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ABSTRACT

BACKGROUND

Higher intake of calcium and vitamin D has been associated with a reduced risk of
colorectal cancer in epidemiologic studies and polyp recurrence in polyp-prevention
trials. However, randomized-trial evidence that calcium with vitamin D supplemen-
tation is beneficial in the primary prevention of colorectal cancer is lacking.

METHODS

We conducted a randomized, double-blind, placebo-controlled trial involving 36,282
postmenopausal women from 40 Women’s Health Initiative centers: 18,176 women
received 500 mg of elemental calcium as calcium carbonate with 200 IU of vitamin
D5 twice daily (1000 mg of elemental calcium and 400 IU of vitamin Ds) and 18,106
received a matching placebo for an average of 7.0 years. The incidence of pathologi-
cally confirmed colorectal cancer was the designated secondary outcome. Baseline
levels of serum 25-hydroxyvitamin D were assessed in a nested case—control study.

RESULTS

The incidence of invasive colorectal cancer did not differ significantly between women
assigned to calcium plus vitamin D supplementation and those assigned to placebo
(168 and 154 cases; hazard ratio, 1.08; 95 percent confidence interval, 0.86 to 1.34;
P=0.51), and the tumor characteristics were similar in the two groups. The frequency
of colorectal-cancer screening and abdominal symptoms was similar in the two groups.
There were no significant treatment interactions with baseline characteristics.

CONCLUSIONS
Daily supplementation of calcium with vitamin D for seven years had no effect on the
incidence of colorectal cancer among postmenopausal women. The long latency associ-
ated with the development of colorectal cancer, along with the seven-year duration of
the trial, may have contributed to this null finding. Ongoing follow-up will assess the
longer-term effect of this intervention. (ClinicalTrials.gov number, NCT00000611.)
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S THE SECOND LEADING CAUSE OF

death from cancer in the United States,?

colorectal cancer is the focus of consider-
able preventive effort.2 Most observational stud-
ies have associated increased calcium and vita-
min D intake with a decreased risk of colorectal
cancer®*° and recurrent polyps.”# Although the re-
sults are somewhat mixed, one pooled analysis of
10 cohort studies that assessed dietary consump-
tion and total calcium intake (diet plus supple-
ments) reported a reduction in the incidence of
colorectal cancer of 10 to 15 percent,® whereas an
earlier pooled analysis found no effect.’® The sug-
gestion that increased calcium intake helped pre-
vent colorectal cancer led to randomized clinical
trials that found that calcium supplementation
lowered the incidence of recurrent colorectal pol-
yps to some degree,'>-1? with one report demon-
strating that this protection was confined to sub-
jects with higher endogenous vitamin D levels.??
As part of the Women’s Health Initiative (WHI),
we conducted a randomized clinical trial to de-
termine whether calcium plus vitamin D supple-
mentation would help prevent colorectal cancer
and to examine the effect of supplementation on
bone mineral density and the risk of fractures.
We report the results related to colorectal cancer;
the results related to fracture and bone mineral
density are reported elsewhere in this issue of the
Journal 14

METHODS

STUDY POPULATION, ELIGIBILITY, AND CONSENT

Between 1993 and 1998, postmenopausal women
50 to 79 years of age were enrolled in the WHI
randomized trials assessing the risks and bene-
fits of hormone therapy and dietary modifica-
tion.1>18 Exclusion criteria were related to com-
peting risks, safety, adherence, and retention. One
year later, these participants were invited to en-
roll in the calcium plus vitamin D trial, designed
to determine whether calcium plus vitamin D sup-
plementation would prevent hip fracture (the pri-
mary outcome) and colorectal cancer (a designated
secondary outcome), as described by Jackson et al.*#
Exclusion criteria for the calcium plus vitamin D
supplementation trial included a predicted surviv-
al of less than three years, a history of renal cal-
culi or hypercalcemia, current use of oral cortico-
steroids, and current daily use of at least 600 IU of
supplemental vitamin D or calcitriol.*® Ninety-one

percent joined the calcium with vitamin D por-
tion of the study during their first annual visit,
and 9 percent the following year. Fifty-four per-
cent of the participants had been enrolled in the
trials assessing hormone therapy, 69 percent had
been enrolled in the trial assessing dietary mod-
ification, and 14 percent had participated in both
trials. The protocol and consent forms were ap-
proved by the institutional review board at each
participating institution. All women provided writ-
ten informed consent.

RANDOMIZATION, BLINDING, AND INTERVENTION
A permuted-block algorithm was used for random-
ization, with participants stratified according to
clinical center and age. Among the 36,282 partici-
pants, 18,176 were randomly assigned to receive
one tablet of 500 mg of elemental calcium as calci-
um carbonate combined with 200 IU of vitamin D;
(GlaxoSmithKline) twice daily (total, 1000 mg of
elemental calcium and 400 IU, respectively) and
18,106 to receive an identical-appearing placebo
tablet twice daily. Blinding of the study was achieved
by bottle labeling.* Participants were given chew-
able tablets until 1997, at which time tablets that
could be swallowed were also offered. Initially, 61
percent of the women in both groups were given
chewable tablets. By the end of the study, 70 percent
chose the formulation that could be swallowed.
Two years after randomization, a comparison of se-
rum 25-hydroxyvitamin D levels in 227 women in
the group given calcium with vitamin D and 221
women in the placebo group revealed that the levels
were 28 percent higher in the supplement group.
Before enrollment, participants had blood
drawn after a 12-hour fast. Samples were pro-
cessed, frozen at —70°C, and stored according to
standardized protocols. After a review of initial
findings, a nested case—control study was pro-
posed to determine whether the serum 25-
hydroxyvitamin D level at baseline modified the
outcome. As of April 8, 2005, 317 women with
confirmed invasive colorectal cancer were matched
according to age, center, race or ethnic group,
and the date of blood sampling with 317 control
women who were randomly selected from the
group of participants who were free of colorectal
cancer. Of these 317 pairs, 306 had adequate
stored serum for analysis. Bruce Hollis, Ph.D.
(Stillwater, Minn.), measured serum 25-hydroxy-
vitamin D levels using the DiaSorin Liaison
25(0OH)D chemiluminescent radioimmunoassay
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system, which has an interassay coefficient of
variation of 11.8 percent.

