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Calcium supplementation (1200 mg/day) did not significantly reduce colorectal adenomas in our
recent randomized, controlled trial (Vitamin D/Calcium Polyp Prevention Study, VCPPS,
2004-2013) in contrast to our previous trial (Calcium Polyp Prevention Study, CPPS, 1988-1996).
To reconcile these findings, we identified participant characteristics that differed between the study
populations and modified the effect of calcium supplementation on adenomas or high-risk findings
(advanced or multiple adenomas). Compared to the CPPS, more participants in the VCPPS were
obese (body mass index (BMI) =30 kg/m?; 37.5% vs. 24.4%) and fewer had normal BMI (BMI
<25 kg/m?; 18.5% vs. 31%). BMI appeared to modify the effect of calcium supplementation on
adenomas and especially on high risk-findings: in the VCPPS, there was a 44% reduction in high-
risk findings among individuals whose BMI was normal (RR=0.56, 95% C1=0.25-1.26), but not
among overweight (RR=1.11, 95% CI=0.63-1.94) or obese (RR=1.52, 95% CI=0.90-2.55)
individuals (Pjnteraction=0.03). Similarly, in the CPPS, there was a 54% reduction in high-risk
findings among individuals whose BMI was normal (RR=0.46, 95% CI1=0.27-0.77), but not among
overweight (RR=0.86, 95% CI=0.54-1.38) or obese (RR=1.00, 95% CI=0.56-1.79) individuals
(Pinteraction=0.03). Standardization of each trial’s findings to the BMI distribution in the other
attenuated calcium’s protective effect on adenomas in the CPPS but enhanced it in the VCPPS. In
conclusion, 1200 mg/day calcium supplementation may reduce risk of colorectal adenomas among
those with normal BMI but not in overweight or obese individuals; and differences in BMI
distribution partially account for the apparent difference in calcium efficacy between the two trials.

Keywords
calcium supplementation; colorectal adenoma; body mass index; clinical trial

INTRODUCTION

Considerable evidence from preclinical and observational studies suggests that calcium
supplementation exerts a protective effect against colorectal neoplasia, both colorectal
cancer and its main precursor lesion, colorectal adenomas 4. We conducted two
randomized, double-blind, placebo-controlled trials of calcium supplementation (1200
mg/day elemental calcium as carbonate) for the prevention of new colorectal adenomas in
individuals with a recent history of adenomas. These studies were conducted 16 years apart
with disparate results. In the Calcium Polyp Prevention Study (CPPS; 1988-1996) calcium
supplementation was associated with relative risk reductions of about 15% for adenomas and
27% for advanced adenomas (those with high-grade dysplasia, >25% villous features, a
diameter 1 cm, or cancer) > 6. However, in the more recent Vitamin D/Calcium Polyp
Prevention Study (VCPPS; 2004-2013), calcium supplementation had no demonstrable
effect: there was a non-significant 5% relative risk reduction for adenomas and a non-
significant 2% relative risk increase for advanced adenomas ’.

In the present work, we explored whether differences in participant characteristics between
the two trials may help to explain the disparate results and clarify who may benefit from
supplementation. The goals of this paper are to: (1) describe differences in participant
characteristics between the two trial populations, (2) investigate the potential for these
characteristics to modify the effect of calcium supplementation on risk of colorectal
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adenomas or high-risk findings and (3) if effect modification is present, to estimate how
much of the discrepancy in the results of the two trials could be explained by differences in
these characteristics.

Study Populations and Designs

The two trials had similar designs, as detailed in our original publications ° 7 and described
briefly below.

CPPS Study Design: Participants were recruited between November 1988 and December
1992 from six academic medical centers and associated clinical practices located in CA, IA,
MN, NC, NH, OH. Eligible patients had at least one colorectal adenoma removed at a
qualifying colonoscopy within three months before recruitment, were in good general health,
and had no familial colorectal cancer syndromes or indications/contraindications for the
study agents.

