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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based
Practice Centers (EPCs), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
quality of health care in the United States. The Office of Dietary Supplements/National Institutes
of Health, the Public Health Agency of Canada, Health Canada, and Food and Drug
Administration requested and provided funding for this report. The reports and assessments
provide organizations with comprehensive, science-based information on common, costly
medical conditions and new health care technologies. The EPCs systematically review the
relevant scientific literature on topics assigned to them by AHRQ and conduct additional
analyses when appropriate prior to developing their reports and assessments.

To bring the broadest range of experts into the development of evidence reports and health
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into
collaborations with other medical and research organizations. The EPCs work with these partner
organizations to ensure that the evidence reports and technology assessments they produce will
become building blocks for health care quality improvement projects throughout the Nation. The
reports undergo peer review prior to their release.

AHRQ expects that the EPC evidence reports and technology assessments will inform
individual health plans, providers, and purchasers as well as the health care system as a whole by
providing important information to help improve health care quality.

We welcome comments on this evidence report. They may be sent by mail to the Task Order
Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road,
Rockville, MD 20850, or by email to epc@ahrq.gov.
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Structured Abstract

Background: Since the 1997 Dietary Reference Intake (DRI) values for vitamin D and calcium
were established new data have become available on their relationship, both individually and
combined, to a wide range of health outcomes. The Institute of Medicine/Food and Nutrition
Board has constituted a DRI committee to undertake a review of the evidence and potential
revision of the current DRI values for these nutrients. To support this review, several US and
Canadian federal government agencies commissioned a systematic review of the scientific
literature for use during the deliberations by the committee. The intent of providing a systematic
review to the committee is to support transparency of the literature review process and provide a
foundation for subsequent reviews of the nutrients.

Purpose: To systematically summarize the evidence on the relationship between vitamin D,
calcium, and a combination of both nutrients on a wide range of health outcomes as identified by
the IOM, AHRQ and technical expert panel convened to support the project.

Data sources: MEDLINE; Cochrane Central; Cochrane Database of Systematic Reviews; and
the Health Technology Assessments; search limited to English-language articles in humans.

Study selection: Primary interventional or observational studies that reported outcomes of
interest in human subjects in relation to vitamin D and/or calcium, as well as systematic reviews
that met the inclusion and exclusion criteria. Cross sectional and retrospective case-control
studies were excluded.

Data extraction: A standardized protocol with predefined criteria was used to extract details on
study design, interventions, outcomes, and study quality.

Data synthesis: We summarized 165 primary articles and 11 systematic reviews that
incorporated over 200 additional primary articles. Available evidence focused mainly on bone
health, cardiovascular diseases or cancer outcomes. For many outcomes, it was difficult to draw
firm conclusions on the basis of the available literature concerning the association of either
serum 25(OH)D concentration or calcium intake, or the combination of both nutrients. Findings
were inconsistent across studies for colorectal and prostate cancer, and pregnancy-related
outcomes including preeclampsia. There were few studies for pancreatic cancer and immune
function. Among trials of hypertensive adults, calcium supplementation lowered systolic, but not
diastolic, blood pressure by 2-4 mm Hg. For body weight, the trials were consistent in finding no
significant effect of increased calcium intake on weight. For growth rates, a meta-analysis did
not find a significant effect on weight or height gain attributable to calcium supplement in
children. For bone health, one systematic review found that vitamin D plus calcium
supplementation resulted in small increases in BMD of the spine and other areas in
postmenopausal women. For breast cancer, calcium intakes in premenopausal women were
associated with a decreased risk. For prostate cancer, some studies reported that high calcium
intakes were associated with an increased risk.

Limitations: Studies on vitamin D and calcium were not specifically targeted at life stages
(except for pregnant and postmenopausal women) specified for the determination of DRI. There
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is large variation on the methodological quality of studies examined. Use of existing systematic
reviews limits analyses that could be performed on this source of information.

Conclusions: The majority of the findings concerning vitamin D, calcium, or a combination of
both nutrients on the different health outcomes were inconsistent. Synthesizing a dose-response
relation between intake of either vitamin D, calcium or both nutrients and health outcomes in this
heterogeneous body of literature prove challenging.
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Executive Summary

Background

The Tufts Evidence-based Practice Center (EPC) conducted a systematic review of the
scientific literature on vitamin D and calcium intakes as related to status indicators and health
outcomes. The purpose of this report is to guide the nutrition recommendations of the Institute of
Medicine (IOM) Dietary Reference Intakes (DRIS).

In September 2007, the IOM held a conference to examine the lessons learned from
developing DRIs, and future challenges and best practices for developing DRIs. The conference
concluded that systematic reviews would enhance the transparency and rigor of DRI committee
deliberations. With this framework in mind, the Agency for Healthcare Research and Quality’s
(AHRQ) EPC program invited the Tufts EPC to perform the systematic review of vitamin D and
calcium.

In May and September 2007, two conferences were held on the effect of vitamin D on health.
Subsequently, a working group of US and Canadian government scientists convened to
determine whether enough new research had been published since the 1997 vitamin D DRI to
justify an update. Upon reviewing the conference proceedings and results from a recent
systematic review, the group concluded that sufficient new data beyond bone health had been
published. Areas of possible relevance included new data on bone health for several of the
lifestage groups, reports on potential adverse effects, dose-response relations between intakes
and circulating 25-hydroxyvitamin D [25(OH)D] concentrations and between 25(OH)D
concentrations and several health outcomes.

This report includes a systematic review of health outcomes relating to vitamin D and
calcium intakes, both alone and in combination. The executive summary is provides a high-level
overview of the findings of the systematic review. Recommendations and potential revisions of
nutrient reference values (ie, the new DRIs) based on this review are the responsibility of the
IOM committee and are beyond the scope of this report.

Methods

This systematic review answered key scientific questions on how dietary vitamin D and
calcium intake effect health outcomes. Federal sponsors defined the key questions and a
technical expert panel was assembled to refine the questions and establish inclusion and
exclusion criteria for the studies to be reviewed. In answering the questions, we followed the
general methodologies described in the AHRQ’s Methods Guide for Comparative Effectiveness
Reviews. The report will be provided to an IOM committee charged with updating vitamin D and
calcium DRIs. This report does not make clinical or policy recommendations.

The population of interest is the “general population” of otherwise healthy people to whom
DRI recommendations are applicable. The key questions addressed in this report are as follows:

Key Question 1. What is the effect of vitamin D, calcium, or combined vitamin D and calcium
intakes on clinical outcomes, including growth, cardiovascular diseases, body weight outcomes,
cancer, immune function, pregnancy or birth outcomes, mortality, fracture, renal outcomes, and
soft tissue calcification?



Key Question 2. What is the effect of vitamin D, calcium or combined vitamin D and calcium
intakes on surrogate or intermediate outcomes, such as hypertension, blood pressure, and bone
mineral density?

Key Question 3. What is the association between serum 25(OH)D concentrations or calcium
balance and clinical outcomes?

Key Question 4. What is the effect of vitamin D or combined vitamin D and calcium intakes on
serum 25(OH)D concentrations?

Key Question 5. What is the association between serum 25(OH)D concentrations and surrogate
or intermediate outcomes?

We performed electronic searches of the medical literature (1969 — April 2009) to identify
publications addressing the aforementioned questions. We set specific eligibility criteria. We
reviewed primary studies and existing systematic reviews. When a qualifying systematic review
was available, we generally relied on the systematic review, and updated it by reviewing studies
published after its completion.

We rated the primary studies using a three-grade system (A, B, C), evaluating each type of
study design (i.e., randomized controlled trial [RCT], cohort, nested case-control). Grade A
studies have the least bias and their results are considered valid within the limits of interpretation
for that study design. Grade B studies are susceptible to some bias, but not sufficient to
invalidate the results. Grade C studies have significant bias that may invalidate the results.

Results

We screened for eligibility a total of 18,479 citations that were identified through our
searches, perusal of reference lists, and suggestions from experts. Of 652 publications that were
reviewed in full text, 165 primary study articles and 11 systematic reviews were included in the
systematic review. Their results are summarized in this report.

Vitamin D

Vitamin D and growth.

Six RCTs, one nonrandomized comparative intervention study, and two observational studies
evaluated intake of vitamin D or serum 25(OH)D concentrations and growth parameters in
infants and children. The studies had diverse populations and methodological approaches. One
RCT and one observational study were rated B; seven studies were rated C. Most studies found
no significant associations between either maternal or offspring vitamin D intake and offspring’s
weight or height, but two C-rated intervention studies from the same center in India found a
significant effect of total maternal vitamin D intake of 1.2 million 1U and increased infant birth
weights.

Vitamin D and cardiovascular events.

One B-rated RCT and four cohort studies (two rated A, two C) have analyzed the association
between serum 25(OH)D concentrations and risk of cardiovascular events. The RCT, which
compared vitamin D3 (100,000 1U every 4 months) or placebo for 5 years in elderly people,
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found no significant difference in event rates for various cardiovascular outcomes, including
total events and cardiovascular deaths. In two of the cohort studies significant associations were
found between progressively lower 25(OH)D concentration — analyzed at upper thresholds of
37.5 and 75 nmol/L — and progressively increased risk of any cardiovascular event. The other
two cohort studies found no significant associations between serum 25(OH)D concentrations and
cardiovascular death, myocardial infarction, or stroke.

Vitamin D and body weight.

No studies evaluated serum 25(OH)D concentrations and risk of obesity or overweight. We
evaluated only RCTs for changes in body weight. Three RCTs (one B, two C) compared a range
of dosages (300 1U/d to 120,000 1U every 2 weeks) to placebo. Vitamin D supplementation had
no significant effect on weight.

Vitamin D and cancer.
Cancer from all causes.

We identified 2 B-rated RCTs and an analysis of the NHANES database (2 publications,
rated B and C). Both RCTs were conducted in older adults (postmenopausal women in one and
people >70 years in the other). They found no significant effects for vitamin D supplementation
(~1500 mg/d or 100,000 IU every 4 months). Analyses of Third National Health and Nutrition
Examination Survey (NHANES I11) showed no significant association between baseline serum
25(OH)D concentrations and total cancer mortality.

Prostate cancer.

Twelve nested case-control studies (three B, nine C) evaluated the association of baseline
serum 25(OH)D concentrations and prostate cancer risk. We identified no eligible RCTs. Eight
found no statistically significant dose-response relationship between serum 25(OH)D
concentrations and the risk of prostate cancer. One C-rated study found a significant association
between lower baseline serum 25(OH)D concentrations (<30 compared to >55 nmol/L) and
higher risk of prostate cancer. Another C-rated study suggested the possibility of an U-shaped
association between baseline serum 25(OH)D concentrations and the risk of prostate cancer (i.e.,
lower and higher serum 25(OH)D concentrations were associated with an increased risk of
prostate cancer compared to that of the in between reference level).

Colorectal cancer.

We identified one B-rated RCT, one B-rated cohort study, and seven nested case-control
studies (five B, two C) that evaluated the association between vitamin D exposure and colorectal
cancer. The RCT of elderly population reported no significant difference in colorectal cancer
incidence or mortality with or without vitamin D3 supplements over 5 years of followup. Most
nested case-control studies found no significant associations between serum 25(OH)D
concentrations and risk of colorectal cancer incidence or mortality. However, two of the three B-
rated nested case-control studies in women found statistically significant trends between higher
serum 25(OH)D concentrations and lower risk of colorectal cancer, but no individual quantile of
serum 25(OH)D concentration had a significantly increased risk of colorectal cancer (compared
to the reference quantile). The B-rated cohort study of women also suggested an association
between higher serum 25(OH)D concentrations (>50 nmol/L) and lower risk of colorectal cancer
mortality. The studies of men or of both sexes, and of specific cancers, did not have consistent
findings of associations.



Colorectal polyps.
One B-rated nested case-control study in women found no significant association between
serum 25(OH)D concentrations and risk of colorectal polyps. No RCTs evaluated this outcome.

Breast cancer.

One cohort compared serum 25(OH)D concentrations and the risk of breast cancer mortality
and two nested case-control studies compared 25(OH)D concentrations and the incidence of
breast cancer. All three studies were rated B. The NHANES 111 analysis reported a significant
decrease in breast cancer mortality during 9 years of followup in those with baseline serum
25(0OH)D concentration >62 nmol/L. However, during 7 to 12 years of followup, the nested case-
control studies found no significant relationship between serum 25(OH)D concentration and risk
of breast cancer diagnosis in either pre- or postmenopausal women.

Pancreatic cancer.

Two A-rated nested case-control studies evaluated the association of serum 25(OH)D
concentrations and pancreatic cancer. We identified no relevant RCTs. One study of male
smokers found a statistically significant relationship between increasing serum 25(OH)D
concentration (>65.5 vs. <32 nmol/L) and higher risk for pancreatic cancer and the subanalysis
of the second study found an increased risk of pancreatic cancer among study participants with
higher 25(OH)D concentrations (>78.4 nmol/L) compared to lower (<49.3 nmol/L) only in those
living in low residential UVB exposure areas.

Vitamin D and immunologic outcomes.

Two C-rated cohort studies, but no RCTs, evaluated immunologic outcomes. NHANES Il
found no significant association between serum 25(OH)D concentrations and infectious disease
mortality. Another cohort study suggested a possible relationship between higher maternal
25(0OH)D concentration (>50 nmol/L) and increased risk of eczema in their children, but the
analysis did not control for important confounders and the 25(OH)D concentrations in the
children were not measured.

Vitamin D and pregnancy-related outcomes.
Preeclampsia

One B-rated nested case-cohort study found an association between low 25(OH)D
concentration (<37.5 nmol/L) early in pregnancy and preeclampsia.

Other outcomes.
We did not identify any eligible studies on the relationship of vitamin D and maternal
hypertension, preterm birth, or small infant for gestational age.

Vitamin D and bone health.

The results reported in this section are based on the Ottawa EPC Evidence Report
Effectiveness and safety of vitamin D in relation to bone health, and on our updated literature
review of studies published after its completion.

Rickets.
The Ottawa EPC report concluded that there is “fair” evidence, regardless of the type of
assay, for an association between low serum 25(OH)D concentrations and confirmed rickets.



According to the report, there is inconsistent evidence regarding the threshold concentration of
serum 25(OH)D above which rickets does not occur.

Our updated search did not identify new studies examining the association between vitamin
D and rickets.

Fractures, falls, or performance measures of strength.

The Ottawa EPC report concluded that the associations between serum 25(0OH)D
concentrations and risk of fractures, falls, and performance measures of strength among
postmenopausal women or elderly men are inconsistent.

Findings from three additional C-rated RCTs reported no significant effects of vitamin D
supplementation (dosage range 400-822 1U/d) in reducing the risk of total fractures or falls in
adults >70 years.

Bone mineral density (BMD) or bone mineral content (BMC).

The Ottawa EPC report concluded that observational studies suggested a correlation between
higher serum 25(OH)D concentrations and larger values of BMC indices for older children and
adolescents (6 months through 18 years old). In addition, there was “fair” evidence among
observational studies of postmenopausal women and elderly men to support an association
between higher serum 25(OH)D and higher BMD or increases in BMD at the femoral neck.
However, there was discordance between the results from RCTs and the majority of
observational studies.

For this outcome, we included only RCTs for our update literature review. Consistently with
the findings of RCTs in the Ottawa EPC report, the three additional RCTs (one A, one B, one C)
that showed no significant effects of vitamin D supplementation on BMC in children or BMD in
adults.

Vitamin D and all-cause mortality.

An existing systematic review and meta-analysis of RCTs on vitamin D supplementation for
mortality was updated and reanalyzed. We identified one additional C rated RCT. Four
additional cohort studies (one B, three C) on the association of vitamin D and all-cause mortality
also qualified. Four RCTs (N=13,899) were included in the reanalysis of the systematic review.
In all studies, mean age was >70 years and dosages ranged between 400 to 880 1U/d. Vitamin D
supplementation had no significant effect on all-cause mortality (summary relative risk
[RR]=0.97, 95% CI 0.92, 1.02; random effects model). There is little evidence for between-study
heterogeneity in these analyses. Three of the cohort studies found no significant association
between 25(OH)D concentrations and all-cause mortality, but one found a significant trend for
lower odds of death with increasing 25(OH)D concentrations, >23 nmol/L in men and >19
nmol/L in women.

Vitamin D and hypertension and blood pressure.
Hypertension.

We identified no relevant RCTs. In a B-rated combined analysis of the Health Professionals
Follow-up Study (HPFS) and the Nurses Health Study (NHS), significantly higher incidence of
hypertension at 4 years was found in men and women (mostly within the 51 to 70 year old life
stage) with serum 25(OH)D concentrations <37.5 nmol/L, compared to those with higher
25(0OH)D concentrations. At 8 years, a similar significant association was found for men, but not
for women.



Blood pressure.

We evaluated only RCTs for changes in blood pressure. Three RCTs of vitamin D versus
placebo (one A, two B) evaluated blood pressure outcomes. The trials used a range of vitamin D
dosages (800 1U/d to 120,000 IU every 2 weeks), with or without supplemental calcium in both
groups. All trials reported no significant effect on diastolic blood pressure, but the effect upon
systolic blood pressure was inconsistent. The three trials found either a net reduction, no change,
or a net increase in systolic blood pressure with vitamin D supplementation after 5-8 weeks.

Calcium

Calcium and growth.

One systematic review of RCTs, two additional RCTs (both rated B) and a cohort study
(rated C) evaluated calcium supplementation (300-1200 mg/d) and growth in infants and
children. In children and adolescents (aged 3-18 y), the systematic review with meta-analysis of
17 RCTs found no significant effect on weight and height gain attributable to calcium
supplementation. The summary net difference (weighted mean difference) was 0.14 kg lower
weight gain (95% CI -0.28, 0.57) and 0.22 cm lower height gain (95% CI -0.30, 0.74) in those
who received supplemental calcium compared to those who did not. There was no evidence for
heterogeneity in these analyses. The three primary studies reported similar findings.

Calcium and cardiovascular events.

Ten longitudinal cohort studies and one nested case-control study analyzed associations with
various specific cardiovascular events. We identified no eligible RCTs. Most studies were rated
A. Notably, the ranges of calcium intake within studied populations varied widely across cohorts.
The average intake in the highest quartile (~750 mg/day) in Japanese studies (at one extreme)
was less than the average in the lowest quintile (~875 mg/day) in Finnish studies (at the other
extreme).

Cardiac events, combined cardiovascular events, and cardiovascular mortality.

Among studies that evaluated the specific cardiovascular outcomes, no significant (or
consistent) associations were found between calcium intake and cardiovascular death, combined
fatal and nonfatal cardiac events, cardiac death, nonfatal myocardial infarction, or fatal strokes.
Among four studies, only the lowa Women’s Health Study (WHS) found a significant
association between calcium intake <696 mg/day and higher risk of ischemic heart disease death
in white women aged 55-69 years.

Stroke.

The five studies that evaluated total stroke had disparate findings. In two Asian studies (with
overall low calcium intake and high risk of stroke compared to Americans), over 11-13 years,
people in higher quintiles of calcium intake had progressively lower risks of stroke. A small 10
year Finnish study (with overall high calcium intake compared to Americans) found no
association. The two studies that evaluated men alone reported nonsignificant trends in opposite
directions. In women, the NHS found a nonsignificant association between calcium intake and
stroke after 14 years of followup, but significantly higher stroke risk in those with calcium intake
<~500 mg/day compared with women in the next two higher quintiles.



Calcium and body weight.

No study evaluated the incidence of overweight or obesity. We evaluated only RCTs for
changes in body weight. We identified three systematic reviews that evaluated RCTs of calcium
intake and changes in body weight. Eight additional trials (one A, four B, three C) not identified
by these systematic reviews met eligibility criteria; altogether, 49 trials have been identified.
Only one of the systematic reviews separately analyzed studies of people on isocaloric diets
(where weight loss was not a goal) and studies of people on energy-restricted diets. Overall, 24
included trials investigated calcium supplementation and 15 investigated high dairy diets; 29
trials had energy-neutral background diets and 13 evaluated calcium supplementation in the
setting of an energy-restricted (weight loss) diets. Although there was not complete agreement
among the systematic reviews, overall, the trials in the systematic review do not support an effect
of calcium supplementation on body weight loss. No systematic review analyzed effects of
calcium supplementation and body weight change based on life stage or calcium dose. The
additional trials found in the update did not alter these conclusions.

Calcium and cancer.
Total cancer.

One RCT (rated B) and one cohort study (rated C) evaluated the relationship between
calcium supplementation and total cancer incidence or mortality. The RCT reported a near
significant beneficial effect of calcium supplementation (1400-1500 mg/d) on cancer incidence
and mortality at 4 years. The cohort study found no association between increasing calcium
intakes and cancer incidence or mortality or incidence.

Colorectal cancer.