FOLLOW-UP PROCEDURES AND ASCERTAINMENT
OF OUTCOMES

Participants were telephoned four weeks after
randomization to assess abdominal symptoms
and reinforce the importance of adherence; they
were contacted semiannually thereafter for self-
reported updates on medical history. Any report-
ed colorectal cancers were verified in a blinded
fashion by local and central physician adjudica-
tors and coded with the use of the Surveillance,
Epidemiology, and End Results system?%2%; 99.4
percent of reported cancers were centrally con-
firmed. Adherence was assessed by weighing re-
turned pill bottles. Regardless of their level of
adherence, participants were followed up until
they died, were lost to follow-up, or requested no
further contact or until the study ended.

The protocol did not include a requirement for
colorectal-cancer screening; any such tests were
ordered by each participant’s personal physician.
The frequency of rectal examination, fecal occult-
blood testing, sigmoidoscopy or colonoscopy, and
barium enema was ascertained during medical-
history updates. The frequency of abdominal
symptoms (bloating or gas, constipation, diar-
rhea, nausea, a change in appetite, heartburn, and
stomach upset) was assessed by a self-adminis-
tered questionnaire at the time of enrollment in
the calcium with vitamin D study; in a random
subsample at years 3, 6, and 9; and among all
participants, at the completion of the study. Such
symptoms were managed by temporary reduction
in the number of pills taken. Study pills were dis-
continued if kidney stones, hypercalcemia, dialy-
sis, or the use of calcitriol or of daily supplements
of more than 1000 IU of vitamin D was reported.

STUDY MONITORING AND TERMINATION
An independent data and safety monitoring board
reviewed the trial data semiannually.*> By design,
early stopping considerations were based on com-
parisons between groups of the incidence of hip
fracture, colorectal cancer, breast cancer, and death
from other causes. Closeout visits occurred as
planned between October 1, 2004, and March 31,
2005, with outcomes assessed before the treatment
assignment was revealed.

WHI investigators and National Institutes of
Health sponsors all contributed to the study de-

sign and execution. All authors helped write or
revise the manuscript. Statistical analyses and
data management were conducted at the WHI
Clinical Coordinating Center, whose members
vouch for the completeness and veracity of the
data and analyses.

STATISTICAL ANALYSIS
Primary analyses used time-to-event methods, ac-
cording to the intention-to-treat principle. The
incidence of colorectal cancer was compared in
the two groups with the use of hazard ratios
(with 95 percent confidence intervals) and Wald
statistic P values from Cox proportional-hazards
models,?? stratified according to age, history of
colorectal cancer, and treatment assignment in
the Hormone Therapy and Dietary Modification
trials. The use of a two-sided, weighted log-rank
test was specified in the protocol, with weight
increasing linearly from zero at randomization
to a maximum of one at 10 years, to enhance the
statistical power of the study according to the
design assumptions. Both Bonferroni’s adjusted
and unadjusted tests of significance are given for
the weighted log-rank test. The adjusted tests
take into account the four end points indicated in
the study monitoring plan. Kaplan—Meier estimates
were used to describe event rates over time. Po-
tential differential effects across subgroups of im-
portant risk factors for colorectal cancer were
tested individually with the use of a likelihood
ratio test for interaction between the risk factor
and treatment assignment after including both
as main effects. Thirty-seven subgroup compari-
sons were tested, with 19 reported (those not re-
ported include the number of first-degree relatives
with colorectal cancer; geographic location, tested
with the use of two additional methods; any per-
sonal use of calcium supplements; the duration
and recency of use of hormone therapy; the use of
hormone therapy among participants in the di-
etary-modification trial; and 10 interactions eval-
uated in women with invasive colon, not rectal,
cancer). Accordingly, the results of two tests would
be expected to be significant at the 0.05 level by
chance. Participants with missing values were
excluded from analyses requiring that value.

In planning the study, we calculated that for
the secondary end point of colorectal cancer, a
trial involving 35,000 women who were followed
for an average of eight years would have a statis-
tical power of 83 percent to detect an absolute
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reduction in the incidence of colorectal cancer of
22 percent with calcium with vitamin D supple-
mentation, as compared with placebo (given an
« value of 0.05). The interaction between serum
25-hydroxyvitamin D levels at baseline and ran-
domized assignment to calcium with vitamin D
supplementation or placebo was assessed with
the use of conditional logistic regression. Tests for
trend and interaction used the logarithm of serum
25-hydroxyvitamin D levels. All reported P values
are two-sided and, along with the confidence in-
tervals, were not adjusted for multiplicity, unless
noted.

RESULTS

Between 1995 and 2000, 36,282 women under-
went randomization. Age, self-reported race or eth-
nic group, level of education, body-mass index,
presence or absence of a family history of colorec-
tal cancer, presence or absence of a history of
polyps, level of physical activity, caloric intake,
saturated fat intake, multivitamin use, personal
intake of elemental calcium, personal intake of
vitamin D, level of ultraviolet exposure, cigarette-
smoking status, history of hormone use, and
randomized assignment in the Hormone Therapy
and Dietary Modification trials were similar in
the two groups (Fig. 1).** The mean (+SD) dura-
tion of follow-up was 7.0 £1.4 years, with a max-
imum of 9.7 years. During year 1, 60 percent of
the participants took at least 80 percent of their
study medication, and this percentage remained
stable through year 6, with small differences be-
tween groups (Fig. 2A). At least 70 percent took
50 percent or more of their study medication
through year 6.

The frequency of bowel examination was simi-
lar in the two groups throughout follow-up (Fig.
2B). In each group, 60 percent of participants un-
derwent sigmoidoscopy, flexible sigmoidoscopy,
or colonoscopy at least once during the study,
whereas 15 percent had no bowel assessment of
any kind.

Data on events were available for 97 percent
of living participants within 18 months before
the end of the study. At the time the study ended,
352 women assigned to calcium with vitamin D
supplements and 332 women assigned to placebo
had withdrawn; 144 and 152, respectively, had
been lost to follow-up; and 744 and 807, respec-
tively, had died. A total of 339 colorectal cancers

Figure 1 (next page). Estimated Effects of Supplemental
Calcium with Vitamin D on the Risk of Colorectal Can-
cer, According to Selected Baseline Characteristics.

