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Vitamin D and Calcium: A Systematic Review of
Health Outcomes (Update)

Structured Abstract

Background. In 2009, the Institute of Medicine/Food and Nutrition Board constituted a Dietary
Reference Intakes (DRI) committee to undertake a review of the evidence that had emerged
(since the 1997 DRI report) on the relationship of vitamin D and calcium, both individually and
combined, to a wide range of health outcomes, and potential revision of the DRI values for these
nutrients. To support that review, several United States and Canadian Federal Government
agencies commissioned a systematic review of the scientific literature for use during the
deliberations by the committee. The intent was to support a transparent literature review process
and provide a foundation for subsequent reviews of the nutrients. The committee used the
resulting literature review in their revision of the DRIs.

In 2013, in preparation for a project the National Institutes of Health Office of Dietary
Supplements (NIH/ODS) was undertaking related to evidence-based decisionmaking for vitamin
D in primary care, based on the updated DRI report, the ODS and AHRQ requested an update to
the 2009 systematic review to incorporate the findings of studies conducted since the 2009
evidence review on the relationship between vitamin D alone or vitamin D plus calcium to
selected health outcomes and to report on the methods used to assay vitamin D in the included
trials.

Purpose. To systematically summarize the evidence on the relationship between vitamin D alone
or in combination with calcium on selected health outcomes included in the earlier review:
primarily those related to bone health, cardiovascular health, cancer, immune function,
pregnancy, all-cause mortality, and vitamin D status; and to identify the vitamin D assay
methods and procedures used for the interventional studies that aimed to assess the effect of
vitamin D administration on serum 25(OH)D concentrations, and to stratify key outcomes by
methods used to assay serum 25(OH)D concentrations.

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

Study selection. Primary interventional or prospective observational studies that reported
outcomes of interest in human subjects in relation to vitamin D alone or in combination with
calcium, as well as systematic reviews that met the inclusion and exclusion criteria.

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 154 newly identified primary articles and two new systematic
reviews that incorporated more than 93 additional primary articles. Available evidence focused
mainly on bone health, cardiovascular diseases, or cancer outcomes. Findings were inconsistent
across studies for bone health; breast, colorectal, and prostate cancer; cardiovascular disease and
mortality; immune function; and pregnancy-related outcomes. Few studies assessed pancreatic
cancer and birth outcomes. One new systematic review of observational studies found that



circulating 25(OH)D was generally inversely associated with risk for cardiovascular disease.
Methods used to assay serum 25(OH)D in studies reporting on key outcomes diverged widely.
The current report also identified one new systematic review published since the original report
that addressed whether a dose response relationship exists between dietary and supplemental
vitamin D intake and serum 25(OH)D concentrations. The systematic review, based on 76 RCTSs,
reported widely varying increases in serum concentrations of 25(OH)D for similar doses of
vitamin D, with a general increase in serum concentration with dietary intake. The RCTs
identified for the current report found increases in serum 25(OH)D with supplementation;
however, the findings varied by age group and health status of participants, baseline vitamin D
status, dose, duration, and assay used to assess serum 25(OH)D.

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 and
were often underpowered for their intended outcomes. Studies vary widely in methodological
quality and in the assays used to measure vitamin D status.

Conclusions. In solid agreement with the findings of the original report, the majority of the
findings concerning vitamin D, alone or in combination with calcium, on the health outcomes of
interest were inconsistent. Associations observed in prospective cohort and nested case-control
studies were inconsistent, or when consistent, were rarely supported by the results of randomized
controlled trials. Clear dose-response relationships between intakes of vitamin D and health
outcomes were rarely observed. Although a large number of new studies (and longer followups
to older studies) were identified, particularly for cardiovascular outcomes, all-cause mortality,
several types of cancer, and intermediate outcomes for bone health, no firm conclusions can be
drawn. Studies identified for the current report suggest a possible U-shaped association between
serum 25(OH)D concentrations and both all-cause mortality and hypertension and also suggest
that the level of supplemental vitamin D and calcium administered in the Women’s Health
Initiative Calcium-Vitamin D Trial are not associated with an increased risk for cardiovascular
disease or cancer among postmenopausal women who are not taking additional supplemental
vitamin D and calcium. Studies suggest the method used to assay 25(OH)D may influence the
outcomes of dose-response assessments. Beyond these observations, 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.

Vi
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Executive Summary

Background

In 2009, 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 was 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
(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 scientists from the United States and Canadian Governments
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 life
stage 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.

In 2013, in preparation for a project the National Institutes of Health Office of Dietary
Supplements (NIH/ODS) was undertaking related to evidence-based decisionmaking for
vitamin D in primary care, which will include information from this updated systematic
review on vitamin D and health outcomes, the ODS and AHRQ requested an update to the
2009 systematic review that will incorporate the findings of studies on vitamin D and
vitamin D administered in conjunction with calcium that have been conducted since the
release of the 2009 review. This updated report assesses all outcomes assessed in the
original 2009 report (for vitamin D and vitamin D plus calcium) with the exception of
outcomes pertaining to body weight and composition and postnatal growth. This updated
report also describes the assay methodologies used in trials included in the original review
as well as any newly included studies that report on the effect of vitamin D
supplementation on serum 25(OH)D concentrations, to permit a comparison of dose-
response outcomes by assay method. The text of the original 2009 report has been
preserved essentially in its entirety: Text and tables that report outcomes of calcium
supplementation only have been omitted. Here and in the remainder of the report, updated
methods, study details, and findings are presented in boldface type. The protocol for the
updated report was posted on the AHRQ Web site for public comment, which can be found
at http://effectivehealthcare.ahrq.gov/search-for-guides-reviews-and-
reports/?pageaction=displayproduct&productlD=1529.

This update was requested by the sponsor in anticipation of a conference focused on the
evaluation of evidence related to vitamin D and health outcomes, but the update can also be
helpful to other stakeholders. The sponsor’s interest was to determine whether the
inclusion of newer relevant data that became available during the period following the
close of the 2009 review would alter or continue to support the conclusions of the 2009
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report. The sponsor’s interest did not include the topic area of calcium alone or of growth
and body weight as they relate to vitamin D, so for reasons of cost these components of the
original report were not included in this review.

The original report included a systematic review of health outcomes relating to vitamin D
and calcium intakes, both alone and in combination; the current report updates that
systematic review for outcomes relating to intakes of vitamin D alone or in combination
with calcium. The executive summary provides a high-level overview of the findings of the
systematic review; the summary of studies included in the current report is in boldface type.
Recommendations and potential revisions of nutrient reference values (i.e., 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—both the original and the update—answers key scientific
questions on how dietary vitamin D and calcium intakes affect 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 AHRQ’s “Methods
Guide for Comparative Effectiveness Reviews.” The original report was provided to an IOM
committee charged with updating vitamin D and calcium DRIs. The current report will be
made available to NIH/ODS, which are the sponsors of this update. Neither this report nor
the original makes 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 the original report and
this updated report are as follows:

Key Question 1. What is the effect of vitamin D, calcium
(excluded from current/updated report), 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 (the current report
excludes the outcomes of postnatal growth and weight

outcomes)?

Key Question 2. What is the effect of vitamin D, calcium
(excluded from current report), 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 (excluded from current
report) and clinical outcomes?
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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?

The original report 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. The search strategy of peer-
reviewed literature for the updated report duplicated that used in the original 2009 report
to the extent possible, excluding the searches specific to calcium only and those for the
outcomes of growth and weight. Searches for the current report covered the time period
from January 2008 to April 2013.

We rated the primary studies using a three-grade system (A, B, or C), evaluating each type of
study design (i.e., randomized controlled trial or RCT, cohort, and 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 the amount
is not sufficient to invalidate the results. Grade C studies have significant bias that may
invalidate the results.

Results

The original report 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.

For the current report, we screened for eligibility a total of 6,165 citations identified
through electronic searches, reference mining, and handsearches for articles suggested by
experts. Of 1,107 publications reviewed in full text, 154 new articles (reporting on 156
studies) and two existing systematic reviews were included in this systematic review. The
results are summarized in this report in boldface type. Table A summarizes the numbers of
studies included for each outcome for both the original and the current report, stratified by
study design, as well as the conclusions.

Vitamin D

Vitamin D and Growth

For the current report, we identified five new RCTs (reported in four articles) and two
new observational studies that evaluated intake of or exposure to vitamin D, respectively,
on birth weight and/or length. In the current report, five RCTs (reported in four articles)
reported on the effect of vitamin D supplementation during pregnancy on birth weight
and/or length. One U.S. RCT divided 350 women who were already receiving prenatal
vitamins that provided 400 international units (IU) vitamin D per day at 16 weeks gestation
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or earlier into three groups, who were given an additional 0, 1,600, or 3,600 IU vitamin D
per day through the remainder of gestation; the study found no difference in birth weight
among interventional arms (rated A).' The second study, a pseudo-RCT conducted in
India, divided 140 pregnant women at 12 to 24 weeks gestation into two groups: one was
administered one 1,500 microgram dose of vitamin D and the other received two doses of
3,000 micrograms vitamin D (a group of untreated women who were 24 weeks pregnant or
more served as the controls); both of the treated groups gave birth to infants who were
significantly heavier than the usual care group (p=0.003) (rated C). The third RCT, the
AVIDD study conducted in Bangladesh, randomly divided 160 women at 26 to less than 30
weeks gestation to receive 35,000 1U vitamin D per week or no supplement; no difference
was seen in birth weight or length, although the study was not powered to see differences in
these outcomes (rated A). For the fourth and fifth studies, data from the National Institute
of Child Health and Disease (NICHD) and Thrasher Research Fund Vitamin D3
Supplementation studies—in which pregnant women were randomized to receive 0, 2,000,
or 4,000 1U vitamin D per day in addition to their prenatal vitamins—were analyzed in
combination: No differences were observed in birth weight among the groups (rated B). Of
the two observational cohort studies, one observed a significant association of second
trimester maternal vitamin D concentrations (rated B) and one found no association (rated
A).

As reviewed in the original report, 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 good-quality existing systematic review of prospective studies identified for the
current report found a significant association between low serum 25(OH)D concentrations
and a number of clinical cardiovascular outcomes, including total cardiovascular disease,
coronary heart disease, cardiovascular disease mortality, and stroke. No RCTs were
identified for the current report that evaluated the effects of vitamin D on clinical
cardiovascular disease outcomes. New observational studies identified for the current
report (7 for total cardiovascular events, 17 for cardiovascular death, 2 for ischemic heart
disease, 6 for myocardial infarction, 8 for stroke, and 3 for fatal stroke) found mixed
associations between 25(OH)D and all of these outcomes.

As reviewed in the original report, 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, 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
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associations between serum 25(OH)D concentrations and cardiovascular death, myocardial
infarction, or stroke.

Vitamin D and Body Weight

The current report did not assess the association between vitamin D and body weight.
For the original report, 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 rated B,
two rated 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

No new RCTs were identified for the current report that addressed the effect of vitamin
D or vitamin D combined with calcium on the risk for total cancer or cancer mortality.
Two new cohort studies found no association between total (all-cause) cancer incidence and
serum 25(OH)D concentrations (rated A and B). Ten new cohort studies and one new
nested case-control study addressed the association of serum 25(OH)D concentrations and
cancer mortality. Five of the cohort studies (one rated A, four rated B) observed no
association of serum 25(OH)D concentration with total cancer mortality. Three cohort
studies and the nested case-control study observed a trend toward increased risk with
decreased serum 25(OH)D (all rated B). One analysis using updated Third National Health
and Nutrition Examination Survey (NHANES I11) data (rated B) observed a trend toward
increasing risk for death with increasing serum 25(OH)D among men at higher latitudes
whose blood was drawn in summer but the reverse in women. One cohort study observed a
U-shaped association of increasing mortality with both low and high serum 25(OH)D.

The original report identified two B-rated RCTs and an analysis of the NHANES database
(two 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 (approximately 1,500 1Us per day or 100,000 IU every 4 months). Analyses
of NHANES 111 showed no significant association between baseline serum 25(0OH)D
concentrations and total cancer mortality.

Prostate Cancer

In the current report, four new nested case-control studies (two rated A, two rated B)
and one new prospective cohort study (rated B) found no association between baseline
serum 25(OH)D concentrations and risk for prostate cancer. Two new nested case-control
studies (both rated B) observed a trend between higher serum vitamin D concentrations
and increasing risk for prostate cancer. In one study this increase was seen only among
men whose sera were sampled in summer or autumn; in the other study, this trend was
observed only when participants were divided by quartiles of 25(OH)D concentration, but
not when they were divided by categories of vitamin D sufficiency (concentrations less than
50 nmol/L being considered deficient, 50—75 nmol/L insufficient, and 75-125 nmol/L
considered sufficient).

In the original report, 12 nested case-control studies (3 rated B, 9 C) evaluated the
association of baseline serum 25(OH)D concentrations and prostate cancer risk. No eligible
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RCTs were identified. Eight of the nested case-control studies 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(0OH)D concentrations (<30 compared with >55 nmol/L) and higher risk of prostate cancer.
Another C-rated study suggested the possibility of a U-shaped association between baseline
serum 25(OH)D concentrations and the risk of prostate cancer (i.e., lower and higher serum
25(0OH)D concentrations were associated with an increased risk of prostate cancer compared
with that of the in between reference level).

Colorectal Cancer

No new RCTs and cohort studies that addressed the effect of vitamin D on colorectal
cancer mortality or incidence were identified for the current report. Three new nested
case-control studies (two rated A, one rated B) found trends of increasing colorectal cancer
incidence with decreasing 25(OH)D concentrations. One nested case-control study (rated
B) found no association between colorectal cancer and 25(OH)D. Two of these nested case-
control studies (both rated B) also examined colon and rectal cancer as separate outcomes.
One study reported a significant negative trend between 25(OH)D and colon cancer risk
and the other found a nonsignificant negative trend. For rectal cancer, the same two studies
reported either a negative trend or a small but nonsignificant negative trend with
25(0OH)D.

The original report identified one B-rated RCT, one B-rated cohort study, and seven nested
case-control studies (five rated 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(0OH)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 with 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

No new studies were identified for the current report that assessed the association
between colorectal polyps and serum concentrations of 25(OH)D.

For the original report, 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

Eight new observational studies that assessed the association between 25(OH)D and
breast cancer were identified for the current report. Two cohort and four nested case-
control studies found no association (three rated A, three rated B). Two nested case-control
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studies found increasing risk of breast cancer with decreasing 25(OH) concentrations (both
rated B).

One new observational study that assessed the association between 25(OH)D and breast
cancer-specific mortality was also identified. This cohort study found no association (rated
B).

Two new studies, an RCT that examined the effect of vitamin D and calcium intake on
breast density and a nested case-control study that assessed the association of serum
25(OH)D with breast density, were identified. The RCT found a decrease in percent
mammographic density among women who had greater than or equal to 400 1U per day
total vitamin D intake (rated A). The nested case-control found lower risk of increased
mammographic density with 25(OH) concentrations above the first quartile (rated B).

In the original report, 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(OH)D concentration greater than 62 nmol/L. However, during 7 to 12 years of
followup, the nested case-control studies found no significant relationship between serum
25(0OH)D concentration and risk of breast cancer diagnosis in either premenopausal or
postmenopausal women.

Pancreatic Cancer

For the current report, a new pooled nested case-control study within eight cohorts
found an association between 25(OH)D concentration and pancreatic cancer (rated B).
Individuals with 25(OH)D concentration greater than or equal to 100 nmol/L had greater
risk of pancreatic cancer incidence compared with those with 25(OH)D less than 25
nmol/L.

For the original report, two A-rated nested case-control studies evaluated the association of
serum 25(OH)D concentrations and pancreatic cancer. No relevant RCTs were identified. One
study of male smokers found a statistically significant relationship between increasing serum
25(0OH)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 with lower (<49.3
nmol/L) concentrations only in those living in low residential ultraviolet B exposure areas.

Vitamin D and Immunologic Outcomes

The current report identified four new RCTs that assessed the effect of supplemental
vitamin D on infectious illnesses and nine cohort studies that assessed the association
between serum 25(OH)D concentrations and risk for infectious illnesses. RCTs of infants
and adults reported no significant effect of supplementation on the risk for upper
respiratory infections (one rated A; three rated B). Three new prospective cohort studies
observed an association between low cord blood 25(OH)D concentrations and increased
risk for respiratory infections at 3 to 6 months of age, in New Zealand, China, and the
Netherlands, respectively (all rated B). Two studies of school-age children observed inverse
associations of serum 25(OH)D and risks for various infectious illnesses (both rated B).
(“Inverse association” refers to an association between lower serum 25(OH)D
concentrations and a higher risk for the outcome of interest; “association” or “positive
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association” refers to an association between higher serum 25(OH)D concentration and a
higher risk for the outcome.) A study of healthy U.S. adults found an association between
serum concentrations of 25(OH)D levels of 95 nmol/L or higher and reduced risk for acute
respiratory viral infections (rated B). One study of adults observed an inverse association
of serum 25(OH)D with risk for respiratory disease mortality, and another observed an
inverse association with risk for pneumonia (both rated B).

The report identified one new RCT that found no effect of prenatal vitamin D
supplementation on the risk for wheeze, atopy, and eczema (rated A). The report also
identified five new prospective cohort/nested case-control studies that reported mixed
associations of serum concentrations of 25(OH)D and risk for asthma, atopy, and/or
eczema. An Australian study observed a significant association of cord blood 25(OH)D and
risk for eczema but not allergies at 12 months of age. A prospective cohort study conducted
in the United Kingdom found no association between maternal serum 25(OH)D at 34 weeks
gestation and asthma, wheeze, and atopy in their children at 6 years of age. A prospective
cohort study conducted in the Netherlands found that serum 25(OH)D concentrations at 4
years of age significantly predicted asthma and severe asthma at 8 years of age. Another
United Kingdom longitudinal study found a small but statistically significant association of
wheeze and antecubital dermatitis in 10-year old children with serum levels of 25(OH)D,
but a negative association with 25(OH)Ds. Finally, the HUNT study, a large population
health survey in Norway, found no association of vitamin D with asthma in women and
only a weak association in men that disappeared when adjusted for confounders.

The current report identified one new RCT and four new prospective cohort studies on
the risk for autoimmune disease. A substudy of the Women’s Health Initiative (WHI)
calcium/vitamin D (CaD) trial found no effect of supplementation on women’s risk for
rheumatoid arthritis (rated A). Two nested case-control studies and one cohort study
assessed the association between maternal serum 25(OH)D concentrations or subsequent
childhood or adult concentrations with risk for type 1 diabetes mellitus and reported mixed
findings (one each rated A, B, and C). One study assessed the effects of maternal serum
25(OH)D concentrations on the risk for multiple sclerosis (MS) in the offspring and also
assessed the effect of serum 25(OH)D concentrations across the adult population on the
risk for subsequent MS and found mixed effects (rated B).