We identified one systematic review of two RCTs, 19 cohort studies (5 B, 14 rated C), and
one B-rated nested case-control study. The systematic review of two RCTs that evaluated high
risk populations found no significant difference in colorectal cancer incidence between
supplemental calcium and no supplementation. The five B-rated cohort studies and the nested
case-control study generally suggested a relationship between increased total calcium intake and
reduced colorectal cancer risk, though in only two cohort studies were the associations
statistically significant. Among 14 C-rated cohort studies, lower total calcium intake was
significantly associated with higher risk of colorectal cancer (5 studies), colon cancer (2 studies),
and rectal cancer (2 studies). Followup was 1.4-11.3 years and no study included participants
<45 years.

Colorectal polyps.

We identified one systematic review of two RCTs, one B-rated long-term followup of a RCT,
one C-rated nonrandomized trial, and four B-rated cohort studies. The systematic review
evaluated two trials that tested either 1200 or 2000 mg/d calcium supplementation and found a
reduction in the risk of colorectal polyps with calcium supplementation (summary OR = 0.74
[95% CI 0.58, 0.95]). The nonrandomized studies generally suggested a relationship between
increased total calcium intake and reduced colorectal polyp risk, though in only two were the
associations statistically significant.



Prostate cancer.

Four A-rated cohort studies reported on the association between total calcium intake and the
risk of prostate cancer. We identified no additional RCTs. Three of the four studies found
significant associations between higher calcium intake (>1500 or >2000 mg/day) and increased
risk of prostate cancer, compared to men consuming lower amount of calcium (500-1000
mg/day).

Breast cancer.

Six cohort studies (five B, one C) compared calcium intake and the risk of breast cancer.
Subgroup analyses from the four cohort studies consistently found that premenopausal women
with calcium intakes in the range 780-1750 mg/day were associated with a decreased risk of
breast cancer. No consistent association was found for postmenopausal women.

Breast mammographic density.
One B-rated cohort study found no association between calcium intake and breast
mammographic density in premenopausal and postmenopausal women.

Pancreatic cancer.
Two studies (one A, one B) that analyzed three cohorts found no significant association
between calcium intake and risk of pancreatic cancer.

Calcium and preeclampsia, hypertension in pregnancy, preterm birth or small infant for
gestational age.
Preeclampsia.

A systematic review of twelve RCTs (N = 15,528) of calcium supplementation (>1000 mg/d)
vs. placebo and two cohort studies (one of which was a reanalysis of one of the twelve RCTs)
tested the association between calcium intake and preventing preeclampsia in pregnant women.
The random effects model meta-analysis of the 12 RCTs found that calcium supplementation
reduced the risk of preeclampsia (RR=0.48, 95% CI 0.33, 0.69), albeit with substantial between-
study heterogeneity. Notably, more than 80 percent of the randomized women (N=12,914) were
in two large trials that together found no significant effect of calcium supplementation for
preventing preeclampsia (RR=0.95, 95% CI 0.89, 1.05). There is no obvious explanation for the
observed between-study heterogeneity in the aforementioned meta-analysis. The heterogeneity
stems from differences in the effects between smaller trials (claiming protective effects) and
large trials (showing no effect). The two cohort studies did not find a significant association
between calcium intake during the first or second trimester and preeclampsia.

High blood pressure with or without proteinuria during pregnancy.

The same systematic review evaluated calcium for preventing hypertension during
pregnancy, with or without proteinuria. Overall, the meta-analysis of 11 RCTs found a
significant effect of calcium supplementation RR = 0.70 (95% CI 0.57, 0.86) for the treatment of
hypertension during pregnancy, with or without proteinuria. However, there was substantial
between-study heterogeneity. Similar to the meta-analysis of preeclampsia, the two largest trials
found no significant effect of calcium supplementation and prevention of pregnancy-related
hypertension.



Preterm birth.

The same systematic review evaluated preterm births and found no significant effect of
calcium supplementation among 10 RCTs (N=14,751). The summary RR was 0.81 (95% CI
0.64, 1.03), but was statistically heterogeneous.

Small for gestational age infant.

The same systematic review evaluated infant size and found no overall significant effects of
calcium supplementation among three RCTs (N=13,091). The summary RR was 1.10 (95% CI
0.38, 1.37), without evidence for between-study heterogeneity.

Calcium and all-cause mortality.
One B-rated cohort study found no association between calcium intake and all-cause
mortality in men and women aged 40-65 years.

Calcium and hypertension and blood pressure.
Hypertension.

The association between calcium intake and risk of hypertension has been analyzed in five
cohort studies (6 articles; one A, one B, four C). The majority of the studies found no association
between calcium intake and incidence of hypertension over 2 to 14 years of followup. However,
in two studies, subgroup analyses found that in people <40 or <50 years, those in the lowest
category of calcium intake (not defined in one study and <500 mg/d in the other) were at
significantly higher risk of hypertension than those in higher intake categories (>1100 mg/d in
one study). Only the lowa WHS of postmenopausal women found a significant overall
association between calcium intake and incidence of hypertension, such that after 10 years,
women in the lowest calcium intake quintile (189-557 mg/d) had significantly higher rates of
hypertension than women in all quintiles with intakes >679 mg/d.

Blood pressure.

We evaluated only RCTs for changes in blood pressure. The large majority of the trials of
blood pressure have been summarized in six systematic reviews of calcium intake and blood
pressure. Overall, across 69 trials of calcium intake and blood pressure, a wide range of calcium
supplement doses or total dietary calcium intakes were tested (~400-2000 mg/d, with most
testing calcium supplementation of 1000 mg). The large majority of the evidence is most
applicable to people aged ~40-70 years. Although not all the systematic reviews separated trials
of normotensive and hypertensive participants, the evidence suggests different effects of calcium
in these two populations. In general, among trials of hypertensive adults, calcium
supplementation lowered systolic blood pressure by a statistically significant 2-4 mm Hg
compared to no supplementation. The evidence suggested no significant effect on diastolic blood
pressure. In contrast, the trials of normotensive individuals found no significant effect of calcium
supplementation on systolic or diastolic blood pressure. The analyses of age, sex, calcium dose,
background dietary calcium, supplement versus dietary source, and other factors found no
significant associations (or differences).



Combined Vitamin D and Calcium

Combined vitamin D and calcium and growth.

One C-rated nonrandomized study from India compared combined vitamin D (1200 1U/d)
and calcium (375 mg/d) to no supplementation in women in their third trimester of pregnancy.
Infants of women who received supplementation were significantly heavier at birth.

Combined vitamin D and calcium and cardiovascular events.

A variety of cardiovascular events after 7 years were evaluated in the Women’s Health
Initiative (WHI) trial of combined vitamin D (400 1U/d) and calcium carbonate (1000 mg/d)
versus placebo in postmenopausal women. This study was rated B. No significant effect was
found with combined vitamin D and calcium supplementation on any cardiovascular outcome.
However, borderline non-significant associations were found for three outcomes, suggesting
increased risk with supplementation for a composite cardiac outcome, invasive cardiac
interventions, and transient ischemic attacks. No significant associations were found for a
composite cardiac outcome, coronary heart disease death, myocardial infarction, hospitalization
for heart failure, angina, stroke or transient ischemic attack, and stroke alone.

Combined vitamin D and calcium and body weight.

No studies evaluated the risk of obesity or overweight. We evaluated only RCTs for changes
in body weight. We identified 2 RCTs (rated B and C) evaluating the effects of combined
vitamin D and calcium supplementation on body weight in the setting of either an energy neutral
diet or an energy restricted diet. Both used vitamin D 400 1U/d and calcium carbonate (1000
mg/d or 1200 mg/d) and were restricted to women. The B-rated WHI trial, after 7 years, found a
highly significant (P=0.001), but clinically questionable net difference of -0.13 kg between the
supplemented and placebo groups. In a small C-rated trial, after 15 weeks, those overweight
women on supplement lost 4 kg and those on placebo lost 3 kg. This difference was not
statistically significant.

Combined vitamin D and calcium and cancer.
Total cancer.

Two RCTs (rated B and C) reported effects of combined vitamin D and calcium
supplementation on the risk of total cancer. The RCTs reported inconsistent results. The B-rated
WHI trial (vitamin D 400 1U/d and calcium 1000 mg/d) showed no effects while the B-rated trial
(vitamin D 1000 1U/d and calcium 1400-1500 mg/d) reported a significant reduction of total
cancer risk. However, baseline serum 25(OH)D concentrations were substantially different
between these two trials (42 nmol/L [WHI] versus 72 nmol/L).

Colorectal cancer.

Only the B-rated WHI trial evaluated colorectal cancer. It reported no significant reduction in
colorectal cancer incidence or mortality with combined vitamin D (400 1U/d) and calcium
carbonate (1000 mg/d) compared to placebo.

Colorectal polyps.
The B-rated WHI trial was the only trial of combined vitamin D3 and calcium supplements to
evaluate colorectal polyps. It found no significant effect of supplementation on colorectal polyp
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incidence. A B-rated subgroup analysis of a secondary prevention trial of adenomatous adenoma
reported that people taking calcium supplements (1200 mg/d) who had higher baseline serum
25(0OH)D concentrations (>72.6 nmol/L) had significantly lower risk of relapse compared to
placebo. In contrast, among people with lower baseline serum 25(OH)D concentrations, there
was no significant difference in relapse rates between those taking calcium supplements or
placebo (P=0.01 for interaction between calcium supplementation and 25(OH)D concentration).

Breast cancer.

Only the B-rated WHI trial evaluated breast cancer. It reported no significant reduction in
breast cancer incidence or mortality with combined vitamin D (400 1U/d) and calcium carbonate
(1000 mg/d) compared to placebo.

Combined vitamin D and calcium and preeclampsia, hypertension in pregnancy, preterm
birth or small infant for gestational age.
Preeclampsia.

One C-rated RCT found no significant effect of combined vitamin D (1200 1U/d) and
calcium (375 mg/d) supplementation on prevention of preeclampsia.

Other outcomes.
No studies evaluated the relationship of vitamin D with or without calcium and pregnancy-
related high blood pressure, preterm birth, or small infant for gestational age.

Combined vitamin D and calcium and bone health.

The results reported in this section are based on the Ottawa EPC Evidence Report
Effectiveness and safety of vitamin D in relation to bone health, and on our updated literature
review of studies published after its completion.

Rickets, fractures, falls, or performance measures.

The Ottawa EPC report concluded that supplementation with vitamin D (most studies used
D3) plus calcium is effective in reducing fractures in institutionalized populations, but evidence
that supplemental vitamin D reduces falls in postmenopausal women and older men is
inconsistent.

One study published after the Ottawa EPC report analyzed the performance measure
outcomes in a small sample of postmenopausal women from the WHI trial. After 5 years, the
study found generally no differences in performance measures between the groups taking
vitamin D (400 1U/d) plus calcium (1000 mg/d) supplementation or placebo. One RCT of
premenopausal women (aged 17-35 years) found that, compared to placebo, vitamin D (800
IU/d) in combination calcium (2000 mg/d) supplementation reduced the risk of stress fracture
from military training compared to placebo.

Bone mineral density or bone mineral content.

The Ottawa EPC report concluded that overall, there is good evidence that combined vitamin
D3 and calcium supplementation resulted in small increases in BMD of the spine, total body,
femoral neck, and total hip. In RCTs among (predominantly) postmenopausal women, vitamin
D3 (<800 1U/d) plus calcium (500 mg/d) supplementation resulted in small increases in BMD of
the spine, the total body, femoral neck and total hip.
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For this outcome, we included only RCTs for our update literature review. We identified
three new RCTs (two B, one C) that evaluated BMD outcomes. Two of the trials showed
significant improvement in BMD in postmenopausal women receiving vitamin D, (300 1U/d) or
D3 (1200 1U/d) plus calcium (1200 mg/d) compared to placebo.

One C-rated RCT evaluated BMC outcomes in healthy girls (aged 10-12 years). Compared to
placebo, there was no significant effect of supplementation with vitamin D3 (200 1U/d) plus
calcium (1000 mg/d) on BMC changes.

Combined vitamin D and calcium and all-cause mortality.

An existing systematic review and meta-analysis of 18 RCTs on vitamin D supplementation
for mortality was reanalyzed. We identified no additional RCTs. Eleven RCTs (N=44,688) of
combined vitamin D (300-800 1U/d) and calcium (500-1200 mg/d) supplementation met
inclusion criteria for our reanalysis. The meta-analysis found no significant relationship between
combined supplementation of vitamin D and calcium and all-cause mortality (RR=0.93, 95% ClI
0.86, 1.01; random effects model). There is little evidence for between-study heterogeneity in
these analyses. Among 8 RCTs (N=44,281) in postmenopausal women, there was no significant
effect of supplementation on all-cause mortality.

Combined vitamin D and calcium and hypertension and blood pressure.

Only the B-rated WHI trial evaluated the risk of developing hypertension. Among the subset
of women without hypertension at baseline, at 7 years the trial found the combined
supplementation had no effect on incident hypertension. We evaluated only RCTs for changes in
blood pressure. Two trials (one B, one C) tested combined vitamin D (400 1U/d) and calcium
(1000 or 1200 mg/d) and blood pressure. Both found no significant effect of supplementation on
blood pressure after 15 weeks or 6.1 years.

How does dietary intake of vitamin D from fortified foods and vitamin

D supplementation affect serum 25(OH)D concentrations (arrow 4)?

The results reported in this section are based on the Ottawa EPC Evidence Report
Effectiveness and safety of vitamin D in relation to bone health, and on our updated literature
review of studies published after its completion.

The Ottawa EPC report concluded that there is “good” evidence that dietary intake of vitamin
D increases serum 25(OH)D concentrations among adults. Our updated search did not identify
new RCTs on dietary intakes of vitamin D from fortified foods.

We graphically evaluated the net changes in serum 25(OH)D concentration against the doses
of vitamin D supplementation using data from 26 RCTs with 28 comparisons in adults. Only
RCTs of daily vitamin D3 supplementation (doses ranged from 200 to 5000 1U/d) alone or in
combination with calcium supplementation (doses ranged from 500 to 1550 mg/d) that provided
sufficient data for the calculations were included. The relationship between increasing doses of
vitamin D3 with increasing net change in 25(OH)D concentration was evident in both adults and
children. It was also apparent that the dose-response relationships differ depending on study
participants’ serum 25(OH)D status (<40 vs. >40 nmol/L) at baseline, and depending on duration
of supplementation (<3 vs. >3 months).
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Outcomes for Tolerable Upper Intake Levels

We included only clinical outcomes of tolerable upper intake levels, such as all-cause
mortality, cancer (incidence and mortality), soft tissue calcification, renal outcomes, and adverse
events reported in RCTs. Results of all-cause mortality and cancer have been described in
previous sections.

Renal outcomes.

The WHI trial (vitamin D3 400 IU in combination with 1000 mg calcium carbonate versus
placebo) found an increase in the risk of renal stones. No other study was identified that
evaluated the effect of vitamin D, calcium, or combined vitamin D and calcium on other renal
outcomes.

Adverse events reported in RCTs.

The reporting of adverse events in RCTs was generally inadequate, and most trials were not
adequately powered to detect adverse events. Among the 63 RCTs included in this report, 47 did
not report information on adverse events. Five RCTs (in 6 publications) that enrolled a total of
444 subjects reported no adverse events during the trial periods. Eleven RCTs reported at least
one adverse event. Excessive gas, bloating, and gastrointestinal discomforts were reported to be
associated with calcium supplementation (doses ranged from 600 to 1000 mg/d). Other RCTs of
vitamin D (doses ranged from 400 to 5714 1U/d vitamin D5 or ranged from 5000 to 10,000
vitamin D;) and/or calcium supplementations (doses ranged from 200 to 1500 mg/d) reported
few cases of gastrointestinal disruption such as constipation, diarrhea, upset stomach,
musculoskeletal soreness, primary hyperparathyroidism, hypercalcemia, renal calculi and
craniotabes. However, these adverse events may or may not be associated with vitamin D and/or
calcium supplementation in this study.

Summation

This systematic review identified 165 primary study articles and 11 systematic reviews
(which incorporated over 200 additional primary articles) that met the eligibility criteria
established by the TEP. Despite the relatively large number of studies included, with the
following few exceptions, it is difficult to make any substantive statements on the basis of the
available evidence concerning the association of either serum 25(OH)D concentration, vitamin D
supplementation, calcium intake, or the combination of both nutrients, with the various health
outcomes because most of the findings were inconsistent.

In general, among RCTs of hypertensive adults, calcium supplementation (400-2000 mg/d)
lowered systolic, but not diastolic, blood pressure by a small but statistically significant amount
(2-4 mm Hg).

For body weight, despite a wide range of calcium intakes (from supplements or from dairy
and nondairy sources) across the calcium trials, the RCTs were fairly consistent in finding no
significant effect of increased calcium intake on body weight.

For growth, a meta-analysis of 17 RCTs did not find a significant effect on weight and height
gain attributable to calcium supplement in children ranged from 3 to 18 years of age.

For bone health, one well-conducted systematic review of RCTs found that vitamin D3 (up to
800 1U/d) plus calcium (~500 mg/d) supplementation resulted in small increases in BMD of the
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spine, total body, femoral neck, and total hip in populations consisting predominantly of women
in late menopause.

For breast cancer, subgroup analyses in four cohort studies consistently found that calcium
intake in the range of 780 to 1750 mg/d in premenopausal women was associated with a
decreased risk for breast cancer. In contrast, cohort studies of postmenopausal women are
consistent in showing no association of calcium intake with the risk of breast cancer.

For prostate cancer, three of four cohort studies found significant associations between
higher calcium intake (>1500 or >2000 mg/day) and increased risk of prostate cancer, compared
to men consuming lower amount of calcium (500-1000 mg/day).

For cardiovascular events, a cohort study and a nested case-control study found associations
between lower serum 25(OH)D concentrations (less than either about 50 or 75 nmol/L) and
increased risk of total cardiovascular events; however a RCT found no effect of supplementation
and studies of specific cardiovascular events were too sparse to reach conclusions. Taken
together, six cohort studies of calcium intake suggest that in populations at relatively increased
risk of stroke and with relatively low dietary calcium intake (i.e., in East Asia), lower levels of
calcium intake under about 700 mg/day are associated with higher risk of stroke. This
association, however, was not replicated in Europe or the US, and one Finnish study found a
possible association of increased risk of stroke in men with calcium intakes above 1000 mg.

Studies on the association between either serum 25(OH)D concentration or calcium intake
and other forms of cancer (colorectum, pancreas, prostate, all-cause); incidence of hypertension
or specific cardiovascular disease events; immunologic disorders; and pregnancy-related
outcomes including preeclampsia were either few in number or reported inconsistent findings.
Too few studies of combined vitamin D and calcium supplementation have been conducted to
allow adequate conclusions about its possible effects on health. The WHI trial was commonly
the only evidence available for a given outcome.
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Chapter 1. Introduction

Background

The Food and Nutrition Board of the Institute of Medicine (IOM), with funding from
agencies and departments of the US and Canadian governments, recently completed their 10-
year development of nutrient reference values entitled Dietary Reference Intakes (DRI).! In
September, 2007, the IOM held a conference to examine the lessons learned and future
challenges from the process used to develop the DRI values.? One improvement identified at that
meeting for DRI updating was the use of systematic reviews to enhance the transparency and
rigor of the literature review process that is a necessary component in the deliberations of DRI
committees. To assess the feasibility of implementing this approach in the DRI updating process,
the Office of Dietary Supplements (ODS) of the National Institutes of Health (NIH) through the
Agency for Healthcare Research and Quality (AHRQ) requested the Tufts Medical Center
Evidence-based Practice Center (Tufts-EPC) perform an exercise to identify the issues and
challenges of conducing systematic reviews as a component of the process used to support the
development and updating of DRI values. The Tufts-EPC assembled a group of nutrition experts
from academic institutions and federal government agencies, led participants in teleconferences
and meetings, and conducted exercises in formulating questions that would be amenable to a
systematic review of the scientific literature and abstract screening.® One of the intents of this
exercise was to identify limitations, challenges, and unanticipated issues that IOM committees
may face prior to actually initiating the use systematic reviews as aroutine part of the DRI
process.

Following these activities, aworking group of US and Canadian government scientists
convened to determine whether the scientific literature was sufficient to justify anew review of
the vitamin D DRI. To address thisissuein May and September of 2007, two conferences were
held on the topic of vitamin D and health.* As aresult of these conferencesin March of 2008 the
IOM convened aworking group of US and Canadian government scientists to determine whether
significant new and relevant scientific evidence had become available since the 1997 IOM
publication of vitamin D DRI to justify initiating aformal review and potential revision of the
values.” The working group reviewed the proceedings of the two conferences and the results
from a systematic review commissioned by the ODS on the effectiveness and safety of vitamin D
in relation to bone health conducted by the University of Ottawa EPC (Ottawa-EPC).° They
concluded that there was sufficient new data on bone health for several of the lifestage groups,
on potential adverse effects, and on dose-response rel ationships between intakes and circulating
25-hydroxyvitamin D [25(OH)D] concentrations, and between 25(OH)D concentrations and
several health outcomes to warrant aformal review and potential revision of the values.” Asa
result, the NIH/ODS, Public Health Agency of Canada, Health Canada and FDA commissioned
the Tufts-EPC to update the Ottawa-EPC report, and systematically review the datarelated to
vitamin D and calcium with respect to a broader spectrum of health outcomes.

