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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 
D3 twice daily (1000 mg of elemental calcium and 400 IU of vitamin D3) 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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A s the second leading cause of 

death from cancer in the United States,1 
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 
cancer3-6 and recurrent polyps.7,8 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,9 whereas an 
earlier pooled analysis found no effect.10 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,11,12 with one report demon-
strating that this protection was confined to sub-
jects with higher endogenous vitamin D levels.13 
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

Me thods

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.15-18 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.14 
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.19 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 D3 
(GlaxoSmithKline) twice daily (total, 1000 mg of 
elemental calcium and 400 IU of vitamin D3) and 
18,106 to receive an identical-appearing placebo 
tablet twice daily. Blinding of the study was achieved 
by bottle labeling.15 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(OH)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 system20,21; 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.15 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,22 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 
α 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.

R esult s

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).14 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 

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 

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 Garland23; 
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.
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0.10 1.00 10.00

Placebo BetterCalcium and Vitamin D Better

Invasive colorectal cancer

Age at screening

50–59 yr 

60–69 yr

70–79 yr

Race or ethnic group

White

Black

Hispanic

Indian/Alaskan Native

Asian or Pacific Islander

Unknown

Education

None–HS diploma or GED

School after high school

College degree or higher

First-degree relative with colorectal cancer

No

Yes

History of polyp removal

No 

Yes

Body-mass index

<25

25–<30

≥30

Physical activity

0–3.00 MET/wk

>3.00–<11.75 MET/wk

≥11.75 MET/wk

Total energy intake

<1382.11 kcal/day

1382.11–1909.48 kcal/day

>1909.48 kcal/day

Energy from saturated fat

<10.895%

10.895–<13.088%

≥13.088%

Total calcium intake (supplements+diet)

<800 mg/day

800–<1200 mg/day

≥1200 mg/day

Hazard Ratio (95%  CI)

Calcium+Vitamin D
(N=18,176)

Placebo
(N=18,106)

Variable

0.73 

0.60 

0.89 

0.91 

0.94

0.95 

0.80 

0.95 

0.98 

0.84 

1.02 (0.63–1.66)

1.13 (0.75–1.71)

0.97 (0.68–1.39)

1.13 (0.77–1.65)

1.22(0.78–1.90)

0.97 (0.67–1.40)

1.07 (0.76–1.52)

1.07 (0.71–1.60)

1.18 (0.81–1.72)

0.97 (0.63–1.49)

0.96 (0.65–1.42)

1.26 (0.87–1.82)

0.95 (0.64–1.43)

1.23 (0.82–1.84)

1.03 (0.70–1.50)

0.96 (0.66–1.39)

1.10 (0.75–1.60)

1.05 (0.69–1.61)

1.02 (0.70–1.47)

1.09 (0.84–1.41)

1.02 (0.62–1.67)

1.08 (0.84–1.39)

1.11 (0.54–2.26)

0.84 (0.22–3.24)

0.85 (0.40–1.79)

1.12 (0.88–1.42)

1.24 (0.83–1.84)

1.01 (0.74–1.38)

P Value

154/18,106

32/6694 

78/8245 

44/3167 

129/15,106

16/1635

4/718

0/72

3/353

2/222 

44/4289 

60/7156 

50/6543 

111/13,890

31/2704 

118/14,740

16/1459 

35/4833 

58/6483 

61/6695 

46/5478 

50/5477 

42/5493 

52/5897 

51/5888 

48/5968 

43/5937 

54/5927 

54/5889 

52/6003 

42/4655 

57/7095

(0.12)

(0.07)

(0.14)

(0.21)

(0.12)

(0.14)

(0.08)

(0.00)

(0.13)

(0.13)

(0.15)

(0.12)

(0.11)

(0.11)

(0.16)

(0.12)

(0.16)

(0.10)

(0.13)

(0.13)

(0.12)

(0.13)

(0.11)

(0.13)

(0.12)

(0.11)

(0.10)

(0.13)

(0.13)

(0.12)

(0.13)

(0.11)

168/18,176

33/6728

81/8275

54/3173

145/15,047

13/1682

5/789

 2/77

2/369

 1/212

49/4286

60/7216

57/6555

121/13,916

33/2684

129/14,854

18/1409

44/4745

56/6472

68/6867

50/5517

59/5463

41/5566

49/5905

65/5958

48/5958

53/6044

54/5810

55/5967

59/6104

45/4715

58/7002

(0.13)

(0.07)

(0.14)

(0.25)

(0.14)

(0.11)

(0.09)

(0.37)

(0.08)

(0.07)

(0.16)

(0.12)

(0.12)

(0.12)

(0.18)

(0.13)

(0.19)

(0.13)

(0.12)

(0.14)

(0.13)

(0.16)

(0.11)

(0.12)

(0.15)

(0.11)

(0.12)

(0.13)

(0.13)

(0.14)

(0.14)

(0.12)

no./total no. (annualized %)

1.08 (0.86–1.34)

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on May 15, 2008 . For personal use only. No other uses without permission. 



