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No Evidence for Posttreatment Effects of
Vitamin D and Calcium Supplementation on
Risk of Colorectal Adenomas in a Randomized
Trial
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Abstract

Vitamin D and calcium supplementation are postu-
lated to have chemopreventive effects against colorec-
tal neoplasia, yet in our previously reported random-
ized trial, there was no overall efficacy of calcium and/
or vitamin D3 against colorectal adenoma recurrence.
It is possible vitamin D3 and calcium chemopreventive
effects are not detectable until beyond the 3- to 5-year
follow-up captured in that trial. Accordingly, we
explored possible vitamin D and calcium effects on
posttreatment (observational) adenoma occurrence. In
this secondary analysis of the observational follow-up
phase of the Vitamin D/Calcium Polyp Prevention
Study, participants who completed the treatment
phase were invited to be followed for one additional
surveillance colonoscopy cycle. We evaluated adeno-
ma occurrence risk at surveillance colonoscopy, with a
mean of 55 � 15 months after treatment follow-up,

according to randomized treatment with vitamin D
versus no vitamin D, calcium versus no calcium, and
calcium plus vitamin D versus calcium alone. Sec-
ondary outcomes included advanced and multiple
adenomas. Among the 1,121 participants with obser-
vational follow-up, the relative risk (95% confidence
interval, CI) of any adenoma was 1.04 (0.93–1.17)
for vitamin D versus no vitamin D; 0.95 (0.84–1.08)
for calcium versus no calcium; 1.07 (0.91–1.25) for
calcium plus vitamin D versus calcium; and 0.96
(0.81–1.15) for calcium plus vitamin D versus nei-
ther. Risks of advanced or multiple adenomas also did
not differ by treatment. Our results do not support an
association between supplemental calcium and/or
vitamin D3 for 3 to 5 years and risk of recurrent
colorectal adenoma at an average of 4.6 years after
treatment.

Introduction
Vitamin D (1, 2) and calcium (3) have potential anti-

neoplastic effects in the colorectum (4–14), and several
randomized trials of calcium for colon adenoma preven-
tion found reduced risks (4–6). However, in our random-
ized,multicenter, double-blind, placebo-controlled trial of
supplementation with calcium, vitamin D3, or both (the
VitaminD/CalciumPolyp Prevention Study), we found no
effect of 3 or 5 years of treatment on the prevention of new
colorectal adenomas in persons with a recent history of
adenomas (15). Because adenomas can take approximate-
ly 10 to 25 years to develop and progress (16), it is possible
that the chemopreventive effects of vitamin D and calcium
may not be detectable until beyond the initial 3- to 5-year
follow-up. In our previous calcium trial, the chemopreven-
tive effect of calcium on the risk of any adenoma appeared
to be more pronounced during the 5 years after active
treatment than during the active treatment period itself (4,
17, 18). Accordingly, the goal for the posttreatment obser-
vational analysis reported here was to explore possible
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vitamin D and calcium effects on posttreatment adenoma
occurrence.

Materials and Methods
Study design
Treatment phase. A detailed description of the design
and treatment phase findings of the Vitamin D/Calcium
Polyp Prevention Study (ClinicalTrials.gov number:
NCT00153816) has been published previously (15).
Briefly, the Vitamin D/Calcium Polyp Prevention Study
was a multicenter, randomized, double-blind, placebo-
controlled trial of vitamin D and/or calcium supple-
ments at 11 academic medical centers and associated
medical practices in the United States. Institutional
review boards at each center approved the study, and
all participants provided written informed consent.
Eligible participants were age 45 to 75 years with at least

one colorectal adenoma (� 0.2 cm) removed in the 4
months prior to study entry and no known remaining
polyps in the colon after complete colonoscopy. All parti-
cipants had blood calcium within the normal reference
range, creatinine not exceeding 20% above the upper
limit of normal, and 25-hydroxyvitamin D concentrations
� 12 ng/mL to � 90 ng/mL at enrollment.
Following eligibility screening and a 56- to 84-day