Sources, Metabolism and Functions of Vitamin D
Vitamin D was classified as avitamin in the early 20" century and in the second half of the

20™ century as a prohormone (“conditional” vitamin).”® There are two forms of vitamin D,
vitamin D3 (cholecalciferal), which is produced from the conversion of 7-dehydrocholesterol in
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the epidermis and dermis in humans, and vitamin D, (ergocalciferol) which is produced in
mushrooms and yeast. The chemical difference between vitamin D, and D3 isin the side chain;
in contrast to vitamin D3, vitamin D, has a double bond between carbons 22 and 23 and a methy!|
group on carbon 24.

The major source of vitamin D for humansis exposure to sunlight. The efficiency of the
conversion of 7-dehydrocholesterol to vitamin D3 is dependent on time of day, season of the
year, latitude, skin color and age. Thereislittle vitamin D that occurs naturally in the food
supply. The major naturally occurring food sources include fatty fish, beef liver and egg yolk. In
the U.S. and Canada, the mgjor dietary source of dietary vitamin D isfortified foods, including
cow’s milk and, depending on country, other fortified foods and dietary supplements. These
sources cannot be relied on in countries other than the U.S. and Canada. Dietary vitamin D is
absorbed from the intestine and circulates in plasma bound to a vitamin D binding protein.

In its native form vitamin D is not biologically active, the active form is 1,25(0OH),D. The
conversion of vitamin D to 1,25(0OH),D requires two hydroxylation in tandem. VitaminD is
first hydroxylated by the liver to form 25(OH)D, which is then hydroxylated by the kidney to
form 1,25(0H),D. 25(0OH)D has low biological activity, but it is the mgjor form of vitamin D
that circulates in the blood stream. Serum 25(OH)D concentrations are generally thought to
reflect nutritional status.”® When adequate amounts of vitamin D are available, the kidney, the
major site of 1,25(0OH),D production converts some of the 25(OH)D to alternate hydroxylated
metabolites, which have low biological activity (e.g., 24,25(0OH).D or 1,24,25(0H)3D). Rena
synthesis of 1,25(0OH).D istightly regulated by plasma parathyroid hormone, together with
serum calcium and phosphorus concentrations. Additional tissues that express the enzyme that
catalyses the conversion of 25(OH)D to 1,25(0OH),D, 25-hydroxyvitamin D3-1-a-hydroxylase,
include colon, prostate, mammary gland, macrophages, antigen-presenting cells, osteoblasts and
keratinocytes.”

Vitamin D has both genomic and nongenomic functions. For the genomic functions,
1,25(0OH),D interacts with nuclear vitamin D receptors to influence gene transcription. Nuclear
receptors for 1,25(0OH),D have been identified in over 30 cell types, including bone, intestine,
kidney, lung, muscle and skin. For the nongenomic functions, 1,25(0OH).D acts like a steroid
hormone, working through activation of signal transduction pathways linked to vitamin D
receptors on cell membranes. Major sites of action include intestine, bone, parathyroid, liver and
pancreatic beta cells. Biological actionsinclude increases in intestinal calcium absorption,
transcellular calcium flux and opening gated calcium channels allowing calcium uptake into cells
such as osteoblasts and skeletal muscle.

One of the major biological functions of vitamin D isto maintain calcium homeostasis which
impacts on cellular metabolic processes and neuromuscular functions. Vitamin D affects
intestinal calcium absorption by increasing the expression of the epithelial calcium channel
protein, which in turn enhances the transport of calcium through the cytosol and across the
basolateral membrane of the enterocyte. Vitamin D also facilitates the absorption of intestinal
phosphate. 1,25(OH).D indirectly affects bone mineralization by maintaining plasma calcium
and phosphorus concentrations, and subsequently extracellular calcium and phosphorus
concentrations at the supersaturating range necessary for mineralization. 1,25(OH),D, in concert
with parathyroid hormone, also causes demineralization of bone when calcium concentrations
fall to maintain plasma concentrations within a narrow range. It has yet to be determined whether
1,25(0OH),D directly influences bone mineralization.

18



In addition to intestine and bone, a wide range of other tissues and cells that are influenced
by vitamin D. Five biological systems have vitamin D receptors and are responsive to
1,25(0H),D, as summarized in Figure 1.'° These systems include immune, pancreas,
cardiovascular, muscle and brain; and control of cell cycle. The biological effects of 1,25(0OH),D
are diverse. For example, as recently noted, 1,25(OH).D inhibits PTH secretion and promotes
insulin secretion, inhibits adaptive immunity and promotes innate immunity, and inhibits cell
proliferation and stimulates their differentiation.** A number of recent reviews have appeared on
these topics.>*

Figure 1. Summary of the vitamin D endocrine system
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Sources, Metabolism, and Functions of Calcium

The major source of dietary calcium in the North American diet, but not necessarily other
counties, isdairy products (about 70 percent). Additional sources include commercial white
bread made with calcium sulfate, foods made with milk products, leafy greens, canned fish and
calcium fortified foods. Oxalic acid impedes the absorption of calcium from many plant foods.
Intestinal calcium absorption is regulated by two processes. One route of intestinal calcium
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absorption is dependent on 1,25(OH),D. This process occurs primarily in the duodenum and
proximal jejunum, is saturable, is energy dependent, and involves a calcium binding protein. The
1,25(0OH),D-dependent absorption of calcium is stimulated by low dietary calcium intakes. The
other route of intestinal calcium absorption is independent of 1,25(OH),D and is termed
paracellular. This processis passive (does not depend on carrier proteins or energy) and occurs
primarily in the jegunum and ileum. Calcium is absorbed between cells, rather than through cells,
and down the concentration gradient. Calcium can be transported in blood bound to albumin and
prealbumin, complexed with sulfate, phosphate or citrate, or in afree (ionized) state.

Calcium is transported in blood bound to proteins (~40 percent), primarily albumin and
prealbumin, complexed with sulfate, phosphate or citrate (~10 percent), and in the ionized form
(=50 percent). Blood calcium concentrations are controlled extracellularly by parathyroid
hormone, calcitriol and calcitonin. Intracellular calcium concentrations are maintained at
relatively low levels. Increased intracellular calcium concentrations occur in response to second
messengers by stimulating release from intracellular sites (endoplasmic reticulum, mitochondria)
and hormones by facilitating influx from extracellular sites by transmembrane diffusion or
channels.

Calcium balance measures provide information on calcium absorption relative to calcium
lossin urine, sweat and endogenous intestinal secretions. During periods of growth, positive
calcium balance implies bone mineralization but does not provide an indication of whether the
rate of bone mineralization is optimal. During adulthood negative calcium balance implies
calcium lost from bone but does not provide an indication of which site(s). Calcium balances
measures provide an indication of current but not prior calcium balance. An alternate approach to
assessing bone mineralization is by measuring bone mineral density.

Approximately 99 percent of the calcium in the human body isin bone and teeth. In addition
to structural roles, calcium has other critical functions. These include serving as a second
messenger (e.g., cytosolic calcium, calcium-dependent trigger proteins, removal of calcium
stimulus) and protein activator (e.g. phospholipase A,, calpains [cal cium dependent proteins that
contain calmodulin-like domains|, blood clotting enzymes, annexins [cal cium and phospholipid
binding proteing]). 1,25(0OH).D plays a critical role in regulating plasma calcium concentrations
through itsrolein intestinal calcium absorption, bone resorption and renal calcium resorption.
These functions of calcium are frequently classified into the following general categories, bone
development and maintenance, blood clotting, transmission of nerve impulses to target cells,
muscle contraction and cell metabolism. In addition, calcium may play arole in colon cancer,
kidney stones, blood pressure, body weight and |ead absorption.

Challenges for the DRI Committees

The following generic challenges must be addressed, preferably in a standardized way,
before additional systematic reviews are conducted for use by upcoming DRI committees to
ensure the resulting product will yield amaximally useful document.® Because the potential
volume of peer reviewed literature on the biological effects of most essential nutrientsislarge
and continues to grow, rational and well defined eligibility criteriawill need to be identified by
the committee to manage the workload. Appropriate questions must be formulated so that the
answers to those questions can be used to inform the DRI development process, ensure
transparency and reproducibility, and serve as the foundation for future updates as new data
emerge. Experience has shown that in the absence of unlimited resources, only alimited set of
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guestions can be addressed. Hence, it is critical that the committee prioritize the topics and refine
the questions in away that will address critical issues for development and revision of DRI
values.

Age specific intermediate or surrogate outcomes will need to be identified by the committee
when few or no studies directly link specific nutrient intakes with clinical outcomes. Preferably,
these would include only validated surrogates of the clinical outcome, that is outcomes that are
strongly correlated with the clinical outcome (e.g., bone mineral density as a surrogate for
fractures in postmenopausal women), and changes in their status reflect corresponding changes
in the risk of the clinical outcome (e.g., changes in bone mineral density reflect changesin
fracture risk in postmenopausal women).*® In the absence of validated surrogate outcomes,
intermediate outcomes must be identified and considered (e.g., absence of anemiaas an
intermediate outcome for the absence of disease or serum osteocal cin [bone turnover index] as an
intermediate marker for fractures). When a nonvalidated intermediate outcome must be
considered, the implicit assumption is that they would have the properties of a validated
surrogate outcome. Not only should this assumption be made explicit, but the uncertainties
involved in applying this assumption should be identified, documented, and discussed by the
committee.

Reliable indicators of exposure (or biomarkers) need to be identified by the panel. A reliable
biomarker should accurately reflect the degree of biological exposure to the nutrient of interest
and fulfill the classic risk assessment model (e.g., exhibit a dose-response relationship). To that
extent, the measurement of biologica exposure should be independent and free from any
interaction with the self-estimated intake of the nutrient of interest. It isimportant for the DRI
committee to recognize that use of a biomarker to evaluate the strength of downstream
associations requires that the biomarker concentrations be back translated into levels of nutrient
intake and that if an association is found between a given biomarker concentration and risk of a
clinical outcome, an estimate of the nutrient intake that corresponds to the clinical outcome will
likewise be necessary.

Additional challenges for the DRI committees with respect to the conduct of systematic
review include defining relevance of studied populations with respect to nutrient distributions
and health risks to those for which reference values are being established, generalizability of
well-controlled experiments with few subjects, generalizability of studies of subjects having
narrow eligibility criteria, applicability for findings of animal studies to humans when datain
humans are nonexistent, generalizability of early studies that used methodol ogies not considered
state of the art or directly comparable with contemporary methods (e.g., change in analytical
techniques or standardization), appropriate approaches to evaluating, interpreting and integrating
data from observational studies with interventional data, and approaches to factor contemporary
issues into the process, such as the role of genomics and nutrient fortification into the systematic
review.
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Key Questions Addressed in this Report

The aim of thisreport isto answer specific questions formulated to support the review and
updating of DRI values by the DRI committee. The primary purpose of thisreport isto
summarize al existing literature of vitamin D and calcium, and clinical outcomesin away that
will facilitate the deliberations of the |lOM committee commissioned to review and potentially
revise the DRI values for these nutrients. Specific clinical, surrogate and intermediate outcomes
that are relating to vitamin D or calcium functions were selected by atechnical expert panel.
Detailed methods and analytic frameworks are described in Chapter 2. The intent of thisreport is
not to make recommendations on specific outcomes nor specific values for DRI to be based
upon, the intent of this report isto provide information for use during the deliberations of the
IOM committee. The federal agencies of the US and Canadian governments involved in the DRI
process formulated the key questions listed below based on the generic analytic framework as
recently described (Figure 2).2 The key questions are:

e What isthe effect of exposures on functional or clinical outcomes? (Arrow 1)

e What is the effect of exposures on indicators of functional or clinical outcomes? (Arrow 2)

e What isthe effect of indicators of exposure or body stores on functional or clinical
outcomes? (Arrow 3)

e What is the effect of exposures on indicators of exposure? (Arrow 4)

e What isthe effect of indicators of exposure or body stores and intermediate indicators of
outcomes? (Arrow 5)

e What is the effect of intermediate indicators of outcomes and functional or clinical
outcomes? (Arrow 6)

For each of these questions, the mandate was to also address factors that affect these
relationships.
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Figure 2. Generic analytic framework to assist formulation of key questions for the development
of DRIs.
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Arrow 1: Association of exposure with clinical outcomes of interest.

Arrow 2: Association of exposure with surrogate or intermediate outcomes (with good or possible
evidence for linkage with clinical outcomes).

Arrow 3: Association of indicators of exposure to clinical outcomes.

Arrow 4: Association between exposure and indicators of exposure.

Arrow 5: Association of indicators of exposure to surrogate or intermediate outcomes (with good or
possible evidence for linkage with clinical outcomes).

Arrow 6: Association between surrogate outcomes (with good or possible evidence for linkage) and
clinical outcomes.

The focus of this evidence report is on the relationship of vitamin D only, calcium only, and
combinations of vitamin D and calcium to relevant health outcomes. Serum 25(OH)D
concentration was used as an indicator of vitamin D status and calcium intake (dietary and
supplement) as an indicator of calcium status. Evidence was sought for the life stages as defined
in the DRI process. For the above questions, information relevant to benefit (efficacy) and safety
(adverse effects) were considered. The questions were refined with input from a committee of
vitamin D and calcium experts, discussed in the Methods chapter.
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Chapter 2. Methods

Overview

Thisreport is based on a systematic review of key questions on the relationships between
vitamin D [either 25(OH)D concentrations or supplements] or dietary calcium intake, and health
outcomes. The methodol ogies employed in this evidence report generally follow the methods
outlined in the AHRQ Methods Reference Guide for Effectiveness and Comparative
Effectiveness Reviews
(http://effectivehealthcare.ahrg.gov/repFiles/2007_10DraftM ethodsGuide.pdf). The initia
guestions identified by the federal sponsors of this report were refined with input from a
Technical Expert Panel (TEP). This report does not make clinical or policy recommendations.
The report is being provided to an IOM committee charged with updating vitamin D and calcium
DRIs.

A description of roles and responsibilities of sponsoring federal agencies, AHRQ, the TEP
and the EPC isincluded to clarify the relationships that support the process and ensure
transparency and that the approach adhered to the highest standards of scientific integrity.

Because of the large number of abbreviations for unfamiliar terms are used, their
explanations have been repeated whenever deemed necessary. A table of Abbreviations can be
found after the references in page 316. We also provide atable with the latitudes of several major
citiesin Central and North America, right after the Abbreviations table, on page 320.

Sponsoring Federal agencies.

The sponsoring agencies were responsible for specifying the topic-specific task order
requirements. They participated in a Kick-Off meeting with the EPC and the Task Order Officer
(TOO) to facilitate a common understanding of the topic-specific work requirements, and
responded to inquiries from the TOO if modifications to the work order were requested by the
EPC. Any communication between the sponsoring agencies and the EPC occurred with oversight
from the TOO.

Review by Federal sponsors was limited to comments on factual errors, requests for
clarification, and consistency with the original contract task order. Comments on the scientific
content of the report were not provided. In all cases, reviewer comments are advisory only and
are not binding on the scientific authors of the final report.

AHRQ Task Order Officer (TOO).

The TOO was responsible for overseeing all aspects of this Task Order. The TOO served as
the point person for all communication required between the sponsoring agencies, the EPC, and
other AHRQ officials. The purpose of this communication was to facilitate a common
understanding of the task order requirements among the sponsors, the TOO, and the EPC,
resolve ambiguities and to allow the EPC to focus on the scientific issues and activities.

Technical Expert Panel (TEP).

The TEP is comprised of qualified expertsincluding, but not limited to, individuals with
knowledge of DRI decision making processes, vitamin D and calcium nutrition and biology
acrossthe life cycle, health outcomes of interest, and the methodology of conducting systematic
reviews. The EPC worked closely with the TEP in the formative stages of the project on question
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refinement and throughout the evidence review process to address questions that occurred. The
EPC conducted the actual systematic review of the questions independent of the TEP and other
stakeholders. It was specified, a priori, that a TEP member who served as a peer reviewer for the
final report could not also serve as a member of the subsequent calcium and vitamin D DRI
Committee.

Those serving on the TEP provided input on such factors as reviewing search terms to ensure
they were adequately inclusive, assessing search strategies to ensure they comprehensively
covered the questions of interest, and answering questions about technical details (e.g., nuances
of laboratory methods of performing an assay). Members of the TEP did not participate in EPC
research meetings or in reviewing and synthesizing evidence. Their function was limited to
providing domain-specific knowledge and advising the proper context that is relevant to the
process of evaluating DRI. They did not have any decision making role and did not participate in
writing any part of the evidence report.

EPC methodologists.

This evidence report was carried out under the AHRQ EPC program, which has a 12-year
history of producing over 175 evidence reports and numerous technology assessments for
various users including many federal agencies. EPCs are staffed by experienced methodologists
who continually refine approaches to conducting evidence reviews and devel op new methods on
the basis of accumulated experience encompassing a wide range of topics. The Tufts EPC has
produced many evidence reports on nutrition topics'>** (http://www.ahrg.gov/clinic/epcix.htm).
We have a so conducted methodological research to identify the issues and challenges of
including evidence-based methods as a component of the process used to develop nutrient
reference values, such as the DRI, using vitamin A as an example.®

Development of the Analytic Framework and Refinement of
Key Questions

The focus of thisreport is on the relationship of vitamin D only, calcium only, and
combinations of vitamin D and calcium with specific health outcomes. Key guestions and
analytic frameworks were devel oped by defining each box in the generic analytic framework
described in Chapter 1 with specific reference to vitamin D and calcium.

A one-day meeting of the federal sponsors, TEP and Tufts EPC staff was held in Boston on
September 20, 2008. At this meeting, the analytic framework was discussed, the key gquestions
refined, and study eligibility criteria established. Two analytic frameworks were developed: one
for vitamin D and/or calcium Estimated Average Requirements (EARS) and one for Tolerable
Upper Intake Levels (ULs) (Figures 3 & 4). We used the PI(E)CO method to establish study
eigibility criteria. This method defines the Population, Intervention (or Exposure in the case of
observational studies), Comparator, and Outcomes of interest. Details are described in the
sections that follow.
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Figure 3. Analytic framework for vitamin D and/or calcium EARs
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Arrow 1: Association of exposure with clinical outcomes of interest.

Arrow 2: Association of exposure with surrogate or intermediate outcomes (that have good or possible
evidence for linkage with clinical outcomes, respectively). (Surrogate outcomes are depicted in boxes
with a solid outline, and intermediate outcomes are depicted in boxes with dashed outline.)

Arrow 3: Association of indicators of exposure to clinical outcomes.

Arrow 4: Association between exposure and indicators of exposure.

Arrow 5: Association of indicators of exposure to surrogate or intermediate outcomes.

Arrow 6: Association between surrogate or intermediate outcomes and clinical outcomes.
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Figure 4. Analytic framework for vitamin D and/or calcium ULs
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Arrow 1: Association of exposure with clinical outcomes of interest.
Arrow 3: Association of indicators of exposure to clinical outcomes.
Arrow 4: Association between exposure and indicators of exposure.

Definitions

Vitamin D and Calcium Exposures

Vitamin D exposure included intake of vitamin D, or vitamin D3 from foods and
supplements, including human milk and commercial infant formulas. Because the primary source
of vitamin D in the human body is produced in skin exposed to sunlight, background information
on ultraviolet B (UVB) exposure was captured to the extent possible. However, we did not
include studies that evaluated the effect of or association between exposure to sunlight (or UV B)
and clinical outcomes or serum 25(OH)D concentrations. In other words, we did not investigate
sunlight exposure as a proxy for or a source of vitamin D intake. Sunlight exposure was
considered only as a potential confounder or effect modifier of associations between vitamin D
or calcium and clinical outcomes.

Calcium exposure included intake of calcium from foods and supplements, including
calcium-containing antacids, mineral-supplemented water, human milk and commercial infant
formulas.

Combined vitamin D and calcium exposure included any relevant combinations of the above.

Clinical Outcomes

Clinical outcomes are measures of how a person (e.g., astudy participant) feels, functions or
survives, or aclinical measurement of the incidence or severity of adisease (e.g., diagnosis of
disease or change from one disease state to another). Examples of clinical outcomes used in this
report are incidence of cancer, vascular events, and preeclampsia. The clinical outcomes of
interest in this report are described in the “ Specific Outcomes of Interest” section.
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Indicators of Exposure (Nutrient Intake)

Indicators of exposure are measures that correlate with dietary intake of a nutrient, such as
nutrient biomarkers, nutritional status, or markers of nutritional status.

