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Background: Although calcium and vitamin D (CaD)
supplementation may affect chronic disease in older
women, evidence of long-term effects on health out-
comes is limited.

Objective: To evaluate long-term health outcomes
among postmenopausal women in the Women’s
Health Initiative CaD trial.

Design: Post hoc analysis of long-term postinterven-
tion follow-up of the 7-year randomized interven-
tion trial of CaD. (ClinicalTrials.gov: NCT00000611)

Setting:A multicenter (n ¼ 40) trial across the United
States.

Participants: 36282 postmenopausal women with
no history of breast or colorectal cancer.

Intervention: Random 1:1 assignment to 1000 mg of
calcium carbonate (400 mg of elemental calcium)
with 400 IU of vitamin D3 daily or placebo.

Measurements: Incidence of colorectal, invasive breast,
and total cancer; disease-specific and all-cause mor-
tality; total cardiovascular disease (CVD); and hip frac-
ture by randomization assignment (through December
2020). Analyses were stratified on personal supplement
use.

Results: For women randomly assigned to CaD ver-
sus placebo, a 7% reduction in cancer mortality was

observed after a median cumulative follow-up of
22.3 years (1817 vs. 1943 deaths; hazard ratio [HR],
0.93 [95% CI, 0.87 to 0.99]), along with a 6% increase
in CVD mortality (2621 vs. 2420 deaths; HR, 1.06 [CI,
1.01 to 1.12]). There was no overall effect on other
measures, including all-cause mortality (7834 vs. 7748
deaths; HR, 1.00 [CI, 0.97 to 1.03]). Estimates for can-
cer incidence varied widely when stratified by whether
participants reported supplement use before random-
ization, whereas estimates on mortality did not vary,
except for CVD mortality.

Limitation: Hip fracture and CVD outcomes were
available on only a subset of participants, and effects
of calcium versus vitamin D versus joint supplemen-
tation could not be disentangled.

Conclusion: Calcium and vitamin D supplements
seemed to reduce cancer mortality and increase
CVD mortality after more than 20 years of follow-up
among postmenopausal women, with no effect on
all-cause mortality.

Primary Funding Source: National Heart, Lung, and
Blood Institute of the National Institutes of Health.
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E vidence supports the role of adequate intake of
calcium and vitamin D (CaD) in the health of older

women (1–6), although not consistently (1, 5, 7–10),
possibly due to variable sufficient intake among post-
menopausal women (11). The Women’s Health Initiative
(WHI) completed the largest randomized controlled
trial (RCT) of the effects of daily CaD supplementation
(1000 mg of calcium [400 mg of elemental calcium]
and 400 IU of vitamin D3, taken in half doses twice
daily) on health outcomes in postmenopausal women
(12–14) (ClinicalTrials.gov: NCT00000611) and repor-
ted 7-year RCT results in 2006 (15, 16) with extended
postintervention follow-up in 2013 (17). The results were
largely null (18), although a 2009 report suggested low-
ered risk for cancer death among supplementedwomen
(19) and a post hoc, subgroup analysis using a limited-

access WHI data set reported that random assignment
to CaD supplementation reduced incident total
cancer, colorectal cancer (CRC), and invasive breast
cancer, with no effect on total mortality, among women
who were not taking CaD supplements before random-
ization (20).

The 20-year adjudication of health events and
mortality in the WHI CaD RCT, complemented with
National Death Index data (21), afforded an opportu-
nity to evaluate longer-term health risks, especially for
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cancer and mortality in WHI. Further, we were able to
evaluate for any differential effects of random assign-
ment to CaD supplementation in relation to prior sup-
plementation (vs. none), given that higher exposure or
repletion of nutrients could protect against disease or
death. The current analyses aimed to update the long-
term findings of the WHI CaD trial and report findings
stratified by history of personal supplementation before
randomization, informedby pre- and postrandomization
serum concentrations of vitamin D.

METHODS

Design Overview
This study is a post hoc analysis of long-term

health outcomes in the WHI CaD RCT. The WHI
included 4 clinical trials (CaD, diet modification, and
hormone therapy [estrogen alone and estrogen plus
progesterone]) as well as an observational trial (12).
Women were invited to enroll in the CaD trial at the 1-
and 2-year visits of the diet modification and hormone
therapy trials; women could participate in 1 or more
of the WHI clinical trials. Women taking calcium or
vitamin D supplementation (or not) were eligible to
participate in the CaD trial with no requirement to dis-
continue personal use of CaD during the trial.