placebo run-in period, 2,259 participants were randomly
assigned in a partial 2 � 2 factorial design to receive
vitamin D3 (1000 IU/day), calcium carbonate (1,200 mg
elemental calcium/day), both agents, or placebo only (full
factorial randomization). Women could choose to be
randomly assigned to receive either calcium or calcium
plus vitamin D (two-group randomization). Randomiza-
tion was completed between July 2004 and July 2008. At
enrollment, participants were instructed not to take their
own off-study calcium or vitamin D supplementation.
Participants completed telephonequestionnaires every 6

months regarding adherence to study agents, use (dose and
frequency) of medications and vitamin/mineral supple-
ments, illnesses, hospitalizations, and dietary intake of
calcium and vitamin D (using a targeted, 17-item dietary
screener custom developed by NutritionQuest for this
study). Blood concentrations of 25-hydroxyvitamin D
were measured at baseline and at year 1, as well as at year
3, for participants with a 5-year surveillance cycle, and
shortly before the end of treatment. For all major medical
events, medical records were obtained, and the event was
confirmed by a blinded study physician.
The primary endpointwas at least one adenomadetected

on follow-up colonoscopy approximately either 3 or 5
years after qualifying colonoscopy, depending on the fol-
low-up interval recommended by each participant's endos-
copist. Data collection for the primary endpoint was com-
pleted inOctober 2013. All participants were unblinded to
their study treatment assignment in November 2013, after
treatment phase follow-up was ended study-wide.

Observational follow-up phase. The aim of this post-
treatment observational follow-up phase of the Vitamin
D/Calcium Polyp Prevention Study was to investigate the
effects of the study agents during the colonoscopic surveil-
lance interval after cessation of active supplementation. All
participantswere invited to participate in the observational
phase, and those who agreed provided written informed
consent. Only participants who had a complete colonos-
copy at the end of the treatment phase were included in
this analysis. Participants were followed in the observa-
tional period for an additional colonoscopic surveillance
cycle, the length of which was determined by their own
physicians. Participants completed yearly telephone ques-
tionnaires that included use of medications and vitamin/
mineral supplements and dietary intake of calcium and
vitamin D, which were used to calculate daily average use
and intake over the observational time period. We includ-
ed outcomes identified during all procedures through the
first colonoscopy at least 3 years after the end-of-treatment
colonoscopy. If the surveillance colonoscopy was incom-
plete (e.g., inadequate bowel preparation) or there was a
very short follow-up interval (i.e., < 6 months) to the next
colonoscopy (e.g., for retreatment of a polyp), the results of
the later colonoscopy were also included. Observational
follow-up ended for all participants in June 2016 due to
discontinuation of study funding. For each colonoscopy,
we obtained copies of the endoscopy and pathology
reports. One study pathologist reviewed slides of each
colon lesion removed to provide uniform review.
The primary endpoint for the current analysis was the

occurrence of new adenomas in the interval between the
colonoscopy at the end of study treatment and the colo-
noscopy at the end of observational follow-up. Secondary
outcomes were the occurrence of advanced adenomas
(defined as those with cancer, high-grade dysplasia, more
than 25% villous features, or an estimated diameter of at
least 1 cm as assessed by the endoscopist), and high-risk
findings (any advanced adenoma and/or >2 adenomas).
We also examined adenoma location. Proximal adenomas
were defined as those occurring proximal to the splenic
flexure and distal adenomas were defined as those occur-
ring in, or distal to, the splenic flexure. Participants with at
least one proximal and at least one distal adenoma were
considered to have both a proximal and a distal adenoma
in our analysis.