For the original report, two C-rated cohort studies, but no RCTs, evaluated immunologic
outcomes. NHANES 111 found no significant association between serum 25(0OH)D
concentrations and infectious disease mortality. Another cohort study suggested a possible
relationship between higher maternal 25(OH)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(0OH)D concentrations in the children were not measured.

Vitamin D and Pregnancy-Related Outcomes

Preeclampsia

For the current report, we identified one article that reported on two combined RCTs
assessing the effect of supplemental vitamin D on the risk for preeclampsia:
Supplementation with 4,000 1U per day decreased the risk for preeclampsia. We also
identified five new nested case-control studies and two prospective cohort studies (all rated
B), of which three of the nested case-control studies and the two prospective case-control
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studies observed an association between 25(OH)D concentrations less than 50 nmol/L and
preeclampsia or severe preeclampsia. The other two nested case-control studies (the
Canadian EMMA study and a U.S. study) observed no association between low first
trimester maternal 25(OH)D levels and severe preeclampsia.

In the original report, 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

In the current report, we identified two new cohort studies that assessed the association
between maternal serum 25(OH)D concentrations and the risk for giving birth to a small-
for-gestational-age (SGA) infant and one new nested case-control study and one
prospective cohort study that assessed the association with preterm birth. One of the two
cohort studies found an increase in the incidence of SGA at the lowest concentration range
of maternal serum 25(OH)D compared with higher serum vitamin D concentrations for
both white and black mothers (study rated B). The other cohort study, which assessed 412
mother-infant pairs, found a U-shaped association between serum 25(OH)D and incidence
of SGA among white mothers. The lowest risk was observed from 60 to 80 nmol/L;
compared with serum 25(OH)D 37.5-75 nmol/L, SGA odds ratios (95% CI) for levels, 37.5
and 0.75 nmol/L were 7.5 (1.8, 31.9) and 2.1 (1.2, 3.8); this association was not seen among
black mothers (study rated A).

The nested case-control study that assessed the association with preterm birth found no
significant association (rated B), whereas the prospective cohort study did observe an
association between lower prenatal serum 25(OH)D concentrations and the risk for
preterm birth among women carrying twins (rated A).

We found no new studies for the current report on the relationship of maternal serum
25(OH)D and pregnancy hypertension.

The original report 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

No new studies assessing the association between vitamin D supplementation and the
risk for rickets met the inclusion criteria for the current report.

The original report cited the Ottawa EPC report for these outcomes. 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.
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Fractures, Falls, or Performance Measures of Strength

The current report did not identify any new RCTs that assessed the effect of
interventions of vitamin D alone on fracture risk. We identified two new RCTs that
examined the effect of supplementation with vitamin D on the risk for falls, two new RCTs
on muscle strength, and six new observational studies that assessed the association between
serum 25(OH)D and fracture risk; results were inconsistent among them.

Two RCTs were identified for the current report that examined the effects of vitamin D
supplementation on the risk for falls among older adults (both rated A). One trial found a
small effect, and one found reductions only in particular groups of fallers.

Two RCTs were identified for the current report that examined the effects of 1 year of
vitamin D supplementation on muscle strength (both rated A). One RCT showed positive
effects among older adults, and one study showed effects only among the participants with
lower serum 25(OH) D concentrations at baseline.

Four prospective cohort studies assessed the association between serum 25(OH)D
concentrations and muscle strength, and one prospective cohort study assessed the
association between serum 2(OH)D and falls. Three of the four prospective cohort studies
reported associations between lower serum 25(OH)D and decreased or decreasing muscle
strength and performance (one rated A, one rated B, one rated C); a fourth cohort study
saw no association with faster rate of decline in muscle function (rated B). An association
was seen between lower 25(OH)D concentrations and increased risk for falls over a year
(study rated B).

We identified eight prospective cohort and nested case-control studies that assessed the
association between 25(OH)D status and fracture risk. Three studies that assessed risk for
hip fracture at 6 to 11 years followup (one rated A and two rated B) had mixed results.

Two large-scale studies with B ratings, one among older men and one among older
adults of both sexes, found no association of serum 25(OH)D concentration and risk for
nonvertebral fracture. Followups to two other large-scale studies, both with A ratings,
reported serum 25(OH)D to be a significant predictor of hip fracture and other major
osteoporotic fractures in older adults.

Two studies that assessed total fragility fracture (one rated A and one rated B), both in
postmenopausal women, also reported inconsistent results.

As described in the original report, the Ottawa EPC report concluded that the associations
between serum 25(OH)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 older than 70 years.

Bone Mineral Density or Bone Mineral Content

To assess the effect of vitamin D on bone mineral content or density, we included only
RCTs. Eight new RCTs identified for the current report assessed the effects of
supplemental vitamin D alone on bone mineral content (BMC) or density (BMD). One of
the eight, a study in infants (rated A), showed a trend toward increasing BMC. A second
study, in postmenopausal women, found that 1,000 1U vitamin D per day reduced loss of
BMD at the hip compared with no or 400 1U per day supplementation, but no effect was
seen on spinal BMD (study rated A). Six RCTs, two in teen girls and the remaining four in
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adults of both sexes (one rated A, four rated B, and one rated C) showed no effect of
vitamin D supplementation for as much as 2 years on BMD.

As described in the original report, 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. Consistent with
the findings of RCTs in the Ottawa EPC report, the three additional RCTs (one rated A, one B,
one C) showed no significant effects of vitamin D supplementation on BMC in children or BMD
in adults.

Vitamin D and All-Cause Mortality

No new RCTs were identified for the current report that assessed the effect of vitamin
D supplementation on risk for all-cause mortality. The current report identified 25 new
articles that assessed the association between serum 25(OH)D concentration and risk for
all-cause mortality. Of the 25, 7 found no association (1 rated A, 6 rated B), 16 found an
association of lower serum 25(OH)D concentrations with increased risk for mortality (6
rated A, 9 rated B: 1 article reported on 2 studies), and 2 reported an association of both
higher and lower 25(OH)D concentrations with increased mortality risk (rated A and B).

The assessment of the literature on vitamin D and all-cause mortality in the original
report was based on a reanalysis of an existing systematic review and metaanalysis of RCTs
on vitamin D supplementation for mortality. One additional C-rated RCT was identified. Four
additional cohort studies (one rated 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 each study, mean age was older than70 years and dosages ranged between 400 to 880
IU per day. 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, greater than
23 nmol/L in men and greater than 19 nmol/L in women.

Vitamin D and Hypertension and Blood Pressure

Hypertension

For the current report we identified no new RCTs that addressed the relationship of
serum 25(OH)D concentrations or supplementation with hypertension. A large prospective
cohort study identified for the current report that evaluated the association between serum
25(OH)D concentration and the risk for hypertension using the Intermountain database
found a highly significant association of very low and low baseline serum 25(OH)D
concentrations and the prevalence of hypertension at an average of 1.3 years followup
(rated C). The Intermountain data were analyzed with 25(OH)D cutoff points of 37.5 and
75 nmol/L. Significant associations were identified for those with serum concentrations
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below 75 nmol/L. An assessment of the association between serum 25(OH)D and incident
hypertension in 1,211 participants in the Physicians’ Health Study (men of average age
57.6) at a mean followup of 15.3 years (maximum 27 years) showed a marginally significant
J-shaped association, with men in the lowest two quartiles and in the highest quartile at
higher risk for incident hypertension than those in the third quartile (rated A).

The original report identified no relevant RCTs. In a B-rated combined analysis of the
Health Professionals Followup Study and the Nurses’ Health Study, 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 less than 37.5 nmol/L, compared with
those with higher 25(OH)D concentrations. At 8 years, a similar significant association was
found for men but not for women.

Blood Pressure

The current study identified 10 new RCTSs that assessed the effects of 1 or more dosage
levels of vitamin D compared with placebo on blood pressure in adults. Dosages ranged
from 125 1U to 5700 1U per day. Followup ranged from 3 months to 1 year. Participants
included postmenopausal women; middle-aged U.S. blacks (rated A); overweight young
Chinese and Dutch adults; healthy South Asian women residing in the United Kingdom;
and healthy young women from Spain. Of the 10 RCTs, no effect of vitamin D
supplementation was observed in 7 (5 rated A and 2 rated B); vitamin D significantly
decreased systolic blood pressure in 2 studies (both systolic and diastolic in one of the
studies) (rated B); and in the final study, systolic blood pressure actually increased slightly
in the supplemented group (rated C).

The original report evaluated only RCTs for changes in blood pressure. Three RCTs of
vitamin D versus placebo (one rated A, two B) evaluated blood pressure outcomes. The trials
used a range of vitamin D dosages (800 1U/d to 120,000 1U 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.

Combined Vitamin D and Calcium

Combined Vitamin D and Calcium and Growth

The current report did not consider growth as an outcome, except for prenatal growth.
No new studies were identified. In the original report, 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

For the original study, a variety of cardiovascular events after 7 years were evaluated in the
WHI trial of combined vitamin D (400 1U/d) and calcium carbonate (1000 mg/d) (CaD) 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 nonsignificant associations were found for three outcomes, suggesting increased risk
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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.

The current report identified only one new study that assessed the effects of vitamin D
and calcium supplements combined on cardiovascular events: A post hoc analysis of the
WHI CabD trial that stratified participants on the basis of personal supplement use before
and during the trial found no impact of the study supplements alone (either positive or
negative) on risk for cardiovascular events (rated A).

Combined Vitamin D and Calcium and Body Weight

This outcome was not investigated for the current report.

For the original report, no studies evaluated the risk of obesity or overweight. Only RCTs
were evaluated for changes in body weight. Two RCTs (rated B and C) were identified that
evaluated 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
per day and calcium carbonate (1,000 mg/d or 1,200 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

No new studies were identified for the current report on the association of combined
vitamin D and calcium intake with any cancer outcomes. However, as described below,
data from the WHI calcium and vitamin D (CaD) trial were reanalyzed.

Two RCTs (rated B and C) identified for the original report reported effects of combined
vitamin D and calcium supplementation on the risk of total cancer. The RCTSs reported
inconsistent results. The B-rated WHI trial (vitamin D 400 1U/d and calcium 1,000 mg/d)
showed no effects while the B-rated trial (vitamin D 1,000 1U/d and calcium 1,400-1,500 mg/d)
reported a significant reduction of total cancer risk. However, baseline serum 25(0OH)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 identified for the original report evaluated colorectal cancer. It
reported no significant reduction in colorectal cancer incidence or mortality with combined
vitamin D (400 1U/d) and calcium carbonate (1,000 mg/d) compared with placebo. A post hoc
analysis of the WHI CabD trial identified for the current report that stratified participants
by baseline use of personal vitamin D and calcium supplements found no difference in risk
for colorectal cancer by previous or additional supplement use.
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Colorectal Polyps

The B-rated WHI trial identified for the original report 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 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(OH)D concentrations (>72.6 nmol/L) had significantly
lower risk of relapse compared with 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 with placebo. A post hoc analysis of the WHI CaD trial identified for
the current report that stratified participants by baseline use of personal vitamin D and
calcium supplements found a trend toward a reduction in risk for breast cancer among
women in the intervention group who had not been using personal supplements at baseline.

Combined Vitamin D and Calcium and Preeclampsia, Hypertension
in Pregnancy, and Preterm Birth or Small Infant for Gestational Age

Preeclampsia

No new studies were identified for the current report that assessed this outcome. In the
original report, one C-rated RCT found no significant effect of combined vitamin D (1200
IU/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

For the current report, we identified no new studies on the effect of vitamin D and
calcium supplementation on rickets that met the inclusion criteria.

The current report identified one new RCT and one reanalysis of the WHI CaD trial
that examined the effect of an intervention with vitamin D and calcium on osteoporotic
fracture risk among postmenopausal women. The reanalysis of data from the WHI CaD
trial compared the effects of the intervention between women who had been using personal
vitamin D and/or calcium supplements at baseline. The primary outcome was risk for hip
fracture at 5 or more years and secondary outcomes included other fractures. The
reanalysis found that among women who were not taking calcium or vitamin D
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supplements at baseline, the risk for hip fracture was significantly decreased (no effect was
seen among women who had been taking supplements); it found no effect of the
intervention on overall fracture risk in women who had been taking supplements or in
those who had not (rated A).? The second RCT, the OSTPRE study, found no effect of 3
years’ supplementation with calcium and vitamin D on risk for total, nonvertebral, distal
forearm, upper extremity, or lower extremity fragility fractures among 3,195
postmenopausal women age 65 to 71 years (rated A).

One RCT on middle-age and older Australian men (age 50 to 79) tested the effect of an
18-month intervention of daily vitamin D (800 1U) and calcium (1,000 mg) on measures of
muscle function (rated A). No effect was seen on any measure of muscle function, including
step test, gait speed, or sway.

We identified one new RCT that assessed effects of supplementation on risk for falling:
This study found no effect of the intervention (study rated C).

As described in the original report, 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 (1,000 mg/d) supplementation or placebo. One RCT of
premenopausal women (aged 17-35 years) found that vitamin D (800 1U/d) in combination with
calcium (2,000 mg/d) supplementation reduced the risk of stress fracture from military training
compared with placebo.

Bone Mineral Density or Bone Mineral Content

Of the seven new RCTs identified for this report on the effect of vitamin D and calcium
supplementation on bone density or content, two studies were in girls (rated B) or young
women (rated A): Both showed positive effects on BMC and BMD, respectively. Four of the
RCTs enrolled postmenopausal women (one rated A, two rated B, and one rated C): All
showed some positive effects, but the effects differed across the studies in the areas that
were positively affected. One intervention that enrolled men showed no effects (rated A).
Followup times ranged from 1 to 6 years. Vitamin D supplementation ranged from 200 to
800 IU per day, with calcium ranging from 600 to 1200 mg per day.

As described in the original report, 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 IU/d) plus calcium (500 mg/d)
supplementation resulted in small increases in BMD of the spine, the total body, femoral neck
and total hip.

For this outcome, only RCTs were included for the update literature review. Three new RCTs
(two rated B, one C) were identified that evaluated BMD outcomes. Two of the trials showed
significant improvement in BMD in postmenopausal women receiving vitamin D, (300 1U/d) or
D3 (1,200 1U/d) plus calcium (1,200 mg/d) compared with placebo.
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One C-rated RCT evaluated BMC outcomes in healthy girls (aged 10-12 years). Compared
with placebo, there was no significant effect of supplementation with vitamin D3 (200 1U/d) plus
calcium (1,000 mg/d) on BMC changes.

Combined Vitamin D and Calcium and All-Cause Mortality

No new studies were identified for the current report that addressed this question. For
the original report, an existing systematic review and metaanalysis of 18 RCTs on vitamin D
supplementation for mortality was reanalyzed. No additional RCTs were identified. Eleven
RCTs (N=44,688) of combined vitamin D (300-800 1U/d) and calcium (500-1,200 mg/d)
supplementation met inclusion criteria for our reanalysis. The metaanalysis found no significant
relationship between combined supplementation of vitamin D and calcium and all-cause
mortality (RR=0.93, 95% CI 0.86, 1.01; random effects model). There is little evidence for
between-study heterogeneity in these analyses. Among eight 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

No new studies were identified for the current report that addressed this question. For
the original report, 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. Only RCTs were evaluated
for changes in blood pressure. Two trials (one rated B, one C) tested combined vitamin D (400
IU/d) and calcium (1,000 or 1,200 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,” on our updated literature
review of studies published after its completion, on new studies identified for the current
report, and on a high-quality systematic review published since the original report.

The current report identified 1 new existing systematic review published since the
original report that addressed the question as well as 18 new RCTs that met the inclusion
criteria (2 that used fortified foods and the remainder that used supplements). The
systematic review, based on 76 RCTs, reported widely varying increases in serum
concentrations of 25(OH) for similar doses of vitamin D, with a general increase in serum
concentration with supplement administration. Of the RCTs identified for the current
report that met the criteria for inclusion in an assessment of dose response, all reported
increases in serum 25(OH)D with supplementation; however, the findings varied by age
group and health status of participants, baseline serum 25(OH)D concentration, dose,
duration, and assay used to assess serum 25(OH)D. Only one study used the National
Institute of Standards and Technology vitamin D as a reference standard, and six reported
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participating in the Vitamin D External Quality Assessment Scheme. Of 54 RCTs included
in the original and the current report, only 4 reported the year the assays were conducted.

As described in the original report, 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 concentrations (<40 vs. >40 nmol/L) at baseline, and depending on
duration of supplementation (<3 vs. >3 months).

Stratification of Key Outcomes by Vitamin D Assay Method

In addition to plotting the data for Vitamin D dose-response by the method used to
assay serum 25(OH)D (Figure 15), for all outcomes reported in three or more RCTs or
seven or more observational studies, we stratified the studies according to the assay method
used to assess serum 25(OH)D concentrations (radioimmunoassay, radioreceptor/ligand
assay, enzyme-linked immunoadsorption assay, chemiluminescence assay, and HPL.C-
tandem® mass spectrometry). These stratified tables appear in Appendix H of the full
report.

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

As described in the original report, the WHI trial (vitamin D3 400 IU in combination with
1,000 mg calcium carbonate vs. 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.

For the current report, two new studies assessed the occurrence of nephrolithiasis
among participants in RCTs that administered approximately 1,100 and 2,000 1U per day
supplemental vitamin D without calcium. No incidents of nephrolithiasis were reported in
either study.

dHPLC is high pressure liquid chromatography.
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Adverse Events Reported in RCTs

The original report noted that 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 the original report, 47 did not report information on adverse events.

Among 18 new RCTs included in the current study, most did not include any
information on adverse events. One study, which administered 2000 or 4000 1U per day to
women during the third trimester of pregnancy reported no adverse events. Three studies
reported on only one specific outcome, hypercalcemia/serum calcium, or reported on this
outcome and stated that no other adverse events were reported. Supplementation ranged
from 400 to 5000 1U per day in these studies; only 1 case of hypercalcemia was reported
across all 4 of the studies, in a trial that administered 1000 1U per day plus 1000 mg
calcium. Five other studies that assessed hypercalcemia also reported no cases.

Five new studies reported on gastrointestinal symptoms, of which only one included
supplemental calcium. Two new studies reported on serious adverse events, including one
death, cancer diagnoses, and acute surgeries, which were more prevalent in the placebo
group and thus could not have been related to the use of vitamin D.

In the original report, 5 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 5,714 1U/d vitamin D3 or ranged from 5000 to 10,000 IU/d vitamin
D,) and/or calcium supplementations (doses ranged from 200 to 1,500 mg/d) reported few cases
of gastrointestinal disruption (such as constipation, diarrhea, or upset stomach), musculoskeletal
soreness, primary hyperparathyroidism, hypercalcemia, and renal calculi. However, these
adverse events may or may not be associated with vitamin D and/or calcium supplementation in
this study.