Setting and Participants
The WHI CaD RCT was designed to test the effec-

tiveness of CaD supplementation in reducing the inci-
dence of bone fracture and CRC (12, 13). For the
subgroup analysis, personal supplement use (none vs.
any) included multivitamins (with or without minerals),
other supplement mixtures (containing ≤10 vitamins or
minerals, not including stress multisupplements), and
single-supplement calcium or vitamin D. Supplement
use was assessed by interviewer-administered supple-
ment inventory (14) at trial screening and year 1 for eli-
gibility for the CaD trial; again at years 3, 6, and 9; and
again via self-report during the extended follow-up at
13.5 and 16.2 years (median). Main results were strati-
fied by prerandomization supplement use, such that
the group with no personal supplementation reported
no use at both prerandomization visits (screening and
year 1).

Randomization and Interventions
Eligible participants were assigned 1:1 via com-

puter-generated, double-blind, random assignment
with a concealed sequence to take 1000 mg of cal-
cium carbonate (400 mg of elemental calcium) plus
400 IU (10 mcg) of vitamin D3 (to be taken in half
doses twice daily) or placebo (Figure 1). Personal sup-
plemental calcium (up to 1000 mg/d) and vitamin D
(up to 600 IU/d before 1999 and up to 1000 IU/d
thereafter) were permitted. Study agent adherence
was evaluated annually by pill count in the clinic. The
trial was approved by institutional review boards at
the 40 U.S.-based trial sites. The CaD trial randomly

assigned 36282 women who provided written informed
consent to CaD supplementation (n ¼ 18176) or pla-
cebo (n ¼ 18106) for a median trial-specified inter-
vention period of 7.0 years (IQR, 6.4 to 8.0 years).

Outcomes and Follow-up
Adjudicated Outcomes

Health status was documented among 93% of par-
ticipants at CaD study closure (March 2005); 86.7%
and 86.6% of surviving women consented to addi-
tional follow-up in extensions 1 and 2, respectively
(Figure 1). Trial details, reported elsewhere (15–17),
included prespecified outcomes adjudicated by cen-
trally trained adjudicators along with 98% complete
mortality data, complemented by National Death Index
data through 31 December 2020 (21), over a cumula-
tive median follow-up of 22.3 years (IQR, 18.0 to 23.5
years). Adjudicated cancer outcomes (CRC, invasive
breast cancer, and total cancer) had a cumulative me-
dian follow-up of 20.9 years (IQR, 11.6 to 23.1 years).
Hip fractures and cardiovascular disease (CVD) events
(defined as myocardial infarction, coronary death,
stroke, congestive heart failure, angina, peripheral
vascular disease, carotid artery disease, coronary re-
vascularization, and other cardiovascular death) were
centrally adjudicated through 30 September 2010 and
continued to be adjudicated for the hormone therapy
trial and Black and Hispanic participants (Medical Re-
cords Cohort [MRC]; n ¼ 11492) (Supplement Table,
available at Annals.org) (22). The overall cumulative me-
dian follow-up was 13.2 years (IQR, 11.3 to 19.6 years)
for the full cohort in respect to monitoring and adjudi-
cation of CVD and hip fracture and 22.4 years (IQR,
20.5 to 23.5 years) for the MRC, where monitoring and
adjudication occurred after 30 September 2010.

Serum25-Hydroxyvitamin D

Standard protocols were used to collect, process,
and store 12-hour fasting blood specimens at screen-
ing and year 1 for all clinical trial participants and at
years 3, 6, and 9 for a random 6% subsample (14). A
random, longitudinal subsample was selected for
repeated measurements of serum 25-hydroxyvitamin D
(25-(OH)D) concentration using the Diasorin LIAISON
25 OH Vitamin D TOTAL chemiluminescent immunoas-
say (23) to assess levels with the CaD intervention.

Demographic, Clinical, and Behavioral Characteristics

At study baseline, self-reported questionnaires
obtained data for age, self-identified race and ethnicity,
socioeconomic status, and education (14). Mammo-
grams within the previous 12 months were evaluated
along with self-reported cancer history to define women
as cancer-free at enrollment. Clinic measures of height,
weight, and waist circumference were taken. Health
behaviors (diet, physical activity, and tobacco use)
were measured using validated instruments.
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Statistical Analysis
Baseline characteristics were compared by random-

ization group and stratified by personal use of supple-
ments before randomization. The primary analysis

examined the overall influence of CaD assignment
on colorectal, invasive breast, and total cancer inci-
dence; disease-specific and all-cause mortality; total
CVD; and hip fracture. Data were analyzed by CaD

Figure 1. Study flow diagram.