Statistical analysis
We used contingency tables and standard c2 tests to

compare the risk of having one or more adenomas at an
observational follow-up surveillance colonoscopy accord-
ing to randomized assignment to vitamin D versus no
vitamin D, calcium versus no calcium, and calcium plus
vitamin D versus calcium alone. Adjusted risk ratios
(termed "relative risk" throughout the paper) and 95%
confidence intervals were estimated using a Poisson log-
linear model with adjustment for under/overdispersion.
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The models included relevant patient characteristics (age,
sex, number of baseline adenomas) and variables used in
the randomization stratification (clinical center, two-
group versus full factorial randomization, and treatment
phase surveillance interval specified at baseline; 3 vs. 5
year). When data were sparse, we grouped clinical centers
geographically into southeast (Georgia, North Carolina,
South Carolina, and Puerto Rico), north (Ohio, New
Hampshire, Iowa, and Minnesota), and west (Colorado,
Texas, and California).
We performed subgroup analyses to compare potential

delayed effects of vitamin D and calcium according to
baseline characteristics, including sex, body mass index
(BMI in kg/m2: normal <25, overweight 25–29.9, obese
�30), and alcohol use (0, 0.1–1, >1/day); and end-of-
treatment characteristics, including cigarette smoking
(never/former vs. current), serum 25-hydroxyvitamin D
concentrations (below vs. above median of 28.1 ng/mL),
dietary calcium (above or below median of 794 mg/day),
calcium supplementation (<400 mg/day vs. �400 mg/
day), vitamin D supplementation (<400 IU/day vs.
�400 IU/day), nonsteroidal anti-inflammatory drug
(NSAID)/aspirin use (<4 days vs. �4 days/week), and
adenoma at end-of-treatment colonoscopy (no/yes). Anal-
yses of vitamin D versus no vitamin D included all ran-
domized participants; analyses of calcium versus no cal-
cium and of both vitamin D and calcium versus neither
agent were restricted to full factorial participants; analyses
of vitamin D and calcium versus calcium alone excluded
full factorial participants randomized to placebo or vita-
min D alone. Subgroup heterogeneity was tested using the

Wald test by including interaction terms in the regression
models.
Last, we evaluated the occurrence of clinical events (i.e.,

death, myocardial infarction, stroke, cancer, urolithiasis,
and fractures), by treatment assignment, during the obser-
vational follow-up phase and in the treatment and obser-
vational phase together. Observational phase clinical
events occurred between 30 days after exiting the treatment
phase and thefirst colonoscopy at least 3 years after end-of-
treatment colonoscopy or exit from the observational
study.
All statistical tests were two-sided. P values � 0.05 or

95% confidence intervals that excluded 1.0 were consid-
ered statistically significant. Stata 9 software (StataCorp)
and SAS 9.4 were used to perform all analyses.

Results
Of the 2,259 randomized participants, 2,087 had colo-

noscopy information from an end-of-treatment examina-
tion; of these, 1,986 (95.2%) agreed to observational
follow-up. Among these 1,986 eligible participants,
1,121 (56.4%) had a surveillance colonoscopy before the
observational follow-up phase of the study ended, and
were included in analyses (Fig. 1). Participantswhodid not
have a colonoscopy in the observational period (N¼ 865)
tended to have been enrolled later (45% enrolled in the
last 2 years of enrollment versus 23% in the subjects
who had an observational colonoscopy; P < 0.0001). In
addition, those without an observational colonoscopy
were less likely to have adenomas at the end-of-treatment

Randomized
(N = 2,259)

No end-of-treatment phase colonoscopy (N = 172)
Deceased (23) 
Withdrew (37) 
Lost (44)
Early colonoscopy only (15)
No colonoscopy (53)

Had end-of-treatment 
colonoscopy 

(N = 2,087)

No observational outcome data (N = 865)
Deceased (36)
Withdrew (6)
Lost to follow-up (10)
Had alternative test (e.g., FIT; 2)
No colonoscopy (illness/age; 34)
No colonoscopy (personal reason: insurance, too busy, etc.; 18)
Study ended before colonoscopy (753)
Missing pathology (6)Included in Analysis 

(N = 1,121)

Did not enter observational phase (N = 101)
Not consented within 60 days of treatment phase exit (15)
Lost to follow-up (9)
Refused (53)
Unknown reason (24)

Entered observational phase
(N = 1,986)

Figure 1.