Indicators of vitamin D exposure (i.e., vitamin D intake and sun exposure) included serum
25(OH)D and 1,25(0OH),D concentrations.

Indicators of dietary calcium intakes included calcium balance (i.e., calcium accretion,
retention, and |0ss).

Surrogate Outcomes

Surrogate outcomes are biomarkers or physical measures that are generally accepted as
substitutes for or predictors of specific clinical outcomes.™® Changes induced by the exposure or
intervention on a surrogate outcome marker are expected to reflect changesin aclinical outcome.
Examples of surrogate outcomes used in this report are bone mineral density (as a surrogate
marker of fracture risk) and breast mammaographic density (as a surrogate marker of breast
cancer risk). The surrogate outcomes of interest in this report are described in “ Specific
Outcomes of Interest” section.

Intermediate Outcomes

Intermediate outcomes are possible predictors of clinical outcomes that are not generally
accepted to fulfill the criteriafor a surrogate outcome. However, in the absence of data for surrogate
outcomes, intermediate markers are often used. Examples of intermediate markers used in this
report are prostate cancer antigen (as amarker of prostate cancer risk) and blood pressure (as a
marker of stroke risk). All intermediate markers of interest in this report are described in
“Specific Outcomes of Interest” section.

Life Stages
In consultation with the TEP, the 22 life stages defined by the FNB/IOM for the development
of DRI were consolidated to 9 categories to facilitate the reporting of results. Within each life
stages, men and women (or boys and girls) were considered separately when possible. There are
also some inevitable overlaps between these categories. For example, most women in 51-70
years life stage are postmenopausal women. The 9 categories created for this report are:
0 — 6 months
7 months — 2 years
3-8 years
9-18 years
19-50 years
51-70 years
>71years
Pregnant and lactating women
Postmenopausal women

O O0OO0O0O0O0O0O0O0

In summarizing studies for each given outcome, we used our best judgment to describe the
study results for each applicable life stage.
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Key Questions

In agreement with the TEP, the following key questions were addressed in this evidence
report. It was decided that arrow 6 in the analytic framework (What is the rel ationships between
intermediate or surrogate outcomes and clinical outcomes?) is outside the scope of the DRI
literature review in thisreport. All outcomes of interest in this report are described in “Eligibility
Criterid’ section.

Key Question 1. What is the effect of vitamin D, calcium, or combined vitamin D and calcium
intakes on clinical outcomes, including growth, cardiovascular diseases, weight outcomes,
cancer, immune function, pregnancy or birth outcomes, mortality, fracture, renal outcomes, and
soft tissue calcification? (Arrow 1)

Key Question 2. What is the effect of vitamin D, calcium or combined vitamin D and calcium
intakes on surrogate or intermediate outcomes, such as hypertension, blood pressure, and bone
mineral density? (Arrow 2)

Key Question 3. What is the association between serum 25(OH)D concentrations or calcium
balance and clinical outcomes? (Arrow 3)

Key Question 4. What is the effect of vitamin D or combined vitamin D and calcium intakes on
serum 25(OH)D concentrations? (Arrow 4)

Key Question 5. What is the association between serum 25(OH)D concentrations and surrogate
or intermediate outcomes? (Arrow 5)

Literature Search Strategy

We conducted a comprehensive literature search to address the key questions. For primary
studies, the EPC used the Ovid search engine to conduct searchesin the MEDLINE® and
Cochrane Central database. A wide variety of search terms were used to capture the many
potential sources of information related to the various outcomes (see Appendix A). Search terms
that were used to identify outcomes of interest, for both EARs and ULSs, can be categorized into
the following groups: 1) body weight or body mass index; 2) growth (height and weight); 3)
fracture or bone mineral density; 4) falls or muscle strength; 5) cardiovascular diseases; 6)
hypertension or blood pressure; 7) cancer or neoplasms, including adenomas, colon polyps, and
mammography; 8) autoimmune diseases (e.g., type 1 diabetes, psoriasis, rheumatoid arthritis,
multiple sclerosis, inflammatory bowel disease, ulcerative colitis, and Crohn's disease); 9)
preeclampsia, eclampsia and pregnancy-related hypertension; 10) preterm or low birth weight;
11) breast milk or lactation; 12) death; 13) infectious diseases; 14) soft tissue calcification (for
ULsonly); and 15) kidney disease or hypercalcemia (for ULs only). The different outcomes
were crossed with terms to identify vitamin D and calcium exposure: “vitamin D”, “plasma
vitamin D”, “25-hydroxyvitamin D” and its abbreviations, “25-hydroxycholecalciferol”, * 25-
hydroxyergocalciferol”, “calcidiol”, “calcifediol”, “ergocalciferol”, “ cholecalciferol”,
“calciferol”, “calcium”, “calcium carbonate”, “calcium citrate”, “ calcium phosphates” and
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“calcium malate”. Literature searches of the outcomes alone without references to vitamin D or
calcium were not conducted.

The searches were limited to human studies, English language publications, and citations
from 1969 to September 2008 for all but bone outcomes. For outcomes related to bone health
(i.e., bone mineral density, fracture, fall or muscle strength), we relied on a recent comprehensive
systematic review performed by the Ottawa EPC.° The Ottawa EPC report was updated from
January 2006 to September 2008. The electronic search was supplemented by bibliographies of
relevant review articles. Unpublished data, including abstracts and conference proceedings, were
not included. An updated literature search was performed in April 2009 for al the topics to
include relevant primary studies published since September 2008 for the final report.

For potentially relevant systematic reviews, we also searched MEDLINE®, the Cochrane
Database of Systemic Reviews, and the Health Technology Assessments database up to
December 2008. We searched for systematic reviews of the relationships between vitamin D or
calcium and the prespecified outcomes. In this search, terms for identifying vitamin D or calcium
exposures were crossed with terms for identifying systematic reviews, such as “systematic,”
“evidence,” “evidence-based,” “meta-analysis,” or “pooled analysis’; specific termsfor the
outcomes were not included (Appendix B).

Study Selection

Abstract Screening

All abstracts identified through the literature search were screened. Eligible studies included
all English language primary interventional or observational studies that reported any outcome of
interest in human subjects in relation to vitamin D and/or calcium.

Full Text Article Eligibility Criteria

Articlesthat potentially met eligibility criteria at the abstract screening stage were retrieved
and the full text articles were reviewed for eligibility. Rejected full text articles were examined
only once, unless the articles were equivocal for inclusion or exclusion. In that event, the article
in question was examined again by a different reviewer and a consensus was reached after
discussion with the first reviewer. We recorded the reason for rejection of all full text articles.

Primary studies.

Because the outcomes of interest ranged from very broad topics with common occurrences
(e.g., cardiovascular disease) to narrowly focused topics with relatively few occurrences (e.g.,
preeclampsia), the number and types of studies available for each outcome varied widely in the
distribution of study designs and sample sizes. It was neither possible nor desirableto use a
uniform, strict set of inclusion and exclusion criteria applicable to all outcomes. Therefore,
additional eligibility criteria germane to the specific outcome were applied to al accepted full
text articles. Details are described in the “Eligibility criteria’ section.

General eligibility criteriafor the full text articles were:

Population of interest:
e Primary population of interest is generally healthy people with no known disorders
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e Studiesthat include a broad population that might have included some people with
diseases. For example, some hypertensive and diabetic patients were included.

e Peoplewith prior cancers (or cancer survivors), prior fractures, and precancer conditions
(e.g., colon polyps) were included

e Studiesthat enrolled more than 20 percent subjects with any diseases at baseline were
excluded. An exception was made for older adults (mean age >65 years old) due to high
prevalence of diseasesin this population. For studies of older adults, only studies that
exclusively enrolled subjects with particular disease (e.g., 100 percent type 2 diabetes)
were excluded. In addition, for studies of blood pressure, studies of people exclusively
with hypertension were included.

e For UL outcomes, we included any adverse effects of high intake in any population.

Intervention/exposure of interest.
e For observational studies:

0 Serum 25(OH)D or 1,25(OH),D concentration

o Dietary intake level of vitamin D were not included due to inadequacy of nutrient
composition tables for vitamin D.%

o0 Dietary intake level of calcium from food and/or supplements

o0 Cacium balance (i.e., calcium accretion, retention, and 10ss)

e For interventiona studies:

o Vitamin D supplements (but not analogues) with known doses

o Cacium supplements with known doses

0 Theonly combination of dietary supplements of interest was the combination of
vitamin D and calcium. Any other combinations of supplements and/or drug
treatments were excluded unless the independent effects of vitamin D and/or
calcium can be separated. Thus studies of multivitamins were excluded.

0 Trialsinwhich participantsin both study groups took the same calcium (or
vitamin D) supplement were evaluated as vitamin D (or calcium) versus control
trials. In other words, the intervention common to both study groups was ignored
(though it was noted).

0 Food based interventions were included if the doses of vitamin D and/or calcium
were quantified and there were differences in the doses between the comparison
groups. For example, atria of dairy supplementation (with 500 mg/d calcium)
versus no supplementation was qualified to be included. However, atrial of
calcium fortified orange juice (with 1200 mg/d calcium) versus milk (with 1200
mg/d calcium) was not qualified to be included because there are no differencesin
the calcium doses.

0 Non-oral routes of nutrient delivery were excluded

Specific outcomes of interest.
e Growth outcomes
o Ininfantsand premenarchal children: weight and height gain
e Cardiovascular disease clinical outcomes
0 Cardiac events or symptoms (e.g., myocardial infarction, angina)
0 Cerebrovascular events (stroke, transient ischemic attacks)
0 Peripheral vascular events or symptoms (diagnosis, claudication)
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o Cardiovascular death
0 Study-specific combinations of cardiovascular events
CVD intermediate outcomes
o Diagnosisof hypertension
o Blood pressure
Weight outcomes
0 Inadultsonly: incident overweight or obesity, body mass index, or weight (kg)
Cancer (incident or mortality)
o0 Cancer from all cause (or total cancer)
Prostate
Colorecta cancer
Breast cancer
Pancreatic cancer
0 Cancer-specific mortality
Cancer intermediate outcomes
o0 Colorectal adenoma
0 Aberrant cryptic
0 Breast mammographic density (quantitative whole breast density)
Immune function clinical outcomes
0 Infectious diseases
0 Autoimmune diseases
0 Infectious disease-specific mortality
Pregnancy-related outcomes
0 Preeclampsia
0 High blood pressure with or without proteinuria
0 Preterm birth or low birth weight
o Infant mortality
Mortality, all cause
Bone health clinical outcomes
0 Rickets
o Fracture
o Fall or muscle strength
Bone health intermediate outcomes
0 Bone minera density or bone mineral content
Dose-response rel ationship between intake levels and indicators of exposure (arrow 4 of
Figures 2 and 3)
0 Serum 25(OH)D concentration
0 Breast milk or circulating concentrations of 25(OH)D in infants
Outcomes of tolerable upper intake levels (ULS)
o0 All-cause mortality
Cancer and cancer-specific mortality
Renal outcomes
Soft tissue calcification
Adverse events from vitamin D and/or calcium supplements

O o0o0oo

O o0O0o
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Study design.

e Randomized controlled trials (RCTs)

e Nonrandomized, prospective comparative studies of interventions

e Prospective, longitudinal, observationa studies (where the measure of exposure occurred
before the outcome)

e Prospective nested case-control studies (case-control study nested in a cohort so the
measure of exposure occurred before the outcome)

e We excluded cross-sectional studies and traditional, retrospective case-control studies
(where the measure of exposure occurred after or concurrent with the outcome)

Systematic reviews.

We included relevant systematic reviews that addressed the key questions. Systematic review
is defined as a study that has at a minimum the following three components: a statement of the
research questions (aims or objectives); a description of the literature search; and alisting of the
study eligibility criteria. We did not attempt to contact authors for clarifications of outstanding
guestions. In addition, the following types of reviews were excluded: reviews of foods or diets
that did not quantify vitamin D or calcium intake; reviews that included non-oral routes of
nutrient delivery; reviews that did not evaluate the association between vitamin D or calcium
intake to health outcomes; reviews of nonhuman data; and pooled analyses of primary databases
(i.e., secondary database analyses of multiple cohorts) that did not include a systematic review
(except possibly as areplacement for data from the original cohorts).

To determine the relevance of a systematic review to this report, the following inclusion
criteriawere applied:

e Addresskey question(s) of interest (i.e., ssimilar PI(E)CO criteria used):

a. Systematic review must include only healthy population at baseline or have
separate analyses for population with diseases and without diseases.

b. Systematic reviews of interventional studies had to include only vitamin D or
calcium interventions. Cointerventions with other nutrients had to be disallowed
or separate analyses were needed for studies of vitamin D or calcium
interventions alone.

c. Systematic review of observational studies had to report the baseline
concentrations of serum 25(OH)D and the assay methods used or the dietary
assessment methods used to measure dietary calcium intake (e.g. food frequency
guestionnaire, 24 hour recall).

d. Exposure levels(e.g., level of 25(OH)D or calcium intake) or doses of
interventions had to be reported

e. Outcome definitions had to be reported

Designs of primary studies had to be reported. If cross-sectional or case-control

studies were included, the systematic review must provide sufficient information

or separate analyses to separate them from RCTs or cohort studies.

e Weinclude only the most recent update if there were multiple systematic reviews from
the same group of investigators using the same review process.

e Where there were several systematic reviews on the same topic with similar conclusions
and the same set of primary studies, we selected the systematic review with either the
latest cutoff date for the end of the literature search or the most included primary studies.

—h
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Other Specific Eligibility Criteria

Growth outcomes (weight and height gain)

0 Only infants (<1 year old) and children (age <18 years old) were included

o For infants, weinclude al eligible study designs. The vitamin D and/or calcium
intervention or exposure can be administered to the mothers or to the infantsin
the study.

o For infants, premenarchal girls, and boys of similar age, only RCTs that reported
weight as a primary or secondary outcome were included. RCTs of weight loss
were excluded.

Cardiovascular disease clinical outcomes

0 Only adults (aged >18 years old) were included.
Blood pressure and body weight

0 Only adults (aged >18 years old) were included.

0 Only RCTsof calcium or vitamin D interventions were included. We did not
include observational studies of associations between calcium or vitamin D intake
or serum vitamin D concentrations and blood pressure or weight measurements
(as continuous outcomes). This decision was made in agreement with the TEP in
part because it was agreed that any conclusions based on observational studies
(e.g., associations between baseline calcium intake and change in systolic blood
pressure) would be weak and difficult to interpret.

Bone health clinical outcomes

o The Ottawa EPC report® was updated with literature published between January
2006 and September 2008. Only RCTs qualified for inclusion.

0 Studies of calcium and bone health clinical outcomes were excluded.

Bone health intermediate outcomes

o0 The Ottawa EPC report® was updated with literature published between January
2006 and September 2008. For adults, we included only BMD indices. For
children, weincluded only BMC indices. Only RCTs with duration of more than
1 year were qualified for inclusion.

0 Studies of calcium and bone health clinical outcomes were excluded.
Dose-response rel ationship between intake levels and indicators of exposure (arrow 4 of
Figures 2 and 3)

0 Studiesfor this question were identified in our literature search that crossed
vitamin D terms with various outcomes terms. Some studies that addressed this
guestion but do not report any of the outcomes of interest would not have been
identified in this manner. Because the availability of serum 25(OH)D
concentration is unlikely to be adequately indexed in the Medline citation, it
would be difficult to comprehensively search the literature for this question. To
do so would require retrieving all full text articles mentioning vitamin D
supplements (in excess of 10,000) to look for data on serum 25(0OH)D
concentration.

35



0 Only RCTswereincluded for this question. However, RCTs of different regimens
but with the same dose of vitamin D supplementation were excluded (e.g.,
comparison of daily, weekly versus monthly dose).

Data Extraction

For outcomes that had not been subjected to a prior systematic review, we extracted and
summarized the relevant data from the primary studies. Where previous systematic reviews were
available, we summarized their results into our report. In addition, we updated the previous
systematic reviews (with our eigibility criteria) and extracted and summarized the additional
primary studies.

Data extraction forms (evidence tables) were developed separately for extraction of
systematic reviews and primary studies. For primary studies, the items extracted were: study
characteristics, baseline population characteristics, background diet data, dietary assessment
methods for calcium intake, 25(OH)D assay methods, interventions (for interventional studies
only), confounders and effect modifiers that were adjusted for in statistical analysis, results, and
quality assessments. Whenever the type of vitamin D supplement (D, or D3) was clearly
reported, we extracted and reported this information. Otherwise, we used the general term
“vitamin D”. Evidence tablesfor al eligible studies are available in Appendix C. For systematic
reviews, items extracted were: design, population, intervention (exposure) and comparator,
results, and AMSTAR? checklist criteria (a measurement tool created to assess the
methodological quality of systematic reviews). A table with alist of all systematic reviews with
the evaluation of their relevance to this report, and evidence tables of the qualified systematic
reviews are available in Appendix D.

Data Analysis

We explored the dose-response relationship between the level of intake of vitamin D (with or
without calcium) and serum 25(OH)D concentrations graphically, using a scatter (“bubble”) plot.
We plotted the observed net changes in 25(OH)D concentration, against the doses of vitamin D
supplementation. In these plots studies were represented by empty circles (bubbles) with area
proportional to the inverse of the within-study variances. Typically, the larger the bubble, the
larger the sample size and the smaller the standard error of the changesin 25(0OH)D.

Studies were included only if they reported sufficient data to estimate both mean net change
and SE of the net change. We required data on both the mean net change in outcome level and
the SE of the change. However, many studies provided only the SEs for the baseline and final
outcome levels. In order to include these studies in the analyses we had to make several
assumptions to estimate the SE of the change. To do this we used the equation:

SE1, =V (SE1% + SE»? - 2pSE;1SE»)
where SE;, SE,, and SE;, are the SEs for baseline, final and change, respectively, and p isthe
correlation between the baseline and final measurements.?” We arbitrarily chose the correlation,
p, to be 0.50, the midpoint value. In our experience, using different values for p generally does
not greatly affect the meta-analysis results of quantitative analyses or conclusions.

For each RCT, the SE of the net change was then cal culated using the standard calculation
for determining the SE of 2 independent cohorts. Namely, in the above equation where the
correlation factor p becomes O, and thus the final term drops out. Where studies reported either
within-cohort SEs or net change SEs, these numbers were used. Some RCTs may have more than
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two arms (e.g., two different doses of vitamin D supplement compared to the placebo), and in
this case, the same control arm was used to cal cul ate the net change and the SE of the net change
as for two independent comparisons.

Meta-analysis

Overall, we did not perform new meta-analyses in this report because of large degree of
clinical and methodological heterogeneity across studies. However, we reanalyzed an existing
meta-analysis using available data in the all-cause mortality section. We performed random
effects model meta-analyses of risk ratios using the DerSimonian and Laird model.?® The random
effects model assigns aweight to each study that is based both on the individual study variance
and the between-study heterogeneity. Compared with the fixed effect model, the random effects
model is more conservative in that it results in broader confidence intervals when between-study
heterogeneity is present. We tested for heterogeneity using Cochran’s Q (considered significant
for P <0.10) and quantified its extent with 1> ®°, 1% ranges between 0 and 100 percent and
guantifies the proportion of between-study variability that is attributed to heterogeneity rather
than chance.

Intercooled Stata SE version 9.2 and Meta-Analyst version 3.2 (devel oped by Tufts EPC)
were used for analyses. All P values are two tailed and considered significant when less than
0.05, unless otherwise indicated.

Grading of Studies Analyzed in This Evidence Report

Studies included as part of accepted in this report have been designed, conducted, analyzed,
and reported with various degrees of methodological rigor and completeness. Deficienciesin any
of these items may lead to biased reporting or interpretation of the results. Whileit is desirable to
have a ssmple evidence grading system using a single quantity, the quality of evidenceis
multidimensional. A single metric cannot adequately capture information needed to interpret a
study. Not withstanding these limitations, providing an indication of study quality adds an
important dimension to the summary of published data.

Critical Appraisal and Grading of Primary Studies

Critical appraisal of the evidence is an important aspect of conducting a systematic review.
For the assessment of interventional studies, the criteria were based on the CONSORT™
statement for reporting RCTs (a checklist with specifications for reporting important aspects of a
trial). We primarily considered the methods used for randomization, allocation conceal ment, and
blinding as well as the use of intention-to-treat analysis, the report of well-described valid
primary outcomes, and the dropout rate.