Women in WHI RCTs (n = 68 132)
   In CEE+MPA trial: 16 608
   In CEE-alone trial: 10 739
   In DM trial: 48 835

Women ineligible (n = 31 850)
   Were not interested: 13 481
   Did not consent: 12 765
   Were not eligible: 3230
   Unknown eligibility: 2226
   Died before enrollment: 148

Randomly assigned (n = 36 282)
   In year 1: 33 070
   In year 2: 3212

Assigned to CaD
(n = 18 176)

Assigned to placebo
(n = 18 106)

Deceased (n = 793)* Deceased (n = 858)*

Deceased (n = 1445) Deceased (n = 1419)

Deceased (n = 5596) Deceased (n = 5471)

Excluded (n = 2418)
   Did not consent: 2255
   Lost to follow-up: 163

Excluded (n = 3727)
   Did not consent: 1841
   Lost to follow-up: 1886

Excluded (n = 3874)
   Did not consent: 1903
   Lost to follow-up: 1971

Excluded (n = 2481)
   Did not consent: 2330
   Lost to follow-up: 151

Contributed follow-up (n = 14 965)
      Total cancer: 1010
         Total CVD: 879
         Hip fracture: 206

Contributed follow-up (n = 14 767)
      Total cancer: 1053
         Total CVD: 791
         Hip fracture: 215

Contributed follow-up (n = 12 211)
      Total cancer: 1488

Contributed follow-up (n = 11 955)
      Total cancer: 1497

MRC† 
Contributed follow-up (n = 5833)
      Total CVD: 922
      Hip fracture: 285

MRC† 
Contributed follow-up (n = 5624)
      Total CVD: 917
      Hip fracture: 246

Included in the
analysis (n = 18 176)

Included in the
analysis (n = 18 106)
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Solid circles indicate essentially complete mortality data; semisolid circles, adjudicated cancer outcomes available for the subset (diamonds) of partici-
pants who consented to extended follow-up; open circles, limited availability of other adjudicated outcomes for extension 2; only available for MRC (dia-
monds). CEE¼ conjugated equine estrogens; DM¼ low-fat dietary modification; CaD¼ calcium and vitamin D; CVD¼ cardiovascular disease; MPA¼

medroxyprogesterone acetate; MRC¼Medical Records Cohort; RCT¼ randomized controlled trial; WHI¼Women’s Health Initiative.

* 763 vs. 821 deaths occurred before planned closeout; 30 vs. 37 deaths occurred after unblinding.

† The MRC included all former hormone trial participants and all non-Hispanic Black/African American and Hispanic/Latina participants (Supplement

Table, available at Annals.org); 11457 of 11492 MRC participants contributed follow-up.
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assignment using time-to-event methods. Hazard ratios
(HRs) were estimated using Cox regressionmodels with
baseline hazard functions stratified by age group at trial
baseline (50 to 54, 55 to 59, 60 to 69, or 70 to 79 years),
randomization status in the WHI hormone therapy and
diet modification trials, history of disease (if applicable),
and study period (study, extension 1, or extension 2;
time-dependent). The time origin (t¼ 0) began at ran-
dom assignment into the CaD trial (24). Participants
contributed follow-up until trial closeout (31 December
2020 for cumulative follow-up), the date of their first
clinical outcome, death, loss to follow-up, or the end of
their follow-up consent period, whichever came first.
Times to CVD outcomes and hip fracture were cen-
sored in 2010 for participants who were not part of the
MRC (see Adjudicated Outcomes and Figure 1); corre-
sponding analyses were inverse probability weighted
to support valid estimation of HRs (with 95% CIs).
Contrasts of CaD to placebo were based exclusively
on follow-up accumulated after random assignment
into the CaD trial. Incident events that occurred after
the antecedent WHI trials began but before CaD ran-
domization were excluded from CaD analyses (25).
Selected results were investigated further with Kaplan–
Meier curves, standardized using inverse probability
weighting (26), and computed for the full cohort, so
that personal supplement use and randomization
groups were balanced with respect to age and other
variables used to stratify the baseline hazard functions
for the primary analysis. Kaplan–Meier estimates of 10-,
15-, and 20-year incidence rates were complemented
by period-specific (biennial) HRs and cumulative HRs
(with 95% CIs), computed under the proportional haz-
ards assumption, using increasingly longer cumulative
follow-up elapsed from randomization as additional
temporal summaries of association (26). Adherence
analyses, which censored participant follow-up 6 months
after adherence droppedbelow 80% andweighted corre-
spondingCoxmodels by theestimated inverseprobability
of adherence, complemented selected results (25).