Flow diagram for the posttreatment
observational follow-up phase of
the Vitamin D/Calcium Polyp
Prevention Study.
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colonoscopy (38% vs. 47%; P < 0.0001) and therefore had
longer expected surveillance intervals after the end-of-
treatment exam (58months in those without colonoscopy
vs. 51 months for those with an observational colonosco-
py; P < 0.0001). The percentage of participants with and
without an observational colonoscopy did not differ by
treatment group (data not shown).
The study populationwas 64.0%male and 89.4%white,

with a mean age of 58.1 years. The characteristics of the
participants across the four arms of the full factorial ran-
domization were similar, as were the two arms in the two-
group randomization (Table 1). All baseline comparisons
were statistically nonsignificant. Some end-of-treatment
comparisons suggested differences by randomization
assignment (serum 25-hydroxyvitamin D concentrations
for full factorial and for 2 group, and alcohol for 2 group).
Adherence to study treatment was similar across all groups
during the active treatment phase of the study (data not
shown).
The overall mean � SD observational follow-up was

55 � 15 months (range, 6–100); this did not vary sub-
stantially by treatment assignment (P ¼ 0.86; Table 2).
Four hundred twelve participants (37%)hadobservational
phase colonoscopy before participants were unblinded;
this proportion did not differ by treatment group (data not
shown).
Vitamin D and/or calcium supplement use during the

observational phase was similar across all randomized
treatment assignment groups (Table 2). During the
observational phase, very few participants (N ¼ 16)
reported supplemental calcium intake of �1,200 mg/
day. Overall vitamin D supplementation use of �1,000
IU/day was also modest (18.2%), with overall higher use
among the two-group (vitamin D-only) randomization
participants.
The proportions of participants with any adenoma,

advanced adenomas, and high-risk findings during the
observational follow-up were 51.4%, 9.3%, and 19.7%,
respectively. Adjusted relative risks did not differ substan-
tially or statistically significantly by randomized treatment
assignment (Table 3), though there was a nonsignificant
increase in the risk of advanced adenomas among partici-
pants randomized to vitamin D plus calcium in compar-
ison with those given calcium alone. These null effects did
not differ by anatomic site (proximal or distal; Supple-
mentary Table S1).
The results of the subgroup analyses are shown

in Table 4. There were no significant differences in the
posttreatment effect of vitamin D on risk of any adenoma
when comparing participants with baseline serum 25-
hydroxyvitamin D concentrations below the overall medi-
an (RR 0.96; 0.81–1.13) and those with 25-hydroxyvita-
min D concentrations above the overall median (RR 1.14;
0.96–1.34); P for interaction ¼ 0.13; Table 4). For any
adenoma, there was also no evidence of treatment effect

modification by other characteristics measured before the
start of treatment (e.g., sex, BMI, alcohol use) or character-
istics measured at the end-of-treatment (smoking status,
dietary calcium intake, calcium and vitaminD supplement
use, NSAID/aspirin use, or adenoma on colonoscopy).
However, vitamin D appeared to increase the risk of
high-risk findings among participants with NSAID or aspi-
rin use �4 days/week at end-of-treatment (RR 1.42; 1.01–
2.00) comparedwith thosewith less frequent use (RR 0.81;
0.57–1.14; P for interaction ¼ 0.03).
The posttreatment effect of calcium treatment appeared