For interventional studies with nonrandomized design, we used the report of eligibility
criteria and assessed the adequacy of controlling for differences between compared groupsin
terms of baseline characteristics and prognostic factors. We also considered the reporting of
intention-to-treat analyses and crossovers when so designed, as well asimportant differential loss
to followup between the compared groups or overall high loss to followup. The validity and the
adequate description of outcomes and results were also assessed.
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For the assessment of prospective cohorts and nested case-control studies (cross-sectional
and retrospective case-control studies were excluded from this review), we developed arating
checklist specifically designed for nutritional epidemiology study based on some of the reporting
items for cohort study in STROBE (STrengthening the Reporting of OBservational studiesin
Epidemiology) checklist® and the nutrition-specific itemsin our previous publication.®® Items
assessed include: eligibility criteriaand sampling of study population, blinding of exposure and
outcome assessors, dietary assessment methodology (when applicable), assay methodology of
biomarkers of intake (when applicable), clear reporting of comparisonsin the study, statistical
analyses, adequacy of controlling for baseline characteristics and prognostic factors (including
confounders), clear reporting of outcome definitions, and prospective study design with
preplanned hypotheses.

The quality assessment checklists for intervention or observational studies can be found in
Appendix E. Additional considerations that were not included in the checklists are described
later in this section.

In this report we adapted a three-category grading system of the AHRQ Methods Reference
Guide for Effectiveness and Comparative Effectiveness Reviews. This system defines a generic
grading system that is applicable to each type of study design including interventional and
observational studies:

A
Studies have the least bias and results are considered valid. These studies adhere mostly to
the commonly held concepts of high quality including the following: aformal study design;
clear description of the population, setting, interventions, and comparison groups,
appropriate measurement of outcomes; appropriate statistical and analytic methods and
reporting; no reporting errors; less than 20 percent dropout; clear reporting of dropouts; and
no obvious bias. Studies must provide valid estimation of nutrient exposure, from dietary
assessments and/or biomarkers with reasonable ranges of measurement errors, and
justifications for approaches to control for confounding in their design and analyses.

Studies are susceptible to some bias, but not sufficient to invalidate the results. They do not
meet all the criteriain category “A”, they have some deficiencies but none likely to cause
major bias. The study may be missing information, making it difficult to assess limitations
and potential problems.

Studies have significant bias that may invalidate the results. These studies have serious errors
in design, analysis, or reporting; there are large amounts of missing information, or
discrepancies in reporting.

If theinitial assigned grade was equivocal, then the study received a second round of review
by an independent reviewer, and the final grade was reached via consensus. Lastly, it should be
noted that the quality grading system evaluates and grades the studies within their own design
strata (i.e., RCTs, cohorts, nested case-control). It does not attempt to assess the comparative
validity of studies across different design strata. Thus, it isimportant to be cognizant of the study
design when interpreting the methodological quality grade of a study.

38



Additional Considerations of Methodological Quality of Primary
Studies for the Purpose of DRI Decision Making

Randomized controlled trials of all outcomes.

The Tufts EPC debated about the quality assessment of RCTs. A consensus was reached to
include additional considerations for RCTsto receive grade A. The general quality assessment of
interventional studies as described earlier has been widely adopted for the purpose of grading
high quality effectivenesstrials (in contrast with a more standardized efficacy trial) which are
most relevant to the actual use of supplements. Thus the crossover of interventions (i.e.,
contamination between supplementation and placebo groups) affects the applicability more than
the methodol ogical quality. However, it was the consensus among the Tufts EPC methodol ogists
that the RCTs with contamination between supplementation and placebo groups cannot receive
grade A because this issue affects the actual differences in the doses given to the subjects.
Thereforeit is particularly important when the trial results are used to guide decisions about DRI,
as opposed to decisions about whether to actively recommend supplementation for an individual .

Observational studies of cancer outcomes.

When cancer cases were identified based on cancer registries or questionnaire-based data, we
perused whether the investigators verify the diagnoses independently (e.g., by medical records or
pathological reports). An observational study of cancer outcomes cannot receive grade A if the
cancer diagnoses were not verify independently. We also examined if the study adequately
control for other risk factors for specific cancer. We used the suggested risk factors by National
Cancer Institute (www.cancer.org). An observational study of cancer outcomes cannot receive
grade A if important risk factors for the specific cancer were not fully controlled for in their
analyses.

Critical Appraisal of Systematic Reviews

We also critically appraised systematic reviews utilized in this report. However, a summary
quality grade for systematic review is difficult to interpret. While it may be straightforward to
assign a high quality grade to arigorously carried out systematic review of high quality primary
studies, arigorously conducted systematic review finding only poor quality primary studiesto
summarize has uncertain value. Similarly, a poorly conducted systematic review of high quality
studies may also result in be misleading conclusions. Therefore, to appreciate its validity, the
various dimensions and nuances of the systematic review must be understood.

To help readers appreciate the methodol ogical quality of a systematic review, we applied the
AMSTAR checklist,”® atool that was created for this purpose. This tool does not assign a
composite grade. Instead, the items evaluated are made explicit for the reader. Another
challenge in evaluating systematic reviews is that none of the existing systematic reviews were
specifically conducted to be used for DRI development; therefore their “quality”, for the purpose
of DRI development, isimpossible to reliably define.

In addition to using AMSTAR, we made comments on special considerations, issues or
limitations concerning design, conduct and analyses of the systematic review, and interpretability
of the results for the purpose of DRI development.
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Reporting of the Evidence

Evidence tables.

Evidence tables offer a detailed description of the primary studies we identified that address
each of the key gquestions. These tables provide detailed information about the study design,
patient characteristics, background diet, inclusion and exclusion criteria, interventions (or
exposures), comparators used, and outcomes assessed in the study. A study, regardless of how
many interventions (or exposures) or outcomes were reported, appears once in the evidence
tables. Evidence tables are ordered alphabetically by the first author’slast name to allow for easy
searching within the tables. Evidence tables are available electronically in Appendix C.

Summary tables.

Summary tables were created to assist (qualitative) synthesis of primary studies of the same
outcomes and life stage. If feasible, data were also grouped by sex. Typically, in each outcome
section, we presented one summary table for the study characteristics of all included studies,
followed by another summary table for study findings.

We created different summary tables for different exposures (i.e., vitamin D or calcium) and
for different study designs (i.e., interventional or observational studies). Key study
characteristics, such as population characteristics (i.e., health status, age and sex), vitamin D
assay method and season in which blood was drawn, dietary assessment methods and whether
the instrument was internally validated, patient or participant adherence, and study comparisons,
were presented in the summary table for study characteristics. We reported daily vitamin D doses
(IU/d) and/or elemental calcium doses (mg/d) in all summary tables.

For observational studies, we also list the confounders adjusted in either design (e.g.,
matching factors) or analyses. If any confounders or effect modifiers in each prespecified
category (i.e., nutrients, demographics, anthropometry, medical conditions, ultraviolet exposure,
and life styles) were controlled for, we marked “X” in the category. Otherwise, the category was
left blank.

Graphical presentation of dose-response relationship.

We present graphically the results of studies associating outcomes with categorical
exposures (e.g., percentiles or other arbitrary categories of 25(OH)D concentration or of total
calcium intake). The graphs complement the information mentioned in the tables and allow the
reader to appreciate the direction of the estimated effects, even when the choice of the reference
category isinconsistent across studies. The graphs do not readily convey the slope (strength) of
the dose-response rel ationship between exposure and outcome, because the exposure categories
are simply ranked and their spacing does not necessarily correspond to the actual values that they
represent within study or across studies.

Grand summary tables (evidence map).

In the beginning of the Results section, we created a grand overview table. The table details
how many studies reported an outcome of interest (either as a primary or non-primary outcome)
and also listed the total number of unique studies (including systematic reviews) as each study
may have provided data on more than one outcome. The number of primary studiesincluded in
each existing systematic review is also reported.
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Units of measurement.

In this report, we converted serum 25(OH)D concentrations as reported by various studies as
different units (i.e., ng/mL, pg/dL, ug/L and ng/dL) to nmol/L. The conversion formulais 1
ng/mL = 2.5 nmol/L. To limit the variation in the reporting of vitamin D unit (e.g., nmol, U, ug
and mg), U was chosen as the standard unit and all other units were converted using a standard
formula. The conversion formulafor microgramsis 1 ug =40 1U.

Assay method.

For 25(OH)D measurements, we present information on the assay used in our evidence
tables, and summary tables describing individual studies. When reported, we also recorded
details on the methodology or kit used (e.g., RIA—radioimmunoassay, RIA “DiaSorin™) used.
Often, additional information was lacking. We did not perform any subgroup analyses based on
the type of 25(OH)D assay used.

Sunlight exposure.

We report information on country where the study took place and its latitude (when this was
meaningful), and when available, the season when serum 25(OH)D concentrations were
measured. A substantial amount of vitamin D isformed in the skin in humans. The amount of
vitamin D synthesized in the skin depends on a person’s exposure to UV irradiation. Therefore,
information on country’ s latitude (and season of serum 25(OH)D measurements) informs on
whether different populations are likely to have similar or different amount of endogenous
vitamin D production. Latitudes were extracted directly from the published reports, or
extrapolated from the city or country where the study took place (by searching Google for
“<county/city> latitude”). For national or international studies that spanned a wide range of
latitudes (e.g., NHANES), the latitude information was summarized simply as "various." To
facilitate the reader, we also provide a Table with the | atitudes of major citiesin Central and
North America (thistable is found right after the Abbreviations table on page 316.

Primary and secondary outcomes.

For intervention studies, we distinguished primary from secondary (or nonspecified)
outcomes. Outcomes were considered primary only when they were clearly reported as such or
when the outcome was used in an ad hoc sample size calculation. For observational studieswe
did not separate primary from secondary outcomes. For example, many observational studies are
analyses of the same well known cohorts for several different outcomes. Each of these studies
may have adifferent “primary” outcome.

Study quality.

We summarize methodological and reporting quality of individual studies and meta-analyses.
More details on the reporting characteristics of individual studies and systematic reviews are
found in the evidence tables (Appendix C).
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Organization of the results section.
The Results section is organized in the following way:

e Nutrient (vitamin D | calcium | combined calcium and vitamin D)
o Outcome (e.g., growth, cardiovascular diseases)
= Synopsis
= Detailed presentation (depending on availability of data)
e Findings per calcium intake level / vitamin D concentration
e Findings per age and sex
* Findings by life stage
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Chapter 3. Results

Literature Search Results

The original MEDLINE® and Cochrane Central database search for primary studies yielded
15,621 citations of EAR outcomes and 194 citations of UL outcomes. The update search for
primary studies published between September, 2008 and April, 2009 yielded 918 citations We
identified 654 of these as potentially relevant and retrieved the full-text articles for further
evaluation. Of these, 478 did not meet eligibility criteria (Appendix E); thus, atotal of 165
primary study articles met the inclusion criteria and were included in this report (Figure 5). Of
the 165 primary study articles, 60 were randomized controlled trials (RCTs), 3 were
nonrandomized comparative studies, and 102 were observational studies (either cohort or nested
case-control studies). The publication dates of the 165 primary study articles ranged from 1980
to 2009.

The MEDLINE®, Cochrane Database of Systemic Reviews, and the Health Technology
Assessments database search for systematic reviews yielded 1746 citations. We identified 68 of
these as potentially relevant and retrieved the full-text articles for further evaluation. Of these, 46
did not meet dligibility criteria. After examining the 22 qualifying systematic reviews, 11 were
excluded for various reasons (Appendix D; Figure 5).

The grand overview tables (Tables 1, 2, and 3) detailed how many studies reported an
outcome (either as a primary or secondary outcome) that is of interest and also listed the total
number of unique studies (including those from systematic reviews) as each study may have
provided data for more than one outcome.
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Figure 5. Literature flow in this report

Citations identified in MEDLINE and Cochrane
Central database search for primary studies,
published between 1969 and Arpil 2009
(n=16,733)

Citations identified in MEDLINE, Cochrane
Database of Systemic Reviews, and the Health
Technology Assessments database search for

systematic review articles published before

December, 2008 (n=1,746)

h 4

Primary study articles retreived for full-text review
(n=584)

Systematic review articles retreived for full-text
review (n=68)

Abstracts failed to meet
criteria (n=17,825)

h 4

Articles failed to meet
criteria (n= 476)

Primary study articles reviewed (n=165)
- 60 randomized, controlled trials
- 3 nonrandomized comparative studies
- 102 observational studies (either cohort or
nested case-control studies)

Systematic reviews included (n=11)
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Table 1. Number of primary studies on vitamin D intake or concentration and specific health outcomes that could be applicable to
certain life stages
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Shaded cells indicate that either the eligibility criteria excluded outcomes in those life stages or the outcomes are not applicable to those life stages. Blank unshaded cells indicate no
primary studies were identified in this report in those life stages.
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Only RCTs were eligible for this outcome
Relationship between maternal 25(OH)D concentration and atopic eczema in infants
1 study was a combined analysis of Nurses Health Study and Health Professionals Follow-up Study
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Table 2. Number of primary studies on calcium intake and specific health outcomes that could be applicable to certain life stages

[%]
® ()
s 5
E o E
2 S 5 0 [5)
D = o £ =
T ° ) S 3
© IS = S N
L L c 3 ©
= £ g N S o > s ‘@
2 - @ o 5> ¢ c - = = S
S 3] e S o b= o o o = ° o
= - 2 @ = & £ @ 3 @ 5 G = - 5
= = ) G o ] o IS © c » e e - o 7]
L = Q o T ® S IS L 2 o ° = Q o ]
. £ & & = ©§ g o E g o § o 9o £ § =&
£ o °c = o S 5 3 e S 35 g o 5 o
2 ja) o Il 7 o o © © c 2 @ o e e e o
g > o 5 e ° ° g Q 3 £ Q = o o > o
O @) m [ a o O m 0 o = o < 0 m T m
0—-6mo 1
7mo-2y
3-8y 1 18
9-18y 3
19-50y 2 3 1 3 1 1 1 1 5 3
51-70y 9 5 1 12 17 6 5 2 1 4 2
271y 1 1 1 1° 1 2
Pregnant & lactating women 1 14
Postmenopause 1 4 1 4 1 2
Total unique studies per outcome 3 11 8 3 12 21 6 6 1 2¢ 5° 5
0 14 1
[Total number of RCTs per outcome] [1] [0] 8% [2] [0] [0] [1] [0] [0] [0] [0] (5%
) ] ) ) 1 3 1 1 1 6
Systematic reviews (unique studies) per outcome 0 0 0 0 0 0 0 0 0
an (GaY) @ @ d2 (64)

Shaded cells indicate that either the eligibility criteria excluded outcomes in those life stages or the outcomes are not applicable to those life stages. Blank unshaded cells indicate no
primary studies were identified in this report in those life stages.
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Association between total calcium intake in childhood and colorectal cancer after 65 years of followup
1 study was a combined analysis of Nurses Health Study and Health Professionals Follow-up Study
6 analyses, including 2 separate analyses of NHANES |
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Table 3. Number of primary studies on combined vitamin D and calcium intake and specific health outcomes that are relevant to certain

life stages
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primary studies were identified in this report in those life stages.

A
B

Only RCTs were eligible for this outcome
Including the Women's Health Initiative (WHI) trial

A de novo reanalysis of the 10 RCTs in a previous systematic review and one newly added trial
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Vitamin D and Health OQutcomes

Vitamin D and Growth
We reviewed primary studies that evaluated rel ationships between vitamin D and growth
parameters in infants and children.

Synopsis.

Seven intervention studies and two observational studies evaluated intake of or exposure to
vitamin D and growth parameters in infants and children. Two intervention studies from the
same center found a significant association of maternal vitamin D intakes with infant birth
weights. Study methodol ogies were incompletely reported in these two studies. The rest of the
studies did not find a significant association between either maternal or offspring vitamin D
intake and offspring’ s weight or height. No overall conclusions could be drawn as the studies
reviewed had diverse popul ations and methodol ogical approaches.

Detailed presentation (Tables 4, 5, 6 & 7).

Six RCTs** and one nonrandomized comparative study* in eight publications reported on
the effect of vitamin D supplementation on growth parametersin infants and children. Two
cohort studies reported on the association between maternal serum 25(OH)D concentration and
her offspring’ s growth parameters.**** The number of subjects in the RCTs ranged from 19 to
200. The two cohort studies had 374 and 466 subjects, respectively. The latitudes of the studies
ranged from 38° to 51°. Four studies administered vitamin D exclusively to expectant mothers
during the third trimester of pregnancy. One study administered vitamin D to both the lactating
mothers and her offspring. Two studies administered vitamin D only to the infants or children.
Followup ranged from delivery until 9 years. Methodological quality of two studies were rated B
and seven studies were rated C. The studies were limited by such factors as incomplete reporting
and small sample sizes.

Infant O - 6 months; 7 months - 2 years; pregnant or lactating women.

One RCT from UK administered vitamin D 1000 IU/d or placebo to 126 expectant mothers
(first generation Asian immigrants) during the third trimester and found no significant difference
between the infants’ birth weights or birth lengths and those of the control population.®**® There
were twice as many low birth weight infants (<2500 g) in the control group compared to the
supplemented group (21.7 percent vs. 11.9 percent); however, this difference was not significant.
A study from US supplemented 10 | actating mothers with vitamin D 400 1U/d and their infants
with 300 IU/d for 6 months. Compared to the group where nine mothers received 6400 |U/d and
their infants none, there was no significant differencein the infants’ weight or length at 1 month,
4 months, and 7 months of age.** A study from Chinarandomly assigned 255 newborn infants to
100, 200, or 400 1U/d of vitamin D for 6 months and reported no significant difference in weight
or length among the three groups at 6 months of age.* One study from India randomly selected
100 expectant mothersto receive atotal of 1.2 million IU of vitamin D (600,000 U of vitamin
D,in 7" and 8" month) during the third trimester. The newborns' birth weight was significantly
increased compared to those from 100 unsupplemented expectant mothers (difference 190 g).*’
Important elements of the study methodology like randomization technique and any blinding of
outcome assessors were not reported. An earlier nonrandomized comparison from the same study
center involving smaller samples reported similar findings.** The estimated baseline mean
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dietary vitamin D intake in the expectant mothers from these two studies was less than 30 to 35
lU/d (the validity of these measuresis unclear). An RCT from France supplemented 48 expectant
mothers with either vitamin D 1000 IU/d in the third trimester or 200,000 IU onetime dose at 7
month pregnancy and found no significant differencein the infants' birth weights between the
two methods.”® A cohort study from Australia analyzed the maternal serum 25(OH)D
concentration in 374 women at 28-32 week gestation (geometric mean in winter 48 nmol/L;
summer 69 nmol/L) and found no association with infant birth weight or length.** One cohort
study from UK analyzed the serum 25(OH)D concentration in 466 white women in late
pregnancy (~33 wk) and found the concentrations (from <30 to >75 nmol/L) were not related to
their offspring’ s weight or height at birth, 9 months, and 9 years.**

9 - 18 years.

One RCT of vitamin D3 (placebo, 200, or 2000 1U/d for 1 year) on girlsin Lebanon aged 10-
17 years found no significant difference at 1 year followup in weight or height among the 34
girls who were premenarchal at time of enrollment.*®

Findings by life stage.

e 0-6mo One RCT found that supplementing expectant mothers with vitamin D
1000 1U/d during the 3" trimester has no effect on infant birth weight or length. Another
RCT found that supplementing expectant mothers with atotal of 1.2 million IU of
vitamin D during the 3" trimester effected a significant increase in birth weight (+190 g).
Background diet islow in vitamin D in this study. A study compared supplementing
lactating mothers with vitamin D 400 1U/d and their infants 300 1U/d for 6 months with
mothers supplemented with 6400 IU/d and their infants none, there was no significant
differencein the infants’ weight or length at 1 month, 4 months, and 7 months of age.
Another study compared supplementing newborn infants with 100, 200, or 400 1U/d of
vitamin D for 6 months and reported no significant difference in weight or length at 6
months of age. An RCT supplemented expectant mothers with either vitamin D 1000
U/d during the third trimester or 200,000 1U one time dose at 7 month pregnancy and
found no significant difference in the infants’ birth weights between the two methods. A
cohort study analyzed the maternal serum 25(OH)D concentration at 28-32 week
gestation (geometric mean in winter 48 nmol/L; summer 69 nmol/L) and found no
association with infant birth weight or length. Another cohort study found that serum
25(OH)D concentration (ranged from <30 to >75 nmol/L) in late pregnancy (~33 wk)
was not related to the newborn’s weight or height at birth, 9 months, and 9 years.

e 7mo-2y A cohort study found that serum 25(OH)D concentration (ranged from
<30to>75 nmol/L) in late pregnancy (~33 wk) was not related to the newborn’s weight
or height at birth, 9 months, and 9 years.

e 3-8y No study covered thislife stage.

e 9-18y A cohort study found that serum 25(OH)D concentration (ranged from
<30to >75 nmol/L) in late pregnancy (~33 wk) was not related to the newborn’s weight
or height at birth, 9 months, and 9 years. One RCT of vitamin D3 (placebo, 200, or 2000
IU/d for 1 year) on girls 10-17 years old found no significant difference at 1 year
followup in weight or height among the girls who were premenarchal at time of
enrollment.

e 19-50y Not reviewed

e 51-70y Not reviewed
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>7ly Not reviewed

Postmenopause Not reviewed

Pregnant & lactating women One RCT found that supplementing expectant mothers
with vitamin D 1000 1U/d during the 3" trimester has no effect on infant birth weight or
length. Another RCT found that supplementing expectant mothers with atotal of 1.2
million 1U of vitamin D during the 3" trimester effected a significant increase in birth
weight (+190 g). Background diet islow in vitamin D in this study. A study compared
supplementing lactating mothers with vitamin D 400 [U/d and their infants 300 1U/d for 6
months with mothers supplemented with 6400 IU/d and their infants none, there was no
significant difference in the infants’ weight or length at 1 month, 4 months, and 7 months
of age. An RCT supplemented expectant mothers with either vitamin D 1000 1U/d during
the third trimester or 200,000 IU one time dose at 7 month pregnancy and found no
significant difference in the infants’ birth weights between the two methods.