Exploratory analyses parsed cancer mortality into
CRC, invasive breast cancer, and total cancer deaths.
The proportion of participants taking personal (non-
study) supplements was longitudinally summarized
with generalized estimating equations (27). Pre- and
postrandomization concentrations of serum 25-(OH)D,
stratified by randomization group and use of personal
supplements before randomization, were plotted;
geometric means (with 95% CIs) were weighted to
align with the total proportions of participants who
were randomly assigned. After peer review, P values
were dropped from this report because significance
was difficult to interpret for multiple comparisons of
outcomes and because subgroup analysis was moti-
vated by previous results in the same cohort; nominal
95% CIs should be interpreted cautiously. We used
SAS software, version 9.4 (SAS Institute), and R software,

version 4.0 (R Foundation for Statistical Computing;
www.r-project.org; R packages survival and rmeta).

Role of the Funding Source
This analysis and the parent CaD supplementation

trial were funded by the National Heart, Lung, and Blood
Institute of the National Institutes of Health. The National
Heart, Lung, and Blood Institute reviewed the study
design, monitored study conduct, and receives annual
reports from study investigators. Representatives of
the National Heart, Lung, and Blood Institute serve on
the WHI steering committee, providing financial sup-
port and scientific insights to study operations.

RESULTS

Baseline characteristics were balanced between
randomization groups (Table). Participants who reported
prior supplement use (compared with those who did
not) were older, more educated, and more often White;
they had lower body mass index, higher self-reported
physical activity, and lower tobacco use. Before random-
ization, median supplementation doses were 200 mg
(IQR, 0 to 640 mg) for calcium and 375 IU (IQR, 0 to 400
IU) for vitamin D among women reporting supplementa-
tion (Table). In the 6% random subsample, preran-
domization geometric mean concentrations of serum 25-
(OH)D were 58.8 nmol/L (95% CI, 55.8 to 61.9 nmol/L)
and 39.0 nmol/L (CI, 35.7 to 42.6 nmol/L) among partici-
pants who did and did not use personal supplements,
respectively, with estimates weighted for the distribution
of race and ethnicity.

During cumulative follow-up, randomization group
was significantly associated with cancer and CVD mor-
tality (Figure 2). Specifically, we found a 7% reduced
risk for cancer death in favor of CaD (1817 deaths in
the CaD group [annualized incidence, 0.50%] vs. 1943
in the placebo group [annualized incidence, 0.54%];
HR, 0.93 [CI, 0.87 to 0.99]) without evidence of a tem-
poral association (Supplement Figure 1, A, available at
Annals.org). Adherence analyses that censored partici-
pants who took fewer than 80% of study pills provided
similar results (HR, 0.89 [CI, 0.80 to 0.99]). Exploratory
analyses suggested no differential influence of CaD on
cancer-specific mortality rates, including deaths from
colorectal, breast, and other cancer. We found a 6%
increased risk for CVD death (2621 deaths in the CaD
group [annualized incidence, 0.72%] vs. 2420 in the
placebo group [annualized incidence, 0.67%]; HR,
1.06 [CI, 1.01 to 1.12]) with evidence of a temporal
association through extension 1 (Supplement Figure
1, B). Adherence analyses provided similar results (HR,
1.07 [CI, 0.97 to 1.18]). Randomization group was not
associated with total CVD, but follow-up was available
on only a subset during extension 2 (Supplement
Figure 2, available at Annals.org). Randomization
group was not associated with health outcomes during
the intervention (Supplement Figure 3, available at
Annals.org).
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Table. Participant Characteristics in the WHI CaD Trial, by Randomization Group and Stratified by Personal Supplement Use
Before Randomization (n ¼ 36282)*

Characteristic No Prior Supplement Use (n ¼ 11106) Prior Supplement Use (n ¼ 24651)

CaD Supplementation

(n ¼ 5621)

Placebo

(n ¼ 5485)

CaD Supplementation

(n ¼ 12274)

Placebo

(n ¼ 12377)

Mean age (SD), y 61.6 (6.9) 61.6 (6.9) 62.8 (6.9) 62.7 (6.9)

Age group

50–59 y 2413 (42.9) 2304 (42.0) 4196 (34.2) 4278 (34.6)

60–69 y 2359 (42.0) 2332 (42.5) 5793 (47.2) 5818 (47.0)

70–79 y 849 (15.1) 849 (15.5) 2285 (18.6) 2281 (18.4)

Hispanic/Latina† 335 (6.0) 332 (6.1) 501 (4.1) 471 (3.8)

Race†

American Indian/Alaska Native 20 (0.4) 17 (0.3) 31 (0.3) 29 (0.2)