Modeling for interaction testing used the continuous
form of the following variables: age at screening, body-
mass index, total energy intake, saturated fat intake,
total calcium intake, and total vitamin D intake. The
data set used to determine the P value for the interac-
tion with race or ethnic group was restricted to black
participants and white participants. Data on solar irra-
diance were adapted from Garland and Garland?;
higher values indicate greater exposure. Data were
missing for some variables. Body-mass index is the
weight in kilograms divided by the square of the height
in meters. The hormone-therapy status at the time of
enrollment in the calcium plus vitamin D supplement
trial (year 1 of the WHI Hormone Therapy studies)
includes exposure related to the Hormone Therapy tri-
als. Race and ethnic groups are listed as they appeared
on the questionnaire. HS denotes high school, GED
general equivalency diploma, MET metabolic equiva-
lents, NSAID nonsteroidal antiinflammatory drugs,

E estrogen, and P progestin.

were reported. Of these, nine were in situ and eight
were primary cancers of other sites.

Analyses limited to the 322 invasive colorec-
tal cancers revealed that calcium with vitamin D
supplementation, as compared with placebo, had
no effect on the risk of colorectal cancer (168 vs.
154 cases; hazard ratio, 1.08; nominal 95 percent
confidence interval, 0.86 to 1.34; P=0.51) (Fig. 3).
The protocol-specified, weighted log-rank test
yielded an unadjusted P value of 0.26 and a P value
of 0.32 after adjustment for multiple outcomes.
Sensitivity analyses censoring follow-up on par-
ticipants six months after their rate of adherence
to the study medication dropped below 50 per-
cent did not change the findings (hazard ratio in
the supplement group as compared with the pla-
cebo group, 1.08; 95 percent confidence interval,
0.83 to 1.39), nor did censoring follow-up six
months after adherence dropped below 80 per-
cent (hazard ratio, 0.98; 95 percent confidence
interval, 0.73 to 1.32). Analyses excluding the 36
women in the supplement group and the 38 wom-
en in the placebo group with prior colorectal can-
cer yielded similar results (hazard ratio for the
comparison of the supplement group with the pla-
cebo group, 1.09; 95 percent confidence interval,
0.87 to 1.36; P=0.44). No significant interactions
were found with any baseline characteristic exam-
ined (Fig. 1).