Calcium plus Vitamin D and Colorectal-Cancer Risk

n engl j med 354;7 www.nejm.org february 16, 2006 689

0.10 1.00 10.00

Placebo BetterCalcium and Vitamin D Better

Total vitamin D intake (supplements+diet)

<200 IU/day

200–<400 IU/day

400–<600 IU/day

≥600 IU/day

Region according to solar irradiance

300–325 Langleys

350 Langleys

375–380 Langleys

400–430 Langleys

475–500 Langleys

Multivitamin use (with or without minerals)

No

Yes

Smoking status

Never smoked

Former smoker

Current smoker

NSAID use

No

Yes

Nonaspirin NSAID use

No 

Yes

Aspirin (≥80 mg/day)

No 

Yes

Hormone-therapy use

Never used

Former use

Current use, E alone

Current use, E+P

Enrollment in WHI Hormone Therapy trials

No

E-alone placebo group

E-alone active group

E+P placebo group

E+P active group

Enrollment in WHI Dietary Modification trial

No 

Dietary-modification group

Control group

Hazard Ratio (95%  CI)

Calcium+Vitamin D
(N=18,176)

Placebo
(N=18,106)

Variable

0.59 

0.19 

0.35 

0.74 

0.64 

0.68 

0.19 

0.12 

0.21 

0.43

0.98 (0.74–1.31)

1.23 (0.87–1.74)

1.10 (0.86–1.39)

0.94 (0.53–1.66)

1.00 (0.78–1.27)

1.44 (0.87–2.38)

0.81 (0.56–1.16)

1.03 (0.59–1.79)

1.17 (0.77–1.79)

1.67 (1.01–2.74)

0.81 (0.42–1.56)

1.25 (0.91–1.71)

1.51 (0.62–2.13)

0.64 (0.36–1.12)

1.48 (0.78–2.80)

1.24 (0.88–1.75)

0.90 (0.62–1.30)

1.10 (0.70–1.73)

1.12 (0.80–1.58)

1.06 (0.78–1.44)

0.88 (0.38–2.05)

1.03 (0.79–1.35)

1.15 (0.78–1.69)

1.77 (1.11–2.82)

0.99 (0.67–1.48)

0.87 (0.50–1.52)

0.99 (0.60–1.63)

0.90 (0.42–1.94)

0.87 (0.51–1.47)

1.57 (0.99–2.49)

0.90 (0.56–1.44)

P Value

53/6671

38/3423

30/4295

30/3364

49/5351

28/3880

15/2009

28/3015

34/3851

95/11,388

59/6718

80/9428

62/7133

12/1356

106/12,215

48/5891

130/15,182

24/2924

127/14,589

27/3517

65/5690

24/2932

40/4609

25/4875

68/10,071

20/1562

19/1543

31/2395

16/2535

60/5490

37/4878

57/7738

(0.11)

(0.16)

(0.10)

(0.13)

(0.13)

(0.10)

(0.11)

(0.13)

(0.13)

(0.12)

(0.13)

(0.12)

(0.12)

(0.13)

(0.12)

(0.12)

(0.12)

(0.12)

(0.12)

(0.11)

(0.16)

(0.12)

(0.12)

(0.07)

(0.10)

(0.18)

(0.18)

(0.19)

(0.09)

(0.16)

(0.11)

(0.10)

56/6827

33/3379 

46/4188 

27/3427 

49/5366 

51/3920 

13/2012 

24/3018 

31/3860

96/11,562

72/6613

84/9325

73/7255

10/1405

111 /12,193

57/5983

144/15,126

24/3050

128/14,624

40/3552

53/5814

26/3004

47/4515

42/4843

87/10,122

16/1540

22/1531

20/2475

23/2508

55/5582

40/4767

73/7827

(0.11)

(0.14)

(0.16)

(0.11)

(0.13)

(0.19)

(0.09)

(0.11)

(0.12)

(0.12)

(0.16)

(0.13)

(0.14)

(0.10)

(0.13)

(0.14)

(0.14)

(0.11)

(0.12)

(0.16)

(0.13)

(0.12)

(0.15)

(0.12)

(0.12)

(0.15)

(0.21)

(0.12)

(0.13)

(0.14)

(0.12)

(0.13)

no./total no. (annualized %)

1.03 (0.71–1.50)
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