Asian/Pacific Islander 83 (1.5) 82 (1.5) 275 (2.2) 269 (2.2)

Black/African American 743 (13.2) 734 (13.4) 839 (6.8) 826 (6.7)

White 4580 (81.5) 4492 (81.9) 10806 (88.0) 10 943 (88.4)

Multiracial, unknown, or not reported 195 (3.5) 160 (2.9) 323 (2.6) 310 (2.5)

College degree or higher 1875 (33.6) 1813 (33.2) 4602 (37.7) 4651 (37.8)

Median family income (IQR), thousand $ 42.5 (27.5–62.5) 42.5 (27.5–62.5) 42.5 (27.5–62.5) 42.5 (27.5–62.5)

Smoking

Never 2887 (51.8) 2842 (52.3) 6293 (51.8) 6461 (52.8)

Past 2126 (38.2) 2059 (37.9) 5024 (41.4) 4988 (40.7)

Current 555 (10.0) 531 (9.8) 826 (6.8) 796 (6.5)

Hysterectomy 2319 (41.3) 2419 (44.1) 5099 (41.5) 5040 (40.7)

Hormone replacement therapy use status

Never used 3103 (55.3) 2972 (54.2) 5533 (45.1) 5538 (44.8)

Past user 1028 (18.3) 976 (17.8) 2160 (17.6) 2123 (17.2)

Current user 1485 (26.4) 1536 (28.0) 4571 (37.3) 4705 (38.0)

Self-reported health

Excellent 974 (17.4) 933 (17.1) 2135 (17.5) 2145 (17.4)

Very good 2278 (40.8) 2218 (40.7) 5379 (44.0) 5435 (44.1)

Good 1896 (34.0) 1838 (33.7) 3968 (32.5) 4035 (32.7)

Fair/poor 435 (7.8) 465 (8.5) 730 (6.0) 709 (5.8)

Diabetes ever 373 (6.6) 393 (7.2) 659 (5.4) 628 (5.1)

History of cancer 209 (3.8) 227 (4.2) 519 (4.3) 460 (3.7)

Median body mass index (IQR), kg/m2 28.9 (25.5–33.2) 28.9 (25.3–33.4) 27.8 (24.6–31.9) 27.7 (24.5–31.7)

Mean waist circumference (SD), cm 90.3 (13.8) 90.6 (13.9) 88.2 (13.6) 88.0 (13.5)

Mean Healthy Eating Index-2005 diet score (0 to 100 [best]) (SD) 63.0 (10.7) 62.9 (10.7) 65.6 (10.3) 65.7 (10.2)

Mean DASH diet score (8 to 40 [best]) (SD) 23.5 (4.7) 23.4 (4.7) 24.9 (4.6) 25.0 (4.5)

Median dietary calcium (IQR), mg 704 (482–1017) 717 (482–1022) 749 (525–1051) 750 (529–1054)

Median supplemental calcium (IQR), mg 0 (0–0) 0 (0–0) 200 (0–643) 200 (0–630)

Median calcium from medications (IQR), mg‡ 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)

Median dietary vitamin D (IQR), IU 143 (92–216) 144 (93–220) 150 (97–223) 152 (98–222)

Median supplemental vitamin D (IQR), IU 0 (0–0) 0 (0–0) 400 (0–400) 343 (0–400)

Geometric mean serum 25-(OH)D level (geometric SD), nmol/L§ 40.6 (2.1) 37.4 (1.8) 57.0 (1.6) 60.6 (1.7)

Mean systolic blood pressure (SD), mm Hg 127.7 (17.1) 128.5 (17.5) 127.2 (17.1) 127.1 (17.1)

Mean diastolic blood pressure (SD), mm Hg 76.4 (9.2) 76.6 (9.2) 75.6 (9.0) 75.6 (8.9)

Median physical functioning (0 to 100 [best]) (IQR) 90 (75–95) 90 (75–95) 90 (75–95) 90 (75–95)

Median episodes of moderate to strenuous physical activity per

week (IQR), n
5.0 (0.5–12.7) 5.0 (0.5–13.0) 8.0 (2.3–17.0) 7.5 (2.3–17.1)

Personal (nonstudy) supplement use at follow-up

Year 3 1362 (26.2) 1361 (26.9) 8932 (77.1) 9041 (77.4)

Year 6 2146 (43.1) 2095 (43.3) 8889 (80.5) 9088 (81.5)

Year 9 704 (54.7) 665 (55.3) 1780 (82.8) 1858 (83.8)