Personal use of any calcium supplementation
was reported by 54 percent of the participants at
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Calcium+Vitamin D Placebo
(N=18,176) (N=18,106)
Variable no./total no. (annualized %) P Value Hazard Ratio (95% Cl)
Invasive colorectal cancer 168/18,176 (0.13) 154/18,106 (0.12) —+— 1.08 (0.86-1.34)
Age at screening 0.73
50-59 yr 33/6728 (0.07) 32/6694 (0.07) ————1.02 (0.63-1.66)
6069 yr 81/8275 (0.14) 78/8245 (0.14) —— 1.01 (0.74-1.38)
70-79 yr 54/3173  (0.25) 44/3167 (0.21) 124 (0.83-1.84)
Race or ethnic group 0.60
White 145/15,047 (0.14) 129/15,106 (0.12) —fe— 1.12 (0.88-1.42)
Black 13/1682 (0.11) 16/1635 (0.14) — 1 0.85 (0.40-1.79)
Hispanic 5/789  (0.09) 4/718  (0.08) 0.84 (0.22-3.24)
Indian/Alaskan Native 2/77  (0.37) 0/72  (0.00)
Asian or Pacific Islander 2/369  (0.08) 3/353  (0.13)
Unknown 1212 (0.07) 2/222  (0.13)
Education 0.89
None-HS diploma or GED 49/4286 (0.16) 44/4289 (0.15) — e 113 (0.75-1.71)
School after high school 60/7216 (0.12) 60/7156 (0.12) —— 0.97 (0.68-1.39)
College degree or higher 57/6555 (0.12) 50/6543 (0.11) —t— 1.13 (0.77-1.65)
First-degree relative with colorectal cancer 0.91
No 121/13,916 (0.12) 111/13,890 (0.11) —e— 1.09 (0.84-1.41)
Yes 33/2684 (0.13) 31/2704 (0.16) ————1.02 (0.62-1.67)
History of polyp removal 0.94
No 129/14,854 (0.13) 118/14,740 (0.12) —l+— 1.08 (0.84-1.39)
Yes 18/1409 (0.19) 16/1459 (0.16) — e 1.11 (0.54-2.26)
Body-mass index 0.95
<25 44/4745 (0.13) 35/4833  (0.10) ————1.22(0.78-1.90)
25-<30 56/6472 (0.12) 58/6483 (0.13) ——4— 0.97 (0.67-1.40)
30 68/6867 (0.14) 61/6695 (0.13) —f—1.07 (0.76-1.52)
Physical activity 0.80
0-3.00 MET/wk 50/5517 (0.13) 46/5478 (0.12) —f+—— 1.07 (0.71-1.60)
>3.00-<11.75 MET/wk 59/5463 (0.16) 50/5477 (0.13) —— 118 (0.81-1.72)
>11.75 MET/wk 41/5566 (0.11) 42/5493 (0.11) ——<4——0.97 (0.63-1.49)
Total energy intake 0.95
<1382.11 keal/day 49/5905 (0.12) 52/5897 (0.13) ——— 0.96 (0.65-1.42)
1382.11-1909.48 kcal/day 65/5958 (0.15) 51/5888 (0.12) ——— 1.26 (0.87-1.82)
>1909.48 keal/day 48/5958  (0.11) 48/5968 (0.11) ——— 0.95 (0.64-1.43)
Energy from saturated fat 0.98
<10.895% 53/6044 (0.12) 43/5937 (0.10) ——— 1.23 (0.82-1.84)
10.895-<13.088% 54/5810 (0.13) 54/5927 (0.13) ——— 1.03 (0.70-1.50)
>13.088% 55/5967 (0.13) 54/5889 (0.13) ——— 0.96 (0.66-1.39)
Total calcium intake (supplements +diet) 0.84
<800 mg/day 59/6104 (0.14) 52/6003 (0.12) —e—— 1.10 (0.75-1.60)
800-<1200 mg/day 45/4715 (0.14) 42/4655 (0.13) ———— 1.05 (0.69-1.61)
>1200 mg/day 58/7002 (0.12) 57/7095 (0.11) —+— 1.02 (0.70-1.47)
0.I10 1.00 10f00
Calcium and Vitamin D Better Placebo Better
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Calcium +Vitamin D Placebo
(N=18,176) (N=18,106)
Variable no./total no. (annualized %) P Value Hazard Ratio (95% Cl)
Total vitamin D intake (supplements+diet) 0.59
<200 IU/day 56/6827 (0.11) 53/6671 (0.11) ———— 1.03 (0.71-1.50)
200-<400 |U/day 33/3379 (0.14) 38/3423 (0.16) ——1— 0.90 (0.56-1.44)
400-<600 |U/day 46/4188  (0.16) 30/4295 (0.10) L 1.57 (0.99-2.49)
=600 1U/day 27/3427 (0.11) 30/3364 (0.13) ———1— 0.87 (0.51-1.47)
Region according to solar irradiance 0.19
300-325 Langleys 49/5366 (0.13) 49/5351 (0.13) ——1— 0.9 (0.67-1.43)
350 Langleys 51/3920 (0.19) 28/3880 (0.10) ———— 177 (1.11-2.82)
375-380 Langleys 13/2012  (0.09) 15/2009 (0.11) — 0.90 (0.42-1.94)
400-430 Langleys 24/3018 (0.11) 28/3015 (0.13) ——1— 087 (0.50-1.52)
475-500 Langleys 31/3860 (0.12) 34/3851 (0.13) ———4—— 0.99 (0.60-1.63)
Multivitamin use (with or without minerals) 0.35
No 96/11,562 (0.12) 95/11,388 (0.12) —4— 0.98 (0.74-1.31)
Yes 72/6613  (0.16) 59/6718 (0.13) ——— 1.23 (0.87-1.74)
Smoking status 0.74
Never smoked 84/9325 (0.13) 80/9428 (0.12) —f+—1.06 (0.78—1.44)
Former smoker 73/7255 (0.14) 62/7133 (0.12) —=— 1.12 (0.80-1.58)
Current smoker 10/1405 (0.10) 12/1356 (0.13) — 0.88 (0.38-2.05)
NSAID use 0.64
No 111 /12,193 (0.13) 106/12,215 (0.12) —b— 1.03 (0.79-1.35)
Yes 57/5983 (0.14) 48/5891 (0.12) —f—— 1.15 (0.78-1.69)
Nonaspirin NSAID use 0.68
No 144/15,126 (0.14) 130/15,182 (0.12) —— 1.10 (0.86-1.39)
Yes 24/3050 (0.11) 24/2924 (0.12) ————— 0.94 (0.53-1.66)
Aspirin (=80 mg/day) 0.19
No 128/14,624 (0.12) 127/14,589 (0.12) —— 1.00 (0.78-1.27)
Yes 40/3552  (0.16) 27/3517 (0.11) ————— 1.44 (0.87-2.38)
Hormone-therapy use 0.12
Never used 53/5814 (0.13) 65/5690 (0.16) ——1 081 (0.56-1.16)
Former use 26/3004 (0.12) 24/2932 (0.12) ——— 1.03 (0.59-1.79)
Current use, E alone 47/4515 (0.15) 40/4609 (0.12) —t— 1.17 (0.77-1.79)
Current use, E+P 42/4843 (0.12) 25/4875 (0.07) L 1.67 (1.01-2.74)
Enrollment in WHI Hormone Therapy trials 0.21
No 87/10,122 (0.12) 68/10,071 (0.10) 4—— 1.25 (0.91-1.71)
E-alone placebo group 16/1540 (0.15) 20/1562 (0.18) ———— 0.81 (0.42-1.56)
E-alone active group 22/1531 (0.21) 19/1543 (0.18) —— 1.51 (0.62-2.13)
E+P placebo group 20/2475 (0.12) 3172395 (0.19) —— 0.64 (0.36-1.12)
E+P active group 23/2508 (0.13) 16/2535 (0.09) ——— 1.48 (0.78-2.80)
Enrollment in WHI Dietary Modification trial 0.43
No 55/5582  (0.14) 60/5490 (0.16) ——1— 0.90 (0.62-1.30)
Dietary-modification group 40/4767 (0.12) 37/4878 (0.11) ——— 1.10 (0.70-1.73)
Control group 73/7827 (0.13) 57/7738 (0.10) —~—— 1.24 (0.88-1.75)
O.IIO 1.00 10!00
Calcium and Vitamin D Better Placebo Better
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Figure 2. Rates of Adherence (Panel A) and Bowel Examination (Panel B)

in the Two Groups during the Study.

FOBT denotes fecal occult-blood test. The category of sigmoidoscopy or
colonoscopy included flexible sigmoidoscopy. The category of barium enema
included radiographic examination.
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baseline, rising to 69 percent at annual visit 9.
The mean dose increased by less than 100 mg per
day (from 325 mg per day at enrollment) during
this interval and was similar across treatment
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groups. Modeling personal use of calcium sup-
plements as a time-dependent covariate left the
hazard ratio essentially unchanged (hazard ratio,
1.06; 95 percent confidence interval, 0.85 to 1.32).
The interaction between personal use of calcium
supplementation over time and treatment group
was not significant (P=0.25).

The location, histologic characteristics, grade,
stage, and size of colorectal cancers were similar
in the two groups (Table 1). In the supplement
group, as compared with the placebo group, haz-
ard ratios for invasive colon cancer (hazard ratio,
1.00; 95 percent confidence interval, 0.78 to 1.28;
P=0.99), invasive rectal cancer (hazard ratio, 1.46;
95 percent confidence interval, 0.92 to 2.32; P=0.11),
proximal-colon cancer (hazard ratio, 0.95; 95 per-
cent confidence interval, 0.69 to 1.30; P=0.74),
and distal-colon cancer (hazard ratio, 1.08; 95 per-
cent confidence interval, 0.69 to 1.69; P=0.73) did
not differ from unity. The hazard ratio for death
from colorectal cancer was 0.82 in the supplement
group as compared with the placebo group (95
percent confidence interval, 0.52 to 1.29; P=0.39);
however, too few events had occurred (34 vs. 41)
to make the comparison meaningful.