42



Table 4. Vitamin D on growth outcome: Characteristics of interventional studies

Author Year

Study Name Background
Location Population Calcium Intake & Comparisons Compliance Comments
(Latitude) Vitamin D Data
[PMID]
RCTs
Maxwell ¢ Health pregnancy 25(OH)D at 28-32 Vit D 1000 nd First generation
1981% status wk: 20.1 nmol/L lu/d 3 Asian
Brooke e Mean age nd trimester only immigrants only
1980** (range/SD), y
UK (51°N) * Male (%) 0
[6793058]
[6989438]
Feliciano o Health healthy term 86% infant breastfed  VitD 100 1U/d nd
1994% status until 5-6 mo vs. 200 IU/d
China (22°N e Mean age newborn vs. 400 1U/d
to 47°N) (range/SD), y
[8078115]  Male (%) nd
El-Hajj 2006” « Health healthy 25(OH)D 35 nmol/L; Vit D3 200 98% in placebo; 7.4 h sun
Lebanon status dietary Ca 677 mg/d 1U/d vs. 2000 98% in low dose;  exposure/wk
(33°N) e Mean age 13.2 (10-17) 1U/d vs. 97% in high dose
[16278262] (range/SD), y placebox 1y
* Male (%) 0
Wagner e Health Fully lactating; Lactating mother’s Mother Vit D3 280% in mothers;  78% white;
2006* status <1mo dietary Vit D 273 400 1U/d + as low as 61% for  11% black;
Charleston, postpartum IU/d; dietary calcium  infant 300 infants 11% Hispanic
US (32°N) e Mean age 29 intake: 1125 mg/d; U/d vs.
[17661565] (range/SD), y mother 6400
o Male (%) 0 IU/d + infant O
U/d
Marya 1988”7 e Health no pregnancy- Expectant mother’'s Mother Vit D nd
India status related dietary Vit D 35 1U/d; 1.2 mil IU
(28°N) complications calcium 429 mg/d (total; 600,000
[3243609]  Mean age 24 IU vit D, in 7"
(range/SD), y & 8" mo) vs.
* Male (%) 0 no
supplement
Mallet 1986™ o Health pregnancy Ca intake 550 to Vit D 1000 nd
France (48° status 1000 mg/d in 55% of  1U/d vs.
N) ¢ Mean age newborn the subjects 200,000 IU 1x
[3755517] (range/SD), y dose
o Male (%) nd
Nonrandomized comparative study
Marya 1981*" e Health no pregnancy- Expectant mother's Vit D 1200 nd
India status related daily milk intake lU/d + Ca 375
(28°N) complications <500 mL; dietary Vit mg/d (3rd
[7239350] e Mean age nd D <30 1U/d trimester) or
(range/SD), y Vit D 1.2 mil
o Male (%) 0 1U (total;
600,000 U in
7" & 8" mo)
or no
supplement
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Table 5. Vitamin D and growth outcomes: Characteristics of cohort studies

Confounders/Effect Modifiers

Adjusted
Author Year %)
Study Name ) . o <
Location Population Vitamin D Comparisons = > g
(Latitude) Concentration %) a - e Z © c
< [=)] o @ Q = o
[PMID] e o = o x = o
E E £ © ¢ 3
=] [} c ) > =
Z 0 < = 5 3
Morle o Health singleton o Assay RIA Length and X X X X 99%
2006* status pregnancy; method weight in white;
Australia no disease offspring excluded
(38°S) e Mean age 29 stratified by dark skin
[16352684]  (range/SD), mother’s or women
y 25(0H)D with
* Male (%) 0 e Season winter & concealing
blood summer clothing
drawn
Gale 2008™  « Health singleton e Assay  RIA Length and X X White only
PAHSG status pregnancy method weight in
UK (50°N) <17 wk offspring
[17311057] e Mean age  26.3 stratified by
(range/SD), mother’s
y 25(0OH)D
o Male (%) 0 e Season nd
blood
drawn




Table 6. Vitamin D and growth outcomes: Results of RCTs

Author Year

. o/m0 Mean Interventions, No. . . Change Change Net Net Diff Study
Study Name  Life Stage  Outcome  1%2° o000 Daily Dose ~ Analyzed UMt Baseline = qpy 95% Cl Diff 9s%ct  PBYW  Quality
[PMID]
Maxwell Pregnant Infant 2° until ) Final Diff
1981% women & birth delivery ~ VitD10001U 59 9 NA 3157  3037,3277 +123 50,2965 NS
Broolﬁe infant 0-6 mo  weight Control 67 NA 3034 2909, 3159 B
1980 (Asians) Infant 2° until . Final Diff
[6793058] birth delivery ~ VitD10001U 59 cm NA 497 496,498  +0.2  0.1,03° NS
[6989438] length Control 67 NA 49.5 49.4, 49.6
Felici3a6no 0-6 mo Weight 1° 6 mo Vit D 400 IU 12 g nd 3745 2613, 4877 -463 -1852, 926 NS
1994 gain born Vit D 200 1U 13 nd 5206  4718,5874 1088 96, 2080° NS
[8078115] in spring, -
N. China® Vit D 100 IU 17 nd 4208 3402, 5013 c
Length 1° 6 mo Vit D 400 [U 12 cm nd 18.8 17.4,20.2 -0.5 2.7,1.7° NS
gain born Vit D 200 IU 13 nd 19.0 18.1,19.9 -0.3 -2.2,1.6° NS
in spring, .
N. China Vit D 100 IU 15 nd 19.3 17.6, 21.0
El-Hajj 9-18y Height 2° 1y Vit D3 2000 1U nd. <34 % nd 5.6% ~4.8,64° ~18% ~0.6,3.0°
2006° female, Vit D5 200 1U total nd 5.0% ~4.2,58° ~12% ~-0.01,24° 007
[16278262] premenarche Placebo nd 3.8% ~0.9,6.7° c
Weight 2° 1y Vit D3 2000 1U nd. <34 % nd 18.4%  ~14.7,221° ~35% ~-1.3,8.3°
Vit D; 200 IU total nd 153% ~125,181° -~04 -3.7,45° 0.25
Placebo nd 14.9%  ~11.8,18.0°
Wagner Lactating Infant 1° 7 mo Mother (400) Final Diff
2006% mothers &  weight® +infant (300) 10 9 NA 7600  7100,8100  -800  -2300,700°  °0-30
[17661565] infant Mother (6400)
0-6mo: 7 +infant (0) 9 NA 8400 7700, 9100 .
mo-2y Infant 1° 7 mo Mother (400) Final Diff
length +infant (300) 10 cm NA 655 644,666 38  -7802° 006
Mother (6400)
+infant (0) 9 NA 69.3 67.4,71.2
Marya Pregnant Birth 1° Delivery  VitD 1.2 mil Final Diff
1988%" women & weight IU total 100 9 NA 2990  2920,3060 +190  90,290¢  <0-001
India infant 0-6 mo No
[3243609] supplement 100 NA 2800 2730, 2870 .
Birth 20 Vit D 1.2 mil Final Diff
length IU total 100 cm NA 50.06  49.7,504  +16  11,21° 0001
No 100 NA 48.45  48.1,488
supplement
Marya Pregnant Birth 20 Delivery Vit D 1.2 mil Final Diff
19814 women & weight IU total 20 9 NA 3140  2940,3340 +410 166, 654° 0001
[7239350]° infant 0-6 mo Vit D 1200 IU Final Diff
+375mg Ca 25 9 NA 2890  2760,3020 +160 0, 320° 0.05 ¢
(3" trimester)
No 75 NA 2730 2650, 2810
supplement
Continued
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Author Year

. o/no0 Mean Interventions, No. . . Change Change Net Net Diff Study
[S’Ff‘,jﬂ%]’\‘ame Life Stage  Outcome  1°2° coyowip  Daily Dose  Analyzed UMt Baseline  Tigny 95% Cl Diff 95%cCl P BW  Quality
MaIIe4t0 Pregnant Birth 2° delivery Final Diff
1986 women & weight Vit D 1000 1U 21° g NA 3370 +160 NS C
France (48° infant 0-6 mo (80)
N) Vit D 200,000 b 3210
[3755517] U 1x dose 27 NA (90)

A

See Table 1 in original paper for complete results stratified by North vs. South China and birth in spring vs. fall

See Table 3 in original paper for results on 1 mo and 4 mo
Estimated from available data
Estimated from number of mothers; number of infants not reported

m o O W

reported.
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Table 7. Vitamin D and growth outcomes: Results of cohort studies

Author Year

Followup

Study Name Life Stage Outct_)me Duration Maternal 25(OH)D concentration, No. in Final Final P Stud_y
PMID (n/N; Incidence) nmol/L Category value SD value Quality
Morle Pregnant . .
2006° Wo%en; B'r,t\f‘_"svsllght Delivery <28 at 28-32 wk 27 3397 g 57 NS
Australia infant 0-6 mo (N=374)
[16352684] >28 at 28-32 wk 347 3555 52 B
B'(rltlh:'se;“%th Delivery <28 at 28-32 wk 27 49.8 cm 27 NS
=28 at 28-32 wk 347 50.4 2.4
Gale 2008" Pregnant Birth weiaht
PAHSG, UK women; (N:466% Delivery <30 (Quartile) nd 3.38 kg 0.46
[17311057] infant 0-6 mo 0.25"
30-50 nd 3.40 0.56 '
50-75 nd 3.49 1.57
>75 nd 3.43 0.51
We'(gl\lh:tfjé’) mo 9 mo <30 nd 15.9 1.14
30-50 nd 15.8 1.26 0.58
50-75 nd 16.1 1.34
>75 nd 15.9 1.09
Wf;\gl:;?é;’ y 9y <30 nd 27.4kg 119
30-50 nd 29.4 121 0.10
50-75 nd 30 1.20
>75 nd 29.3 1.19
C
Pregnant
women; Birth length (N=466) Delivery <30 nd 50 cm 1.83
infant 0-6 mo 0.15
30-50 nd 50 2.29 '
50-75 nd 50.5 2.25
>75 nd 50.1 2.09
Le”g\tf:‘ﬁ(% mo 9 mo <30 nd 712cm 285
30-50 nd 71.4 2.60 0.86
50-75 nd 71.7 2.89
>75 nd 71.1 2.67
He(',ggtl“;‘g y 9y <30 nd 1206cm  5.88
30-50 nd 131.5 6.66 0.19
50-75 nd 131.8 5.09
>75 nd 130.6 6.45

A" Non-adjusted
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Vitamin D and Cardiovascular Disease

Synopsis.

No qualified systematic reviews have eval uated the association between vitamin D intake or
serum 25(OH)D concentrations and incidence of hypertension. One RCT of ailmost 2700 elderly
British who received either vitamin D3 100,000 1U every 4 months or placebo for 5 years found
no statistically significant difference in event rates for various cardiovascular outcomes,
including total events and cardiovascular deaths. No effects were also found in subgroup
analyses of men and women. Three cohort and one nested case-control studies have analyzed the
association between serum 25(OH)D concentrations and cardiovascular outcomes
(cardiovascular events, nonfatal myocardial infarction or fatal coronary heart disease,
cardiovascular death, myocardia infarction, and stroke). Significant associations were found
between progressively lower 25(OH)D concentration and progressively increased risk of
cardiovascular events in two studies of people approximately 40 to 75 years old. No significant
associations were found between serum 25(OH)D concentrations and cardiovascular death,
myocardial infarction, or stroke in one study each.

Detailed presentation (Tables 8, 9, 10 & 11; Figure 6).

Total cardiovascular events.

Total cardiovascular events were evaluated by an RCT,* the Framingham Offspring Study
(FOS),* and a nested case-control study derived from the Health Professionals Follow-up Study
(HPFS).”® The RCT found no significant effect of vitamin D; both cohort studies found
significant associations between lower serum 25(OH)D concentrations and increased rates of
outcomes.

The RCT randomized almost 2700 elderly participants (65-85 years) from the general
population in Ipswich, UK (52° N) to vitamin D3 100,000 |U every 4 months or placebo.** After
5 years, 36 percent of the participants had a cardiac or cerebrovascular event, but there was no
statistically significant difference between those taking vitamin D or placebo. Similar results
were found in subgroups of men and women. The RCT was rated quality B primarily due to
inadequate verification of outcomes.

The FOS cohort evaluated 1739 men and women with no history of cardiovascular disease
and a mean age of 59 years (based on the standard deviation, with an approximate rage of 41 to
77 years).™ After 5.4 years, 6.9 percent had a cardiovascular event (including myocardial
infarction, coronary insufficiency, angina, stroke, transient ischemic attack, claudication, and
heart failure). Overall, the methodological quality of the study was A; though their secondary
analysis of three categories of serum 25(OH)D concentrations (as opposed to two categories)
was rated C due to incomplete reporting and lack of adjustment for important variables including
season of blood draw. In their primary analysis, people with serum 25(OH)D concentrations less
than 37.5 nmol/L were 70 percent more likely (P=0.02) to have a cardiovascular event. In their
secondary analysis, those with 25(OH)D concentrations between 25 and 37.5 nmol/L were about
50 percent more likely (P=0.01) to have an event than those with higher concentrations.
Furthermore, a multivariable analysis of continuous 25(OH)D concentrations suggested
increased likelihoods of cardiovascular eventsin those with 25(OH)D concentrations below
approximately 50 to 55 nmol/L.
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In a nested case-control study of the HPFS, 454 men 40 to 75 years old with no
cardiovascular history who had a nonfatal myocardial infarction or coronary heart disease death
over a 10 year period were matched with 1354 controls.*® The methodological quality of the
analysiswas A, although due to limitations on analyzable serum, the investigators had to use a
case-control analysisinstead of a complete analysis of all eligible men in the HPFS. Across four
categories of men based on their serum 25(OH)D concentrations, lower concentrations were
significantly associated with increased cardiovascular events (trend across categories P=0.02).
Compared with men who had 25(OH)D concentrations above 75 nmol/L, those with 25(OH)D
concentrations 56 to 75 nmol/L had an adjusted relative risk (RR) of 1.6 (95 percent CI 1.1, 2.3),
those with 25(OH)D 37.5 to 56 nmol/L had an RR of 1.4 (95 percent ClI 0.96, 2.1), and those
with 25(OH)D below 37.5 nmol/L had an RR of 2.1 (95 percent Cl 1.2, 3.5).

Cardiovascular death.

The British RCT of vitamin D3100,000 1U every 4 months versus placebo analyzed
cardiovascular death as a primary outcome; 8 percent of the participants had cardiovascul ar
deaths within 5 years.** Fewer people taking vitamin D3 supplements had cardiovascular deaths
(RR =0.84), but this finding was not statistically significant (95 percent CI 0.65, 1.10). Similar
results were found in subgroups of men and women.

An analysis of NHANES |11 (methodological quality C) evaluated cardiovascular death (due
to hypertensive disease, ischemic heart disease, arrhythmia, heart failure, cerebrovascular
disease, atherosclerosis or other disease of the arteries) in over 13,000 men and women
regardless of baseline medical history.*” During almost 9 years of followup, 5.8 percent had a
cardiovascular death. The analysis compared four categories of serum 25(OH)D concentrations
ranging from less than 44.5 nmol/L to more than 80 nmol/L. No significant association was
found between serum 25(OH)D concentration and cardiovascular death.

Ischemic heart disease.

The RCT evaluated total ischemic heart disease.* In this elderly British population, 17
percent had an ischemic heart disease event; no effect of vitamin D3 supplementation was found.
Similar results were found in subgroups of men and women.

Ischemic heart disease death.

The RCT evaluated total ischemic heart disease death as a primary outcome.* In the trial, 3.4
percent had an ischemic heart disease event; no effect of vitamin D3 supplementation was found
(RR =0.84[95 percent CI 0.56, 1.27]). Similar results were found in subgroups of men and
women.

Myocardial infarction.

In one small analysis, 755 elderly (age 65 to 99 years) Finnish men and women, regardless of
cardiovascular history, were evaluated on the basis of myocardial infarction (methodol ogical
quality C dueto lack of reporting of relevant data including information on the serum 25(OH)D
or 1,25(0OH),D concentrations within the tertiles).*®
During 10 years of followup, 17 percent of the participants had a myocardial infarction. Both
analyses of serum 25(OH)D and 1,25(OH),D concentrations found no significant association
with risk of myocardial infarction.
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Stroke.

The RCT evaluated total cerebrovascular disease.* In this elderly British population, 7.7
percent had a cerebrovascular event; no effect of vitamin D3 supplementation was found. Similar
results were found in subgroups of men and women.

Stroke was evaluated in the same small Finnish study. During 10 years of followup, 9.3
percent of the participants had a stroke. Both analyses of serum 25(OH)D and 1,25(0OH).D
concentrations found no significant association with risk of stroke.

Cerebrovascular death.

The RCT evaluated cerebrovascular disease death as a primary outcome.** In the trial, 2.0
percent had afatal stroke; no effect of vitamin D3 supplementation was found. Similar results
were found in subgroups of men and women.

Findings per vitamin D concentration.

The RCT compared vitamin D3 supplementation 100,000 1U every 4 months with placebo,
but found no effect on cardiovascular outcomes. Two cohort studies found a significant
association between higher serum 25(0OH)D concentrations and lower risk of combined
cardiovascular events. Both found that those people in the highest 25(OH)D category analyzed
within each study had the lowest risk. The FOS used a maximum threshold of 37.5 nmol/L; the
HPFS used a maximum threshold of 75 nmol/L. The FOS provided a graphic representation of a
multivariable regression of continuous 25(OH)D concentrations (Figure 2 in the study).”® The
risk of cardiovascular events rose below 37 to 50 nmol/L serum 25(OH)D concentration. The
Finnish cohort did not report the range of serum 25(0OH)D and 1,25(0OH),D concentrations.*®

Findings per age and sex.

The single RCT included elderly people from the general population. No effects on various
cardiovascular events were found. Subgroup analyses of men and women yielded similar
findings. The four cohort studies included adults across the full age range. Three of the cohorts
included about half men and women; one included only men. None evaluated potential
differences in associations based on age or sex, but no differences were evident across studies.