to be modified by sex, with a trend toward an increase
in the delayed risk of adenomas in women (RR 1.46; 0.95–
2.25), but not in men (RR 0.89; 0.78–1.01); P for interac-
tion¼ 0.01; Table 4). Use of calcium supplements outside
the study seemed to modify the posttreatment calcium
effect: the RR amongparticipants whowere using�400mg
of calcium supplementation at the end of treatment was
2.47 (0.77–7.89), while that among those who were not
was 0.91 (0.81–1.03; P for interaction ¼ 0.02). However,
there was (weaker) evidence of an interaction (P¼ 0.10) in
the opposite direction for dietary calcium intake and
advanced adenomas (Table 4). In the calcium treatment
group, there was a marginally significant interaction with
vitamin D supplementation for advanced and high-risk
findings (P for interaction ¼ 0.04 and 0.05, respectively).
The effect of calcium was not modified by BMI.
Overall, there were no substantial or statistically signif-

icant differences in the occurrence of adverse events across
treatment assignment groups during the observational
phase or overall (combined treatment and observational
follow-up phases; Table 5).

Discussion
In this observational follow-up of the randomized

Vitamin D/Calcium Polyp Prevention Study, neither
1,000 IU of vitamin D3 nor 1,200 mg of calcium, taken
daily alone or in combination for 3 or 5 years during the
active treatment phase, were associated with risk of
new colorectal adenomas during a mean of 4.6 years
of additional posttreatment observational follow-up.
This was true even among participants with serum 25-
hydroxyvitamin D concentrations and dietary calcium
intake below the median at the end-of-treatment.
Our findings in relation to risk of high-risk findings
were also null. Overall, there was also no posttreatment
effect of vitamin D or calcium on the risk of adenomas
within participant subgroups. Although there were some
nominally statistically significant interactions, because
of the number of subgroups examined, these are likely
due to chance. Although in the randomized active treat-
ment phase of the study, BMI appeared to modify
the effects of calcium on adenoma risk, such that the
lower the BMI, the greater the protection with calcium
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supplementation (15, 19), there was no evidence for
continued benefit of calcium treatment in participants
with a low BMI during observational follow-up.
In our previous randomized trial of calcium (the Calci-

um Poly Prevention Study), recurrent adenoma risks
among participants treated with 1,200 mg of elemental

calcium relative to those on placebo was reduced (RR 0.85;
0.74–0.98),4 and the effect appeared to be more pro-
nounced for advanced adenomas (RR 0.65; 0.46–0.93;
ref. 17). Another, smaller randomized trial found amodest
but statistically nonsignificant reduction in recurrent ade-
nomaswith treatment with 2,000mg of elemental calcium

Table 2. Follow-up data on participants with posttreatment observational follow-up phase adenoma outcome data (N ¼ 1,121)

Full factorial randomization Two-group randomization

Placebo
(N ¼ 210)

Calcium
(N ¼ 215)

Vitamin D
(N ¼ 213)

Vitamin D þ
calcium
(N ¼ 224)

Calcium þ
placebo
(N ¼ 132)

Calcium þ
vitamin D
(N ¼ 127)

Characteristic N (%) N (%) N (%) N (%) P N (%) N (%) P

Total months in observational phase,
mean � SD

55.3 � 15.8 53.7 � 15.7 54.9 � 15.4 54.2 � 14.8 0.72 55.5 � 15.0 54.9 � 13.7 0.74

Dietary calcium during observational
follow-up phasea

0.92 0.72

0–699 mg/day 15 (7.2) 17 (7.9) 20 (9.4) 20 (9.0) 69 (52.3) 61 (48.0)
700–799 mg/day 68 (32.5) 67 (31.2) 69 (32.4) 71 (32.0) 33 (25.0) 40 (31.5)
800–899 mg/day 67 (32.1) 72 (33.5) 77 (36.2) 69 (31.1) 22 (16.7) 19 (15.0)
900þ mg/day 59 (28.2) 59 (27.4) 47 (22.1) 62 (27.9) 8 (6.1) 7 (5.5)
Missing 1 0 0 2 0 0