SAFETY AND TOLERABILITY
As of March 31, 2005, 744 women in the supple-
ment group had died, as compared with 807 wom-
en in the placebo group (hazard ratio, 0.91; 95
percent confidence interval, 0.83 to 1.01; P=0.07).
Supplementation with calcium plus vitamin D was
not associated with any significant risk or benefit
with respect to any major disease outcomes, in-
cluding cardiovascular diseases and cancer. The
effects of calcium plus vitamin D supplementation,
as compared with placebo, on the total risk of
cancer (hazard ratio, 0.98; 95 percent confidence
interval, 0.91 to 1.05; P=0.53) and the risk of death
from cancer (hazard ratio, 0.89; 95 percent con-
fidence interval, 0.77 to 1.03; P=0.12) were not
significant.

The self-reported occurrence of polyps (all types
combined) was similar in the supplement group
and the placebo group (hazard ratio, 0.99; 95 per-
cent confidence, 0.94 to 1.04; P=0.71). Kidney
stones were reported by 449 women in the supple-
ment group, as compared with 381 women in the
placebo group (hazard ratio, 1.17; 95 percent con-
fidence interval, 1.02 to 1.34; P=0.02).

Overall, the supplements were well tolerated.
There was no significant difference between groups
in the frequency of reported symptoms at any time.
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Figure 3. Kaplan—Meier Estimates of the Cumulative Hazard for Invasive Colorectal Cancer with Supplemental Calci-
um plus Vitamin D, as Compared with Placebo.
Cl denotes confidence interval. Two events in each group that occurred after year 8 are not shown.

The frequency of any moderate or severe abdomi-
nal symptom in the four weeks preceding enroll-
ment was 34 percent in both groups, increasing
to 39 percent in the group assigned to calcium
with vitamin D supplementation and to 37 percent
in the placebo group at annual visit 3 (P=0.29).

SERUM VITAMIN D LEVELS
Findings from the nested case—control study re-
vealed no significant interaction between serum
25-hydroxyvitamin D levels at baseline and treat-
ment assignment (P=0.54). However, analyses ad-
justing only for case—control matching demon-
strated a significant inverse trend with lower
baseline levels of serum 25-hydroxyvitamin D as-
sociated with an increased risk of colorectal can-
cer (P for trend=0.02) (Table 2).

DISCUSSION

In this randomized clinical trial, daily supplemen-
tation with 1000 mg of elemental calcium as cal-
cium carbonate combined with 400 IU of vitamin
Dj; for an average of seven years had no detect-
able effect on the incidence of colorectal cancer
among postmenopausal women. This absence of
an effect was consistent across subgroups, in-
cluding personal calcium and vitamin D intake
and serum vitamin D levels at baseline. Thus, our
findings fail to validate previous observational

studies and polyp-prevention trials associating
calcium and vitamin D intake with reduced risk.

Adherence was relatively good throughout the
trial among the more than 36,000 women en-
rolled; thus, we had sufficient power to detect a
20 percent difference in risk. How should our
findings be interpreted in the context of the body
of published literature and a growing public per-
ception that calcium and vitamin D supplemen-
tation can prevent colorectal cancer? Previous
observational studies have often interpreted the
protection afforded by calcium and vitamin D
supplementation only in the context of compari-
sons of extreme quintiles of intake. Findings from
observational studies should be reviewed cau-
tiously, since they are more prone to confounding
and bias than are randomized clinical trials,?*
especially with respect to the assessment of pre-
ventive behaviors that may be difficult to detect,
measure, and control for. The randomized trial
design we used has greater potential to limit bias.

Previous trials demonstrating beneficial effects
of calcium and vitamin D supplementation, such
as polyp prevention, have led to the use of these
agents in risk-reduction strategies. However, there
has been no demonstration that secondary pre-
vention of polyps with calcium and vitamin D
supplementation translates into a reduction in
colorectal cancer. We found no evidence that cal-
cium with vitamin D supplementation prevented
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Table 1. Incidence of and Annualized Percentage of Women with Invasive Colorectal Cancer and Other Outcomes.*

Calcium +Vitamin D

Variable (N=18,176)
Duration of follow-up — yr 7.0£1.4
Invasive colorectal cancer — no. of cases (annualized %) 168 (0.13)
Invasive colon cancer 128 (0.10)
Proximali: 77 (0.06)
Distalf 41 (0.03)
Invasive rectal cancerq| 44 (0.03)
Histologic subtype of invasive colorectal cancer||
Carcinoma, not otherwise specified 3 (<0.01)
Adenocarcinoma 135 (0.11)
Mucinous 22 (0.02)
Signet-ring cell 0
Data missing 8 (0.01)
Tumor grade of invasive colorectal cancer|
Well differentiated 17 (0.01)
Moderately differentiated 95 (0.07)
Poorly differentiated or anaplastic 38 (0.03)
Data missing 18 (0.01)
SEER stage of invasive colorectal cancer|
Localized 71 (0.06)
Regional 68 (0.05)
Distant 21 (0.02)
Data missing 8 (0.01)
Tumor size of invasive colorectal cancer|
<3.9cm 47 (0.04
=3.9cm 65 (0.05
Data missing 56 (0.04

Total cases of cancer — no. (annualized %) 1634
Death from colorectal cancer — no. (annualized %) 34
0.27
0.58
2.33
0.35

Death from cancer — no. (annualized %) 344
Death from any cause — no. (annualized %) 744

Intestinal polyps — no. (annualized %)** 2983

e e
e
=S DS

Kidney stones — no. (annualized %)** 449

Placebo
(N=18,106)
7.0+1.4
154 (0.12)
126 (0.10)

30 (0.06)
7 (0.03)
0 (0.02)
0
134 (0.11)
15 (0.01)
2 (<0.01)
3 (<0.01)
15 (0.01)
91 (0.07)
32 (0.03)
16 (0.01)
63 (0.05)
62 (0.05)
21 (0.02)
8 (0.01)
0 (0.04)
1 (0.04)
3 (0.04)
1655 (1.30)
41 (0.03)
382 (0.30)
807 (0.63)
2997 (2.36)
381 (0.30)