Summation

The original 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 Technical Expert Panel. The current study identified 154 new articles
(reporting 156 studies) and two systematic reviews that met the eligibility criteria. 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, the original report found that among RCTs of hypertensive adults, calcium
supplementation (400-2,000 mg/d) lowered systolic, but not diastolic, blood pressure by a small
but statistically significant amount (2—-4 mm Hg). The current report did not address calcium
supplementation alone.

For adult body weight, despite a wide range of calcium intakes (from supplements or from
dairy and nondairy sources) across the calcium trials, the RCTs identified for the original
report were fairly consistent in finding no significant effect of increased calcium intake on body
weight. The current report addressed body weight only in infants and did not address the
effects of calcium. Effects of vitamin D interventions on birth weight were inconclusive.
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For growth, a metaanalysis of 17 RCTs identified for the original report 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. The current report did not address pediatric weight or
height gain or the effects of calcium alone.

For intermediate indices of bone health, one well-conducted systematic review of RCTs
identified for the original report found that vitamin D3 (up to 800 IU/d) plus calcium
(approximately 500 mg/d) supplementation resulted in small increases in BMD of the spine, total
body, femoral neck, and total hip in populations consisting predominantly of women in late
menopause. Of the studies identified for the current report, one of seven RCTs of vitamin D
supplementation alone and six of seven RCTs of vitamin D plus calcium found increases in
BMC/BMD: The study of vitamin D alone that reported a positive effect enrolled infants,
whereas the studies of vitamin D and calcium primarily enrolled postmenopausal women;
the study that reported no effect of administering both vitamin D and calcium enrolled only
men. Thus, the findings from the 2009 report with respect to both vitamin D alone and in
combination with calcium relevant to intermediate indices of bone health remain
unchanged with the incorporation of newer, relevant data. Findings on clinical outcomes
are reported above.

For clinical outcomes of bone health (fracture risk), a post-hoc analysis of the WHI
CaD 7-year data that stratified participants by use of personal vitamin D and calcium
supplements at baseline found that among women not taking supplements at baseline, the
intervention significantly reduced the risk for hip fracture.

For breast cancer, subgroup analyses in four cohort studies identified for the original report
consistently found that calcium intake in the range of 780 to 1,750 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. Studies of calcium alone were not included in the updated report.

For prostate cancer, three of four cohort studies identified for the original report found
significant associations between higher calcium intake (>1,500 or >2,000 mg/day) and increased
risk of prostate cancer, compared with men consuming lower amount of calcium (500-1,000
mg/day). Studies of calcium alone were not included in the updated report.

For cardiovascular events, a cohort study and a nested case-control study identified for the
original report 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. For the current report, studies assessing associations between
cardiovascular events and serum 25(OH)D concentrations also reported inconsistent
results. Thus, the findings from the 2009 report relative to vitamin D remain unchanged
with the incorporation of newer, relevant data. One high-quality systematic review that
included some of the studies reviewed in the original report and some in the current report
found a significant association between lower serum 25(OH)D concentrations and
increased risk for total cardiovascular disease and coronary heart disease risks.

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 per day are associated with higher risk of stroke.
This association, however, was not replicated in Europe or the United States, and one Finnish
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study found a possible association of increased risk of stroke in men with calcium intakes above
1,000 mg. Again, studies of calcium alone were not included in the current report.

Studies on the association between either serum 25(OH)D concentration or calcium intake
and other forms of cancer (colorectal, 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.

For the current report, we abstracted the methods used to assay serum 25(OH)D for all
RCTs included in the assessment of dose-response, as well as the RCTs included in the
original report and plotted dose response according to assay method. Although most
studies employed radioimmunoassays, some relied on other immunoassay methods,
receptor binding assays, and HPLC/tandem mass spectrometry. To characterize the assay
methods more completely, we also noted the country and year in which the assay was
performed, when reported, and any information provided on standardization; however,
very few studies reported the year assays were conducted or how assays were standardized.
Combined with the evidence regarding the significant effect of season of blood draw on
serum 25(OH)D concentrations, this lack of information on year of assay renders
comparing or combining outcomes challenging, even when the same type of assay was used.

As demonstrated by the findings of a number of trials and post hoc analyses identified
for the current report, adherence to interventions in trials also remains a barrier to
interpretation of study findings and assessing the true effects of supplementation on health
outcomes.

Table A summarizes the findings of the 2009 and current reports by study design and
compares the findings across reports. “None identified” indicates that no studies were identified
for that outcome and study design. “None included” indicates that studies for that outcome or of
that design were excluded from the reports. For observational studies, “inverse association”
refers to an association between lower serum 25(OH)D concentrations and a higher risk for the
outcome of interest; “association” or “positive association” refers to an association between
higher serum 25(OH)D concentration and a higher risk for the outcome.
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Table A. Findings of the original report compared with the current report

Outcome 2009 Report 2009 Report 2009 Report 2014 Report 2014 Report 2014 Report
(Number of RCTs)| (Number of Comments (Number of RCTSs) (Number of Comments
General Observational General Finding(s) Observational
Finding(s) Studies) studies) General
General Findings
Findings
Bone
Health
Vitamin D
Rickets None identified None identified |Conclusions based on None identified None identified No new studies to compare
2006 Ottawa EPC report
showed strong effect
BMD/BMC (3 RCTs) No None included |The Ottawa EPC report  |(8 RCTs) 1 RCT in infants |None included Both 2009 and newer studies
effects of vitamin D concluded that showed a trend toward a had mixed results
supplementation on observational studies positive effect on BMC; 1
BMC or BMD suggested a correlation RCT in postmenopausal
between higher serum women showed reduced
25(0OH)D concentrations  |loss of hip BMD but not
and larger values of BMC |spinal; 6 RCTs showed no
indices for older children |effect
and adolescents
Fracture [(3 RCTs) no effect |None identified |Conclusions based on None identified (8 observational Both 2009 and newer studies

of vitamin D on
total fracture risk

2006 Ottawa EPC report
were mixed

studies) 3 studies of
hip fracture showed
mixed results; 1
showed a significant
inverse association.
Two studies of
nonvertebral fracture
showed no
association; 1
showed a significant
association.

Two studies of total
fragility fracture
showed mixed
results.

had mixed results
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Table A. Findings of the ori

inal report compared with the current report (continued)

Outcome 2009 Report 2009 Report 2009 Report 2014 Report 2014 Report 2014 Report
(Number of (Number of Comments (Number of RCTs) General (Number of Comments
RCTs) General | Observational Finding(s) Observational
Finding(s) Studies) studies) General
General Findings
Findings
Muscle None included [None included |Conclusions based on (2 RCTs on fall risk in (1 prospective Both original and newer studies
strength/ 2006 Ottawa EPC report |elderly) 1 reported no effect; |cohort on falls) had mixed results
falls were mixed 1 reported effects only in inverse association
subgroups) of 25(OH)D and falls
(2 RCTs on muscle risk
strength) both showed (4 prospective
positive effects but one cohort studies on
showed effects only in those [muscle strength) %
with lower serum 25(OH)D [showed inverse
association of
25(OH)D with
muscle strength
Bone Health
Vitamin
D+Ca
Rickets None identified |None identified None identified None identified
BMD/BMC (3 RCTs) 1 RCT |None included |Ottawa EPC report (7 RCTs) 2 RCTs in girls None included Both original and newer studies

in healthy girls
showed no
effects on BMC;
2RCTsin
postmenopausal
women showed
positive effects
on BMD

concluded that overall,
there is good evidence
that vitamin D+Ca
resulted in small
increases in BMD of the
spine, total body, femoral
neck, and total hip

and young women showed
positive effects; 4 RCTs in
post- menopausal women
had mixed effects; 1 RCT in
men showed no effects

had mixed results
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Table A. Findings of the ori

inal report compared with the current report (continued)

Outcome 2009 Report 2009 Report 2009 Report 2014 Report 2014 Report 2014 Report
(Number of (Number of Comments (Number of RCTs) General (Number of Comments
RCTs) General | Observational Finding(s) Observational
Finding(s) Studies) studies) General
General Findings
Findings
Fracture (1 RCT) Vitamin |None identified |Ottawa EPC report (1 RCT and 1 post-hoc None identified General agreement among
D+Ca reduced concluded that analysis, both rated A) Post- original Ottawa EPC report, 2009
risk of stress supplementation with hoc analysis of year-7 WHI report, and current report that
fracture among vitamin D +calcium is data showed significantly vitamin D+Ca reduces risk for
premenopausal effective in reducing decreased risk for hip some fractures but not
women fractures in fracture (but not overall consistent across fracture types
institutionalized fracture) among women or populations. Post-hoc analysis
populations who did not use personal of WHI data demonstrates need
supplements at baseline; 3- to consider baseline supplement
year study of use.
postmenopausal women
found no effect on fracture
at any site
Muscle (1 RCT) 5-year |None included |[Ottawa EPC report found |(1 RCT on muscle None identified 2009 report consistent with
strength/ analysis of WHI evidence that strength/1 RCT on falls) no current report that vitamin D+Ca
falls subsample found supplemental vitamin D |effects of vitamin D+Ca on supplementation does not affect
no effect on reduces falls in muscle strength or fall risk risk for falls or muscle strength
performance postmenopausal women but too few studies to draw firm
and effect for older men is conclusions
inconsistent
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Table A. Findings of the ori

inal report compared with the current report (continued)

Outcome 2009 Report 2009 Report 2009 Report 2014 Report 2014 Report 2014 Report
(Number of (Number of Comments (Number of RCTs) General (Number of Comments
RCTs) General | Observational Finding(s) Observational
Finding(s) Studies) studies) General
General Findings
Findings
Pregnancy-
Related
Outcomes
Vitamin D
Birth weight/ (7 RCTs) 2 out of|(2 prospective  |Diverse populations and [(5 RCTs) 1 out of 5 reported |(2 prospective Only 1 C-rated RCT observed an
length 7 studies (from |cohorts) no methodological significant effect of cohorts) half effect of vitamin D; compliance
(infancy) same center) effects approaches precluded supplement intake on birth |observed was a challenge in several RCTs
reported conclusions weight and length; association of 2nd
significant effect remaining 4: no effect trimester maternal
of supplement on serum 25(OH)D with
birth weight; 5 birth weight
reported no
effects
Small-for No studies No studies NA No studies identified (2 prospective Differences in observations
gestational identified identified cohort studies) 1 between studies
age (SGA) found an inverse
association of serum
25(0OH)D with risk
for SGA; the other
found a U-shaped
association
Preterm birth |No studies No studies NA No studies identified (1 prospective Differences in observations
identified identified cohort study and 1 |among studies

nested case-control)
the prospective
cohort observed an
inverse association
with risk, the nested
case-control
observed no
association
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Table A. Findings of the ori

inal report compared with the current report (continued)

Outcome

2009 Report

2009 Report

2009 Report

2014 Report

2014 Report

2014 Report

(Number of (Number of Comments (Number of RCTs) General (Number of Comments
RCTs) General | Observational Finding(s) Observational
Finding(s) Studies) studies) General
General Findings
Findings
Preeclampsia [No RCTs (1 nested case- |Studies too small in (2 RCTs (pooled in one (7 observational Newer studies suggest possible
identified control) study number to reach article)) vitamin D studies (5 nested effect of serum 25(OH)D
observed an conclusions supplementation (40001U/d |case-control and 2 |concentration or vitamin D
association but not 20001U) reduced the |prospective cohort)): [supplementation on reducing risk
between serum risk for preeclampsia 5 of 7 studies for preeclampsia
25(0OH)D <37.5 observed an
nmol/L and association between
increased risk for serum
preeclampsia 25(0OH)D<50nmol/L
and increased risk
for preeclampsia
Pregnancy-
Related
Outcomes
Vitamin D +
Ca
Birth (1 C-rated No studies Too few studies to assess |No new studies identified No new studies No studies for which to assess
weight/length [nonrandomized |identified findings identified findings
(infancy) trial) study found
significant effect
of vitamin D+Ca
supplementation
on birth weight
SGA No studies No studies No new studies identified No new studies No studies for which to assess
identified identified identified findings
Preterm birth |No studies No studies No new studies identified No new studies No studies for which to assess
identified identified identified findings
Preeclampsia [(1 C-rated RCT) |No studies Too few studies to assess |No new studies identified No new studies No studies for which to assess
Study found no |identified findings identified findings

significant effect
of combined
vitamin D (1200
1U/d) and
calcium (375
mg/d) on
prevention of
preeclampsia
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Table A. Findings of the ori

inal report compared with the current report (continued)

Outcome 2009 Report 2009 Report 2009 Report 2014 Report 2014 Report 2014 Report
(Number of (Number of Comments (Number of RCTs) General (Number of Comments
RCTs) General | Observational Finding(s) Observational
Finding(s) Studies) studies) General
General Findings
Findings
All-Cause
Mortality
All-cause (1 RCT and (4 cohort No relationship of vitamin |None identified (25 observational Both the 2009 and the current
mortality reanalysis of studies): 3 D with all-cause mortality studies) 7 reported |report suggest no relationship of
Vitamin D existing SR) reported no no association; 16 |vitamin D with all-cause mortality
vitamin D association; 1 reported an inverse
supplementation |reported a trend association; 2
had no toward an reported a U-
significant effect |inverse shaped association
association
All-cause (reanalysis of None identified |No relationship of vitamin |None identified None identified No literature on vitamin D+Ca
mortality existing SR) D+Ca and all-cause and all-cause mortality
Vitamin D+Ca |vitamin D+Ca mortality
supplementation
had no
significant effect
CvD
Vitamin D

Hypertension

None identified

(2 observational
studies) 2 large
prospective
cohort studies
observed a
significant
inverse
association of
serum 25(OH)D
with risk for
hypertension

Too few studies to draw

conclusions

None identified

(2 observational
studies) 1 C-rated
prospective cohort
study observed an
inverse association
between serum
25(0OH)D and risk
for hypertension; 1
A-rated cohort study
observed a j-shaped
association with risk
for hypertension

Relative agreement between
2009 report findings and current
report except for observed j-
shaped association between
serum 25(OH)D and
hypertension risk
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Table A. Findings of the ori

inal report compared with the current report (continued)

Outcome 2009 Report 2009 Report 2009 Report 2014 Report 2014 Report 2014 Report
(Number of (Number of Comments (Number of RCTs) General (Number of Comments
RCTs) General | Observational Finding(s) Observational
Finding(s) Studies) studies) General
General Findings
Findings
Blood (3 RCTs) 3 trials (10 RCTSs) 7 reported no None included 2009 report and current report
pressure reported no effect, vitamin D decreased agree that effects of vitamin D
effect of vitamin blood pressure in 2 studies, supplementation on blood
D on diastolic and vitamin D increased pressure are inconsistent, based
blood pressure, systolic blood pressure in 1 on small numbers of studies
but diastolic
pressure was
decreased in 1
study,
unchanged in 1,
and increased in
1
CVD events |(1 RCT) No (4 cohort Mixed effects reported None identified (1 SR of prospective |Associations of serum 25(0OH)D
effect of vitamin |studies) 2 studies; 7 new with CVD events observed in
D studies reported studies) SR found |[some cohort studies but not all
supplementation |a significant significant inverse  |and not supported by RCTs
on risk for CV inverse association of serum
events in elderly |association 25(0OH)D and CV

between serum
25(0OH)D and
total CV events;
2 studies
reported no
associations

events; new cohort
studies found mixed
effects

CVD mortality |{(1 RCT) No
effect of vitamin
D
supplementation
on risk for CV
death in elderly

None included

Too few studies to draw
conclusions

None identified

(7 cohort studies, 1
nested case-control)
Increased risk for
cardiovascular
death for those with
the lowest serum
25(0OH)D
concentrations
compared with the
highest

Mixed findings between 1 RCT in
2009 report and 8 observational
studies identified for current
report
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Table A. Findings of the ori

inal report compared with the current report (continued)

Outcome 2009 Report 2009 Report 2009 Report 2014 Report 2014 Report 2014 Report
(Number of (Number of Comments (Number of RCTs) General (Number of Comments
RCTs) General | Observational Finding(s) Observational
Finding(s) Studies) studies) General
General Findings
Findings
CVD
Vitamin
D+Ca
Hypertension (1 RCT) The None identified |No effects reported; small |None identified None identified 2009 report and current report

WHI reported no
effect of vitamin
D+Ca
supplementation
on hypertension
risk

number of trials

identified no effects

Blood
pressure

(2 RCTs) No
effect of
supplementation
seen on blood
pressure at short
or long followup
times

None included

No effects reported; small
number of trials

None identified

None included

2009 report and current report
identified no effects

CVD events

(1 RCT) WHI
CaD Trial 7-year
followup found
no effect on any
CV outcome, but
a trend toward
increased risk for
a composite
cardiovascular
outcome with
supplementation

None included

No significant effects of
Vitamin D+Ca but trend
toward increasing risk of
CV events with
supplementation

(1 post-hoc analysis of the
WHI trial) no effect of study
supplements (400IU vitamin
D3 and 1000mg Ca) alone
on risk for CV events at >5
years followup

None identified

Post-hoc reanalysis of WHI CaD
outcomes by use of personal
supplements at baseline finds no
effect of study intervention on
risk for CVD

ES-28




Table A. Findings of the ori

inal report compared with the current report (continued)

Outcome 2009 Report 2009 Report 2009 Report 2014 Report 2014 Report 2014 Report
(Number of (Number of Comments (Number of RCTs) General (Number of Comments
RCTs) General | Observational Finding(s) Observational
Finding(s) Studies) studies) General
General Findings
Findings
Cancer
Vitamin D
Total cancer/ |(2 RCTs) no (1 cohort study) No new RCTs identified (2 cohort studies Totality of studies suggest no or
cancer effect of vitamin |analysis of assessed complicated association of
mortality D NHANES Il association with 25(0OH)D status with cancer
supplementation |found no cancer incidence) |[mortality
on risk for cancer|association no association of
mortality between 25(0OH)D and total
25(0OH)D status cancer incidence
and risk for (10 cohort studies

cancer mortality

and 1 nested case-
control assessed
association with
total cancer
mortality) 5 cohort
studies saw no
association; 3
cohorts and the
nested case-control
observed a trend
toward an inverse
association; 1
observed a trend
toward a positive
association; 1
observed a U-
shaped association
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Table A. Findings of the ori

inal report compared with the current report (continued)