Calcium supplemental use during
observational follow-up phase

0.58 0.67

0 mg/day 146 (71.9) 155 (75.2) 158 (76.3) 163 (74.4) 40 (33.3) 35 (28.5)
1–399 mg/day 40 (19.7) 32 (15.5) 26 (12.6) 33 (15.1) 26 (21.7) 33 (26.8)
400–1,199 mg/day 15 (7.4) 17 (8.3) 23 (11.1) 21 (9.6) 50 (41.7) 49 (39.8)
1,200þ mg/day 2 (1.0) 2 (1.0) 0 (0.0) 2 (0.9) 4 (3.3) 6 (4.9)
Missing 7 9 6 5 12 4

Dietary vitamin D during observational
follow-up phasea

0.17 0.52

0–19.9 IU/day 30 (14.4) 39 (18.1) 53 (24.9) 51 (23.0) 44 (33.3) 37 (29.1)
20–49.9 IU/day 62 (29.7) 55 (25.6) 55 (25.8) 47 (21.2) 25 (18.9) 34 (26.8)
50–99.9 IU/day 56 (26.8) 50 (23.3) 49 (23.0) 56 (25.2) 28 (21.2) 25 (19.7)
100þ IU/day 61 (29.2) 71 (33.0) 56 (26.3) 68 (30.6) 35 (26.5) 31 (24.4)
Missing 1 0 0 2 0 0

Vitamin D supplement use during
observational follow-up phase

0.99 0.36

0–399 IU/day 139 (68.8) 144 (69.6) 137 (68.8) 144 (67.0) 54 (44.6) 48 (40.7)
400–999 IU/day 36 (17.8) 32 (15.5) 33 (16.6) 37 (17.2) 28 (23.1) 37 (31.4)
1000þ IU/day 27 (13.4) 31 (15.0) 29 (14.6) 34 (15.8) 39 (32.2) 33 (28.0)
Missing 8 8 14 9 11 9

aAssessed as the average of the annual dietary screener estimate.

Table 3. Association of treatment assignment with recurrent colorectal adenoma risk in the posttreatment observational follow-up phase (N ¼ 1,121)

Any adenoma Advanced adenoma High-risk findingsa

Treatment
assignment

No. of patients/
total No. (%)

Adjusted relative
risk (95% CI)b

No. of patients/
total No. (%)

Adjusted relative
risk (95% CI)b

No. of patients/
total No. (%)

Adjusted relative
risk (95% CI)b

Total N 569/1,108 (51.4) 104/1,113 (9.3) 216/1,096 (19.7)
Vitamin D vs. no vitamin D
No vitamin D 275/552 (49.8) Ref 45/552 (8.2) Ref 103/545 (18.9) Ref
Vitamin D 294/556 (52.9) 1.04 (0.93–1.17) 59/561 (10.5) 1.30 (0.89–1.88) 113/551 (20.5) 1.05 (0.83–1.34)

Calcium vs. no calcium
No calcium 238/421 (56.5) Ref 40/421 (9.5) Ref 87/413 (21.1) Ref
Calcium 231/429 (53.9) 0.95 (0.84–1.08) 45/433 (10.4) 1.07 (0.71–1.61) 91/425 (21.4) 1.01 (0.77–1.31)

Calcium plus vitamin D vs. calcium
Calcium 158/342 (46.2) Ref 25/344 (7.3) Ref 60/340 (17.7) Ref
Calcium plus vitamin D 173/345 (50.1) 1.07 (0.91–1.25) 39/348 (11.2) 1.55 (0.97–2.49) 69/343 (20.1) 1.11 (0.81–1.51)

Calcium plus vitamin D vs. neither
Neither 117/210 (55.7) Ref 20/208 (9.6) Ref 43/205 (21.0) Ref
Calcium plus vitamin D 119/219 (54.3) 0.96 (0.81–1.15) 27/221 (12.2) 1.22 (0.69–2.13) 50/217 (23.0) 1.05 (0.72–1.52)

