcium supplements, but it is not evident whether
the beneficial effects on cancer incidence were due to calcium,
vitamin D, or the combination thereof. Further studies shouldT
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address this uncertainty. When the use calcium or vitamin D
supplements is considered to improve skeletal health, it is im-
portant to consider the nonskeletal risks and benefits of calcium
and vitamin D supplements, because these effects might out-
weigh the modest benefits they confer on skeletal health.
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