Hazard Ratio
(95% Clyf

1.08 (0.86-1.34)
1.00 (0.78-1.28)
0.95 (0.69-1.30)
1.08 (0.69-1.69)
1.46 (0.92-2.32)

1.00 (0.78-1.26)
1.43 (0.74-2.75)

1.11 (0.55-2.22)
1.04 (0.78-1.39)
1.14 (0.71-1.83)

1.11 (0.79-1.56)
1.09 (0.77-1.54)
0.97 (0.53-1.78)

0.92 (0.62-1.38)
1.27 (0.88-1.84)
0.98 (0.91-1.05)
0.82 (0.52-1.29)
0.89 (0.77-1.03)
0.91 (0.83-1.01)
0.99 (0.94-1.04)

( )

1.17 (1.02-1.34

P Value}

0.51
0.99
0.74
0.73
0.11

0.97
0.29

0.77
0.79
0.58

0.54
0.63
0.93

0.70
0.20

0.53
0.39
0.12
0.07
0.71
0.02

Plus—minus values are means +SD. SEER denotes Surveillance, Epidemiology, and End Results.

T Hazard ratios, 95 percent confidence intervals (Cls), and P values were derived from Cox proportional-hazards analyses stratified accord-
ing to age, randomized assignment in the Hormone Therapy and Dietary Modification trials, and presence or absence of corresponding

prevalent condition.

Data were available only for centrally adjudicated cases.

h=—=_m

This category includes the cecum, the ascending colon, the hepatic flexure, and the transverse colon.
This category includes the splenic flexure, the descending colon, and the sigmoid colon.
This category includes cancers of both the rectum and the rectosigmoid junction.

* Information on intestinal polyps and kidney stones is from self-reported data and was not centrally confirmed.
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Table 2. Odds Ratios for Invasive Colorectal Cancer According to the Quartile of Serum 25-Hydroxyvitamin D Level
at Baseline and Treatment Groups in a Nested Case—Control Study.*
Main-Effect Intervention
Baseline Serum Odds Ratio Calcium+ Odds Ratio
25-Hydroxyvitamin D (95% Cl)y Vitamin D Placebo (95% Cl)i:
No. with Colorectal Cancer/
No. of Controls
258.4 nmol/liter 1.00 33/48 27/45 1.15 (0.58-2.27)
42.4-58.3 nmol/liter 1.96 (1.18-3.24) 44/41 34/32 1.12 (0.59-2.12)
31.0-42.3 nmol/liter 1.95 (1.18-3.24) 35/32 45/41 0.99 (0.51-1.91)
<31.0 nmol/liter 2.53 (1.49-4.32) 46/39 42/28 0.75 (0.39-1.48)

* To convert values for 25-hydroxyvitamin D to nanograms per milliliter, multiply by 0.401. CI denotes confidence interval.

7 Odds ratios were derived from a logistic-regression model, conditioned on case—control pairs, estimating the main ef-
fect of the serum 25-hydroxyvitamin D level on the risk of invasive colorectal cancer (P for trend=0.02).

I P for interaction=0.54. The odds ratios were obtained from a logistic-regression model, conditioned on case—control
pairs, and estimate the calcium with vitamin D intervention effect on the risk of colorectal cancer, according to serum

25-hydroxyvitamin D levels.

colorectal cancer. Although self-reported, the in-
cidence of polyps was also similar in the supple-
ment and placebo groups. As such, our results
raise questions regarding the widely held concept
that calcium and vitamin D supplementation will
prevent colorectal cancer.

Our randomized clinical trial had the poten-
tial to limit biases inherent in observational stud-
ies and moved beyond trials of secondary preven-
tion of colon polyps. However, issues regarding
the design and study population may have limited
our ability to demonstrate a protective effect of
calcium with vitamin D supplementation on the
risk of colorectal cancer, if one does exist. Par-
ticipants were healthy postmenopausal women
selected to be generally free of disability and clini-
cally dominant chronic illness. By design, partici-
pants were not restricted from taking calcium or
vitamin D supplements on their own. At enroll-
ment, participants had mean total calcium (1151
mg) and vitamin D (367 IU) intakes that were
twice the national average® and nearly met cur-
rent recommendations.2® Intakes rose during the
trial, while national averages remained relatively
stable.?” These high intakes may have limited
our ability to affect the rates of colorectal cancer
further. One prospective study found no addi-
tional protective effect of calcium intakes beyond
700 mg per day, and significant associations were
limited to cancers of the distal colon.?® In our
study, calcium with vitamin D supplementation
was not protective among women with baseline
intakes below 800 mg per day, tempering enthu-
siasm for this explanation. Although our initial

analyses of nested case—control studies found
lower baseline serum 25-hydroxyvitamin D levels
to be associated with an increased risk of colorec-
tal cancer, in contrast to the findings of a previous
study,**> we did not find that serum levels modified
the effect of the intervention on the outcome.

Our study has several other potential limita-
tions. The calcium doses as well as vitamin D
doses we used may have been insufficient to dem-
onstrate a protective effect, particularly given the
fraction of participants who were not fully ad-
herent throughout the study. When we began the
study, a daily supplement of 400 IU of vitamin D
was considered relatively high. Studies published
since that time have led some to recommend daily
intakes of vitamin D higher than the one we
used.?® We evaluated a single regimen and cannot
assess whether other formulations or doses would
have changed the results.

Since the protocol did not require participants
to undergo bowel examinations, some cancers
may have been missed. However, the frequency of
bowel examinations was very similar in the two
groups throughout follow-up. Abdominal pain
and a change in bowel habits are common initial
manifestations of colorectal cancer that may lead
to more aggressive screening3®3%; however, the
types and frequency of symptoms were similar
in the two groups. Annualized rates of invasive
colon cancer (0.10 percent) and rectal cancer (0.03
percent) in our study were similar to Surveillance,
Epidemiology, and End Results rates for women
of corresponding age during the years 1992 through
2002 (0.09 percent and 0.03 percent, respectively).3?
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Nonetheless, regular or end-of-study colonosco-
pies may have enabled us to make a more accurate
assessment of the effect of calcium with vitamin
D supplementation on these tumors.