At enrollment, participants completed questionnaires regarding demographics, medical
history, medications, lifestyle habits, and diet and were asked to forgo use of calcium
supplements or multivitamins containing calcium while on study treatment. Diet and alcohol
intake were assessed using the semi-quantitative Block 1998 Food Frequency Questionnaire
(110 food items) (https://nutritionquest.com/). Enrollment was followed by an
approximately 3 month blinded run-in period designed to identify and exclude participants
who took less than 80% of their run-in pills. At randomization, participants were assigned
with equal probability to either placebo or calcium carbonate (1200 mg/day elemental
calcium). Identical appearing study tablets containing placebo or study agents were to be
taken twice a day. After randomization, interval questionnaires were administered every six
months regarding participant adherence to study treatment, illnesses, and medication and
supplement use. Study treatment ended in December 1996. Baseline serum 25-
hydroxyvitamin D concentrations were measured in 2001 on stored specimens obtained at
time of enrollment using a competitive protein binding radioimmunoassay kit from Nichols
Institute Diagnostics that used the vitamin D binding protein as the binding agent and 3H-
labeled 25-hydroxyvitamin D as the reporter &,

VCPPS study design: The design of the VCPPS was as described above for the CPPS, with
the following differences. Recruitment was between July 2004 and July 2008 and, in
addition to the centers in the CPPS, five more centers located in CO, GA, PR, SC, and TX
were included. Diet and alcohol intake were assessed using the semi-quantitative Block
Brief 2000 Food Frequency Questionnaire (with a reduced food list of about 70 items)
(https://nutritionquest.com/). In a partial factorial design, participants were randomly
assigned with equal probability to placebo, calcium carbonate (1200 mg/day elemental
calcium), vitamin D3 (1000 1U/day) or calcium + vitamin D (full factorial randomization).
However, women who wanted calcium supplementation could elect to be randomly assigned
to either calcium or calcium + vitamin D (two-group randomization). Study treatment ended
in July 2013. Baseline 25-hydroxyvitamin D concentrations were measured between 2004—
2008 using a competitive protein binding radioimmunoassay kit from Immunodiagnostic
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Systems that used an antibody to 25-hydroxyvitamin D as the binding agent and 1251-labeled
25-hydroxyvitamin D as the reporter 7.

In both studies, all participants provided written informed consent, and institutional review
board approval was obtained at the Dartmouth Project Coordination Center and each
participating clinical center.

Treatment Duration and Outcome Assessment

In the CPPS, participants were scheduled to undergo two follow-up colonoscopies: one and
four years after the qualifying exam, with treatment ending at the time of the four year
follow-up exam. In the original trial analysis, the period after the first exam up to and
including the second exam was considered the main risk period °. In the current analyses,
adenoma outcomes for CPPS were assessed from randomization up to and including their
year four follow-up exam to more closely resemble the study design used in the VCPPS (see
below). All randomized participants with outcome data were included in the present
analyses.

In the VCPPS, participants were scheduled to undergo a single follow-up colonoscopy either
three or five years after the qualifying exam as recommended by the treating endoscopists,
with treatment ending at the time of that follow-up exam. Adenoma outcomes in the VCPPS
were assessed from randomization up to and including the year three or five follow-up exam.
The primary analyses performed here included only full factorial participants randomized to
placebo or to calcium alone, in order to exclude potential effects of vitamin D3
supplementation. In sensitivity analyses, all full factorial participants were included.
However, women in the two-group randomization (who elected to receive calcium rather
than being randomized to calcium treatment) were excluded from all analyses.

The same blinded study pathologist assessed adenoma outcomes in both trials. Advanced
adenomas were defined as those with cancer, high-grade dysplasia, more than 25% villous
features, or an estimated diameter of at least 1 cm. For statistical analyses, two outcomes
were assessed: 1) adenomas, defined as the occurrence during follow-up of one or more
adenoma of any type; and 2) high-risk findings, defined as the occurrence during follow-up
of one or more advanced adenoma or of multiple small tubular adenomas (3 or more), which
are both strong predictors of future risk for advanced colorectal neoplasia and cancer °.