Findings by life stage.

e 0-6mo Not reviewed
e 7mo-2y Notreviewed
e 3-8y Not reviewed
e 9-18y Not reviewed
e 19-50y For cardiovascular events, only aminority of evaluated participants were

within thislife stage (almost all above 40 years). The NHANES 111 study, which found
no association between serum 25(OH)D concentration and cardiovascular death, included
largely people within thislife stage.

e 51-70y The majority of people investigated for the association between serum
25(OH)D concentration and cardiovascular events were within this life stage. Significant
associations were found between lower serum 25(OH)D concentrations and increased
rates of cardiovascular events, across a range of 25(0OH)D concentrations. The NHANES
Il study likely included many people within this life stage; no association was found
with cardiovascular death.

o >71y The mgjority of participantsin the British RCT included men and women
within this age group. Vitamin D supplementation was not found to have an effect on
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e Postmenopause

postmenopausal women. No effect of vitamin D3 supplementation was found.

e Pregnant & lactating women

Not reviewed

Table 8. Vitamin D and cardiovascular outcomes: Characteristics of RCTs

Only the RCT provided data on a subgroup that included only

Author Year

Study Name

Location Population
(Latitude)

[PMID]

Background
Calcium Intake &
Vitamin D Data

Comparisons

Compliance

Comments

Trivedi 200" o Health General

Ipswich, UK status population
(52°N) e Mean 75 (65-85)
[12609940] age

(range), y

o Male (%) 76%

742 mg/day (at 4
years, no difference
by treatment
allocation)

Vit D3 100,000 1U
vs placebo every 4
months

76% with at least 80%
compliance; 66% at last
dose (80% if excluding
deaths)
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Table 9. Vitamin D and cardiovascular outcomes: Results of RCTs

Author Year Age Outcome
Study Name Range,  Giicome  1°72° Mean Interventions, n N Metric Result 95% Cl P Study
Sex Followup Daily Dose Event Total . Btw Quality
[PMID] (Comparison)
- (Subgp)
Trivedi 200 65-85y, CVD, total 2° 5y Vit D3 100,000 1U Age adj RR A
[12609940] Both every 4 mo 4Tr 1345 itDPlacebo) % 077,106 ~ 022
Placebo 503 1341
IHD, total 2° . Age adj RR A
Vit D3 224 1345 (Vit D/Placebo) 0.94 0.77,1.15 0.57
Placebo 233 1341
CeVD, 2° : Age adj RR A
total Vit Ds 105 1345 (vitD/Placebo) 0% 077,136 087
Placebo 101 1341 B
CVD death 1° : Age adj RR A
Vit Ds 101 1345 \iDPlacebo) 084 0.65,1.10 020 .......
Placebo 117 1341
IHD death 1° . Age adj RR A
Vit Ds 42 1345 \itDiPlacebo) 8% 0.56, 1.27 041 .......
Placebo 49 1341
CeVD 1° . Age adj RR A
death Vit D3 28 1345 (Vit D/Placebo) 1.04 0.61, 1.20 0.89
Placebo 26 1341

Similar results for subgroups of men and women
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Table 10. Vitamin D and cardiovascular outcomes: Characteristics of cohort studies

Confounders/Effect Modifiers

Adjusted
Author Year
Study Name = © Specific
Location Population Vitamin D Concentration Comparisons @ g 7 CVvD
(Latitude) T 5 2 w® 8 <= Outcomes
[PMID] £ g £ 5 ® B
= [} c Q > =
z [a] < = D ]

Wang 2008" e Health No o Assay RIA Outcome X X X X X* X  CvDevent
Framingham status CvD method (DiaSorin) stratified by 2
Offspring eMean 59 (9) or3
Framingham, age categories
MA (mostly)  (SD), y
(42°N)  Male 45  Season All
[18180395] (%) blood drawn
Giovannucci e Health No o Dietary RIA (Hollis ~ Outcome X X X X X X Nonfatal
2008 status CVD  assessment 1993) stratified by 4 MI or fatal
HPFS e Mean 64 method categories CHD
us age (40-75)
(various) (range),
[18541825] y

* Male 100 o Internal All

(%) validation?

(y/n)

Melamed e Health Any o Assay RIA Outcome X X X X X X CVD death
2008" status method (DiaSorin) stratified by 4
NHANES Il e Mean 45 categories
us age (=20)
(various) (range),
[18695076] vy

* Male 46 e Season All (even

(%) blood drawn  distribution)
Marniemi e Health  Any o Assay RIA Outcome X X MI
2005 status method (Incstar) stratified by Stroke
Turku, e Mean 79 tertiles
Finland age (65-99)
(60°N) (range),
[15955467] y

o Male 48 e Season All

(%) blood drawn

" Not in 3-category analysis

Case-control study
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Table 11. Vitamin D and cardiovascular outcomes: Results of cohort studies

Author Year Age FOHOWUp ) . . .
Study Name Range Outcc_)me Du_ratlon Vit D Concentration, No. of No. in Adjusted 95% ClI P for Study
' (n/N; Incidence) (Time to Measure nmol/L Cases Category OR Trend Quality
[PMID] Sex Dx)
CVD Events
Both Sexes
Wang 2008" Mean
(F)rf";‘s“;'rri‘r?gam 5(5('39)), CvD e"%’.‘ééé)zo’ 1739; 54y 25(0H)D <375 50 481 170 1.08,267¢ 002 A
[18180395] Both ]
237.5 70 1258 1 Reference
<25 nd nd 1.80 1.05,3.08*  0.01 C
25-37.5 nd nd 1.53 1.00, 2.36*
237.5 70 1258 1 Reference
Men
g&%\éﬁ‘? nucet 40-75y Nonfatal Ml or fatal o
HPES Men ’ CHD (454 cases; 10y 25(0OH)D <37.5 63 150 2.09 1.24,3.54 0.02 A
[18541825] 1354 controls)
37.5-56.25 156 463 1.43 0.96, 2.13
56.25-75 165 464 1.60 1.10, 2.32
>75 70 277 1 Reference
CVD Death
Both Sexes
Melazr;ed
>
2008 e 220 (777%%?16%*.‘058) 8.7y 25(0H)D <445 nd nd 120 087,164  nd c
[18695076] )
44.5-60.75 nd nd 0.88 0.69,1.14
60.75-80.25 nd nd 0.83 0.65, 1.07
>80.25 nd nd 1 Reference
Myocardial
Infarction
Both Sexes
Marniemi
48 65-99y, MI _
[210509555467] Both (130/755: 0.172) 10y 25(0OH)D nd nd 252 1 Reference nd C
nd nd ~252 0.99 0.64,1.53
nd nd ~252 0.77 0.47,1.27
1,25(0H),D nd nd ~252 1 Reference nd
nd nd ~252 1.05 0.68, 1.62
nd nd ~252 0.82 0.52,1.30
Continued



Followup

guthor Year Age Outcome Duration Vit D Concentration, No. of No. in Adjusted P for Study
tudy Name Range, . : ; 95% CI )
(n/N; Incidence) (Time to Measure nmol/L Cases Category OR Trend Quality
[PMID] Sex Dx)
Stroke
Both Sexes

Marniemi
2005 65ég?hy’ 70/78;29%6093 10y 25(0OH)D nd nd ~252 1 Reference nd c
[15955467] 0 ( +0.093) .

nd nd ~252 1.13 0.62,2.05

nd nd ~252 1.00 0.51,1.94

1,25(0OH),D nd nd ~252 1 Reference nd
nd nd ~252 0.63 0.37,1.09
nd nd ~252 0.41 0.22, 0.77*

* Statistically significant (P<0.05)
A

concentrations below approximately 50-55 nmol/L. See Figure 2 on page 508 of atrticle.
25(OH)D concentration.

nmol/L), adjusted RR=2.30 (1.33, 3.97).
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Multivariable Cox regression with continuous 25(OH)D and regression splines with nonlinear relationships suggests an increased hazard of CVD events at serum 25(OH)D
Adjusted regression analyses found OR=0.98 (0.96, 0.998) per 2.5 nmol/L increase in 25(OH)D and risk reduction of -2.1% (-0.2%, -4.0%) per 2.5 nmol/L increase in serum

In a subgroup analysis of participants on no cholesterol lowering drugs at baseline, comparing the highest serum 25(OH)D concentration category (>75 nmol/L) to the lowest (£37.5



Figure 6. Cardiovascular outcomes risk stratified by vitamin D concentration

Decreased risk

56

Increased risk

25(0H)D P
concentration for

Study Category  (nmol/L) trend Quality
CVD Events, Both Sexes
Framingham Offspring 2008 Cat 182 <37 * 002 A
(n=1739) Cat 3 (ref) >37 b

Cat 1 <25 + 0.01 C

Cat 2 25-37 >

Cat 3 (ref) =37 4
CVD Events, Men
HPFS 2008 Cat 1 <37 g 0.02 A
(n=454 cases, 1354 controls) Cat 2 37-56 r——

Cat3 56-75 ——

Cat 4 (ref) =75 4
CVD Death, Both Sexes
NHAMES Il 2008 Cat 1 <45 e p— nd C
(n=13,331) Cat 2 45 -61 e o ]

Cat 3 61-80 ———

Cat 4 (ref) >80 4
Myocardial Infarction, Both Sexes
Marniemi (Finland) 2005 T1 (ref) nd 4 nd C
(n=755) T2 nd

T3 nd L *
Stroke, Both Sexes
Marniemi (Finland) 2005 T1 (ref) nd b nd C
(n=755) T2 nd ¢

T3 nd

| | |
0.5 1 2 4




Vitamin D and Body Weight

We searched for systematic reviews and primary studies that evaluated associations between
vitamin D intake or body stores and incidence of overweight or obesity; no such studies were
found. For the outcome weight change (in kilograms or body mass index units), we included
only randomized controlled trials. The EPC and the TEP agreed that the limited resources would
not be expended on reviewing observational studies for the surrogate outcome body weight
(where overweight or obesity are considered to be the clinical outcomes). We included only
studies of adults. Studies of weight gain in children are included in the “ Growth” section.

Synopsis.

No qualified systematic reviews have evaluated the association between vitamin D intake or
serum 25(OH)D concentrations and body weight in adults. Three RCTs from Finland, Norway,
and India compared different doses of vitamin D (300 IU daily, 20,000 or 40,000 IU weekly, or
120,000 1U every 2 weeks) to placebo, with or without supplemental calcium in both groups. The
study participants also varied: they were postmenopausal women, obese men and women, or
only obese men. In the Finnish and Norwegian studies, the participants on average, gained
weight in all groups over 1 or 3 years; in the Indian study weight remained mostly stable over 6
weeks. All studies found no difference in weight change with or without vitamin D
supplementation.

Detailed presentation (Tables 12 & 13).

Three RCTs of vitamin D reported body weight (or body mass index [BMI]) as an outcome.
The Kuopio (Finland) Osteoporosis Risk Factor and Prevention Study (Kuopio ORFPS) included
postmenopausal women in a four-arm study.*® Two of the study arms included hormone
replacement treatment and are not further discussed here. The remaining two arms compared
vitamin D3 300 1U (83 women) versus placebo (95 women), where all women were taking low
dose calcium lactate 500 mg/d (equivalent to 93 mg Ca'*/d). Women on cholesterol-lowering
medication at any point during the trial were excluded. The primary outcome of the trial was the
serum lipid profile. The women ranged in age from 47 to 56 years. After 3 years, women, on
average, gained weight in both study arms (about 1-2 kg). Those in the placebo arm gained an
absolute 1.5 percent more weight than those in the vitamin D arm, but the difference was not
statistically significant. The study had a methodological quality of C due to an uneven
distribution of body weights between study arms at baseline (means 71.5 and 67.6 kg) and an
overall withdrawal rate of over 30 percent.

The second trial was conducted in Norway among healthy overweight and obese women and
men.*® The participants mean baseline serum 25(OH)D concentration was 53 nmol/L. Thetrial
compared vitamin D, 40,000 1U weekly (116 participants completed), 20,000 1U weekly (106
participants), and placebo (112 participants). All study participants also took calcium carbonate
500 mg daily. Almost all participants complied with the vitamin D (or placebo). Changesin
weight and BMI were primary outcomes. The participants ranged in age from 21 to 70 years.
After 1 year, changesin weight were small (increases of 0.1-0.5 kg) in each trial group.
Compared to the placebo group, those taking the larger dose of vitamin D had less weight gain
than those taking the smaller dose, but none of the differences among study groups were
statistically significant. The study was rated methodological quality B, primarily due to the high
dropout rate (25 percent), which was not explained.
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Thethird trial was conducted in New Delhi, India among healthy obese men.>* The
participants’ mean baseline serum 25(OH)D concentration was about 33 nmol/L. The trial
compared vitamin D3 120,000 given under supervised conditions every 2 weeks and placebo in
100 men, of whom 71 were analyzed; most dropouts occurred because of refusals for subsequent
blood draws (to assess the primary outcome). After 6 weeks, weight in kg and BMI were
essentially stable, with no difference in weight change between the interventions. The study was
rated methodological quality B because of the high dropout rate; for weight (in kg), the study
was of quality C because baseline weights were not reported.

Findings per vitamin D dose.
There was alack of effect found across a range of doses from 300 U to 8570 U (prorated)
daily.

Findings per age and sex.
There was alack of effect found in studies both of men mostly in their 40s, somewhat older
people of both sexes, and postmenopausal women.

Findings by life stage.

e 0-6mo Not reviewed

e 7mo-2y Notreviewed

e 3-8y Not reviewed

e 9-18y Not reviewed

e 19-50y No effect was found in onetrial of men mostly within thislife stage after 6
weeks

e 51-70y The majority of people in the trials were within this life stage. No
significant effect was found on weight from vitamin D supplementation for 1 or 3 years.

o >/ly No data

e Postmenopause All the women in the Finnish trial were postmenopausal.

e Pregnant & lactating women Not reviewed
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Table 12. Vitamin D and weight: Characteristics of RCTs

Author Year

S Background
tudy Name ;
. . Calcium Intake . .
Location Population ) . Comparisons Compliance Comments
- & Vitamin D
(Latitude) Data
[PMID]
Heikkinen e Health All, post- nd Vit D; & Ca nd
1997% status menopause lactate vs
Kuopio * Mean 53 (47-56) Placebo & Ca
ORFPS age lactate
Kuopio, (range),
Finland y
(63°N) * Male 0
[9405029] (%)
Sneve o Health Healthy 25(CH)D Vit D3 40,000 IU  The compliance rate for
2008%° status overweight 53.1+16.9 per week vs cholecalciferol/placebo
Tromsg, and obese nmol/L Vit D3 20,000 IU  capsules were 95% in all 3
Norway e Mean 48 (21-70) Ca intake per week vs groups, and for the calcium
(70°N) age 9404398 mg/d Placebo tablets 81-85% across all 3
[19056900] (range), All: Ca groups.
y carbonate 500
o Male 36 mg/d
(%)
Nagpal o Health Healthy, 25(OH)D: 36.5 Vit D3 120,000 100% (i_m_plied); supervised Exc_luded
20(%)51 status obese nmol/L IU every 2 home visits subjects who
New Delhi « Mean 44 (8) (treatment weeks vs refused
India ’ age group), 30.0 Placebo subsequent
(28.5°N) (SD), y nmol/L (control blood draws
[19'125756] » Male 100% group)
()]
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Table 13. Vitamin D and weight: Results of RCTs

Author Year Rgr?ee Mean Interventions, Dail No Net Net Diff 95% P Stud
Study Name S 9 Outcome 1°72° ' y : Unit Baseline Change Change 95% ClI . ? Y
ex Followup Dose Analyzed Diff Cl Btw  Quality
[PMID]
(Subgp)
Isocaloric
Diet
Heikkinen Vit D3 300 IU + Ca o o o 1 £0 A R0 oy B
1997 47-56y, lactate 93 mg 83 kg 715 +1.84%  +0.43%, +3.25% 1.5% 3.6%, +0.6% NS
Kuopio Women Weight 2° 3y C
ORFPS Ca lactate 93 mg 95 67.6 +3.32% +1.73%, 4.91%
[9405029]
Vit D3 40,000 IU weekly+ A
Ca carbonate 500 mg 116 kg 101.0 +0.1 -0.6, +0.8 -0.4 -1.3, +0.5 NS
Weight 1° ly Vit D320,000 IU weekly + 106 98.6 +0.3 03 +0.9 02 1.1 +0.7° NS
sn Ca carbonate 500 mg ) ) o ) -
evf% 21-70y, Ca carbonate 500 mg 112 100.6 +0.5 -0.2, +1.2
2008 Both Vit D, 40,000 1U weekly + B
[19056900] 3T Y 116 BMI 35.0 0.0 -0.2,+0.2 0.2 -0.6, +0.2" NS
Ca carbonate 500 mg
M v 1y VitDs20,000 U weekly+ 444 34.4 +0.1 0.1,+03 01 04,402 NS
Ca carbonate 500 mg ) ) e ) o
Ca carbonate 500 mg 112 35.1 +0.2 -0.1, +0.5
Vit D3 120,000 IU every
gloagggl 44 (8 Weight 20 6 wk 2wk 35 kg nd +0.03 -0.6, +0.6 +0.42 -0.4, +1.2 NS c
New Delhi SD)' Placebo 36 nd -0.38 -0.9, +0.2
India Men \ o LD 120,0001U every 35 BMI 267 -0.02 02,402 4002  -03,+0.3 NS
[19125756] BMI 2 6w 2w B
Placebo 36 26.0 -0.04 -0.3, +0.2

A

Estimated from reported data

Per estimated 95% confidence interval, P=0.17
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Vitamin D and Cancer
Cancer from all causes and total cancer mortality.

Synopsis.

No qualified systematic reviews have evaluated rel ationships between vitamin D and total
cancer incidence or mortality. One RCT showed no effect of combined vitamin D3 (1000 1U/d)
and calcium (~1500 mg/d) supplementation versus calcium supplementation (~1500 mg/d) alone
on therisk of total cancer in healthy postmenopausal women (>55 years old) living in Nebraska
(latitude 41°N). Another RCT also found no difference in total cancer mortality or incidence
between supplemental vitamin D3 (100,000 1U every 4 months) and placebo in elderly (71+
years old) men and women living in the United Kingdom (latitude 52° N). Both RCTs were rated
B quality.

Analyses using NHANES |11 data (general adult populations living in the US) showed no
significant association between baseline 25(OH)D concentrations and total cancer mortality.

Detailed presentation (Tables 14, 15, 16 & 17).

A 4-year population-based RCT,> sampled from a9 county, largely rural areain eastern
Nebraska (latitude 41°N), aimed to determine the efficacy of vitamin D3 (1000 1U/d) plus
calcium (either calcium citrate 1400 mg/d or calcium carbonate 1500 mg/d) or calcium alone
(either calcium citrate 1400 mg/d or calcium carbonate 1500 mg/d) compared to placebo in
reducing fracture incident. Only the comparison between the combined vitamin D and calcium
versus the calcium alone groups is discussed here. The other comparisons are described in the
calcium and combined vitamin D and calcium sections. This study was rated methodol ogical
quality B. Incidence of cancer was a secondary outcome of thistrial. A total of 1179
postmenopausal women, aged more than 55 years old, were randomized. The mean 25(OH)D
concentration at baseline was 72 nmol/L. The relative risk of developing cancer at the end of
study was 0.76 (95 percent Cl: 0.38, 1.55). On the hypothesis that cancers diagnosed early in the
study would have been present, although unrecognized on entry, the analyses were restricted to
women who were free of cancer at 1 year intervention. The relative risk of developing cancer at
the end of study for the vitamin D3 plus calcium group changed to 0.55 (95 percentCl 0.24,
1.28).

Another 5-year RCT compared the effects of supplemental vitamin D3 (100,000 U every 4
months) with placebo on total cancer mortality and incidence in 2686 elderly participants with a
mean age of 75 yearsin the United Kingdom (latitude 52° N).* Total cancer mortality and
incidence were evaluated as two of multiple secondary endpoints. The primary endpoint was the
prevention of fracture. At 5 years vitamin D3 supplementation had no significant effect on the
prevention of total cancer mortality (HR 0.86; 95 percent Cl 0.61, 1.20) or incidence (HR 1.09;
95 percent Cl 0.86, 1.36). Thistrial was rated B because it did not report in sufficient detail the
randomization method, and the outcome ascertainment was based on death certificates or self-
reported data, not verified with another objective documents (e.g., medical records or pathology
reports).

Reported in two publications (one was rated B and one was rated C), there was no
association between baseline 25(OH)D concentrations and total cancer mortality in the total
NHANES |11 study population*”** or in subgroup analyses by either season or latitude after a
median 9 years of followup.>
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Findings by age, sex and/or ethnicity.

There were no differences in the total cancer mortality and incidence between men and
women, reported in a 5-year RCT compared the effects of supplemental vitamin D3 (100,000 1U
every 4 months) with placebo. In the NHANES 11 analysis, there was a suggestion of increased
risk of total cancer mortality in men whose baseline 25(0OH)D were in the two highest categories
(80 to <100 nmol/L; >100 nmol/L) compared to the reference category (<50 nmol/L) [80 to <100
nmol/L: RR = 1.21, 95 percent Cl 0.83 to 1.78; >100 nmol/L: RR = 1.35; 95 percent CI 0.78 to
2.31; Pfor trend=0.08]. However, this relationship was not seen in women (Pfor trend=0.12).%
When racial/ethnic groups were considered separately, there was also no association between
baseline 25(0OH)D concentrations and total cancer mortality in non-Hispanic whites (Pfor
trend=0.80), non-Hispanic blacks (Pfor trend=0.14), or Mexican Americans (Pfor trend=0.37).