25-(OH)D¼ 25-hydroxyvitamin D; CaD¼ calcium and vitamin D.
* Values are numbers (percentages) unless otherwise indicated. Characteristics were at screening except for personal supplement use during
follow-up, reported at the bottom of the table. Personal supplement use indicates that the participant was taking a multivitamin (with or with-
out minerals), other supplement mixture (mixture containing ≤10 vitamins or minerals, not including stress multisupplements), single-supplement
calcium, or single-supplement vitamin D before randomization (WHI screening or 1 y later). 525 participants (1.4%) could not be stratified by per-
sonal supplement use before randomization: 354 were missing their 1-y inventory, and 171 were randomly assigned after the 1-y inventory.
† Ethnic group and race were self-reported by participants. Multiracial participants self-identified with more than 1 race. Participants of unknown
race self-identified as other.
‡ Calcium carbonate from prescription and over-the-counter medications.
§ 6% random subsample of CaD trial participants, oversampled for minorities (n¼ 296 White; n¼ 190 Black; n¼ 99 Hispanic); n¼ 114 vs. 107 for
participants with no prior supplement use, and n¼ 177 vs. 187 for participants with prior supplement use. Estimated geometric mean (geometric
SD) were weighted to reflect distribution of race/ethnicity for the entire cohort.
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The proportion of participants taking personal sup-
plements before randomization ranged from 55.2%
(WHI baseline inventory) to 58.1% (WHI year 1 inven-
tory) (Supplement Figure 4, left, available at Annals.
org). Many women persistently either took (n ¼ 15856)
or did not take (n ¼ 11106) personal supplements at
the screening and year 1 prerandomization assess-
ments, whereas 29.4% initiated and 18.7% ceased
use between these visits (Supplement Figure 4, right).
Personal supplement use was similar between groups
during the intervention and follow-up. Among those
with supplement use before randomization (n¼ 24651),
daily personal (nonstudy) supplementation was 200 to
300 mg for calcium and 375 to 400 IU for vitamin D at
screening or year 1 (Supplement Figure 5, available at
Annals.org). After randomization, daily personal supple-
mentation was mostly the same, with median intake of
calcium and vitamin D near 0 for those with no prior use
(Supplement Figure 6, available at Annals.org).

Stratification by prerandomization supplement use
showed that during the intervention phase, women
without supplement use (vs. those with) who had been
randomly assigned to receive CaD had reductions in
CRC (HR, 0.68 [CI, 0.46 to 0.99]), invasive breast cancer
(HR, 0.75 [CI, 0.60 to 0.93]), and total cancer (HR, 0.85
[CI, 0.75 to 0.96]) (Figure 3, top). During this same pe-
riod, there was no effect on CVD or mortality (total,
cancer, or CVD-related). During cumulative follow-up,

reductions in risk for CRC (HR, 0.69 [CI, 0.54 to 0.87]),
invasive breast cancer (HR, 0.81 [CI, 0.71 to 0.94]), and
total cancer (HR, 0.89 [CI, 0.82 to 0.96]) persisted
(Figure 3, bottom; Supplement Figures 7 to 9, avail-
able at Annals.org), without a reduction in cancer mor-
tality (HR, 0.93 [CI, 0.82 to 1.04]) (Supplement Figure
10, available at Annals.org). During cumulative follow-
up, women reporting personal supplement use who
had been randomly assigned to CaD (vs. placebo) had
elevated CVD mortality (1800 vs. 1633 deaths; HR,
1.09 [CI, 1.02 to 1.16]), which was not evident in
women not supplementing (Supplement Figure 11,
available at Annals.org).

Baseline mean concentrations of serum 25-(OH)D
showed means above the deficiency cut point of 50
nmol/L (28) (Figure 4) for women who used supple-
ments and below that cut point for those who did not
supplement. Two years later, 25-(OH)D concentra-
tions were higher for women randomly assigned to
CaD regardless of personal supplement use and were
unchanged for the placebo group.

DISCUSSION

Analyses of long-term postintervention follow-up
of the 7-year randomized intervention trial of CaD ver-
sus placebo suggest an overall 7% reduction in cancer
mortality over the extended postintervention follow-
up of more than 20 years combined. However, we

Figure 2. Results for health outcomes in the overall study population of women aged 50–79 y in the WHI CaD trial during cumulative
follow-up (n¼ 36282).