Outcome 2009 Report 2009 Report 2009 Report 2014 Report 2014 Report 2014 Report
(Number of (Number of Comments (Number of RCTs) General (Number of Comments
RCTs) General | Observational Finding(s) Observational
Finding(s) Studies) studies) General
General Findings
Findings
Prostate No studies (12 nested case- |Observational studies No studies identified (7 observational 2009 and current report find
cancer identified control studies) 8|only; mixed findings on studies) 4 nested observational studies only, with

studies found no
association
between serum
25(0OH)D
concentrations
and prostate
cancer risk; 1
study found a
significant
inverse
association
between lower
baseline serum
25(0OH)D
concentrations
(<30 compared
with >55 nmol/L)
and higher risk
(rated C);
another C-rated
study observed a
U-shaped
association (C-
rated)

associations

case-control studies
and 1 cohort found
no association of
serum 25(OH)D with
risk for prostate
cancer; 2 nested
case-controls
observed a trend
toward increasing
risk with higher
serum 25(OH)D
concentrations

mixed findings on associations
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Table A. Findings of the ori

inal report compared with the current report (continued)

Outcome

2009 Report

2009 Report

2009 Report

2014 Report

2014 Report

2014 Report

(Number of (Number of Comments (Number of RCTs) General (Number of Comments
RCTs) General | Observational Finding(s) Observational
Finding(s) Studies) studies) General
General Findings
Findings
Breast cancer |[No studies (2 observational |Two observational studies [(1 RCT on breast density) [(8 observational 2009 and current report find
identified studies) 2 nested|suggest no association  |vitamin D intake greater studies) 2 cohort observational studies only, with

case-controls
observed no
association of
serum 25(0OH)
status with risk
for breast cancer
in 7-12 years
followup

than 4001U/d decreased
mammaographic density

and 4 nested case-
control studies
found no
association; 2
nested case-control
studies found
increasing risk of
breast cancer with
decreasing 25(OH)D
concentrations

mixed findings on associations

Colorectal (1 RCT) no effect|(8 observational |Observational studies No studies identified (4 observational 2009 and current report identify
cancer(CRC) |of supplements |studies) 2 nested [report mixed associations studies) 3 nested mixed findings
over 5 years case-control and RCT shows no effect case-control studies
followup studies and 1 identified a trend
cohort study toward an inverse
found inverse association of
associations 25(0OH)D and CRC
between risk; 1 nested case-
25(0OH)D control found no
concentrations association
and risk for CRC;
5 nested case-
control studies
found no
association
Pancreatic No studies (2 observational |Two few studies to draw |No studies identified (8 nested case- Observational studies in 2009
cancer identified studies) risk for |conclusions controls pooled) risk {and current reports suggest

pancreatic
cancer increased
with increasing
serum 25(OH)D
concentrations

for pancreatic
cancer increased
among those with
25(OH)D>100
nmol/L compared
with <25nmol/L

increasing risk for pancreatic
cancer with increasing serum

25(0H)D
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Table A. Findings of the ori

inal report compared with the current report (continued)

Outcome 2009 Report 2009 Report 2009 Report 2014 Report 2014 Report 2014 Report
(Number of (Number of Comments (Number of RCTs) General (Number of Comments
RCTs) General | Observational Finding(s) Observational
Finding(s) Studies) studies) General
General Findings
Findings
Cancer
Vitamin
D+Ca
Total cancer [No studies No studies No studies identified No studies identified |[No studies on which to base
mortality identified identified comparison or conclusions
Prostate No studies No studies No studies identified No studies identified |[No studies on which to base
cancer identified identified comparison or conclusions
Breast cancer [(WHI CaD Trial) |No studies (WHI CaD post-hoc No studies identified | Too few studies to draw
WHI reported no |identified analysis) assessment of conclusions
significant effect breast cancer risk among
of supplements trial participants stratified by
on the risk for use of personal
breast cancer supplements at baseline
reported a trend toward
decreasing risk among
women who did not use
personal supplements
Colorectal (WHI CaD Trial) |No studies Too few studies to draw  |(WHI CaD post-hoc No studies identified | Too few studies to draw
cancer (CRC) |WHI reported no |identified conclusions about analysis) assessment of conclusions
significant effect supplementation CRC risk among trial
of supplements participants stratified by use
on the risk for of personal supplements at
CRC baseline reported no
difference in risk between
personal supplement users
and those who did not use
personal supplements
Pancreatic No studies No studies No studies identified No studies identified
cancer identified identified
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Table A. Findings of the ori

inal report compared with the current report (continued)

Outcome 2009 Report 2009 Report 2009 Report 2014 Report 2014 Report 2014 Report
(Number of (Number of Comments (Number of RCTs) General (Number of Comments
RCTs) General | Observational Finding(s) Observational
Finding(s) Studies) studies) General
General Findings
Findings
Immune
Function
Vitamin D
Infectious No studies (2 observational (4 RCTs) 4 RCTs of infants |(9 observational Number of studies in 2009 report
ilinesses identified studies) and adults reported no studies) 3 cohort too small to assess association
NHANES Il effects studies observed an |of serum 25(OH)D with risk for
found no inverse association |infection; current report identified
significant of cord blood RCTs and observational studies,
association 25(0OH)D and risk  [but no consistent effects or
between serum for infections at 3—-6 |associations emerged
25(0OH)D months; two cohort
concentrations studies observed
and infectious inverse associations
disease mortality among school-age
children; 3 cohort
studies of adults
observed similar
associations with
various infectious
illnesses
Autoimmune |No studies No studies No studies on which to (1 RCT) a subgroup (4 observational No studies in 2009 report on
disorders identified identified base conclusions analysis of WHI CaD studies) 3 nested association of serum 25(OH)D
participants found no effect |case-control studies |with risk for autoimmune
of supplementation on risk |and 1 cohort study |diseases; current report
for rheumatoid arthritis reported mixed identified 1 RCT and
associations of observational studies, but no
serum 25(OH)D consistent effects or associations
concentrations with (emerged
risk for type 1
diabetes; 1 study
reported mixed
associations of
serum 25(OH)D with
risk for multiple
sclerosis
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Table A. Findings of the ori

inal report compared with the current report (continued)

Outcome 2009 Report 2009 Report 2009 Report 2014 Report 2014 Report 2014 Report
(Number of (Number of Comments (Number of RCTs) General (Number of Comments
RCTs) General | Observational Finding(s) Observational
Finding(s) Studies) studies) General
General Findings
Findings
Asthma, (1 observational |Too few studies on which |(1 RCT) no effect of (5 observational Number of studies in 2009 report
Wheeze, study) a cohort |to base conclusions prenatal supplementation on|studies) mixed too small to assess association
Atopy study suggested risk for wheeze, atopy, or  |associations seen in |of serum 25(OH)D with risk for
an association of eczema cohorts of children |asthma, atopy, or wheeze;
maternal between serum current report identified 1 RCT
25(0OH)D 25(0OH)D status and [and 5 observational studies, but
concentration risk for atopy, no consistent effects or
and increased eczema, wheeze, |associations emerged
risk for eczema and asthma
in their children
but did not
assess children’s
serum 25(0OH)D
Immune
Function
Vitamin
D+Ca
No studies No studies No new studies identified No new studies No studies identified in 2009 or
identified identified identified current report on which to base
conclusions
Adverse
events
Nephro- (WHI CaDb Trial) (2 RCTSs) no incidents of Observation of increased risk for
lithiasis trial reported nephrolithiasis were nephrolithiasis in original WHI
increased risk for reported in studies that study; very small number of
nephrolithiasis administered 1100 and RCTs identified for current report
among 20001U/d vitamin D did not support this finding
supplement
users
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Table A. Findings of the ori

inal report compared with the current report (continued)

Outcome 2009 Report 2009 Report 2009 Report 2014 Report 2014 Report 2014 Report
(Number of (Number of Comments (Number of RCTs) General (Number of Comments
RCTs) General | Observational Finding(s) Observational
Finding(s) Studies) studies) General
General Findings
Findings
Other 47 of 63 RCTs 41 of 55 RCTs included no Few studies in the 2009 or the
Adverse included no information on adverse current report reported AEs;
Events information on events; 1 RCT reported that consistent finding of new serious
adverse events; no adverse events were AEs
no serious AEs reported; of 9 studies that
were reported assessed hypercalcemia, 1
RCT that administered
1000IU vitamin D and
1000mg Ca reportedl case
Dose- (26 RCTs) serum|Not included (1 systematic review and 19 |Not included Observations based on new
Response 25(0OH)D RCTs of vitamin D3 with or studies agree with those of 2009
for Vitamin D |increased with without calcium) serum report; current report also
increasing 25(0OH)D increased with stratified dose-response by
dosages, but increasing dosages but assay type. Patterns appear to
trajectories trajectories varied widely by differ slightly but too few studies
varied widely by age group, baseline serum to ascertain.
age group, 25(0OH)D, duration, and
baseline serum assay. Too few new studies
25(0CH)D, and included Ca to assess
duration effect.

Abbreviations: 25(0OH)D = 25-hydroxyvitamin D; AEs = Adverse Events; BMD = Bone mineral density; BMC = Bone-mineral content; Ca = Calcium; CaD = Calcium/Vitamin
D; CRC = Colorectal Cancer; CVD = Cardiovascular Disease; EPC = Evidence-based Practice Center; IU = International Unit; NHANES |1l = National Health and Nutrition
Examination Survey; RCT = Randomized controlled trial; SGA = Small for gestational age; WHI = Women’s Health Initiative

ES-35




Introduction

Background

This systematic review of the literature constitutes an update of a systematic review
that was conducted in 2009. This section describes the background of the original review
and this update.

The Food and Nutrition Board of the Institute of Medicine (IOM), with funding from
agencies and departments of the United States 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 of systematic reviews as a routine part of the DRI
process.

Following these activities, a working group of United States and Canadian Government
scientists convened to determine whether the scientific literature was sufficient to justify a new
review of the vitamin D DRI. To address this issue, in May and September of 2007, two
conferences were held on the topic of vitamin D and health.® As a result of these conferences in
March of 2008, the IOM convened a working group of United States 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 a formal 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).2 They concluded that there was sufficient new data on bone health
for several of the life stage groups, on potential adverse effects, and on dose-response
relationships between intakes and circulating 25-hydroxyvitamin D [25(OH)D] concentrations,
and between 25(OH)D concentrations and several health outcomes to warrant a formal review
and potential revision of the values.” As a 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 data related to vitamin D and calcium with respect to a broader
spectrum of health outcomes. The result was the original report on which this current update
report is based.’



That original report formed a central portion of the evidence base the IOM committee
to Review Dietary Reference Intakes for Vitamin D and Calcium of the Food and Nutrition
considered in reviewing the 1997 DRI values for their 2011 update.

In 2013, in preparation for a project the National Institutes of Health Office of Dietary
Supplements (NIH/ODS) was undertaking related to evidence-based decision-making for
vitamin D in primary care, based on the updated DRI report, the ODS and AHRQ
requested an update to the 2009 systematic review that will incorporate the findings of
studies on vitamin D and vitamin D administered in conjunction with calcium that have
been conducted since the release of the 2009 review. The aim of this update report was to
assess many of the outcomes assessed in the original 2009 report, with the exception of
outcomes pertaining to body weight and composition and postnatal growth. In addition, the
current report did not update the findings on calcium supplementation and status alone,
but limited itself to trials of supplementation with vitamin D with or without calcium and
to observational studies on serum 25(OH)D concentrations.

This update was requested by the sponsor in anticipation of a conference focused on the
evaluation of evidence related to vitamin D and health outcomes, but the update can also be
helpful to other stakeholders. The sponsor’s interest was to determine whether the
inclusion of newer relevant data that became available during the time period following the
close of the 2009 review would alter or continue to support the conclusions of the 2009
report. The sponsor’s interest did not include the topic area of calcium alone or of growth
and body weight as they relate to vitamin D, so for reasons of cost these components of the
original report were not included in this review.

Since the analysis for the original report was conducted, evidence has been growing
regarding the lack of comparability of results among the various methods for assaying
serum 25(OH). Assessing the body of evidence on the outcomes of vitamin D interventions
and exposures requires an understanding of how the assay methods compare and the
limitations inherent in cross-comparisons. Therefore, for any newly included studies on the
effect of vitamin D supplementation on serum 25(OH)D concentrations as well as the
studies included in the original report, this update report also provides the details of the
vitamin D serum assay methodology, to permit a comparison by assay method.

The text of the original 2009 report has been preserved in its entirety; however, text and
tables that report outcomes of calcium supplementation only have been omitted. Here and
in the remainder of the report, updated findings are presented in boldface type. The
protocol for the update report was posted on the AHRQ website for public comment which
can be found at http://effectivehealthcare.ahrq.gov/search-for-guides-reviews-and-
reports/?pageaction=displayproduct&productlD=1529.

Sources, Metabolism and Functions of Vitamin D

Vitamin D was classified as a vitamin in the early 20th century and in the second half of the
20th century as a prohormone (“conditional” vitamin).’®** There are two forms of vitamin D:
vitamin D3 (cholecalciferol), which is produced from the conversion of 7-dehydrocholesterol in
the epidermis and dermis in humans, and vitamin D, (ergocalciferol) which is produced in
mushrooms and yeast. The chemical difference between vitamin D, and Dj is in the side chain;
in contrast to vitamin D3, vitamin D, has a double bond between carbons 22 and 23 and a methyl
group on carbon 24.



The major source of vitamin D for humans is exposure to sunlight. The efficiency of the
conversion of 7-dehydrocholesterol to vitamin Ds is dependent on time of day, season of the
year, latitude, skin color, and age. There is little 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 major dietary source of dietary vitamin D is fortified 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 hydroxylations in tandem. Vitamin D is
first hydroxylated by the liver to form 25(0OH)D, which is then hydroxylated by the kidney to
form 1,25(0OH),D. 25(OH)D has low biological activity, but it is the major 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(OH),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(0OH)3D). Renal
synthesis of 1,25(0OH),D is tightly regulated by plasma parathyroid hormone (PTH), together
with serum calcium and phosphorus concentrations. Additional tissues that express the enzyme
that catalyzes 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(0H),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(OH),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 actions include 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 is to 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(0OH),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 PTH, 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.

In addition to intestine and bone, a wide range of other tissues and cells are influenced by
vitamin D. Five biological systems have vitamin D receptors and are responsive to 1,25(0OH),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, 1,25(0OH),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 [updated figure for the current report]
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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
countries, is dairy products (about 70%). 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
absorption is dependent on 1,25(0OH),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(0H),D-dependent absorption of calcium is stimulated by low dietary calcium intakes. The
other route of intestinal calcium absorption is independent of 1,25(0OH),D and is termed
paracellular. This process is passive (does not depend on carrier proteins or energy) and occurs
primarily in the jejunum and ileum. Calcium is absorbed between cells, rather than through cells,
and down the concentration gradient. Calcium can be transported in blood bound to alboumin and
prealbumin; complexed with sulfate, phosphate, or citrate; or in a free (ionized) state.

Calcium is transported in blood bound to proteins (~40%), primarily aloumin and
prealbumin; complexed with sulfate, phosphate, or citrate (~10%); and in the ionized form
(~50%). Blood calcium concentrations are controlled extracellularly by PTH, 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
loss in 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 is in 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 [calcium dependent proteins that
contain calmodulin-like domains], blood clotting enzymes, annexins [calcium and phospholipid
binding proteins]). 1,25(0OH).,D plays a critical role in regulating plasma calcium concentrations
through its role in intestinal calcium absorption, bone resorption, and renal calcium resorption.
The 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 a role in colon cancer,
kidney stones, blood pressure, body weight, and lead 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 a maximally useful document.®> Because the potential
volume of peer reviewed literature on the biological effects of most essential nutrients is large



and continues to grow, rational and well defined eligibility criteria will 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 a limited set of
questions can be addressed. Hence, it is critical that the committee prioritize the topics and refine
the questions in a way 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 changes in
fracture risk in postmenopausal women).?? In the absence of validated surrogate outcomes,
intermediate outcomes must be identified and considered (e.g., absence of anemia as an
intermediate outcome for the absence of disease or serum osteocalcin [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 biological exposure should be independent and free from any
interaction with the self-estimated intake of the nutrient of interest. It is important 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
reviews 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 data in
humans are nonexistent, generalizability of early studies that used methodologies 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.



Key Questions Addressed in This Report

The aim of this report is to answer specific questions formulated to support the review and
updating of DRI values by the DRI committee. The primary purpose of this report is to
summarize all existing literature on vitamin D and calcium, and clinical outcomes in a way that
will facilitate the deliberations of the IOM 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 a technical expert panel.
Detailed methods and analytic frameworks are described in the Methods chapter. The intent of
this report is not to make recommendations on specific outcomes nor specific values for DRIs to
be based upon; the intent of this report is to provide information for use during the deliberations
of the IOM committee. The federal agencies of the U.S. 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).° The Key Questions are:
e What is the effect of exposures on functional or clinical outcomes? (Arrow 1 in Figure 2)
e What is the effect of exposures on indicators of functional or clinical outcomes? (Arrow 2
in Figure 2)

e What is the effect of indicators of exposure or body stores on functional or clinical
outcomes? (Arrow 3 in Figure 2)

e What is the effect of exposures on indicators of exposure? (Arrow 4 in Figure 2)

e What is the effect of indicators of exposure or body stores and intermediate indicators or
outcomes? (Arrow 5 in Figure 2)

e What is the effect of intermediate indicators of outcomes on functional or clinical
outcomes? (Arrow 6 in Figure 2)

For each of these questions, the mandate was to also address factors that affect these
relationships.



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 (not
included in the update), 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, as discussed in the Methods chapter.



Methods

Overview

This report is based on two systematic reviews of Key Questions on the relationships
between vitamin D [either 25(OH)D concentrations or supplements] or dietary calcium intake,
and health outcomes. The methodologies employed in this evidence report generally follow the
methods outlined in the AHRQ “Methods Guide for Effectiveness and Comparative
Effectiveness Reviews” (http://effectivehealthcare.ahrg.gov/repFiles/2007_10Draft
MethodsGuide.pdf). The initial questions identified by the federal sponsors of the 2009 report
were refined with input from a Technical Expert Panel (TEP). The questions were modified
slightly by the federal sponsor for the current report. This report does not make clinical or
policy recommendations. The original report was provided to an IOM committee charged with
updating vitamin D and calcium DRIs.

A description of roles and responsibilities of the original and current sponsoring federal
agencies, AHRQ, the TEP, and the EPCs is included 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 that are used, their
explanations have been repeated whenever deemed necessary. A table of Abbreviations can be
found after the references. We also provide a table with the latitudes of several major cities in
Central and North America, right after the Abbreviations table.

Sponsoring Federal Agencies

The sponsoring agencies (a single agency for the current report) were responsible for
specifying the topic-specific task order requirements. They participated in a kickoff 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 the Federal sponsor was limited to comments on factual errors, requests for
clarification, and monitoring for 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

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 allow the EPC to focus on the scientific issues and activities.