Findings by life stage.
e 0-6mo No data

e 7mo-2y Nodaa
e 3-8y No data
e 9-18y No data
[ ]

19-50y Analysesusing NAHANES |11 data showed no significant association

between baseline 25(OH)D concentrations and total cancer mortality. NHANES 11

included participants mostly within this life stage.

e 51-70y A proportion of participantsin NHANES |11 were in thislife stage, but no
unique conclusions are possible for thislife stage separate from those for people 19 to 50
years.

o >7ly One RCT included elderly men and women mostly in thislife stage. The
trial found no difference in total cancer mortality or incidence between supplemental
vitamin D3 (100,000 IU every 4 months) and placebo.

e Postmenopause One RCT with healthy postmenopausal women showed no effect
of vitamin D3 supplementation (1000 1U/d) on the risk of total cancer.

e Pregnant & lactating women No Data
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Table 14. Vitamin D and total cancer: Characteristics of RCTs

Author Year

Study Name Background
Location Population Calcium Intake & Comparisons Compliance Comments
(Latitude) Vitamin D Data
[PMID]
Lappe e Health Mentally and 25(0OH)D: 71.8 Vit D3 1000 IU/d + Ca nd
2007% status physically fit; ~ nmol/L (citrate 1400 mg/d or
Nebraska, US post- carbonate 1500 mg/d)
(41° N) menopause vs. Ca (citrate 1400
[17556697] e Mean 67 (7.3) mg/d or carbonate 1500

age (SD), mg/d) vs. placebo

y

e Male 0

(%)
Trivedi 2003 o Health  General 25(0OH)D: 53.4 Vit D; 100,000 IU vs Participants Previous CVD:
Oxford, UK status population nmol/L placebo every 4 months  taking 280% of 28%, previous
(52°N) e Mean 75 (65-85) study cancer: 6%,
[12609940] age Calcium intake= medication: steroids user:

(range), y 742 mg/d (at 4 76%" 5%, and HRT

o Male 76% years, no taker: 7%

(%) difference by

treatment
allocation)

A

No difference between the vitamin D and the placebo arm.

Table 15. Vitamin D and total cancer: Characteristics of cohort studies

Confounders/Effect Modifiers

Adjusted
Author Year
Study Name ) . o
Location Population c Vitamin D Comparisons S 2 Comments
: oncentration ) © . _ o o
(Latitude) c o o I o =
[PMID] £ 2 £ £ 3 %§
5 o c 3 > £
z [a] < = D I
Cohort
Freedman e Health  Any o Assay RIA Cancer X X X X X X Final model
2007 status method  (DiaSorin) mortality includes sex,
NHANES Il e Mean 44 stratified by race/ethnicity,
us age (=17) prespecified and smoking
(various) (range), baseline pattern. Other
[16481636] y 25(0OH)D cut potential
 Male 45 e Season Al points confounders
(%) blood were
drawn examined but
not chosen.
Melamed e Health DM o Assay RIA Cancer X X X X X X
2008" status 7.4%, method (DiaSorin)  mortality
NHANES 11l history stratified by
us of baseline
(various) CVvD 25(0OH)D
[18695076] 7.9%, quartiles
HTN
25%
e Mean 45
age (=20)
(range),
y
e Male 46 e Season All
(%) blood
drawn
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Table 16. Vitamin D and total cancer: Results of RCTs

Author Year

Study Name Followup Interventions, Daily n N Outcome P Study
Location Life Stage Outcome 1°/2° ’ Dose ' Event Total Metric Result  95% CI Btw  Qualit
(Latitude) y (Comparison) y
[PMID]
Lappe Post- Incident cancer (all 2° 4 Vit D; 1000 IU + Ca 13 446 RR (Vit D+Ca 0.76 0.38, NS
2007% menopausal causes) (citrate 1400 mg or vs Ca) 1.55
women carbonate 1500mg) 000 B
Nebraska, US Ca (citrate 1400 mg 17 445
(41° N) or carbonate 1500
[17556697] mg)
Post- Incident cancer 2° 4 Vit D; 1000 IU + Ca 8 403 RR (Vit D+Ca 0.55 0.24,1.28 NS
menopausal (restricted to subjects (citrate 1400 mg or vs Ca)
women who were free of carbonate 1500 mg) B
canceratly Ca (citrate 1400 mg 15 416
intervention) or carbonate 1500
mg)
Trivedi 2003  65-85y, Both Incident cancer (all 2° 5 Vit D3 100,000 1U 188 1345 HR (Vit D vs 1.09 0.86, NS
[12609940] sexes causes) every 4 mo (~833 placebo) 1.36 B
1U/d)
Placebo 173 1341
Total cancer mortality 2° 5 Vit D3 100,000 1U 63 1345 HR (Vit D vs 0.86 0.61,1.2 NS
every 4 mo (~833 placebo)
wd
Placebo 72 1341




Table 17. Vitamin D and total cancer: Results of cohort studies

Author Year Followup

. Outcome . 25(0OH)D, No. of No. in Adjusted P for Study
Study Name Life Stage _ : Duration 95% ClI .
[PMID] (n/N; Incidence) (Time to D) nmol/L Cases Category HR Trend Quality
Freedman 2007
NHANES Il Adults, Cancer mortality
uUs both sexes (536/16818; 0.032) 105 mo <50 175 5744 1 Reference 0.65 B
[16481636]
50 to <62.5 103 3143 1.22 0.91,1.64
62.5 to <80 117 3713 1.02 0.69, 1.50
80 to <100 80 4218 (total, 1.00 0.71, 1.40
) =80 nmol/L)
100 to <120 41 0.92 0.58, 1.46
2120 20 1.49 0.85, 2.64
Adults, Cancer mortality
males (318/7632; 0.042) 105 mo <50 88 1993 1 Reference 0.08
50 to <62.5 57 1461 1.03 0.73,1.44
62.5 to <80 71 1845 0.99 0.57,1.74
2333 (total,
80 to <100 58 280 nmol/L) 121 0.83,1.78
2100 44 1.35 0.78,2.31
Adults, Cancer mortality
females (218/9163: 0.024) 105 mo <50 87 3751 1 Reference 0.12
50 to <62.5 46 1682 1.40 0.94, 2.08
62.5 to <80 46 1845 1.02 0.62, 1.67
22 1885 (total, 0.72 0.40, 1.26
80 10 <100 280 nmol/L)
=100 17 0.78 0.40, 1.53
Melamed 2008
NHANES 1lI . .
US Adults, Canc?r mortality Median 8.7 (IQR >80 nd nd 1 Reference nd c
(various) both sexes (N=13331) 7.1-10.2) y
[18695076]
61-80 nd nd 0.8 0.54,1.19
44-60 nd nd 1.08 0.8, 1.46
<44 nd nd 0.91 0.63,1.31

* Statistically significant (P<0.05)
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Prostate cancer.

Synopsis.

No qualified systematic reviews have evaluated the association between serum vitamin D
concentrations and incidence of prostate cancer. Eight nested case-control studies (2B, 6C) found
no association between baseline serum 25(OH)D concentrations and the risk of prostate cancer.
One study rated C found a significant association between lower baseline serum 25(0OH)D
concentrations (<30 compared to >55 nmol/L) and higher risk of prostate cancer (adjusted OR
1.8, lowest compared to highest quartile). The same study found that the prostate cancer risk was
increased in subjects less than 52 years at study entry and who had serum 25(0OH)D
concentration less than 40 nmol/L (adjusted OR 3.5). However, there was no differencein risk
between low and high serum 25(OH)D concentration for those older than 51 years at study entry.
A C study suggested an U-shaped association between baseline serum 25(OH)D concentrations
and the risk of prostate cancer.

Detailed presentation (Tables 18 & 19; Figure 7).

A total of 12 nested case-control studiesin 14 publications reported on the association
between baseline serum 25(OH)D concentrations and the risk of prostate cancer.>*® The number
of casesranged from 61 to 749. The latitudes of the studies ranged from 21° N to 60° N. The
mean age of the subjects ranged from 44 to 68 years. Baseline serum concentrations of 25(OH)D
in these studies ranged from 12.8 to 194 nmol/L. The time between blood drawn and the
diagnosis of prostate cancer varied from 2 to 16 years. The methodological quality of three
studies was rated B and nine studies were rated C.

19-50 years.

Two studies provided data on younger subjects. Ahonen et a. analyzed subjects from 40 to
57 years of age.™ The study found that the prostate cancer risk was increased in subjects less
than 52 years at study entry and had low serum 25(OH)D concentration (<40 nmol/L) (adjusted
OR 3.5, 95% CI 1.7, 7.0). The corresponding adjusted OR for those older than 51 years at study
entry was 1.2 and was not significant. This study adjusted for factors related to insulin resistance
syndrome but not those potentially related to prostate cancer.

Freedman et al. analyzed datafrom NHANES |11 and reported on subjects with a mean age
of 44 years and found that the adjusted relative risk of mortality from prostate cancer was 0.91
(95% CI 0.39, 2.14) in the group with baseline serum 25(OH)D concentration of at least 62.5
nmol/L compared to the group with less than 62.5 nmol/L.>®

51-70 years.

Ten studies reported data on subjects with a mean age ranged from 51 to 68 years. Eight
studies did not find an association by trend analysis between baseline serum 25(0OH)D
concentrations and the risk of prostate cancer.>***%3%® One study found no association between
baseline serum 25(OH)D concentrations and mortality from prostate cancer.®® One study found
an association between lower baseline serum 25(OH)D concentrations (<30 compared to >55
nmol/L) and the risk of prostate cancer (P for trend = 0.01).>® The adjusted OR of the lowest
compared to highest quartile was 1.8. The study also found that the prostate cancer risk was
increased in subjects less than 52 years at study entry and had low serum 25(OH)D concentration
(<40 nmol/L) (adjusted OR 3.5, 95 percent CI 1.7, 7.0). However, there was no difference in risk
(adjusted OR 1.2, P=NS) between low (<40 nmol/L) and high (>40 nmol/L) serum 25(OH)D
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concentration for those older than 51 years at study entry. This study did not adjust for factors
potentially relevant to prostate cancer. One study reported an U-shaped association between
baseline serum 25(OH)D concentrations and the risk of prostate cancer: the odds ratio in the
group with 25(OH)D concentration of at least 80 nmol/L was 1.7 (95 percent Cl 1.1, 2.4)
compared to the group with a 25(OH)D concentration of 40-49 nmol/L; the odds ratio in the
group with 25(OH)D concentration of no more than 19 nmol/L was 1.5 (95 percent Cl 0.8, 2.7)
compared to the group with a 25(0OH)D concentration of 40 to 49 nmol/L.** Even though this
study used a conditional logistic regression in its analysis to maintain matching status, it was
unclear if additional factors potentially relevant to prostate cancer were also entered into the
regression analysis.

1,25(0H),D.

Five studies reported on the association between 1,25(0OH),D serum concentrations and the
risk of prostate cancer. Four studies did not find an association.”®®*%% One study found that the
risk of prostate cancer decreased with higher serum concentrations of 1,25(OH),D in men with
low serum concentrations of 25(OH)D (unadjusted OR 0.15, comparing 4™ quartile of
1,25(0OH),D (104-211 pmol/L) to 1% quartile (13-68 pmol/L) in men with serum 25(0OH)D
concentrations that ranged from 7.5-45 nmol/L).>® When stratified by age and race, this
association was only found in men above the median age of 57 years at time of blood drawn but
not in younger men; the association was similar in black and white men.

Findings by life stage.
e 0-6mMo not applicable

e 7mo-2y notapplicable
e 3-8y not applicable
e 9-18y not reviewed

[ ]

19-50y One study found that the prostate cancer risk was highest in subjects less
than 52 years at study entry and had low serum 25(OH)D concentration (<40 nmol/L)
(adjusted OR 3.5, 95 percent CI 1.7, 7.0). Another study analyzed datafrom NHANES 11
and reported on subjects with a mean age of 44 years and found that the adjusted relative
risk of mortality from prostate cancer was 0.91 (95 percent Cl 0.39, 2.14) in the group
with baseline serum 25(0OH)D concentration of at least 62.5 nmol/L compared to the
group with less than 62.5 nmol/L.

e 51-70y Eight studies did not find an association by P for trend analysis between
baseline serum 25(OH)D concentrations and the risk of prostate cancer. One study found
an inverse association of baseline serum 25(OH)D concentrations (<30 compared to >55
nmol/L) and the risk of prostate cancer (adjusted OR 1.8, lowest compared to highest
quartile, P for trend = 0.01). This study found that the prostate cancer risk was increased
in subjects less than 52 years at study entry and had low serum 25(OH)D concentration
(<40 nmol/L) (adjusted OR 3.5, 95 percent Cl 1.7, 7.0). However, there was no
differencein risk (adjusted OR 1.2, P=NYS) between low (<40 nmol/L) and high (>40
nmol/L) serum 25(OH)D concentration for those older than 51 years at study entry. One
study reported an U-shaped association between baseline serum 25(OH)D concentrations
and therisk of prostate cancer: the odds ratio in the group with 25(OH)D concentration of
at least 80 nmol/L was 1.7 (95 percent Cl 1.1, 2.4) compared to the group with a
25(OH)D concentration of 40-49 nmol/L; the odds ratio in the group with 25(OH)D
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concentration of no more than 19 nmol/L was 1.5 (95 percent Cl 0.8, 2.7) compared to
the group with a 25(0OH)D concentration of 40 to 49 nmol/L.

>7ly No study specifically targeted men older than 70 years.
Postmenopause Not applicable
Pregnant & lactating women Not applicable
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Table 18. Vitamin D and prostate cancer: Characteristics of nested case-control studies

Confounders/Effect Modifiers

Adjusted
Author Year
Study Name E o
Location Population 25(0OH)D Comparisons ” = = 2 Comments
(Latitude) = 5 2 3 S =
[PMID] 2 o £ g2 F ©
s IS =] ° %)
=] ) c Q > =
z o < = 5 I
Ahn Health 8% current  Assay RIA Prostate X X X X
2008% status smoker (Heartland)  cancer risk
PLCO Mean age 67.8 (5.3) stratified by
us (range/SD), baseline
(21°N to y 25(0OH)D
44°N) Male (%) 100 Season nd quintiles
[18505967] blood
drawn
Platz 2004  Health Smoked Assay  RIA Prostate X X X X X X 6%
Mikhak status 18%; DM cancer risk nonwhite
2007% 3.6% stratified by
HPFS Mean age 66 (7) baseline
us (range/SD), 25(0OH)D
(multiple y quartiles
latitudes) Male (%) 100 Season nd
[15090720] blood
[17440943] drawn
Freedman Health 28% Assay RIA Prostate X X X X X X 71% white;
2007 status current cancer 14% black;
NHANES Il smoker mortality 6%
US (multiple Mean age 44 stratified by 2 Hispanics
latitudes) (range/SD), baseline
[17971526] y 25(0OH)D
Male (%) 100 Season South: Nov  categories
blood to Mar;
drawn North: Apr
to Oct
Tuohimaa Health Gemfibrozil  Assay RIA Prostate X X
2004% status vs. placebo (Incstar) cancer risk
Helsinki subjects stratified by 5
Heart Mean age <40 to >60 baseline
Vasterbotten;  (range/SD), 25(0OH)D
Janus y categories
Project; Male (%) 100 Season nd
Finland blood
(60°N) drawn
[14618623]
Li 2007%° Health onASA,B- Assay RIA (Bruce Prostate X X 94% white
Gann 1996°°  status carotene, Hollis) cancer risk
PHS placebo stratified by
us trial; 9% baseline
(multiple current 25(0OH)D
latitudes) smoker quartiles
[17388667] Mean age 58.9 (8.3)
[8850273] (range/SD),
y
Male (%) 100 Season  24% spring
blood or winter
drawn
Corder Health nd Assay Competitive  Prostate X X 50% black;
1993% status protein- cancer risk 50% white
San Mean age 57 (38-81) binding compared by
Francisco (range/SD), (Haddad, baseline
us y 1971) 25(0OH)D
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Confounders/Effect Modifiers

Adjusted
Author Year
Study Name E o
Location Population 25(0OH)D Comparisons " = 3 2 Comments
(Latitude) = 5 2 3 S =
[PMID] 2 o £ £ F5 ©
= § £ 83 > 2
z o < = o) i
(37°N) Male (%) 100 Season nd
[8220092] blood
drawn
continued
Ahonen Health Gemfibrozil  Assay RIA Prostate X X X X X
2000% status vs. placebo (Incstar) cancer risk
Helsinki subjects stratified by
Heart Mean age 40-57 baseline
Finland (range/SD), 25(0OH)D
(60°N) y quartiles
[11075874] Male (%) 100 Season Jan-Feb;
blood Mar-May;
drawn Sep
Nomura Health 64% Assay Protein- Prostate X X X 100%
1998% status smoked binding cancer risk Japanese
Honolulu Mean age 58 (49-70) stratified by Americans
Heart (range/SD), baseline
us y 25(0OH)D
(21°N) Male (%) 100 Season nd quartiles
[9794175] blood
drawn
Tuohimaa Health Gemfibrozil  Assay RIA Prostate X X X
2007% status vs. placebo (Incstar) cancer risk
Helsinki subjects stratified by 3
Heart Mean age 51 (3.7) baseline
Finland (range/SD), 25(0OH)D
(60°N) y categories
17301263 Male (%) 100 Season Mostin
blood winter
drawn
Jacobs Health Selenium Assay RIA Prostate X X X X X
2004 status vs. placebo cancer risk
NPC subjects” stratified by
Eastern US Mean age 68 (nd) baseline
(25°46'N to (range/SD), 25(0OH)D
41°N) y tertiles
[15225833] Male (%) 100 Season nd
blood
drawn
Braun Health nd Assay RIA (Bruce  Prostate X 100%
1995% status Hollis, cancer risk white
WCC, MD Mean age <45-75+ 1993) stratified by
us (range/SD), baseline
(39°N) % 25(0OH)D
[7612803] Male (%) 100 Season Aug quintiles
blood through
drawn Nov
Baron Health had >1 Assay Competitive  Prostate X X X 5% black
2005%° status colon protein- cancer risk
CPP adenoma binding stratified by
us removal (Quest) baseline
(multiple Mean age 62 (8.7) 25(0OH)D
latitudes) (range/SD), tertiles
[15767334]° vy
Male (%) 100 Season nd
blood
drawn
continued
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Confounders/Effect Modifiers

Adjusted

Author Year
Study Name E o
Location Population 25(0OH)D Comparisons " = 3 2 Comments
(Latitude) = 5 2 3 S =
[PMID] 2 o = 9o X 9

= IS =] ° )

=] o) c Q > b=

z [a) < = ) i
Braun Health nd Assay RIA (Bruce  Prostate X 100%
1995% status Hollis, cancer risk white
WCC, MD Mean age <45-75+ 1993) stratified by
us (range/SD), baseline
(39°N) y 25(0OH)D
[7612803] Male (%) 100 Season  Aug quintiles

blood through
drawn Nov
Baron Health had >1 Assay Competitive  Prostate X X X 5% black
2005 status colon protein- cancer risk
CPP adenoma binding stratified by
us removal (Quest) baseline
(multiple Mean age 62 (8.7) 25(0OH)D
latitudes) (range/SD), tertiles
[15767334]° vy
Male (%) 100 Season nd

blood
drawn

For prevention of recurrence of non-melanoma skin cancer

B

This is a cohort study, not a nested case-control study.
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Table 19. Vitamin D and prostate cancer: Results of nested case-control studies

Author Year Life Outcome (no. of ) . .
Sudyhame  Sge  casesno.of | LUele . ZOWDeoncenaton ool Moo dusted g Pl Sty
PMID (male), y control) 9 Y y
Ahn 2008 Prostate cancer 0.20 B
PLCO 51-70 (741: 781) 2-8 12.8-42.5 119 157 1 Reference
[8505967] 42.5-51. 125 156 1.10 0.78, 1.56
51.4-60.5 190 157 1.53 1.10, 2.13*
60.6-71.7 167 156 1.33 0.95, 1.86
71.8-129.5 148 155 1.18 0.83, 1.68
Platz 2004% Prostate cancer LA 0.59 B
Mikhak 2007° 51-70 (460: 460) 2.2 (mean) Quartile 1 109 114 1 Reference
HPFS Quartile 2 115 113 1.00 0.67, 1.49
[15090720] Quartile 3 94 120 0.77 0.51,1.15
[17440943] Quartile 4 142 113 1.19 0.79, 1.79
Freecggnan 19-50 Mortality prostate nd <62.5 22 nd 1 Reference 0.95 B
2007 cancer
NHANES Il
[17971526] 262.5 25 nd 0.91 0.39,2.14
Tuohimaa 2004% 19-50 Prostate cancer C
Helsinki Heart 51-70 (622; 1451) <9->14 (range) <19 19 nd L5 08,27
[14618623] 20-39 169 nd 1.3 0.98,1.6
40-59 229 nd 1 Reference
60-79 138 nd 1.2 0.9,15
>80 67 nd 1.7 1.1, 2.4*
Li 2007% 19-50 Prostate cancer . .8 0.91 C
PHS 51-70 (492: 664) 11 (median) Quartile 1 nd nd 1.01 0.71, 1.44
[17388667] Quartile 2 nd nd 1.26 0.89, 1.80
Quartile 3 nd nd 1.00 0.71, 1.41
= Quartile 4 nd nd 1 Reference
Gann 1996 19-50 Prostate cancer 0.82 C
PHS 51-70 (232: 414) 6 