Two other limitations are the timing of ad-
ministration of the intervention and the length
of follow-up. If the benefit of calcium with vita-
min D supplementation is to prevent or slow the
progression of colorectal cancer in its early stages
and if colorectal cancer has a latency of 10 to 20
years, the average intervention and follow-up of
7 years in our study may have been insufficient
to demonstrate an effect. The duration of follow-
up was shorter in our trial than in some obser-
vational studies that have found a link between
calcium and vitamin D intake and the risk of
colorectal cancer. Although we did not find a
trend toward protection in the later years of fol-
low-up, the ongoing five-year WHI extension study,
without intervention, will continue to assess in-
cident colorectal cancers and allow us to identify
later effects of this intervention, if they exist.

The strengths of our study include its random-
ized, double-blind, placebo-controlled design; the
large racially and ethnically diverse study popu-
lation; the comprehensive assessment of risk
factors for colorectal cancer at baseline; and the
standardized assessment of colorectal-cancer
events in a blinded fashion.

In summary, we found that seven years of
calcium carbonate plus vitamin D3 supplementa-
tion had no effect on the incidence of colorectal
cancer in a randomized trial. Although calcium
plus vitamin D supplementation may provide some

protection against fracture,?® it did not protect
against colorectal cancer. The long latency associ-
ated with the development of colorectal cancer, in
concert with the seven-year duration of the trial,
may have contributed to this null finding. How-
ever, these results do not provide support for the
general use of calcium plus vitamin D supplemen-
tation to prevent colorectal cancer.
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APPENDIX 1

The following persons and facilities participated in the WHI study: Program Office: National Heart, Lung, and Blood Institute, Bethes-
da, Md. — B. Alving, J. Rossouw, L. Pottern, S. Ludlam, J. McGowan, N. Geller, L. Ford; Clinical Coordinating Center: Fred Hutchinson
Cancer Research Center, Seattle — R. Prentice, G. Anderson, A. LaCroix, R. Patterson, A. McTiernan, B. Cochrane, J. Hunt, L. Tinker,
C. Kooperberg, M. McIntosh, C.Y. Wang, C. Chen, D. Bowen, A. Kristal, J. Stanford, N. Urban, N. Weiss, E. White; Wake Forest Uni-
versity School of Medicine, Winston-Salem, N.C. — S. Shumaker, R. Prineas, M. Naughton; Medical Research Laboratories, Highland
Heights, Ky. — E. Stein, P. Laskarzewski; San Francisco Coordinating Center, San Francisco — S.R. Cummings, M. Nevitt, L. Palermo;
University of Minnesota, Minneapolis — L. Harnack; Fisher BioServices, Rockville, Md. — F. Cammarata, S. Lindenfelser; University of
Washington, Seattle — B. Psaty, S. Heckbert; Clinical Centers: Albert Einstein College of Medicine, Bronx, N.Y. — S. Wassertheil-Smoller,
W. Frishman, J. Wylie-Rosett, D. Barad, R. Freeman; Baylor College of Medicine, Houston — J. Hays, R. Young, J. Anderson, S. Lithgow,
P. Bray; Brigham and Women’s Hospital, Harvard Medical School, Boston — J.E. Manson, J.M. Gaziano, C. Chae, K. Rexrode, C. Solo-
mon; Brown University, Providence, R.I. — A.R. Assaf, C. Wheeler, C. Eaton, M. Cyr; Emory University, Atlanta — L. Phillips, M.
Pedersen, O. Strickland, M. Huber, V. Porter; Fred Hutchinson Cancer Research Center, Seattle — S.A.A. Beresford, V.M. Taylor, N.F.
Woods, M. Henderson, R. Andersen; George Washington University, Washington, D.C. —]J. Hsia, N. Gaba, J. Ascensao; Harbor-UCLA
Research and Education Institute, Torrance, Calif. — R. Chlebowski, R. Detrano, A. Nelson, M. Geller; Kaiser Permanente Center for
Health Research, Portland, Oreg. — E. Whitlock, P. Elmer, V. Stevens, N. Karanja; Kaiser Permanente Division of Research, Oakland,
Calif. — B. Caan, S. Sidney, G. Bailey, J. Hirata; Medical College of Wisconsin, Milwaukee — J. Morley Kotchen, V. Barnabei, T.A.
Kotchen, M.C. Gilligan, J. Neuner; MedStar Research Institute/Howard University, Washington, D.C. — B.V. Howard, L. Adams-Camp-
bell, L. Lessin, M. Rainford, G. Uwaifo; Northwestern University, Chicago — L. Van Horn, P. Greenland, J. Khandekar, K. Liu, C.
Rosenberg; Rush University Medical Center, Chicago — H. Black, L. Powell, E. Mason; M. Gulati; Stanford Prevention Research Center,
Stanford, Calif. — M.L. Stefanick, M.A. Hlatky, B. Chen, R.S. Stafford, S. Mackey; State University of New York at Stony Brook, Stony
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Brook — D. Lane, 1. Granek, W. Lawson, G. San Roman, C. Messina; Ohio State University, Columbus — R. Jackson, R. Harris, E.
Paskett, W.J. Mysiw, M. Blumenfeld; University of Alabama at Birmingham, Birmingham — C.E. Lewis, A. Oberman, J.M. Shikany, M.
Safford, M. Fouad; University of Arizona, Tucson — T. Bassford, C. Thomson, M. Ko, A. Lopez, C. Ritenbaugh; University at Buffalo,
Buffalo, N.Y. — J. Wactawski-Wende, M. Trevisan, E. Smit, S. Graham, J. Chang; University of California at Davis, Sacramento — J.
Robbins, S. Yasmeen; University of California at Irvine, Irvine — F.A. Hubbell, G. Frank, N. Wong, N. Greep, B. Monk; University of
California at Los Angeles, Los Angeles — H. Judd, D. Heber, R. Elashoff; University of California at San Diego, La Jolla— R.D. Langer,
M.H. Criqui, G.T. Talavera, C.F. Garland, M.A. Allison; University of Cincinnati, Cincinnati — M. Gass, S. Wernke; University of
Florida, Gainesville — M. Limacher, M. Perri, A. Kaunitz, R.S. Williams, Y. Brinson; University of Hawaii, Honolulu — J.D. Curb, H.
Petrovitch, B. Rodriguez, K. Masaki, S. Sharma; University of Iowa, Iowa City — R. Wallace, J. Torner, S. Johnson, L. Snetselaar, J.
Robinson; University of Massachusetts, Fallon Clinic, Worcester — J. Ockene, M. Rosal, 1. Ockene, R. Yood, P. Aronson; University of
Medicine and Dentistry of New Jersey, Newark — N. Lasser, B. Singh, V. Lasser, J. Kostis, P. McGovern; University of Miami, Miami
— MJ. O’Sullivan, L. Parker, T. DeSantis, D. Fernandez, P. Caralis; University of Minnesota, Minneapolis — K.L. Margolis, R.H.
Grimm, M.F. Perron, C. Bjerk, S. Kempainen; University of Nevada, Reno — R. Brunner, W. Graettinger, V. Oujevolk, M. Bloch; Uni-
versity of North Carolina, Chapel Hill — G. Heiss, P. Haines, D. Ontjes, C. Sueta, E. Wells; University of Pittsburgh, Pittsburgh — L.
Kuller, J. Cauley, N.C. Milas; University of Tennessee Health Science Center, Memphis — K.C. Johnson, S. Satterfield, R.W. Ke, S.
Connelly, F. Tylavsky; University of Texas Health Science Center, San Antonio — R. Brzyski, R. Schenken, J. Trabal, M. Rodriguez-
Sifuentes, C. Mouton; University of Wisconsin, Madison — G.E. Sarto, D. Laube, P. McBride, J. Mares-Perlman, B. Loevinger; Wake
Forest University School of Medicine, Winston-Salem, N.C. — D. Bonds, G. Burke, R. Crouse, M. Vitolins, S. Washburn; Wayne State
University School of Medicine and Hutzel Hospital, Detroit — S. Hendrix, M. Simon, G. McNeeley; Former Principal Investigators and Project
Officers: Baylor College of Medicine, Houston — J. Foreyt; Emory University, Atlanta — D. Hall, S. McNagny, N. Watts; George Wash-
ington University, St. Louis — V. Miller; Kaiser Permanent, Oakland, Calif. —R. Hiatt; Kaiser Permanente, Portland, Oreg. — B. Vala-
nis; National Cancer Institute, Bethesda, Md. — C. Clifford (deceased); University of Arizona, Tucson — T. Moon; University of Cali-
fornia, Irvine — F. Meyskens, Jr.; University of Cincinnati, Cincinnati — J. Liu; University of Miami, Miami — M. Baum; University of
Nevada, Las Vegas — S. Daugherty (deceased); University of North Carolina, Chapel Hill — D. Sheps, Barbara Hulka; University of
Tennessee, Memphis — W. Applegate; University of Wisconsin, Milwaukee — C. Allen (deceased); Data and Safety Monitoring Board: J.
Wittes (chair), E. Braunwald, M. Chesney, H. Cohen, E. Barrett-Connor, D. DeMets, L. Dunn, J. Dwyer, R.P. Heaney, D. Marson, V.
Vogel, L. Walters, S. Yusuf.