Technical Expert Panel

The Technical Expert Panel (TEP) comprises qualified experts including, but not limited to,
individuals with knowledge of DRI decisionmaking processes, vitamin D and calcium nutrition



and biology across the 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 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 DRIs. They did not have any decisionmaking 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 16-year
history of producing hundreds of 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 develop new methods on
the basis of accumulated experience encompassing a wide range of topics. The Tufts EPC and
RAND EPC have produced many evidence reports on nutrition topics.?*>
(www.ahrg.gov/research/findings/evidence-based-reports/index.html). We have also 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
DRIs, using vitamin A as an example.’

Development of the Analytic Framework and Refinement of
Key Questions

The focus of this report is on the relationship of vitamin D only, calcium only (excluded in
the update report), and combinations of vitamin D and calcium with specific health outcomes.
Key questions and analytic frameworks were developed by defining each box in the generic
analytic framework described in the Introduction 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 Questions
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
eligibility criteria. This method defines the Population, Interventions (or Exposure in the case of
observational studies), Comparators, and Outcomes of interest. Details are described in the
sections that follow.
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Figure 3. Analytic framework for vitamin D with or without calcium: EARs [revised for the current
report]
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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, respectively, good
or possible evidence for linkage with clinical outcomes). (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.

Abbreviations: 1,25(0H),D = 1,25-dihydroxyvitamin D; 25(OH)D = 25-hydroxyvitamin D;BMC = bone mineral content;
BMD = bone mineral density; CVD = cardiovascular disease; UV = ultraviolet light
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Figure 4. Analytic framework for vitamin D with or without calcium ULs [revised for the current
report]
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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, respectively, good
or possible evidence for linkage with clinical outcomes). (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.

Abbreviations: 1,25(0OH)2D = 1,25-dihydroxyvitamin D; 25(OH)D = 25-hydroxyvitamin D; UV = ultraviolet light
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 from 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 UVB) 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.
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Clinical Outcomes

Clinical outcomes are measures of how a person (e.g., a study participant) feels, functions, or
survives, or a clinical measurement of the incidence or severity of a disease (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.

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(0H)D and 1,25(0OH),D concentrations.

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

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 changes in a clinical outcome.
Examples of surrogate outcomes used in this report are bone mineral density (as a surrogate
marker of fracture risk) and breast mammographic 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 as fulfilling the criteria for 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 a marker of prostate cancer risk) and blood pressure
(as a marker of stroke risk). All intermediate markers of interest in this report are described in the
“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 DRIs 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 the 51-70
years life stage are postmenopausal women. The 9 categories created for this report are:
e (0-6 months
7 months-2 years
3-8 years
9-18 years
19-50 years
51-70 years
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e >71 years
e Pregnant and lactating women
e Postmenopausal women

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

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 relationships between
intermediate or surrogate outcomes and clinical outcomes?) is outside the scope of the DRI
literature review in this report. All outcomes of interest in this report are described in the
“Eligibility Criteria” section. The questions shown reflect the revisions for the update report.
Key Question 1. What is the effect of vitamin D, calcium
(excluded from update report), 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 (the update report
excludes the outcomes of postnatal growth and weight
outcomes)? (Arrow 1 in Figure 2)

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

Key Question 3. What is the association between serum 25(OH)D
concentrations or calcium balance (excluded from update
report) and clinical outcomes? (Arrow 3 in Figure 2)

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 in Figure 2)

Key Question 5. What is the association between serum 25(OH)D
concentrations and surrogate or intermediate outcomes? (Arrow 5
in Figure 2)
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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 searches in 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 ULs, 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 ULs only); 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
“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.2 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 all 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 terms for the
outcomes were not included (Appendix B).

The search strategy of peer-reviewed literature for the update report duplicated that
used in the original 2009 report to the extent possible, excluding the searches specific to
calcium only and those for the outcomes of growth and weight. The librarian at the RAND
Southern California Evidence-based Practice Center reviewed and modified the search
strategies as needed and ran the searches in Medline® and the Cochrane Central Database
from January 2008 to December 30, 2013 (see Appendix A).

In addition, at the request of AHRQ), in lieu of contacting each U.S. manufacturer of
vitamin D supplements for product information and results of any unpublished studies, a
notice was placed in the Federal Register on Thursday, July 18, 2013, requesting scientific
information submissions (https://www.federalregister.gov/articles/2013/07/18/2013-
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17177/scientific-information-request-on-vitamin-d-and-calcium). One draft journal article
submission was received.

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 [for the update, we sought
only studies of vitamin D or vitamin D and calcium].

Full-Text Article Eligibility Criteria

Articles that 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.q., 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 desirable to 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 all accepted full
text articles. Details are described in the “Eligibility criteria” section.

General eligibility criteria for the full text articles were:

Population of Interest
e Primary population of interest is generally healthy people with no known disorders

Studies that include a broad population that might have included some people with
diseases. For example, some hypertensive and diabetic patients were included.

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

e Studies that enrolled more than 20% 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 diseases in this population. For studies of older adults, only studies that
exclusively enrolled subjects with particular disease (e.g., 100% with 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:
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o0 Serum 25(OH)D or 1,25(OH),D concentration

o0 Dietary intake level of vitamin D were not included due to inadequacy of nutrient
composition tables for vitamin D.*

o Dietary intake level of calcium from food and/or supplements [excluded for
update]

o Calcium balance (i.e., calcium accretion, retention, and loss) [excluded for
update]

For interventional studies:

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

o0 Calcium supplements with known doses [for update, only if accompanied by
vitamin D or administered as part of placebo]

0 The only 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 could be separated. Thus studies of multivitamins were excluded.

0 Trials in which participants in 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, a trial of dairy supplementation (with 500 mg/d calcium)
versus no supplementation was qualified to be included. However, a trial 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 differences in
the calcium doses.

0 Non-oral routes of nutrient delivery were excluded

Specific Outcomes of Interest

Growth outcomes [excluded from update]
o Ininfants and premenarchal children: weight and height gain
Cardiovascular disease clinical outcomes
o Cardiac events or symptoms (e.g., myocardial infarction, angina)
o0 Cerebrovascular events (stroke, transient ischemic attacks)
o Peripheral vascular events or symptoms (diagnosis, claudication)
o Cardiovascular death
o0 Study-specific combinations of cardiovascular events
CVD intermediate outcomes
o Diagnosis of hypertension
o0 Blood pressure
Weight outcomes [excluded from update]
o0 Inadults only: incident overweight or obesity, body mass index, or weight (kg)
Cancer (incident or mortality)
o Cancer from all cause (or total cancer)
O Prostate
o Colorectal cancer
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0 Breast cancer

o Pancreatic cancer

o0 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

o0 Infant mortality
Mortality, all cause
Bone health clinical outcomes

0 Rickets

o Fracture

o Falls or muscle strength
Bone health intermediate outcomes

o0 Bone mineral density or bone mineral content
Dose-response relationship between intake levels and indicators of exposure (arrow 4 in
Figures 2 and 3)

0 Serum 25(OH)D concentration

o Breast milk or circulating concentrations of 25(OH)D in infants
Outcomes of tolerable upper intake levels (ULs)

o All-cause mortality
Cancer and cancer-specific mortality
Renal outcomes
Soft tissue calcification
Adverse events from vitamin D and/or calcium supplements

O O0Oo0o

Study Design

Randomized controlled trials (RCTs)

Nonrandomized, prospective comparative studies of interventions

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

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

We excluded cross-sectional studies and traditional, retrospective case-control studies
(where the measure of exposure occurred after or concurrent with the outcome)
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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 a listing
of the study eligibility criteria. We did not attempt to contact authors for clarifications of
outstanding questions. 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 and 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 a replacement for data from the original cohorts).

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

criteria were applied:

e Address Key Question(s) of interest (i.e., similar 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
questionnaire, 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

f. 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 We include 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.
Where there were several systematic reviews, each of which included only a sample of
the total literature included by the several systematic reviews, all systematic reviews were
included.

Other Specific Eligibility Criteria

e Growth outcomes (weight and height gain) [excluded from update]
0 Only infants (<1 year old) and children (age <18 years old) were included
o For infants, we include all eligible study designs. The vitamin D and/or calcium
intervention or exposure can be administered to the mothers or to the infants in
the study.
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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

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

0 Only RCTs of calcium or vitamin D [only vitamin D or vitamin D and calcium
for update] 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

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

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

Bone health intermediate outcomes

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

o0 Studies of calcium and bone health clinical outcomes were excluded.
Dose-response relationship between intake levels and indicators of exposure (arrow 4 of
Figures 2 and 3)

o Studies for this question were identified in our literature search that crossed
vitamin D terms with various outcomes terms. Some studies that addressed this
question but did not report any of the outcomes of interest would not have been
identified in this manner. Because the availability of serum 25(0OH)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(OH)D
concentration.

0 Only RCTs were included 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 eligibility criteria) and extracted and summarized the additional
primary studies. For the update, we extracted data from all original studies that satisfied the
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inclusions/exclusion criteria and were published since the original 2009 report. For a small
number of outcomes, we identified and report the conclusions of systematic reviews that we
determined to be of high quality.

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 (including location and date of assay
performance; manufacturer of Kit, if used; coefficients of variation; and reference
standard, if described [the reference standard refers to a sample whose concentration of
25(OH)D has been ascertained by a recognized entity, such as the United States National
Institute of Standards and Technology (NIST), that is used to establish the reliability of an
assay] ), 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”. For the update, DistillerSR™
was used for data extraction. Evidence tables for all 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 a list 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.

All data abstracted for the report will reside on the Systematic Review Data
Repository; data for the 2009 report currently reside at this site.

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 changes in 25(OH)D. For the
update, we reported the data for dose-response outcomes by assay method, to the extent the
assay method could be identified from the study report. A table of assay methods, locations,
dates, precision, and standards for each controlled trial included in the original and update
reports appears in Appendix G. Key outcomes stratified by assay method are shown in
Appendix H.

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:

SE1p =V (SEi® + SE2? - 2pSE;SEy)
where SE;, SE,, and SE;; are the SEs for baseline, final and change, respectively, and p is the
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.
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For each RCT, the SE of the net change was then calculated using the standard calculation
for determining the SE of 2 independent cohorts. Namely, in the above equation where the
correlation factor p becomes 0, 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
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 calculate 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 the large degree of
clinical and methodological heterogeneity across studies. However, the original report
reanalyzed an existing meta-analysis using available data in the all-cause mortality section. That
report performed random effects model meta-analyses of risk ratios using the DerSimonian and
Laird model.*® The random effects model assigns a weight 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. Heterogeneity was tested using
Cochran’s Q (considered significant for P <0.10) and quantified its extent with 12.3"*® 12 ranges
between 0 and 100 percent and quantifies 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 (developed 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 in this report have been designed, conducted, analyzed, and reported with
various degrees of methodological rigor and completeness. Deficiencies in any of these items
may lead to biased reporting or interpretation of the results. Although the quality of evidence is
multidimensional and a single metric cannot adequately capture information needed to interpret a
study, it is desirable to have a simple evidence grading system using a single quantity. The
grading system employed for AHRQ EPC reports was adapted as described below.

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 concealment, 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 groups in
terms of baseline characteristics and prognostic factors. We also considered the reporting of
intention-to-treat analyses and crossovers when so designed, as well as important differential loss
to follow up between the compared groups or overall high loss to follow up. 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 a rating
checklist specifically designed for nutritional epidemiology studies based on some of the
reporting items for cohort study in STROBE (STrengthening the Reporting of OBservational
studies in Epidemiology) checklist*® and the nutrition-specific items in our previous
publication.* Items assessed include: eligibility criteria and 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 comparisons in
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:

Grade 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: a formal 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.

Grade B

Studies are susceptible to some bias, but not sufficient to invalidate the results. They do not
meet all the criteria in 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.

Grade C

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 the initial 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 is important to be cognizant of the study
design when interpreting the methodological quality grade of a study.
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Additional Considerations of Methodological Quality of Primary
Studies for the Purpose of DRI Decisionmaking

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 RCTs to receive grade A. The general quality assessment of
interventional studies as described earlier has been widely adopted for the purpose of grading
high quality effectiveness trials (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 methodological quality. However, it was the consensus among the Tufts EPC methodologists
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.
Therefore it is particularly important when the trial results are used to guide decisions about
DRIs, 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 verified the diagnoses independently (e.g., by medical records
or pathological reports). An observational study of cancer outcomes could not receive grade A if
the cancer diagnoses were not verified independently. We also examined if the study adequately
controlled for other risk factors for the specific cancer. We used the suggested risk factors by
American Cancer Society (www.cancer.org). An observational study of cancer outcomes could
not 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 a rigorously carried out systematic review of high quality primary
studies, a rigorously conducted systematic review finding only poor quality primary studies to
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 methodological quality of a systematic review, we applied the
AMSTAR checklist,** a tool 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, is impossible 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 Questions. 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’s last 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
(1U/d) and/or elemental calcium doses (mg/d) in all summary tables.

For observational studies, we also list the confounders adjusted for 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 lifestyles) were controlled for, we marked “X” in that category. Otherwise, the category was
left blank. The full list of potential confounders for which new studies for this update
controlled are listed with those studies in the evidence tables in Appendix C.

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
is inconsistent across studies. The graphs do not readily convey the slope (strength) of the dose-
response relationship 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 a 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)
both in the original 2009 report and in the current report and also listed the total number of
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unique studies (including systematic reviews) as each study may have provided data on more
than one outcome. The number of primary studies included in each existing systematic review is
also reported.

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, ng/dL, ng/L and ng/dL) to nmol/L. The conversion formula is
1 ng/mL = 2.5 nmol/L. To limit the variation in the reporting of vitamin D unit (e.g., nmol, IU,
Kg and mg), 1U was chosen as the standard unit and all other units were converted using a
standard formula. The conversion formula for micrograms is 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(0OH)D assay used; Figure 15 shows the data for the effects of vitamin D administration
on serum 25(OH)D concentration as a series of bubble plots for each assay method, and
Table 67 shows the assay method for the studies included in the dose response figures. In
Appendix G of this update report, we provide a table of the assay methods; detailed
information on the Kits used, if noted; reference citations for assay methods; locations and
dates of assay; precision; and reference standards, if reported, for randomized controlled
trials included in both the original report and the update. In particular, we note whether
studies employed reference standards such as the NIST standard or reported participating
in the Vitamin D External Quality Assessment Scheme (DEQAS). Finally, in Appendix H,
we stratify by assay method all summary and outcomes tables for key outcomes (defined
for this report as any outcomes reported in three or more RCTs or eight or more
observational studies).

Sunlight Exposure

The original report included information on country where the study took place and its
latitude (when this was meaningful), and when available, the season when serum 25(0OH)D
concentrations were measured. A substantial amount of vitamin D is formed 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 latitudes of major cities in
Central and North America (located after the Abbreviations table).
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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 studies, we
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 a different “primary” outcome.

Study Quality

We summarize methodological and reporting quality of individual studies and meta-analyses
in the summary tables. More details on the reporting characteristics of individual studies and
systematic reviews are found in the evidence tables (Appendix C).

Peer Review and Public Commentary

Experts were invited to provide external peer review of the update report. The draft
report was posted on the AHRQ website for 4 weeks to elicit public comment. We received
comments back from six reviewers and one public commenter. We have addressed all peer
and public comments, revising the text as appropriate, and have documented all responses
in a “disposition of comments report” that will be made available 3 months after the
Agency posts the final report on the AHRQ website.
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Results

Organization of the Results Section

The Results section is organized in the following way:
e Nutrient (vitamin D | calcium | combined calcium and vitamin D)
o0 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

The findings of the studies identified for this update report are in boldface type in the
text and summary tables.

Literature Search Results

For the 2009 report, 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 F); thus, a
total of 165 primary study articles met the inclusion criteria and were included in this report
(Figure 5a). 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 1,746 citations. We identified 68 of
these as potentially relevant and retrieved the full-text articles for further evaluation. Of these, 46
did not meet eligibility criteria. After examining the 22 qualifying systematic reviews, 11 were
excluded for various reasons (Appendix D; Figure 5a).

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.

For this update, the original MEDLINE® and Cochrane Database searches yielded
6,154 titles for EAR and UL outcomes, combined. An additional 11 titles were identified
from reference mining and hand searching, for a total of 6,165 titles and abstracts that
underwent dual review. Of this 6,165, 5,058 abstracts were rejected and 1,107 went on for
full text review. Of that 1,107, 10 were identified as background, 772 failed to meet
inclusion criteria and were rejected, and 154 articles with 156 studies went on for detailed
abstraction and are included in this report (Figure 5b). In addition, 171 systematic
reviewers were looked at of which 2 were included in the update report
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Figure 5a. Literature flow for the original report

Citations identified in MEDLINE and Cochrane
Central database search for primary studies,
published between 19692 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)

Abstracts failed to meet

o criteria (n=17,825)
h 4
Primary study articles retreived for full-text review
(n=584)
Systematic review articles retreived for full-text
review (n=68)
> Articles failed to meet
criteria (n= 476)

A 4

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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Figure 5b. Literature flow for the current report

Titles identified from
RAND library searches
(12/30/2013)

N=16,154

Reference Mining
N=9

Hand searching
N=2

Total number of abstracts identified for dual review
N=6,165

\ 4

Abstracts Rejected
N=5,058
508, Not a human study
1069, Doesn’t include vitamin D
149, Vitamin D not taken orally
854, No outcome of interest
1807, Population not of interest
641, Study design
5, Conference Abstract to incl. Full Text Article
24, In oniginal Tufts report
1, In original Ottawa report

v

Total articles identified for full text review

N=1,107

Background: N=10

a

N=171
Included in report: N=2
Excluded: N=169

Systematic Reviews:

Articles Rejected
N=772

191, Study Design
116, Co-morbidities not of interest
111, Interventions/exposures/predictors not of interest
36, Comparator/placebo not of interest
306, No outcomes of interest
10, Duration not of interest
2, Duplicate Data

h 4

Total articles included for detailed abstraction and

contributing evidence to the analysis
N=154 articles with 156 studies
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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 [updated for the current report]

Growth

CVD Clinical

Body Weight (Adults)

Total Cancer

Prostate Cancer

Colorectal Cancer

Breast Mammographic Density

Colorectal Adenoma
Breast Cancer
Pancreatic Cancer

Immune Function Clinical

Outcomes

Preeclampsia & Pregnancy

Outcomes

All-Cause Mortality

Bone Health Clinical Outcomes

Bone Mineral Density or Content

Hypertension
Blood Pressure

0—6 mo
7 mo-2y
3-8y
9-18y
19-50y
51-70y
271y

Pregnant &
lactating women

Postmenopause

=

16

19
31
20

14
10

17

11

-bmm

w ~N © 0o N

10
31
26

13
17

[

= 0 o O

Total unique
studies per
outcome

[Total number
of RCTs per
outcome]

Systematic

reviews (unique

studies) per
outcome

18
[10]

36
(1

[3%]

16
(2]

19
(0]

14
[1]

(0] o] f[1] [0]

27
(7]

(1]

34
(8]

1

“

22
(9]

12
[12%]

1
(73)

4 13
[o] [13%

Note: 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.