Statistical Analyses

We used multivariable generalized linear models for binary data to estimate adjusted risk
ratios, risk differences, and confidence intervals for the occurrence of either: 1) adenomas or
2) high-risk findings (as defined above). Due to sample size limitations in sub-group
analyses designed to assess effect measure modification, we used minimal adjustment for a
set of pre-specified co-variates [age (continuous), sex (male or female), and race/ethnicity
(self-reported non-Hispanic white or other)] reduced from those included in the original
analyses of the treatment effects published previously >7).

For common factors that differed in prevalence between the two study populations and could
be reliably compared, post-hoc subgroup analyses were conducted to examine whether they
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modified the effect of calcium supplementation: age, sex, race/ethnicity, smoking status,
BMI, alcohol use, baseline high-risk findings, and use of aspirin or non-steroidal anti-
inflammatory drugs (NSAIDs) during follow-up. Effect measure modification was assessed
with the use of Wald tests or likelihood ratio tests (race/ethnicity or smoking) and
multiplicative or additive interaction terms. For continuous variables (age, BMI, alcohal),
trends were assessed over categories, using the median value of each category to calculate
the p-value for interaction.

Participant characteristics (potential effect measure modifiers) that might partially explain
the difference in overall treatment effect between trials were selected as those that had
statistically significant interaction terms with the treatment variable (calcium vs. placebo) in
both trials. Variables meeting this criterion were further assessed using interaction
analyses'0 with additional adjustment for potential confounders of their association with
adenoma outcomes as well as using standardization methods (see below) to compare results
across the two studies. To standardize the participant population in the CPPS or the VCPPS
trial to the distribution of observed effect measure modifier in the other trial, we used inverse
odds of sampling weights 11, Briefly, inverse odds of sampling weights use a form of model-
based standardization 12 to transport the effects of an intervention in a given study
population (in this case, the effects of calcium supplementation on adenoma risk in one of
the two trials) to another target population (here, the other trial). These methods have been
applied to a variety of randomized clinical trials when seeking to generalize or transport
treatment effects to other target populations of interest 12-14,

All analyses were conducted according to the intent-to-treat principle regardless of
participant adherence. Two-sided P values of <0.05 were considered to indicate statistical
significance. The significance levels were not adjusted for multiple testing because tests for
interaction are generally underpowered and this is an exploratory hypothesis-generating
analysis. Analyses were conducted with STATA software, version 12 (StataCorp) and SAS,
version 9.4.

Flow diagrams for participants from both studies that were included in the present analyses
are shown in Figure 1. Among 930 randomized participants in the CPPS, 882 (95%) had
data available for the outcome of adenomas and 856 (92%) for the outcome of high-risk
findings (Figure 1). Among the subset of 834 participants randomized to placebo or calcium
alone in the VCPPS, 761 (91%) had data available for the outcome of one or more adenomas
and 751 (90%) for the outcome of high-risk findings (Figure 1).

Selected baseline characteristics of the participants analyzed from the two trials are
compared in Table 1. Participants in the VCPPS were, on average, three years younger (58
vs. 61 years old), and more likely to be male (85.3 vs. 72.3%). The overall racial and ethnic
make-up of participants in the two trial populations was broadly similar, with 84-85% being
non-Hispanic whites; however, there were slightly more Hispanics in the VCPPS than in the
CPPS (5.1 vs 2.9%). Participants in the VCPPS were less likely to be current smokers (8.2
vs. 19.3%) and more likely to have >1 alcoholic drink per day (30.3 vs 19.2%). BMI was 1.8
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kg/m?2 higher on average among participants in the VCPPS than in the CPPS (29.2 vs. 27.4
kg/mZ2, P<0.001), such that participants in the VCPPS were more likely to be obese (BMI
>30 kg/m?, 37.5 vs. 24.4%) and less likely to have normal BMI (BMI <25 kg/m?, 18.5 vs
31%). Also, participants in the VCPPS were less likely to have high-risk adenoma findings
at their baseline colonoscopy (28.1 vs. 45.7%). Although baseline serum 25-hydroxyvitamin
D concentrations were assessed in both studies, the values could not be directly compared
since different methods were used for the measurements.