APPENDIX 2

From the University at Buffalo, Buffalo, N.Y. (J.W.-W.); the Medical College of Wisconsin, Milwaukee (J.M.K.); Fred Hutchinson
Cancer Research Center, Seattle (G.L.A., R.L.P., C.L.K., A.Z.L.); Memorial Hospital of Rhode Island, Pawtucket (A.R.A.); Pfizer, New
London, Conn. (A.R.A.); the University of Nevada School of Medicine, Reno (R.L.B.); the University of Miami, Miami (M.J.O.); the
University of Minnesota, Minneapolis (K.L.M.); the University of Massachusetts, Fallon Clinic, Worcester (J.K.O.); Emory University,
Atlanta (L. Phillips); the National Heart, Lung, and Blood Institute, Bethesda, Md. (L. Pottern); the University of California at Davis,
Sacramento (J.R.); Albert Einstein College of Medicine, Bronx, N.Y. (T.E.R.); the University of Wisconsin, Madison (G.E.S.); the Uni-
versity of Hawaii, Honolulu (S.S.); Stanford Prevention Research Center, Stanford, Calif. (M.L.S.); Northwestern University, Chicago
(L.V.H.); the University of Iowa, Iowa City (R.B.W.); Kaiser Permanente Center for Health Research, Portland, Oreg. (E.W.); the Univer-
sity of Arizona, Tucson (T.B.); the University of Washington, Seattle (S.A.A.B.); Rush Medical Center, Chicago (H.R.B.); Wake Forest
University School of Medicine, Winston-Salem, N.C. (D.E.B.); the University of Texas Health Science Center, San Antonio (R.G.B.);
Kaiser Permanente Division of Research, Oakland, Calif. (B.C.); Los Angeles Biomedical Research Institute at Harbor-UCLA Medical
Center, Torrance, Calif. (R.T.C.); the University of Washington School of Nursing, Seattle (B.C.); the University of California at San
Diego, La Jolla (C.G., R.D.L.); the University of Cincinnati, Cincinnati (M.G.); Baylor College of Medicine, Houston (J. Hays); the Uni-
versity of North Carolina, Chapel Hill (G.H.); Wayne State University School of Medicine and Hutzel Hospital, Detroit (S.L.H.); MedStar
Research Institute, Howard University, Washington, D.C. (B.V.H.); George Washington University Medical Center, Washington, D.C.
(. Hsia); the University of California at Irvine, Irvine (F.A.H.); Ohio State University, Columbus (R.D.J.); the University of Tennessee
Health Science Center, Memphis (K.C.J.); the University of California at Los Angeles, Los Angeles (H.J.); the University of Pittsburgh,
Pittsburgh (L.H.K.); State University of New York at Stony Brook, Stony Brook (D.S.L.); the University of Medicine and Dentistry of New
Jersey, Newark (N.L.L.); the University of Alabama at Birmingham, Birmingham (C.E.L.); the University of Florida, Gainesville (M.C.L.);
and Brigham and Women’s Hospital and Harvard Medical School, Boston (J.E.M.).
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