Abbreviations: CVD = cardiovascular disease; RCT = randomized controlled trial

AOnly RCTs were eligible for this outcome.
BRelationship between maternal 25(0OH)D concentration and atopic eczema in infants.

€1 study was a combined analysis of Nurses’ Health Study and Health Professionals Followup 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 [not updated in the current report]

z g &
) c
s _ 3 :
a) o c = —
2 © = o
—~ E = S o >
£ £ g o 9 > 8 B
< 8 2 5 . &8 ¢ 2 & & = Q9 o
- £ . 2 8 T § £ 8% =& 592 5 < 3
s & § &8 ¢ £ £ g 55,85 73 2 @
- c © B3 ® & 8 £ 1929 0 ® o2 @ o
£ g T @ K5 oy O = ¥ wg £ £ 2 2 = g &
£ 6 2 0 &5 8 8 5 3 8 cE2E3 T = 2 O
$ o0 ¥ 8 9§ & & & § 2 Eggcgg 0 2 2 8 o
o S o 5 o o) o @ 2 § £33 £33 = o o = o
O (@) m [ o (&) O m m o £E0a00 < o o I fa)
0-6 mo 1
7 mo-2y
3-8y 1
9-18y 3
19-50y 2 3 1 3 1 1 1 1 3
51-70y 9 5 1 12 17 6 5 2 1 4 2
271y 1 1 1 1° 1 2
Pregnant & 1 14
lactating women
Postmenopause 1 4 1 4 1 2
Total unique
studies per
outcome 3 1 8 3 12 22 6 6 1 2° o 1 1 5 5
[Total number of [ [0 8% [2 [0 [0 [1 [0 [0] [0] [0] [5%
RCTs per
outcome]
Systematic
reviews (unique 1 0 3 0 0 1 1 0 0 0 0 1 0 6
studies) per (17) (42) @ @ (12) (64)
outcome

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.

AOnly RCTs were eligible for this outcome.

BAssociation 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 Followup Study.
D6 analyses, including 2 separate analyses of NHANES I.
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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 [updated for the current report]

Growth

CVD Clinical

Body Weight (Adults)
Total Cancer
Prostate Cancer

Colorectal Cancer

Colorectal Adenoma

Breast Cancer

Breast Mammographic Density

Pancreatic Cancer

Immune Function Clinical

Outcomes

Preeclampsia & Pregnancy

Outcomes

All-Cause Mortality

Bone Health Clinical Outcomes
Bone Mineral Density or Content

Hypertension

Blood Pressure

[

0—6 mo
7 mo-2y
3-8y
9-18y
19-50y 1
51-70y 1 1 1
271y 1 1

Pregnant &
lactating women

Postmenopause 2 1 4

Total unigque
studies per
outcome 1 22 22 4% o

[Total number 21 27 [4]
of RCTs per
outcome]

Systematic
reviews (unique
studies) per
outcome

0 O 0 0O o

1
(10%)

[6] [117

1
(119%)

[1]

ZB
12

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.

AOnly RCTs were eligible for this outcome.
BIncluding 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.

Vitamin D and Health Outcomes

Vitamin D and Growth

The original report reviewed primary studies that evaluated relationships between vitamin
D and growth parameters in infants and children. That topic was not updated in the current
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report; only the original findings are reported here for those outcomes. The current report did
review the evidence on the outcomes of birth weight and length.

Synopsis

For the current report, we identified five RCTs (reported in four articles) and two
observational studies that evaluated intake of or exposure to vitamin D, respectively, on
birth weight and/or length. One of the five RCTs found a significant association of
maternal vitamin D intake from supplements with birth weight and birth length; one of the
four remaining studies was not powered to measure differences in birth weight or length;
the remaining three observed no difference. Of the two observational cohort studies, one
observed a significant association of second trimester maternal 25(OH)D concentrations
and one found no association.

In the original report, 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 methodologies 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 populations and methodological approaches.

Detailed Presentation (Tables 4, 5, 6, & 7)

In the current report, five RCTs (reported in four articles) reported on the effect
of vitamin D supplementation during pregnancy on birth weight and/or length. Two cohort
studies reported on the association between maternal serum 25(OH)D concentration and
birth weight and/or length.**® The number of participants in the RCTs ranged from 140 to
504; the two cohort studies followed 1,113 and 2,146 mother-infant pairs. One U.S. RCT
divided 350 women who were already receiving prenatal vitamins that provided 4001U per
day at 16 weeks gestation or earlier into three groups, who were given an addition 0, 1,600,
or 3,600 IU vitamin D per day through the remainder of gestation; the study found no
difference in birth weight among interventional arms (rated A).! The second study, a
pseudo-RCT conducted in India, divided 140 pregnant women at 12 to 24 weeks gestation
into two groups: one was administered one 1,500 microgram dose of vitamin D, and the
other received two doses of 3,000 micrograms vitamin D. A group of untreated women who
were 24 week pregnant or more served as the controls. Both of the treated groups gave
birth to infants who were significantly heavier than the usual care group (p=0.003) (rated
C, largely attributable to incomplete reporting and the fact that the study was not a truly
randomized study).*”® The third RCT, the AViDD study, conducted in Bangladesh
randomly divided 160 women at 26 to less than 30 weeks gestation to receive 35,0001U
vitamin D per week or no supplement; no difference was seen in birth weight or length,
although the study was not powered to see differences in these outcomes (rated A).** For
the fourth and fifth studies, data from the National Institute of Child Health and Disease
(NICHD) and Thrasher Research Fund Vitamin D3 Supplementation studies, in which
pregnant women were randomized to receive 0, 2000, or 4000 1U vitamin D per day in
addition to their prenatal vitamins, were analyzed in combination: No differences were
observed in birth weight among the groups (rated B).*

1,42-44
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In the original report, six RCTs*"™* and one nonrandomized comparative study> in eight

publications reported on the effect of vitamin D supplementation on growth parameters in 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. Follow up 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 0-6 Months; 7 Months-2 Years; Pregnant or Lactating Women

For the current report, five RCTs (reported in four articles) were identified that
administered supplemental vitamin D to pregnant women and assessed the effect on birth
weight of the offspring. One U.S. RCT divided 350 women who were already receiving
prenatal vitamins that provided 4001U per day at 16 weeks gestation or earlier into three
groups, who were given an addition 0, 1600, or 36001U vitamin D per day through the
remainder of gestation (assignment to the interventions was only partially random:
Baseline serum 25(OH)D partly determined assignment); the study found no difference in
birth weight among interventional arms.* A pseudo-RCT conducted in India divided 140
pregnant women at 12 to 24 weeks gestation into two groups: one was administered one
1,500 microgram dose of vitamin D, and the other received two doses of 3,000 micrograms
vitamin D. A group of untreated women who were 24 week pregnant or more served as the
controls. Both of the treated groups gave birth to infants who were significantly heavier
than the usual care group (p=0.003).”* A third RCT, the AViDD study, conducted in
Bangladesh randomly divided 160 women at 26 to less than 30 weeks gestation to receive
35,0001U vitamin D per week or no supplement; no difference was seen in birth weight or
length, although the study was not powered to see differences in these outcomes. Data from
the National Institute of Child Health and Disease (NICHD) and Thrasher Research Fund
Vitamin D3 Supplementation studies, in which pregnant women were randomized to
receive 0, 2000, or 4000 IU vitamin D per day in addition to their prenatal vitamins, were
analyzed in combination: No differences were observed in birth weight among the
intervention groups.* Two cohort studies assessed the effects of maternal serum 25(OH)D
concentrations on birth weight in the United States. One study of 1,113 mother-infant pairs
assessed the association between second trimester 25(OH)D and birth weight and the effect
of race. No association was seen between quartile of maternal 25(OH)D and birth weight;
but the higher risk for low birth weight among black mothers was reduced significantly
when adjusted for maternal 25(OH)D (study rated A). The other cohort study, of 2,146
mother-infant pairs found a significant association between low serum 25(OH) D
concentrations and lower birth weight (study rated B).*°

In the original report, one RCT from UK administered vitamin D 1000 1U/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% vs. 11.9%); however, this difference
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was not significant. A study from U.S. supplemented 10 lactating mothers with vitamin D 400
IU/d and their infants with 300 1U/d for 6 months. Compared to the group where nine mothers
received 6400 1U/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.>® A study from China randomly
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 mothers to receive a total of 1.2 million 1U of
vitamin D (600,000 IU of vitamin D, in 7th and 8th 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 dietary vitamin D intake in the expectant
mothers from these two studies was less than 30 to 35 1U/d (the validity of these measures is
unclear). An RCT from France supplemented 48 expectant mothers with either vitamin D 1000
1U/d in 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.>® 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(0OH)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 girls in Lebanon aged 10-
17 years found no significant difference at 1 year follow up in weight or height among the 34
girls who were premenarchal at time of enrollment.*

Findings by Life Stage
e (0-6mo

For the current report, the results for birth weight and length are reported above.
In the original report, 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 a total of 1.2
million U of vitamin D during the 3 trimester affected a significant increase in birth
weight (+190 g). Background diet is low in vitamin D in this study. A study compared
supplementing lactating mothers with vitamin D 400 1U/d and their infants 300 IU/d for 6
months with mothers supplemented with 6400 1U/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. 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
1U/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
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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(0OH)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.
7mo-2y

A 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.

3-8y

No study covered this life stage.

9-18y

A 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. One RCT of vitamin D3 (placebo, 200, or 2000 1U/d for 1
year) on girls 10-17 years old found no significant difference at 1 year follow up in
weight or height among the girls who were premenarchal at time of enroliment.

19-50y

Not reviewed

51-70y

Not reviewed

>y

Not reviewed

Postmenopause

Not reviewed

Pregnant & lactating women: The results for the current study are reported above.
For the original study, 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 a total of 1.2
million U of vitamin D during the 3 trimester affected a significant increase in birth
weight (+190 g). Background diet is low in vitamin D in this study. A study compared
supplementing lactating mothers with vitamin D 400 1U/d and their infants 300 IU/d for 6
months with mothers supplemented with 6400 1U/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 IU/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.
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Table 4. Vitamin D and growth outcomes: Characteristics of interventional studies (updated from

original report)

Author Year

Study Name Background
Location Population Calcium Intake & Comparisons Compliance  Comments
(Latitude) Vitamin D Data
[PMID]
RCTs

Maxwell » Health pregnancy 25(0OH)D at 28— Vit D 1000 1U/d 3™ nd First
1981% status 32 wk: 20.1 trimester only generation
Brooke » Mean age nd nmol/L Asian
1980" (range/SD). immigrants
UK (51°N) only
joogodag] *Male (9) 0
Feliciano » Health healthy term  86% infant Vit D 100 IU/d vs. 200 nd
1994%° status breastfed until 5— 1U/d vs. 400 IU/d
China (22°N s Mean age newborn 6 mo
to 47°N) (range/SD),
[8078115]

» Male (%) nd
EI-He}JA' » Health healthy 25(0OH)D 35 Vit D3 200 1U/d vs. 98% in 7.4 h sun
2006 status nmol/L; 2000 1U/d vs. placebo placebo; 98%  exposure/wk
Lebanon » Mean age 13.2 (10-17) dietary Ca 677 x1ly in low dose;
(33°N) (range/SD), mg/d 97% in high
[16278262] dose

» Male (%) O
Wagner » Health Fully lactating; Lactating Mother Vit D3 400 IU/d 280% in 78% white;
2006°° status <1 mo mother’s dietary  + infant 300 1U/d vs. mothers; as low 11% black;
Charleston, postpartum Vit D 273 1U/d; mother 6400 IU/d +  as 61% for 11% Hispanic
US (32°N)  » Mean age 29 dietary calcium infant 0 IU/d infants
[17661565] (range/SD), intake: 1125

y mg/d;

» Male (%) O
Marya 1988 s Health no pregnancy- Expectant Mother VitD 1.2 mil nd
India status related mother’s dietary  1U (total;, 600,000 U
(28°N) complications Vit D 35 1U/d; vit Dz in 7" & 8" mo)
[3243609] » Mean age 24 calcium 429 mg/d vs. no supplement

(range/SD),

y

» Male (%) O
Mallet 1986 » Health pregnancy Caintake 550to Vit D 1000 IU/dvs.  nd
France status 1000 mg/d in 55% 200,000 IU 1x dose
(48°N) » Mean age newborn of the subjects
[3755517]  (range/SD),

y

» Male (%) nd

Nonrandomized comparative study

Marya 1981°" s Health

India status

(28°N)

[7239350]  » Mean age
(range/SD),
y
» Male (%)

no pregnancy-
related
complications
nd

0

Expectant

mother’s daily
milk intake <500

mL; dietary Vit D

<30 IU/d

Vit D 1200 IU/d + Ca nd
375 mg/d (3"

trimester) or Vit D 1.2

mil 1U QOtaI; 600,000
IUin 7" & 8" mo) or

no supplement
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Table 4. Vitamin D and growth outcomes: Characteristics of interventional studies (updated from
original report) (continued)

Author Year

Study Name Background

Location Population Calcium Intake & Comparisons Compliance  Comments

(Latitude) Vitamin D Data

[PMID]

New Studies

Hollis, 2011" e Health Healthy serum: delivered Birth weight: 69% (400-IU Assignment to

Charleston, status 27 (18- group- 59.5 23.8 Vit D 4000 IU vs. group), 68% the interventions

us e Mean 41/5.6) nmol/L (6.0-172.5) Vit D 2000 IU vs. (2000-1U was only partially
age exited group- 50.5 Vit D 400 IU group), and random:

(range/SD), 0%

y
» Male (%)

25.1nmol/L (6.5—
120.5)

vit D intake: 400 IU
group- 181.6 +/-
108.4 1U/d, 2000 U
group- 195.8 +/-
135.0, 4000 U
group- 204.2 +/-
148.2

calcium intake: 400
IU group-1063.6 +/-
539.6 mg/d, 2000 IU
group- 993.9 +/-
514.0 mg/d, 4000 IU
group- 1073.6+/-

69% (4000-1U
group, p%40.9)

Baseline serum
25(0OH)D also
partly determined
assignment

491.9 mg/d
Kalra, e Health nd Table 2: Birth weight: nd
2012* status Group 1 —31.7 3000 mg
India e Mean nmol/L (14.0-57.2) cholecalciferol (one
age 26.7 (SD Group 2—-32.0 dose 2nd trimester

(range/SD), 4.0)

y

» Male (%) 0%

nmol/L (14.5-45.7)

and 28 weeks
gestation)

VS.

1500 mg
cholecalciferol (one
dose 2nd trimester)
Length at Birth:
3000 mg
cholecalciferol (one
dose 2nd trimester
and 28 weeks
gestation)

VS.

1500 mg
cholecalciferol (one
dose 2nd trimester)

39



Table 4. Vitamin D and growth outcomes: Characteristics of interventional studies (updated from
original report) (continued)

Author Year Population Background Calcium Comparisons Compliance Comments
Study Name Intake & Vitamin D Data
Location
(Latitude)
[PMID]
Roth 2013* e Health status ~ Healthy Serum 25(0OH)D Birth weight:  99.2 + 2.7%
Bangladesh * Mean age 22.4 (SD 3.5) placebo: 44.0 £ 35000 IU Vit
(range/SD), y 20.9 nmol/l D3 3rd
« Male (%) 0% vitamin D: 45.4 + trimester
18.4 nmol/l VS.
Placebo
Length at
birth:
35000 IU Vit
D3 3rd
trimester
VS.
Placebo
NEW Cohort
study
Wagner 2013% e Health status ~ nd 61.5 nmol/L 2000 lUvit  NR
us * Mean age D3
(range/SD), y 27 (18-41) vs.
« Male (%) 4000 IU vit
0% D3
VS.
control
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Table 5. Vitamin D and growth outcomes: Characteristics of cohort studies (updated from original

report)
Confounders/Effect
Modifiers Adjusted
Author Year %
Study Name B 3 & @ S
Location Population Vitamin D Comparisons < 8 0 5 S
- Concentration g s2 0 £
(Latitude) 2 £85_ o o S
[PMID] § 2228 & = O
E gsgs W 3
S5 o c=0 > =
Z O<o= D |
Morley 2006™ » Health  singleton » Assay RIA Lengthand O X X 0 X X 99% white;
Australia status pregnancy; method weight in excluded
(38°S) no disease offspring dark skin or
[16352684] » Mean 29 stratified by women with
age (range/ mother’s concealing
SD), y 25(0OH)D clothing
» Male (%) O » Season winter &
blood summer
drawn
Gale 2008” e Health  singleton » Assay RIA Lengthand 0O X 0 0 X O White only
PAHSG status pregnancy method weight in
UK (50°N) <17 wk offspring
[17311057] » Mean 26.3 stratified by
age (range/ mother’s
SD), y 25(0OH)D
» Male (%) O » Season nd
blood
drawn
New Studies
Burris 2012 ® e Health  nd Weight in 0 X X 0 X 0
Massachusetts, status offspring
us s Mean 33 (SD stratified by
age 4.5) mother’s
(range/SD), 25(CH)D
y
» Male (%) 0%
Gernand, » Health Singleton Weight in 0 X X 0 X X
2013% status gestation offspring
us s Mean nd stratified by
age mother’s
(range/SD), 25(CH)D
y

» Male (%) 0%

Abbreviations: X = factor adjusted for in analysis; O = factor not adjusted for.
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Table 6. Vitamin D and growth outcomes: Results of RCTs (updated from original report)