Participant characteristics related to study participation, including length of follow-up on
treatment, adherence to pill-taking and avoidance of personal calcium supplementation were
generally similar in the two trials. The median (£ standard deviation) follow-up time was
43.9 (+ 10.4) months in the CPPS and 42.8 (+ 13.1) months in the VCPPS, although the
distribution was bi-modal in the VCPPS, reflecting the endoscopists’ recommendations for
follow-up (Supplement Figure 1). In the CPPS, 75.7% of participants reported taking >80%
of their study pills in their last year of treatment, compared with 72.3% of participants in the
VCPPS. Avoidance of personal calcium supplementation was excellent in both trials: only 4
participants in the CPPS and 7 in the VCPPS reported taking >400 mg/day calcium in the
last year of treatment. Frequent use of aspirin or other non-steroidal anti-inflammatory drugs
(NSAIDs) during study participation was much higher among VCPPS participants than
among CPPS participants (55.0 vs. 17.9% and 47.8 vs. 11.5%, respectively; Table 1).

In the current analysis (adjusted for age, sex and race/ethnicity), calcium supplementation
reduced the risk of adenomas and high-risk findings in the CPPS but not in the VCPPS,
consistent with our prior published results >7. In the CPPS, calcium supplementation was
associated with borderline statistically significant risk reductions of 13% for adenomas
(RR=0.87, 95% CI=0.76-1.00) and 27% for high-risk findings (RR=0.73 95% C1=0.55—
0.97). In the VCPPS, calcium supplementation was not associated with statistically
significant risk reductions for adenomas (RR=0.94, 95% CI1=0.81-1.10) or high-risk findings
(RR=1.12, 95% CI=0.81-1.56).

We next assessed whether the participant characteristics included in Table 1 modified the
effect of calcium supplementation on adenomas (Table 2) or high-risk findings (Table 3) in
the two trials. The most notable findings were for BMI, which modified the effect of calcium
supplementation such that the preventive effect on adenoma outcomes disappeared and
became potentially harmful as BMI increased. Specifically, in the VCPPS, calcium
supplementation was associated with a statistically significant 46% risk reduction for
adenomas among individuals with normal BMI (RR=0.54, 95% CI=0.36—-0.80), but not
among those who were overweight (RR=0.95, 95% 0.74-1.21) or obese (RR=1.22, 95%
Cl1=0.96-1.55) (Pinteraction=0-001) (Table 2). Similarly, in the VCPPS, calcium
supplementation was associated with a non-significant 44% risk reduction for high-risk
findings among individuals with normal BMI (RR=0.56, 95% CI=0.26-1.23), but not among
those who were overweight (RR=1.091, 95% CI=0.62-1.91) or obese (RR=1.55, 95%
Cl1=0.92-2.57) (Pinteraction=0.03) (Table 3). Similar trends were seen when full factorial
VCPPS participants assigned to vitamin D treatment were included in the analyses
(Supplement Table 1).
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In the CPPS, there were similar trends in effect measure modification by BMI for adenomas,
though this was not statistically significant (Pinteraction=0-29). Specifically, calcium
supplementation was associated with a borderline statistically significant 21% risk reduction
among individuals with normal BMI (RR=0.79, 95% C1=0.63-1.00), but not among those
who were overweight (RR=0.90, 95% CI=0.72-1.12) or obese (RR=0.93, 95% CI1=0.69-
1.26) (Table 2). For high-risk findings, in the CPPS, calcium supplementation was
associated with a statistically significant 56% risk reduction among individuals with normal
BMI (RR=0.44, 95% CI1=0.26-0.74), but not among those who were overweight (RR=0.87,
95% CI1=0.55-1.39) or obese (RR=1.02, 95% C1=0.57-1.82) (Pinteraction=0.02) (Table 3). In
both trials, controlling for smoking status and baseline blood 25-hydroxyvitamin D
concentrations, which are negatively correlated with BMI (not shown), did not appreciably
change the results in the analysis of the causal interaction of BMI with calcium
supplementation (Table 4).