NOTE: Analyses of no vitamin D vs. vitamin D included all randomized participants; analyses of calcium vs. no calcium and of both agents vs. neither agent were
restricted to full factorial participants; analyses of calcium vs. both agents excluded full factorial participants randomized to placebo or vitamin D alone.
aHigh-risk findings include advanced adenomas and/or �2 adenomas.
bAdjusted for age, clinical center, anticipated surveillance interval (3 or 5 years), three-level variable for sex and randomization arm (male, two-arm female, full
factorial female), number of baseline adenomas (0, 1, 2þ).
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(OR 0.66; 0.38–1.17; ref. 5). A small feasibility study by
Chu and colleagues found a reduction in adenoma recur-
rence among those taking 1,800 mg/d of calcium carbon-
ate compared with placebo (odds ratio 0.47; 0.27– 0.84;
ref. 6).
During the treatment phase of the Vitamin D/Calcium

Polyp Prevention Study trial, we saw nonstatistically sig-
nificant findings that suggested that longer calcium or
vitaminD treatment and follow-upmight reduce adenoma
recurrence (15). For example, among participants with an
intended 3-year follow-up, the RRs (95% confidence inter-
vals) for calcium and vitamin Dwere 0.98 (0.84–114) and
1.04 (0.90–1.19), respectively. Among those with an
intended 5-year follow-up, they were 0.90 (0.77–1.05)
and 0.93 (0.80–1.08), respectively. However, the current
results do not support posttreatment delayed effects with
longer follow-up, and differ with those from our previous
calcium trial (4), in which the chemopreventive effect of
1,200 mg calcium per day on risk of any adenoma
appeared to be more pronounced during the 5 years after
active treatment than during the active treatment period
itself (18).
Calcium treatment might alter the colorectal mucosa to

impede the development of new adenomas; however, the
underlying mechanism is unknown. One hypothesis is
that calcium binds and precipitates bile acids and other
free fatty acids in the gut lumen, thus inhibiting mucosal
inflammation and proliferation (20, 21). A second pro-
posed mechanism is a direct effect of calcium through
a calcium-sensing receptor (CaSR) that is expressed on
colonocytes (22, 23). Regardless of potential mechanism,
we did not find a substantive chemopreventive effect of

calcium, vitaminD,or calciumplus vitaminDeither during
active treatment (15) or now in observational follow-up.
Given the small number of adverse events, it is not

surprising that vitamin D and calcium supplementation
was not associated with the development of important
clinical events, including fractures and cardiovascular dis-
eases, during and/or after the active treatment phase of
the randomized trial. However, the current study was
not powered to investigate these events specifically in the
observational follow-up.
Our study has several strengths. Our analysis was based

on randomized treatment, therewas excellent adherence to
study treatment during the treatment phase, and a large
number of participants were still alive and agreed to
participate in the observational phase of the trial. We were
able to assess calcium and vitamin D supplementation
during the posttreatment observational follow-up period
via yearly questionnaires. All histopathologic slides col-
lected from colonoscopies during both the treatment and
observational periods underwent a standardized review.
We acknowledge some study limitations. Dietary assess-

ment of calcium and vitamin Dwere obtained from a brief
survey instrument and may be inexact. Information on
supplement use during the observational period relied
on participant self-report, which has inherent limitations.
There was no uniform interval between the end of active
treatment and the first posttreatment colonoscopy. How-
ever, the timing of follow-up colonoscopy was left
to the discretion of the treating physician, so reflects
real clinical practice conditions. Only 56.4% of eligible
participants in the clinical trial had colonoscopies
during theobservational follow-up period, because many

Table 5. Clinical events, overall and during the posttreatment observational follow-up phase, by randomized treatment assignment (N ¼ 2,259)

Observational phase Overall
No vitamin D Vitamin D No calcium Calcium No vitamin D Vitamin D No calcium Calcium
N ¼ 1,014 N ¼ 1,014 N ¼ 745 N ¼ 760 N ¼ 1,129 N ¼ 1,130 N ¼ 835 N ¼ 840
N (%) N (%) P N (%) N (%) P N (%) N (%) P N (%) N (%) P