Health Outcome Events (Annualized
Rate), n (%)

HR (95% CI)

HR (95% CI)

Favors
CaD

0.8 0.9 1.0 1.1 1.2

Favors
Placebo

CaD Placebo

Difference*

Cancer outcomes

Median follow-up (IQR), y

   Colorectal cancer†

   Invasive breast cancer†

   Total cancer

Mortality outcomes

Median follow-up (IQR), y

   All-cause mortality†

   Cancer mortality

   CVD mortality

   Other mortality

Other outcomes

Median follow-up (IQR), y

   Hip fracture†

   Total CVD

20.9 (11.6–23.1)

22.3 (18.0–23.5)

13.2 (11.3–19.6)

405 (0.13)

1314 (0.43)

4154 (1.45)

7834 (2.15)

1817 (0.50)

2621 (0.72)

3351 (0.92)

676 (0.26)

3604 (1.51)

446 (0.14)

1310 (0.44)

4221 (1.50)

7748 (2.14)

1943 (0.54)

2420 (0.67)

3312 (0.91)

668 (0.26)

3499 (1.48)

–2

0

–5

1

–4

5

0

0

2

0.90 (0.79 to 1.03)

0.99 (0.92 to 1.07)

0.97 (0.93 to 1.01)

1.00 (0.97 to 1.03)

0.93 (0.87 to 0.99)

1.06 (1.01 to 1.12)

1.00 (0.95 to 1.05)

1.01 (0.90 to 1.14)

1.01 (0.96 to 1.07)

Solid circles indicate essentially complete mortality data; semisolid circles, adjudicated cancer outcomes available for participants who consented to

extended follow-up; open circles, limited availability of other adjudicated outcomes for extension 2; see Figure 1. For other outcomes, Cox regression

models used inverse probability weighting so summary statistics would represent the entire CaD trial. CaD¼ calcium and vitamin D; CVD¼ cardiovas-

cular disease; HR¼ hazard ratio; IQR¼ interquartile range;WHI¼Women’s Health Initiative.

* Difference in estimated absolute risks (CaD�placebo) per 10000 person-years.

†Monitored outcomes.
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also found 6% higher CVD mortality. No main effects
on fracture, CVD, or cancer incidence or all-cause mor-
tality were found.

In post hoc analyses stratified by use of supple-
mentation before CaD randomization, our study also
found an 11% lower risk for total cancer, including
31% and 19% lower incidences of CRC and invasive
breast cancer, respectively, among participants with-
out prior use; in contrast, point estimates for those
reporting prior use exceeded 1, although 95% CIs
were compatible with a negligible reduction to a mod-
est increase in risk. Further, in contrast to no overall

effect on CRC incidence reported in prior work (16),
we found reduced CRC incidence (a protocol-designated
secondary outcome) during the intervention phase in
women without prerandomization supplementation.
Nonetheless, CaD did not affect all-cause mortality
regardless of prior supplementation status.

Given the multiple comparisons, our results should
be interpreted with caution. Nevertheless, if real, the
7% reduction in longer-term cancer mortality would
be clinically meaningful and is consistent with an
earlier report of intervention phase outcomes (19).
Available clinical trial evidence for the combination

Figure 3. Results for health outcomes in the overall study population of women aged 50–79 y in theWHI CaD trial, stratified by perso-
nal (nonstudy) use of supplements before randomization (screening or 1-y visit), during the intervention and cumulative follow-up.
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Solid circles indicate essentially complete mortality data; semisolid circles, adjudicated cancer outcomes available for participants who consented to
extended follow-up; open circles, limited availability of other adjudicated outcomes for extension 2; see Figure 1. For other outcomes, Cox regression
models used inverse probability weighting so summary statistics would represent the entire CaD trial. CaD¼ calcium and vitamin D; CVD¼ cardiovas-
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†Difference in estimated absolute risks (CaD�placebo) per 10000 person years.

‡Monitored outcomes.
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of CaD in modifying cancer mortality beyond WHI is
lacking, although evidence suggests that vitamin D
without calcium supplementation may modify cancer
mortality. In a recent meta-analysis of 5 RCTs, including
the intervention phases of WHI and VITAL (Vitamin D
and Omega-3 Trial) (29), vitamin D supplementation
was associated with a significant overall reduction of
13% in cancer mortality (HR, 0.87 [CI, 0.79 to 0.96])
(30) that did not vary by attained 25-(OH)D levels. A
recent secondary analysis of the VITAL randomized,
placebo-controlled trial reported a 17% reduction for
metastatic cancer and similar reductions in cancer
mortality (31, 32).

Total cancer incidence was not reduced over the
cumulative follow-up in our study (Figure 2), consistent

with results at earlier time points (17). An RCT in 2303
older, healthy, postmenopausal women also found no
effect on cancer incidence of supplementation with
1500 mg of calcium plus 2000 IU of vitamin D3 over
4 years (33), nor did a meta-analysis by Keum and col-
leagues (30) of 10 supplementation trials evaluating
vitamin D and cancer incidence.