There was little evidence that other participant characteristics modified the effect of calcium
supplementation on adenomas (Table 2) or high-risk findings (Table 3). Age, sex, race/
ethnicity, smoking, baseline high-risk findings, and frequent aspirin use during study
participation did not modify the effect of calcium supplementation on either outcome in
either study (Pinteraction > 0.05). There was inconsistent evidence for effect modification by
alcohol use and frequent non-aspirin NSAID use during the study. Increasing alcohol use
was associated with a greater adenoma risk reduction from calcium supplementation in the
CPPS (Pjnteraction=0.03, Table 2) but not the VCPPS (Pinteraction=0.72, Table 2), and no effect
modification was seen for high-risk findings in either trial (Table 3). Non-aspirin NSAID use
was associated with a greater risk reduction for high-risk findings from calcium
supplementation in the CPPS (Pjnteraction=0.04, Table 2) but not in the VCPPS
(Pinteraction=0.80, Table2) and no effect modification was seen for adenoma risk in either
study (Table 2).

Finally, to estimate how much of the discrepancy in the results for calcium supplementation
between the two trials could be explained by the difference in BMI distributions of the trial
participants, we standardized the findings from the CPPS trial to the BMI distribution of the
VCPPS and, alternatively, standardized the findings from the VCPPS to the BMI distribution
of the CPPS (Table 5). After standardization of the CPPS findings to the higher BMI
distribution of the VCPPS, the protective effects of calcium supplementation were
attenuated: 1) there was a standardized relative risk reduction of 11% for adenoma risk
(RR=0.89, 95% CI1=0.77-1.03) compared to a 13% unstandardized relative risk reduction
(RR=0.87, 95% CI = 0.76-1.00); 2) there was a standardized relative risk reduction of 19%
for high-risk findings (RR=0.81, 95% CI1=0.60-1.08) compared to a 28% unstandardized
relative risk reduction (RR=0.72, 95% CI = 0.54-0.96). Conversely, after standardization of
the VCPPS to the lower BMI distribution of the CPPS, the protective effect of calcium
supplementation on adenomas was enhanced and the deleterious effect on high-risk findings
was eliminated: 1) there was a standardized relative risk reduction of 14% for adenoma risk
(RR=0.86, 95% CI1=0.73-1.00) compared to a 5% unstandardized relative risk reduction
(RR=0.95, 95% CI = 0.81-1.10); 2) there was a standardized relative risk reduction of 3%
for high-risk findings (RR=0.97, 95% C1=0.70-1.35) compared to a 12% unstandardized
relative risk increase (RR=1.12, 95% CI = 0.81-1.56).
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DISCUSSION

BMI was 1.8 kg/m? higher, on average, among participants in our recent trial (VCPPS)
compared to our prior trial conducted about 16 years earlier (CPPS), consistent with the
overall trend in rising obesity rates in the United States 1°. In both trials, BMI appeared to
modify the effect of calcium supplementation on adenoma findings. Specifically, among
those with normal BMI, calcium supplementation was associated with risk reductions of
21% and 46% for any adenoma and 56% and 44% for high-risk findings, in the CPPS and
VCCP trials, respectively; but appeared to be largely ineffective, or to even increase risk,
among individuals who were overweight or obese. Further, after standardization of the CPPS
findings to the higher BMI distribution of the VCPPS, the overall protective effects of
calcium supplementation on adenoma outcomes were attenuated. Conversely, after
standardization of the VCPPS to the lower BMI distribution of the CPPS, the overall
protective effect of calcium supplementation on any adenoma was enhanced and the
deleterious effect on high-risk findings was eliminated. Thus, the higher BMI of participants
in the VCPPS seems to partially explain why calcium supplementation was not effective at
reducing overall colorectal adenoma risk in that study. Obesity is known to be associated
with lower circulating 25-hydroxyvitamin D concentrations, possibly because of volumetric
dilution, fat sequestration, or metabolic effects 1618, However, BMI modified the effect of
calcium supplementation in our trials independently of serum 25-hydroxyvitamin D
concentrations, indicating that effect modification by BMI is not due to confounding by 25-
hydroxyvitamin D concentrations.