Death 21 (2.1) 15 (1.5) 0.31 16 (2.2) 15 (2.0) 0.81 33 (2.9) 30 (2.7) 0.70 28 (3.4) 28 (3.3) 0.98
Myocardial Infarction
with or without
coronary
revascularization

10 (1.0) 8 (0.8) 0.64 6 (0.8) 9 (1.2) 0.46 17 (1.5) 15 (1.3) 0.72 14 (1.7) 11 (1.3) 0.54

Coronary
revascularization
without myocardial
infarction

12 (1.2) 14 (1.4) 0.69 12 (1.6) 12 (1.6) 0.96 23 (2.0) 26 (2.3) 0.67 20 (2.4) 24 (2.9) 0.55

Stroke 9 (0.9) 11 (1.1) 0.65 13 (1.7) 7 (0.9) 0.16 14 (1.2) 20 (1.8) 0.30 18 (2.2) 10 (1.2) 0.12
Transient ischemic
attack

2 (0.2) 4 (0.4) 0.69 1 (0.1) 5 (0.7) 0.22 3 (0.3) 7 (0.6) 0.34 4 (0.5) 5 (0.6) 1.00

Cancer
Any 56 (5.5) 59 (5.8) 0.77 46 (6.2) 45 (5.9) 0.84 112 (9.9) 107 (9.5) 0.72 89 (10.7) 90 (10.7) 0.97
Colorectal 6 (0.6) 3 (0.3) 0.51 3 (0.4) 4 (0.5) 1.00 8 (0.7) 6 (0.5) 0.59 3 (0.4) 6 (0.7) 0.51
Breast 6 (0.6) 6 (0.6) 1.00 2 (0.3) 1 (0.1) 0.62 11 (1.0) 8 (0.7) 0.49 3 (0.4) 4 (0.5) 1.00
Prostate 10 (1.0) 15 (1.5) 0.31 13 (1.7) 12 (1.6) 0.80 36 (3.2) 35 (3.1) 0.90 39 (4.7) 32 (3.8) 0.38
Melanoma 4 (0.4) 6 (0.6) 0.53 5 (0.7) 2 (0.3) 0.28 9 (0.8) 7 (0.6) 0.61 7 (0.8) 5 (0.6) 0.56

Urolithiasis 18 (1.8) 19 (1.9) 0.87 14 (1.9) 16 (2.1) 0.75 44 (3.9) 37 (3.3) 0.43 29 (3.5) 35 (4.2) 0.46
Fracture 52 (5.1) 48 (4.7) 0.68 31 (4.2) 37 (4.9) 0.51 111 (9.8) 101 (8.9) 0.47 72 (8.6) 71 (8.5) 0.90

NOTE: Observational phase events are those that occurred in participants who consented to the observational phase, regardless of the presence of an end-of-
treatment colonoscopy. Data are the numbers of participantswho had one ormore occurrences of an adverse event and their percentage among all participantswho
were randomly assigned to the given group.
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participants had anticipated colonoscopies after the
end of follow-up. However, the participant characteris-
tics among those who did have observational phase
colonoscopies remained balanced across the random-
ized treatment assignment groups. Nonetheless, the lim-
ited number of participants with observational phase
colonoscopies reduced our statistical power to identify
potential associations and for less common outcomes
such as advanced adenomas. The length of observational
follow-up was relatively short, and may still have been
insufficient for detecting potential longer-term effects of
the treatment. Another limitation is that observational
follow-up averaged 55 months and therefore favored the
inclusion of individuals whose prescribed surveillance
interval was shorter (indicating the likely presence of a
lesion at the end of treatment); if a delayed effect takes
longer than this period to develop, we would not have
identified it.
In summary, the results of our study do not support that

supplemental calcium and/or vitamin D3 for 3 to 5 years is
associatedwith risk for recurrent colorectal adenomaover a
mean of 55 months after the end of active preventive
treatment with these agents.
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