Mechanistic support for CaD in cancer prevention
exists, including decreases in tumor invasiveness and
angiogenesis (34, 35); specific effects on bile acid,
fatty acid metabolism, and gut uptake; and increased
expression of protein kinase C (36). A 2015 review of
vitamin D chemoprevention suggested numerous can-
cer protective mechanisms, including regulation of p21
tumor suppressor gene, modulation of proinflammatory

Figure 4. Longitudinal serum 25-(OH)D concentrations in a subsample of women aged 50–79 y in the WHI CaD trial, before and 2 y
after randomization, stratified by personal (nonstudy) use of supplements before randomization (screening or 1-y visit; n¼ 585).
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Line plots connect each participant’s 25-(OH)D concentrations and are summarized by corresponding box plots, where notches represent the approxi-
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cytokines, activation of cyclin and cyclin-dependent
kinases, regulation of forkhead box O (FoxO) pro-
teins (37, 38), and reduced MIB-1 and increased p21
expression (38, 39).

Our findings that effects on cancer end points
seem more prominent among those without prior CaD
supplementation suggest that CaD supplementation
may affect cancer biology primarily in the setting of
augmenting an insufficiency in nutrient status. In
support of this hypothesis, a large meta-analysis of
17 cohorts (40) concluded that low (<30 nmol/L) con-
centrations of 25-(OH)D, compared with sufficient con-
centrations, were associated with higher CRC risk. Of
note, women not taking personal supplements in our
sample had mean concentrations of serum 25-(OH)D
below the 50-nmol/L threshold before randomization
(41, 42) and exceeding the Institute of Medicine thresh-
old after randomization to CaD (28). Our data suggest
that higher concentrations of 25-(OH)D than are neces-
sary for bone health (30 to 40 nmol/L) may be required
to decrease cancer incidence (28, 34). Diets of older U.S.
women have been shown to be low in CaD (11), as in
our sample.

Although our findings align with prior work on
vitamin D supplementation, findings on the effect of
the CaD combination supplementation on CVD risk
have been inconsistent (1, 43–45). We found no evi-
dence of influence of CaD supplementation on CVD
risk or CVD-specific mortality during the intervention
period; however, a 6% time-varying elevation in CVD
mortality was shown with longer follow-up. Mechanistic
evidence suggests that calcium supplements may
increase calcification of coronary arteries, thus increas-
ing CVD mortality (46). Although 1 systematic review
(47) found no altered risk for CVD with calcium with or
without vitamin D (48), a meta-analysis suggested an
8% to 20% higher risk for coronary heart disease with
calcium supplementation, with or without vitamin D
(49). In contrast, vitamin D supplementation was not
associated with CVD risk or mortality in another meta-
analysis (10). The higher CVD mortality that emerged
over longer follow-up, if attributable to CaD supple-
mentation, suggests that calcium-induced coronary ar-
tery disease may manifest only after an extended
period (50). An earlier WHI subset study showed no
increase in coronary artery calcium in the CaD group,
versus placebo, at the end of the CaD trial (51).

The strengths of this research are the large sample
size, long-term follow-up, characterization of supplement
use before and during the trial (to reduce measurement
error) (52), adjudicated outcomes, and nearly complete
mortality data. Longitudinal concentrations of serum
25-(OH)D informed subgroup analyses, because 25-
(OH)D concentrations were below 50 nmol/L for those
not using supplements before randomization.

However, important limitations should be noted,
including this study’s post hoc analysis and limited
follow-up on total CVD and hip fracture. Further,
some observations may be by chance given the

multiple comparisons. Women reporting no supple-
mentation differed from supplemented women on sev-
eral demographic and health behavior characteristics,
so the differential influence of CaD on cancer could be
attributable partially to these characteristics and not
solely to personal supplement use (53). In evaluations
of clinical decisions for use, CaD supplementation in
our sample did result in higher kidney stone risk (13).
Findings may not be widely generalizable given the
sample of more highly educated, predominantly non-
HispanicWhite, postmenopausal women.

Overall, these analyses suggest the possibility of a
delayed effect of CaD supplementation in reducing
cancer mortality among postmenopausal women, as
well as the possibility of an increase in CVD mortality
with no net effect on all-cause mortality. Effects of vita-
min D supplementation for cancer prevention may
depend on achieving serum vitamin D concentrations
above 50 nmol/L. Given the study design, we could
not disentangle the added benefit or harms of supple-
mentation with CaD in combination versus vitamin D
alone, a topic worthy of future study.
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