A recent meta-analysis of observational studies found an approximately linear decrease in
adenoma risk with increasing total or supplemental calcium intake that was greater in
magnitude for high-risk adenomas 3. Results of similar magnitude were observed in a meta-
analysis of randomized controlled trials of calcium supplementation for the prevention of
colorectal adenomas, which included our CPPS 19, Among observational studies of adenoma
risk, we found only one small cross-sectional study that reported results for effect
modification by BMI 20. In agreement with the direction of our findings, higher total
calcium intake was associated with a reduction in adenoma risk among individuals with
BMI < 30 kg/m? but not among those with BMI = 30 kg/m? (Pjnteraction=0-24)%°. Several
large prospective observational studies of adenomas (e.g., 21-23) and colorectal cancer (e.g.,
24, 25) did not report results for this interaction, but in light of our findings this would be
worth exploring. However, in two recent studies there were weak suggestions of effect
measure modification in the opposite direction to what we found. First, in a combined
analysis of results from the Nurses’ Health Study and the Health Professionals Follow-up
Study;, total calcium intake appeared to be associated with the largest decrease in risk of
distal colon cancer among those individuals with the highest BM (>30 kg/m?2), but effect
modification by BMI was not statistically significant (Pinteraction=0.15) 2%. Second,
motivated by our findings 7, Keum et al. re-examined meta-analytical data on the inverse
associations of calcium intake with adenomas and CRC from prospective observational
studies 27. In this work, when studies were classified based on the average BMI of the study
populations into two groups (BMI < 25 kg/m? and BMI > 25 kg/m?), no significant evidence
of heterogeneity by population BMI was found 27. When colon and rectal cancer were
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examined separately, the benefit of calcium appeared to be confined to studies with
populations with higher average BMI (= 25 kg/m?2) at both sites, in apparent contradiction to
our results, although the heterogeneity in the findings by population BMI was not
statistically significant 27. An important limitation of this work was the analysis of
population average BMIs instead of participant-level BMI data 27. The reason(s) why the
findings from these analyses of observational data differ from ours are unclear but could be
related to confounding of calcium intake or imprecision in the measurement of BMI or
calcium intake in the meta-analyses. Importantly, our studies utilized randomized
assignments to a clearly defined calcium supplement (calcium carbonate, providing 1200
mg/day elemental calcium).

Two major mechanisms have been proposed for the protective effects of calcium against the
development of colorectal neoplasia. First, calcium may bind secondary bile acids and fatty
acids in the lumen of the colorectum, forming insoluble calcium salts that are excreted
thereby reducing the carcinogenic effects of these bile acids on colonic epithelial cells 28-32,
Second, calcium may bind apical membrane calcium-sensing receptors on colorectal
enterocytes activating intracellular calcium signaling pathways that restrain proliferation and
promote differentiation and apoptosis 33-37. It is possible that obesity could impact either or
both of these mechanisms to modify the effect of calcium supplementation, or that other
pathways may be involved. The association of obesity with increased colorectal
carcinogenesis is well established and proposed mechanisms involve alterations in insulin/
insulin-like growth factor, adipokines, signaling lipids, inflammatory cytokines and sex
hormones 3843, Interestingly, calcium intake and the calcium-sensing receptor have been
implicated in the regulation of body weight, potentially involving decreased appetite,
modulation of lipid metabolism in adipocytes, and increased fecal fat excretion 44 45, Given
increasing recognition of the role of bile acids as metabolic regulators 46: 47, their influence
on the colorectum 32, and the interaction of obesity with the microbiome 48 (with the
potential to influence the formation of secondary bile acids), we speculate that these
interrelated pathways may be important for modifying the effect of calcium
supplementation. Nonetheless, the specific mechanism(s) involved in the putative interaction
between calcium and obesity in relation to colorectal carcinogenesis is/are unknown.