Author Year . .
. om0l Mean Interventions, No. . . |Change| Change Net Net Diff P | Study
[SFEKA?E;]Name Life Stage Outcome |1°/2 Followup Daily Dose |Analyzed Unit Baseline (SD) 95% CI Diff 95% CI | Btw | Quality
gﬂs;ié(rgle" Infant birth ge | until VitD 1000 U 59 g | NA §|1r15a7I 3037, 3277 1D2|z 50, 206" | NS
Brooke 1980"" Pregnant women Weight delivery ol 67 NA | 3034 | 2909, 3159
& infant 0-6 mo . Final Diff B
[6793058] (Asians) Infant birth 2 u.nt'l Vit D 1000 1U 59 cm NA 497 49.6,498 | 02 0.1, 03" NS
[6989438] length delivery
Control 67 NA 495 49.4,49.6
Feliciano Weight gain Vit D 400 IU 12 g nd 3745 | 2613, 4877 | -463 |-1852, 926" | NS
1994%° born in spring, | 1° 6mo |Vit D 200 IU 13 nd 5296 | 4718,5874 | 1088 | 96, 2080" | NS
N. China Vit D 100 1U 17 nd 4208 | 3402, 5013
[o78115]  O-6mo Length gain Vit D 400 IU 12 |cm| nd 188 | 174,202 | 05 | 27,17 |[Ns| ©
born in spring, | 1° 6mo |VitD 200 IU 13 nd 19 18.1, 19.9 -0.3 -2.2,1.6% | NS
N. China Vit D 100 1U 15 nd 193 | 17.6,21.0
El-Hajj 2006™ Vit Dz 2000 U - % nd 5.60% | ~4.8,6.4° |~1.8%| ~0.6,3.0"
Height 2° 1y  |Vit D3 200 IU ”‘:’t‘?"' nd 5.00% | ~4.2,5.8° |~1.2%|~-0.01, 2.4"|0.07
[16278262]  |9_18y female, Placebo o nd | 3.80% | ~009,6.7° c
premenarche Vit D3 2000 U 4 <34 -2 nd | 18.40% |~14.7,22.1°[~3.5%] ~-1.3,8.3"
Weight 2° 1y  |Vit D3 200 IU ”t(’)t‘al nd 15.30% |~12.5,18.1“| ~0.4 | -3.7, 45" |0.25
Placebo nd 14.90% |~11.8, 18.0°
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Table 6 Vitamin D and growth outcomes: Results of RCTs (updated from original report) (continued)

Author Year . . .
. o1no| Mean |Interventions, Daily No. . . Change | Change |Net| Net Diff Study
[S;“M‘?E’)]Name Life Stage |Outcome |1°/2°) o) 10up |Dose Analyzed |UMtBaseline) = o™ o500l I piff 9smcl | P B™ | Quality
Wagner 2006 . Mother (400) 10 NA Final Diff 0.3
Latcrt}a“”% Infant o | .o *nfant(300) g 7600 | 7100, 8100 |-800| -2300, 700" |
17661565 mothers ight
[ ] infant |09 m;gﬁtr ((3)400) 9 NA | 8400 | 7700, 9100
Mother (400) Final Diff ¢
0-6 mo; 7 mo— .
2y Infant | 7me /Hinfant(300) 0 jem| NA | 655 | 644,666 -38 -7.802° >0
length Mother (6400)
+infant (0) 9 NA 69.3 | 67.4,71.2
Marya 1988 . . . Final Diff
| : \?vgght 19| Delivery Vit D 1.2 mil IU total 100 g NA 2000 | 2020, 3060 | 10| 90, 200" <0.001
India W:)en‘\?lgﬁné No supplement 100 NA 2800 | 2730, 2870 o
. . . Final Diff
infant 0-6 mo |B;j
[3243609] Il?elrrlthth 20 Vit D 1.2 mil IU total 100 cm NA 50.06 497,504 | 1.6 11, 2.1° <0.001
g No supplement 100 NA 48.45 | 48.1, 48.8
Marya 1981°" . . Final Diff
_ Pregnant it Vit D 1.2 mil IU total 20 g NA 3140 | 2940, 3340 | 410 166, 654 0.001
[7239350] women & W'éi ht 2° | Delivery |VitD 1200 U + 375 o5 NA Final Diff 0.05 C
infant 0—-6 mo 9 mg Ca (3rd trimester) 9 2890 | 2760,3020|160| 0, 320" )
No supplement 75 NA 2730 | 2650, 2810
Mallet 1986 Birth Final Diff
Pregnant W'eight 2° | delivery |Vit D 1000 IU 21° g NA 3370 NS c
France (48°N) |women & (80) 160
infant 0-6 mo Vit D 200,000 IU 1x D 3210
[3755517] dose 27 NA (90)
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Table 6 Vitamin D and growth outcomes: Results of RCTs (updated from original report) (continued)

Author Year

. o1n0 | Mean . . No. . . |Change| Change 95% | Net |Net Diff| P [Study
[SFEK/I?EI)]Name Life Stage|Outcome  [1°/2 Followup Interventions, Daily Dose Analyzed Unit |Baseline (SD) Cl Diff | 95% Cl | Btw |Quality
NEW Studies
Hollis 2011" . Final -103.4,
Pregnant Vit D 4000 U 117 3284 6 3175.2, 3394.0| +62.8 229.0 0.23 A
Iact‘;rting Birth weight | 2° | Delivery Vit D 2000 IU 122 | g | NR 3223_'1 3255.2, 3465.0/+138.3 '32041'_48
women . Final
Vit D 400 IU 111 32218 3094.9, 3348.8
Kalra 2012% 3000 mg cholecalciferol (one Final 192
Pregnant dose 2nd trimester and 28 35 kg 303 1.71,4.35 -0.05 1.82’ 0.96 C
or Birth weight | 1° | Delivery |weeks gestation) NR ) )
lactating 1500 mg cholecalciferol (one Final
women dose Zn% trimester) ( 36 kg 3.08 171,445
bftzvgin 3000 mg ch_olecalciferol (one Final
dose 2nd trimester and 28 35 cm 49.8, 50.4 -0.2 |-0.6,0.2/0.35
weeks Length at 1° | Deli K tali NR 50.1
gestation birth elivery |weeks gestation)
1500 mg cholecalciferol (one Final
dose Zn% trimester) ( 36 cm 50.3 50.0,50.6
3 . Final -138,
Roth 2013* o . _ 350001V Vit D" 3rd trimester| 453 | 2802 | 2675,2929 | +14 | 166 |0.86 A
Birth weight | 2 Delivery NR Einal
Placebo 74 | g 2788 | 2700, 2876
35000 U Vit D® 3rd trimester Final
Length at o . 73 cm 48.2 47.6, 48.8 +0.2 [-0.5,0.9/0.55
bith | 2 | Delivery NR 1 Einal
Placebo
74 cm 48 47.5, 48.5
Wagner 2013* Final
1° 2000 U vit D® 201 g NR 3382 |sd=759 +149 |-21, 319|0.09
neonatal Final -154, B
birth weight 4000 IU vit D® 193 3231 |sd=632 -2 150 |0.98
Final
control 110 3233 |sd=668

Note: Outcomes cells are shaded for the Control rows.
AEstimated from available data.
BSee Table 1 in original paper for complete results stratified by North vs. South China and birth in spring vs. fall.
CSee Table 3 in original paper for results on 1 mo and 4 mo.
PEstimated from number of mothers; number of infants not reported.
EThis is not an RCT; the supplemented groups were randomized, but not the control (non-supplemented group); data from comparisons between the supplemented groups not reported.
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Table 7. Vitamin D and growth outcomes: Results of cohort studies (updated from original report)

é?;g;rN\;er:é Life Stage Ou(;c”?lr'ne FoIIovx_/up Maternal _25(OH)D No. in Final Final P Stuo_ly
I Duration Concentration, nmol/L Category Value SD  Value Quality
PMID Incidence)
Morley 2006 , Birth weight . <28 at 28-32 wk 27 3397g 57 NS
Australia Pregnant women; infant \=374) Delivery >28 at 28-32 wk 347 3555 52
[16352684] 0-6mo Birth length . <28 at 28-32 WK 27 298cm 27 NS B
(N=374) Delivery >28 at 28-32 wk 347 50.4 2.4
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Table 7 Vitamin D and growth outcomes: Results of cohort studies (updated from original report) (continued)

Author Year Outcome Followu l;/lga(tgLn)aDI No. in Final Stud
Study Name Life Stage (n/N; vup . ’ Final SD P Value Y
. Duration Concentration, Category Value Quality
PMID Incidence) nmol/L
Gale 2008> <30 (Quartile) nd 3.38 kg 0.46
PAHSG, UK Pregnant Birth weight . .
[17311057] women; (N=466) Delivery 3050 nd 34 0.5 0.25
mo >75 nd 3.43 0.51
<30 nd 15.9 1.14
Weight at 9 9 mo -
mo (N=440) 30-50 nd 15.8 1.26 0.58
50-75 nd 16.1 1.34
>75 nd 15.9 1.09
<30 nd 27.4 kg 1.19
Weightat9y 9y -
(N=178) 30-50 nd 29.4 1.21 01
50-75 nd 30 1.2
>75 nd 29.3 1.19
C
Pregnant Birth length Delivery <30 nd 50 cm 1.83
women; (N:466) 30-50 nd 50 2.29 0.15
infant 0-6 50-75 nd 50.5 2.25
mo >75 nd 50.1 2.09
<30 nd 71.2cm 2.85
Length at 9 9 mo 30-50 nd 71.4 2.6
mo 0.86
(N=440) 50-75 nd 71.7 2.89
>75 nd 71.1 2.67
<30 nd 129.6 cm 5.88
9y
Height at 9 y 30-50 nd 1315 6.66 0.19
(N=178) 50-75 nd 131.8 5.09 '
>75 nd 130.6 6.45
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Table 7. Vitamin D and growth outcomes: Results of cohort studies (updated from original report) (continued)

Author Year Outcome Followu ySa(tglr_in)%I No. in Final Stud
Study Name Life Stage (n/N; vup . ’ Final SD P Value Y
\ Duration Concentration,  Category Value Quality
PMID Incidence)
nmol/L
NEW Studies
Burris 2012% <25
Pregnant or Birth weight Delivery
lactating 25-50 ND
women 50-75
275
Gernand 2013% i
smgletlon Birth weight Delivery <312 0.014
gestation >37.5
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Vitamin D and Cardiovascular Disease

Synopsis

One qualified systematic review of prospective studies identified for the current report
found a significant association between low serum 25(OH)D concentrations and a number
of clinical cardiovascular outcomes, including total cardiovascular disease, coronary heart
disease, cardiovascular disease mortality, and stroke. No RCTs identified for the current
report evaluated the effects of vitamin D on clinical cardiovascular disease outcomes.
Observational studies identified for the current report found mixed associations between
25(OH)D and total cardiovascular events, cardiovascular death, myocardial infarction,
stroke, and fatal stroke. Significant associations were found between progressively lower
25(OH)D concentration and increased risk for 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.

For the original report, no qualified systematic reviews have evaluated the association
between vitamin D intake or serum 25(OH)D concentrations and incidence of hypertension. One
RCT of almost 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, myocardial infarction, and stroke). Significant associations were found
between progressively lower 25(0OH)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,and 11a-b; Figures 6a-h)

Total Cardiovascular Events (Figure 6a, b, e, and h)

One high-quality systematic review®’ that included 17 studies, 16 of which were
included in the original report or the current report (the remaining study was excluded
from the current report) found a significant association between lower serum 25(0OH)D
concentrations and increased risk for total cardiovascular disease and coronary heart
disease risks.

Six prospective cohort studies evaluated the association between serum 25(OH)D
concentrations and the incidence of total cardiovascular events, ranging from 4.4 years to
14.4 years followup. Three of these studies found no significant association between levels
of serum 25(OH)D and risk for a cardiovascular event (two rated A, one rated B).**° One
study, the German MONICA/KORA cohort study, with a mean followup of 11 years, found
significantly decreased risks of total cardiovascular events for both men and women, with a
larger effect in women (rated A).** Another study, the U.S. MESA study, found an
association of serum 25(OH)D with decreased risk of CHD among Caucasians and Chinese
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participants but not among Black or Hispanic participants (rated A).*” The German
ESTHER cohort study found that serum 25(OH)D concentrations of less than 75nmol/L
were associated with an increased risk for all cardiovascular events (rated B).%®

Two nested case-control studies were identified. One nested case-control study within
the Tehran Lipid and Glucose Study with 5.7 years followup found a significantly
increased risk for total cardiovascular events for individuals in the lowest tertile of
25(0OH)D concentrations compared with the two higher tertiles (rated B).** A study nested
within the multi-country EPIC study found no association of serum 25(OH)D with total CV
events in the fully adjusted model (rated A).%

In the original report, total cardiovascular events were evaluated by an RCT,*® the
Framingham Offspring Study (FOS),?” and a nested case-control study derived from the Health
Professionals Followup 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 and those taking 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 events in those with 25(OH)D concentrations below
approximately 50 to 55 nmol/L.

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
analysis was A, although due to limitations on analyzable serum, the investigators had to use a
case-control analysis instead 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% CI 1.1, 2.3), those
with 25(OH)D 37.5 to 56 nmol/L had an RR of 1.4 (95% CI 0.96, 2.1), and those with 25(OH)D
below 37.5 nmol/L had an RR of 2.1 (95% CI 1.2, 3.5).
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Cardiovascular Death (Figures 6¢ and 6d)

Sixteen prospective studies and one nested case control study that examined the
association between serum 25(OH)D and risk for cardiovascular death (including fatal
myocardial infarction, sudden cardiac death, and coronary disease death) were identified
for the current report. Seven prospective cohort studies (reported in eight articles) and the
nested case control studies, with followups ranging from 7.3 to 29 years (one study did not
report length of followup and one, an analysis of NHANES data, reported follow up in
person years), observed an increased risk for cardiovascular death for those with the lowest
serum 25(OH)D concentrations compared with the highest (three rated A, six rated B).63%%

The study by Eaton, which followed a subsample of the Women’s Health Initiative
participants, found an association among women with normal waist to hip ratios but not
among women with abdominal obesity (rated A).”

The study by Signorello observed the association among both African American and
non-African American participants (rated A).”* A study by Fiscella of 15,363 adult
participants in NHANES assessed differences between African Americans and whites and
found a higher risk for cardiovascular death among blacks than whites that disappeared
when adjusted for the lower serum 25(OH)D levels in blacks (rated A).”

The Whitehall study, reported by Tomson, observed a strong inverse association among
elderly men between serum 25(OH)D and risk for cardiovascular death, at a median of 13
years’ followup (rated B).” The ESTHER study reported a strong inverse association
among men and women at two followup times (4.5 and 9.2 years)(both rated B).%*"

The remaining 9 cohort studies, including the Octabaix 3-Year Followup study of the
oldest old,”” found no association between serum 25(OH)D concentrations and risk for
cardiovascular death four A, five B).>®"8%4

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

An analysis of NHANES I11 (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 follow up, 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 (Figure 6a and b)

Three prospective cohort studies (reported in two articles) identified for the current
report assessed the association between serum 25(OH)D concentrations and incident
ischemic heart disease. These studies, one with a 10-year follow up and one with a 29-year
follow up, found no significant difference in risk for nonfatal ischemic heart disease across
four quartiles of serum 25(OH)D concentrations (both rated B).®*%
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The RCT evaluated total ischemic heart disease.®® In this elderly British population, 17% 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 (Figure 6¢ and d)

The pooled results of two population-based studies reported in an article identified for
the current report observed an association of serum 25(OH)D with death from ischemic
heart disease(rated B).%

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

Myocardial Infarction (Figure 6e)

Five prospective cohort studies identified for the current report assessed the association
between serum 25(OH)D concentration and risk for myocardial infarction. Four of the
studies found no association (two rated A, two rated B).*®%*%"#A nested case control study
within the EPIC study with a mean follow up time of 7.6 years found an association
between serum 25(0OH)D and myocardial infarction when the outcomes were adjusted only
for sex and BMI but no association with a model that adjusted for various lifestyle factors
as well (rated A).®®> One cohort study that followed 2,312 older adults with no history of
disease at baseline for 14 years found, after adjustment, that each 25nmol/L decrease in 25-
OHD concentration was associated with a 25 percent greater (95% CI: 8% to 44% greater)
relative hazard of 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 (methodological
quality C due to lack of reporting of relevant data including information on the serum 25(OH)D
or 1,25(0H),D concentrations within the tertiles).2® During 10 years of follow up, 17 percent of
the participants had a myocardial infarction. Both analyses of serum 25(OH)D and 1,25(0OH),D
concentrations found no significant association with risk of myocardial infarction.

Stroke (Figure 6f)

Seven prospective cohort studies identified for the current report assessed the
association between serum 25(OH)D concentration and risk for stroke or transient
ischemic attack. Three of the studies (followup ranging from 17 to 29 years) found a
significantly increased risk for stroke or TIA for those with the lowest or lower serum
25(0OH)D concentrations compared with those with the highest or higher concentrations,
respectively (two rated B, one rated A),**# although for the women in the Nurses’ Health
Study,® the difference was relatively small. The remaining four studies, with followup of 5
to 13 years, found no difference (two rated A, two rated B).>86386:

One nested case control study within the EPIC population study, which had a followup
of 7.6 years, reported a small j-shaped association of serum 25(OH)D with risk for stroke
(rated A).%°

The RCT identified for the original report evaluated total cerebrovascular disease.®® In this
elderly British population, 7.7% had a cerebrovascular event; no effect of vitamin D3
supplementation was found. Similar results were found in subgroups of men and women.
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Stroke was evaluated in the same small Finnish study. During 10 years of follow up, 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 (Figure 6g)

Three prospective cohort studies identified for the current report assessed the
association between serum 25(OH)D concentrations and risk for fatal stroke or
cerebrovascular death.®*#28 One study, with a median followup of 27 years, found an
increased risk for the lowest quintile of 25(OH)D concentration compared with the highest
(rated A).#* The other two studies, with mean followup of 9 and 24 years, found no
significant association between serum 25(OH)D concentration and risk for fatal stroke or
cerebrovascular death for either men or women both rated B).%*#

The RCT identified for the original report evaluated cerebrovascular disease death as a
primary outcome.®® In the trial, 2.0% had a fatal 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 identified in the original study 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(OH)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(OH)D and 1,25(0OH),D
concentrations.®

Findings per Age and Sex

For the observational studies identified for the current report, differences were similar
among men and women.

The single RCT identified for the original report 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 0-6mMo
Not reviewed
e 7mo-2y
Not reviewed
e 3-8y

Not reviewed
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9-18y

Not reviewed

19-50y

For cardiovascular events, only a minority of evaluated participants were within this life
stage (almost all above 40 years). The NHANES 11 study, which found no association
between serum 25(OH)D concentration and cardiovascular death, included largely people
within this life stage.

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(OH)D concentrations. The NHANES
111 study likely included many people within this life stage; no association was found
with cardiovascular death in the original report; an analysis of a larger population
identified for the current report found an association, as did a European
population-based study.

>Tly

A number of new studies identified for the current report included a predominance
of participants within this age group. Vitamin D supplementation and exposure
were not consistently associated with cardiovascular outcomes in these studies. The
majority of participants in the British RCT identified for the original report included
men and women within this age group. Vitamin D supplementation was not found to
have an effect on cardiovascular outcomes. Among the cohort studies, only the small
Finnish study adequately evaluated people within this life stage. No significant
associations were found between serum 25(OH)D or 1,25(OH),D concentrations and
either myocardial infarction or stroke, however, the absolute concentrations were not
reported.