In addition to our BMI findings, there were suggestions that two other participant
characteristics may also modify the effect of calcium supplementation on risk of colorectal
adenomas, including NSAID use (as previously reported 49), and alcohol consumption.
However, these suggestive findings were limited to the CPPS, where these interactions were
found, and were in the opposite direction as would be needed to help explain the reduced
effect of calcium supplementation in the VCPPS. Specifically, NSAID use and alcohol
consumption were higher among participants in the VCPPS than in the CPPS but were
associated with greater protective effects in the CPPS. Thus, these may be chance findings.

Although the study designs were almost identical, some of the differences in findings
between the two studies may be partially explained by changes as a result of conducting the
two studies 16 years apart, but only if the changes differentially impact the findings in the
calcium vs placebo treatment groups. For example, increased use of high definition
colonoscopes during the more recent VCPPS could have increased the detection of smaller
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adenomas in that study. This might contribute to an apparent reduction in calcium’s efficacy
in the later trial if it acts primarily to reduce adenoma progression as opposed to initiation.

A major strength of our analysis is that we compared results from two clinical trials with
randomized assignment to the same calcium intervention, thereby minimizing the potential
for confounding and bias associated with observational analyses of self-reported calcium
intake. Moreover, both trials were conducted by the Polyp Prevention Study Group
consortium with similar procedures and target populations. The median treatment length was
similar between the two trials (43-44 months), but the individual follow-up colonoscopy
intervals differed (4 years in the CPPS vs. either 3 or 5 years in the VCPPS). Calcium
supplementation appeared to be slightly more protective with the longer (5 year) follow-up
in the VCPPS but the difference was not statistically significant ’. Also, we have
measurements of baseline 25-hydroxyvitamin D concentrations within each study, which
was used to rule out confounding in the assessment of the interaction of BMI with calcium
supplementation.

There were also some limitations to the present analysis. There was likely some
measurement error in the estimation of BMI, particularly in the earlier study: although,
measurement of height and weight at enrollment was preferred, the actual source of these
measurements was not captured in the CPPS, while in the VCPPS they were measured in
about 75% of participants and self-reported by the rest. However, if self-reports tend to
underreport BMI, then this would be expected to bias our results (for the interaction of BMI
with calcium supplementation) towards the null. Additionally, there may be other
unmeasured differences between the two study populations that would further explain the
risk differences observed, such as a measure of central obesity (waist-to-hip ratio), which is
more strongly related to colorectal cancer risk than is BMI %0, We had limited power to
measure interactions because of sample size restrictions and did not adjust for multiple
comparisons, so our analyses should be considered exploratory. Finally, this work was
limited to analyses of adenoma endpoints and did not assess effects on serrated polyps.

In conclusion, the higher BMI of participants in our more recent VCPPS trial, than in our
CPPS trial conducted 16 years earlier, may have contributed to the lack of an overall
protective effect of calcium supplementation on risk of colorectal adenomas observed in the
later trial. Further, although additional clinical and mechanistic studies are warranted, our
findings suggest that normal weight individuals may benefit from supplementation with
1200 mg/day of calcium carbonate for the prevention of colorectal adenomas, while
overweight and obese individuals may not.
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Refer to Web version on PubMed Central for supplementary material.
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Novelty and Impact Statement:

Calcium supplementation was ineffective against colorectal adenomas in a recent
randomized trial in contrast to a similar trial that the authors conducted previously. Here,
they examined participant characteristics that may help explain this discrepancy. They
found that body mass index (BMI) was higher among participants in the more recent trial,
and that calcium supplementation was less effective among individuals with higher BMI,
which appears to partially explain why calcium was ineffective in the later trial.
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Vitamin D/Calcium Polyp Prevention Study (VCPPS, 2004-2013):

Calcium Polyp Prevention Study (CPPS, 1988-1996):
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Selected Characteristics of Randomized Participants, by Study
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CPPS (N=930) VCPPS (N=834) Pl
Placebo (N=466) Calcium (N=464) PlaceboN=415 Calcium N=419
Baseline Characteristics
Age, Mean (SD) 61 (9.1) 61 (9.1) 58 (7.0) 59 (7.0) <0.0001
Male, N (%) 327 (70.2) 345 (74.4) 355 (85.5) 356 (85.0) <0.0001
Race/ethnicity, N (%) 0.12
White, Non-Hispanic 405 (86.9) 386 (83.2) 352 (84.8) 347 (83.2)
Black, Non-Hispanic 34 (7.3) 41 (8.8) 27 (6.5) 32(7.7)
Hispanic 14 (3.0) 13 (2.8) 19 (4.6) 23 (5.5)
Other 13(2.8) 24 (5.2) 17 (4.1) 15 (3.6)
Smoking, N (%) <0.0001
Never 157 (33.7) 152 (32.8) 187 (45.1) 212 (50.6)
Former 224 (48.1) 218 (47.0) 193 (46.5) 174 (41.5)
Current 85 (18.2) 94 (20.3) 35(8.4) 33(7.9)
BMI, N (%) <0.0001
< 25 (normal) 153 (32.9) 135 (29.2) 80 (19.3) 74 (17.7)
25-<30 (overweight) 213 (45.8) 201 (43.4) 187 (45.2) 180 (43.0)
230 (obese) 99 (21.3) 127 (27.4) 147 (35.5) 165 (39.4)
Alcohol Use, N (%) <0.0001
None 156 (34.3) 153 (33.9) 117 (30.1) 117 (30.2)
>0-<1 drinks/day 209 (45.9) 214 (47.5) 148 (38.1) 159 (41.1)
>1 drink/day 90 (19.8) 84 (18.6) 124 (31.9) 111 (28.7)
High-Risk Findingsz, N (%) 213 (45.7) 212 (45.7) 104 (26.0) 120 (30.2) <0.0001
Follow-up Characteristics
Frequent Aspirin Useg, N (%) 93(20.2) 71 (15.5) 224 (54.6) 230 (55.4) <0.0001
Frequent Non-Aspirin NSAID Use‘?, N (%) 42 (9.1) 64 (14.0) 190 (46.3) 204 (49.2) <0.0001

mass index in kg/mz; NSAID, non-steroidal anti-inflammatory drug.

Int J Cancer. Author manuscript; available in PMC 2020 February 01.

Abbreviations: CPPS, Calcium Polyp Prevention Study; VCPPS, Vitamin D/Calcium Polyp Prevention Study; SD, standard deviation; BMI, body

1 . . - .
P values for comparisons between the CPPS and the VCPPS; two-sample t tests for continuous variables and Pearson’s chi-squared tests for
categorical variables.

2High-risk findings at baseline colonoscopy refers to >1advanced adenoma or =3 adenomas of any type. Advanced adenomas are those with cancer,
high-grade dysplasia, > 25% villous features, or diameter =1 cm. In the CPPS lost pathology was not recorded at baseline, so participants who had
lost pathology may have been misclassified as having no high-risk findings.
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Use reported on >50% of the participant’s interval questionnaires. In the CPPS participants were asked what prescription and over-the-counter
drugs they were currently taking; aspirin and NSAID containing products were pulled from those drugs reported. In the VCPPS participants were
specifically asked if they had taken any aspirin or NSAID products.

N’s for missing data: race/ethnicity, 2 (VCPPS); BMI, 2 (CPPS) 1 (VCPPS); alcohol use, 24 (CPPS) 58 (VCPPS); high-risk findings, 36 (VCPPS);
Aspirin and NSAID use, 11 (CPPS) 9 (VCPPS).
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