Postmenopause

In the original report, only the RCT provided data on a subgroup that included only
postmenopausal women: No effect of vitamin D3 supplementation was found. For the
current report, a post hoc assessment of a sample of WHI participants found an
increased risk for cardiovascular death with decreasing serum 25(OH)D among
normal weight postmenopausal women but not women with abdominal obesity."
Pregnant & lactating women

Not reviewed
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Table 8. Vitamin D and cardiovascular outcomes: Characteristics of RCTs [no new studies in the

current report]

Author Year

Background
Calcium Intake &
Vitamin D Data

Comparisons

Compliance Comments

Study Name

Location Population
(Latitude)

[PMID]

Trivedi e Health General
2003% status population

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

e Male 76%

(%)

742 mg/day (at 4

years, no
difference by
treatment
allocation)

Vit D3 100,000 IU
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 [no new studies in the current report]

Author Year R':r?gee Mean Interventions N N Outcome P Study
Study Name ! Outcome 1°/2° . ' Metric Result 95% ClI .
Sex Followup Daily Dose Event Total . Btw  Quality
[PMID] (Subgroup) (Comparison)
Trivedi 2003%°  65-85y, CVD, 2° 5 . Age adj RR
[12609940] Both Y total Y VitD3 10000010 427 4345 g(Vit |13/ 0.90"  0.77,1.06 0.22
every 4 mo
Placebo)
Placebo 503 1341
IHD, total 2° Age adj RR
Vit D3 224 1345 (Vit D/ 0.94" 0.77,1.15 0.57
Placebo)
Placebo 233 1341
CeVD, 2° Age adj RR
total Vit D3 105 1345 (Vit D/ 1.02* 0.77,1.36 0.87
Placeho)
Placebo 101 1341 B
CVD 1° Age adj RR
death Vit D3 101 1345 (Vit D/ 0.84" 0.65, 1.10 0.20
Placebo)
Placebo 117 1341
IHD 1° Age adj RR
death Vit D3 42 1345 (Vit D/ 0.84" 0.56, 1.27 0.41
Placeho)
Placebo 49 1341
CeVD 1° Age adj RR
death Vit D3 28 1345 (Vit D/ 1.04* 061,120 0.89
Placeho)
Placebo 26 1341

Note: Outcomes cells are shaded for the Control rows.

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

of cohort studies (updated from original report)

Confounders/Effect Modifiers

Adjusted
Author Year
Study Name < Specific
Location Population Vitamin D Concentration Comparisons %) 8 a ¢ 4 CVD
(Latitude) § 2 o g 2 > Outcomes
[PMID] £ & £ 3 _8 %
=] ) c Q > x =
zZ e < = Dw 4o
Wang 2008°" eHealth NoCVD e Assay RIA (DiaSorin) Outcome stratified X* x X0 X CVD event
Framingham Offspring status method by2or3
Framingham, MA e Mean 59 (9) categories
(mostly) age (SD),
(42°N) y
[18180395] e Male (%) 45 e Season blood All
drawn
Giovannucci 2008 e Health No CVD e Dietary RIA (Hollis Outcome stratified X X X X  Nonfatal Ml or fatal
HPFS status assessment  1993) by 4 categories® CHD
us eMean 64 (40-75) method
(various) age
[18541825] (range), y
e Male (%) 100 e Internal All
validation?
(y/n)
Melamed 2008% e Health  Any * Assay RIA (DiaSorin) Outcome stratified X X X X CVDdeath
NHANES IlI status method by 4 categories
us e Mean 45 (220)
(various) age
[18695076] (range), y
e Male (%) 46 e Season blood All (even
drawn distribution)
Marniemi 2005% e Health  Any o Assay RIA (Incstar)  Outcome stratified X MI
Turku, Finland status method by tertiles Stroke
(60°N) eMean 79 (65-99)
[15955467] age
(range), y

e Male (%) 48

¢ Season blood All
drawn
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Table 10. Vitamin D and cardiovascular outcomes: Characteristics of cohort studies (updated from original report) (continued)

Confounders/Effect Modifiers

Adjusted
Author Year
Study Name < -
Location Population Vitamin D Concentration Comparisons %) & 2 o Specific CVD
. = = Q —= s 2 Outcomes
(Latitude) g 2 © 8 o 2
[PMID] E E £ 3 _38 8
S ) c L > x =
Z o < = Dw 4
New Studies:
Bolland, 2010™® e Health Healthy Outcome X Ml
New Zealand status Post-menopausal stratified by 2
eMean 74 (SD4.2) categories Stroke
age (SD),
y MI, Stroke, or sudden
e Male 0% death
0,
(%) TIA
Congestive heart
failure
Death
Brondum-Jacobsen, e Health nd Outcome X X Nonfatal ischemic
2012%° status stratified by 4 heart disease
Copenhagen, eMean 57 (49-66) categories
Denmark age Nonfatal Ml
(range), y . .
eMale  44% Fatal ischemic heart
(%) disease/MI
Brondum-Jacobsen, e Health nd Outcome X X Ischemic stroke
2013% status stratified by 4
Copenhagen, e Mean 56 (48-65) categories
Denmark age
(range), y
e Male 44%
(%)
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Table 10. Vitamin D and cardiovascular outcomes: Characteristics of cohort studies (updated from original report) (continued)

Confounders/Effect Modifiers

Adjusted
Author Year
Study Name < -
Location Population Vitamin D Concentration Comparisons %) & a 2 o SpOEC'f'C CVD
- = = — s 2 utcomes
(Latitude) S 2 09 8 o >
[PMID] E E £ o 2 &
S ) c L > x =
pd o < = Dw 4

deBoer, 2012° e Health nd Outcome X X X M
us status stratified by 2
(various) eMean 74 (SD 4.6) categories

age (SD),

y

e Male 30%

(%)
Deo, 20117 e Health nd Outcome X X X X X  Sudden Cardiac
Cardiovascular status stratified by 2 Death
Health Study eMean 74 (SD4) categories
us age (SD),
(various) y

eMale  30%

(%)
Eaton, 2011" e Health nd Outcome X X X X Cardiovascular
us status stratified by 4 Disease Mortality
(various) categories

e Mean 65.1(7.6)

age (SD),

y

e Male 0%

(%)
Fiscella, 2010™ e Health nd Outcome X X X X X Cardiovascular Death
NHANES-III status stratified by 2 or
nd e Mean 43.64 4 categories

age,y

e Male 48%

(%)

58



Table 10. Vitamin D and cardiovascular outcomes: Characteristics of cohort studies (updated from original report) (continued)

Confounders/Effect Modifiers

Adjusted
Author Year
Study Name < -
Location Population Vitamin D Concentration Comparisons %) & a 2 o Spoecmc CVD
- = = — s 2 utcomes
(Latitude) S 2 09 8 o >
[PMID] E E £ o 2 &
S o) c L > x =
pd o < = Dw 4

Ginde, 2009 e Health nd Outcome X X Cardiovascular Death
us status stratified by 5
(various) eMean 73(0.2) categories

age (SD),

y

e Male 44%

(%)
Hutchinson, 2010 e Health nd Outcome X CVD Mortality
Tromso Status stratified by 4
Tromso, eMean nd categories
Norway age (SD),

y

e Male nd

(%)
Jassal, 2010%° e Health nd Outcome Cardiovascular
San Diego, CA status stratified by 2 Mortality

e Mean 74 (SD 10) categories

age (SD),

y

e Male 38%

(%)
Karakas, 2013 e Health Healthy Outcome X Coronary Heart
MONICA/KORA status stratified by 3 Disease
Augsburg case- e Mean 51.9 (SD 0.42) categories
cohort study age (SD), Range: 35-74

y

e Male 75.5%

(%)
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Table 10. Vitamin D and cardiovascular outcomes: Characteristics of cohort studies (updated from original report) (continued)

Confounders/Effect Modifiers

Adjusted
Author Year
Study Name < -
Location Population Vitamin D Concentration Comparisons %) & 2 o Specific CVD
- = = o = 5 2 Outcomes
(Latitude) g 2 © 8 o 2
[PMID] E E £ 3 _38 8
S o) c L > x =
pd o < = Dw 4
Kestenbaum, 2011*" e Health nd Outcome Cardiovascular
CHS status stratified by 4 Mortality
us eMean 73(SD4) categories
(various) age (SD), Incident heart
y mortality
eMale  42% ) .
(%) Incident myocardial
infarction
Kilkkinen, 2009% e Health nd Outcomes Cardiovascular Death
Finland status stratified by 5
eMean 49.4 (SD 13.6) categories Cerebrovascular
age (SD)' Death
y
eMale  45.3% Coronary Disease
(%) Death
Lin, 2012% e Health Healthy, Outcome X Cerebrovascular
Linxian, China status Hypertension 27% stratified by 3 Death
eMean 56.5(SD7.9) categories
age (SD), Cardiovascular Death
y
e Male 55%
(%)
Messenger 2012 o Health nd Outcome Cardiovascular
MrOS status stratified by 4 disease (CHD &
us eMean 76.1(SD 5.6) categories CVA)
(various) age (SD),
y
e Male 100%
(%)
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Table 10. Vitamin D and cardiovascular outcomes: Characteristics of cohort studies (updated from original report) (continued)

Confounders/Effect Modifiers

Adjusted
Author Year
Study Name < -
Location Population Vitamin D Concentration Comparisons %) & a 2 o SpOeC|f|c CVD
- = = = s 2 utcomes
(Latitude) = 2 09 8 » >
[PMID] E E £ o s 8
S o) c Q > x =
pd o < = Dw 4
Michaelsson 2010®* e Health More than 1/3 being Outcome X X X Cardiovascular
Uppsala, Sweden status treated for stratified by 3 mortality
hypertension categories
eMean 71 (SD 0.6)
age (SD),
y
e Male 100%
(%0)
Prentice 2013° ¢ Health Post-menopausal Outcome X MI
WHI status 50-54: 14.2%; 55— stratified by 2
us e Mean 59: 22.8%; 60—69: categories Coronary heart
(various) age (SD), 45.5%; 70-79: disease
y 17.5%
e Male 0% Total heart disease
(%)
Stroke
Total cardiovascular
disease
Schierbeck, 2012°° e Health Post-menopausal Outcome X Heart failure
Danish Osteoporosis status stratified by 2
Prevention Study eMean 50 (SD2.8) categories Myocardial Infarction
Denmark age (SD),
y Stroke
e Male 0%
(%)
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Table 10. Vitamin D and cardiovascular outcomes: Characteristics of cohort studies (updated from original report) (continued)

Confounders/Effect Modifiers

Adjusted
Author Year
Study Name < -
Location Population Vitamin D Concentration Comparisons %) & a 2 o SpOEC'f'C CVD
- = = — s 2 utcomes
(Latitude) S 2 09 8 o >
[PMID] E £ £ 3 2 3
S o) c L > x =
pd o < = Dw 4

Signorello, 2010 e Health nd Outcome X Circulatory disease
us status stratified by 4 death

e Mean nd (nd) categories

age (SD),

y

e Male nd

(%)
Sun, 2012 e Health nd Outcome Ischemic stroke
Nurses' Health Study status stratified by 3
US (multiple) eMean 60.8(5.9) categories

age (SD),

y

e Male 0%

(%)
Welsh 2012% e Health Vitamin D Outcome X X Cardiovascular event
MIDSPAN Family status deficient/depleted stratified by 4
Study Vitamin D not categories
UK deficient

e Mean 45.2(6.2)

age (SD),

y

e Male 46%

(%)
Formiga 2014"" e Health Oldest old Outcome Cardiovascular
Octabaix status stratified by 4 mortality
Spain e Mean 85 categories

age

e Male 39.4%

(%)
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Table 10. Vitamin D and cardiovascular outcomes: Characteristics of cohort studies (updated from original report) (continued)

Confounders/Effect Modifiers

Adjusted
Author Year
Study Name < -
Location Population Vitamin D Concentration Comparisons %) & 2 o Specific CVD
- = = o = 5 2 Outcomes
(Latitude) = 2 o 8 » >
[PMID] E E £ 3 _38 8
S o) c L > x =
pd o < = Dw 4
Tomson 2013" e Health  self-reported health Outcome X X Death, ischemic heart
Whitehall study status good/excellent stratified by 4 disease
London, UK 77.4% categories
76.9 (SD 4.9) Death, stroke
e Mean
age 100% Death, other vascular
e Male
(%) Death, all vascular
Skaaby 2013% e Health NR Outcome X X X Ischemic Heart
Monical0 and status stratified by 4 Disease
Inter99 e Mean Monica 10: 55.4 categories
Denmark age (41-72.8) Stroke
Inter99: 46.1(29.7—
61.3)
e Male
(%) 50.2%
Schottker 2013™ e Health NR Outcome X X X CVD mortality
ESTHER status stratified by 3
Germany e Mean 62 (SD 6.5) categories
age
e Male 43.8%
(%)
Robinson-Cohen e Health NR Outcome X X X X Incident coronary
2013% status stratified by 4 heart disease events
MESA e Mean 63.3 (SD 10.2) categories
us age
eMale 47%
(%)
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Table 10. Vitamin D and cardiovascular outcomes: Characteristics of cohort studies (updated from original report) (continued)

Confounders/Effect Modifiers

Adjusted
Author Year
Study Name < -
Location Population Vitamin D Concentration Comparisons %) & 2 o Specific CVD
. = = Q —= s 2 Outcomes
(Latitude) g 2 © 8 o 2
[PMID] E E £ 3 _38 8
S ) c L > x =
Z o < = DwW 4o
Perna 2013 e Health  46.3% hypertension Outcome X X X X TotalCVD
ESTHER status stratified by 4
Saarland, Germany e Mean NR (range 50-74) categories Nonfatal CVD
age
e Male 40.7% Fatal CVD
(%)
Total CHD
Nonfatal CHD
Fatal CHD
Total Stroke
Nonfatal Stroke
Fatal Stroke
Kuhn 2013% eHealth NR Outcome X X X  Myocardial Infarction
EPIC-Germany status NR stratified by 4
Heidelberg, Potsdam e Mean categories Stroke
age
e Male CVD as composite
(%) endpoint
Brodin 2013 e Health NR Outcome X X  Total Venous
Tromso study status stratified by 5 Thromboembolism
Norway e Mean 62 (SD 10) categories
age
eMale 37%
(%)

ANot in 3-category analysis

Bcase-control study
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Table 11a. Vitamin D and cardiovascular outcomes: Results of cohort studies (updated from original report)

Author Year Qutcome FoIIovyup
Age Duration . . . .
Range, . _ (Time to Vit D Concentration, No. of No. in Adjusted 95% ClI P for Stud_y
Study Name Sex (n/N; Incidence) DX) Measure nmol/L Cases Category OR Trend Quality
[PMID]
CVD Events
Both Sexes
Wang 2008°" <37.5 50 481 1.7 1.08,2.67*  0.02" A
Mean CVD event 5.4y 25(0OH)D >37.5 70 1258 1 Reference
Framingham (SD) (120/1739; 0.069) <25 nd nd 1.8 1.05, 3.08* 0.01 C
Offspring 530(3])' 25375 nd nd 153 1.00, 2.36*
[18180395]
237.5 70 1258 1 Reference
Men
Giovannucci <37.5 63 150 2.09 1.24,3.54  0.02°" A
2008 40-75y, NonfatalMlor 10y  25(0H)D 375 56.25 156 463 143 096,213
Men  fatal CHD (454 56.25-75 165 464 1.6 1.10, 2.32
HPFS cases; 1354
controls)
[18541825] >75 70 277 1 Reference
CVD Death
Both Sexes
Melamed 2008* <44.5 nd nd 1.2 0.87, 1.64 nd C
220y, CVD death 8.7y 25(0CH)D 44.5-60.75 nd nd 0.88 0.69,1.14
NHANES 11l Both (777/13,331; 60.75-80.25 nd nd 0.83 0.65, 1.07
[18695076] 0.058) >80.25 nd nd 1 Reference
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Table 11a. Vitamin D and cardiovascular outcomes: Results of cohort studies (updated from original report) (continued)

Followu
Author Year Age Outcome Duratior‘l) Vit D Concentration, No. of No. in Adjusted o P for Study
Study Name Reénge, . . (Timeto  Measure nmol/L Cases  Category OR 95%Cl Trend Quality
(PMID) ex (n/N; Incidence) D)
Myocardial Infarction
Both Sexes
Marniemi 2005°° nd nd ~252 1 Reference nd C
[15955467] 65-99y, MI 10y 25(0OH)D nd nd ~252 0.99 0.64, 1.53
Both  (130/755;0.172) nd nd ~252 0.77  0.47,1.27
nd nd ~252 1 Reference nd
1,25(0OH),D nd nd ~252 1.05 0.68, 1.62
nd nd ~252 0.82 0.52, 1.30
Stroke
Both Sexes
Marniemi 2005  65-99y, Stroke 10y nd nd ~252 1 Reference nd [®
Both (70/755; 0.093) 25(0OH)D nd nd ~252 1.13 0.62, 2.05
[15955467] nd nd ~252 1 0.51, 1.94
nd nd ~252 1 Reference nd
1,25(0OH),D nd nd ~252 0.63 0.37, 1.09
nd nd ~252 0.41 0.22,0.77*
NEW Studies
Bolland 2010 . <50 nmol/L 31 736 1.20 0.7,2.2 0.52 A
New Zealand Primary-MI Sy 25(OHD e molil 21 735 100  Reference
) <50 nmol/L 37 736 1.40 0.8,2.5 0.20
Primary-Stroke 5y 25(OHD s molil 22 735 100 Reference
Primary—MI, <50 nmol/L 65 736 1.20 0.8,1.8 0.34
Stroke, or sudden 5y 25(0OH)D
death =50 nmol/L 45 735 1.00 Reference
. <50 nmol/L 24 736 1.10 0.6,2.0 0.76
Primary—TIA 5y 25(OH)D e moliL 21 735 1.00  Reference
Primary— <50 nmol/L 12 736 1.00 04,24 0.97
Congestive heart 5y 25(0OH)D
failure =50 nmol/L 10 735 1.00 Reference
. <50 nmol/L 34 736 0.90 0.5,1.6 0.73
Primary-Death 5y 25(OMD e i moliL 29 735 1.00 1.00
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Table 11a. Vitamin D and cardiovascular outcomes: Results of cohort studies (updated from original report) (continued)

Followup
Author Year Age Outcome Duration Vit D Concentration, No. of No. in Adjusted P for Study
Range, . 95% CI .
(SFEKA%)Name Sex (n/N: Incidence) (T|g1e)to Measure nmol/L Cases Category OR Trend Quality
X
Brondum- <25.0 nmol/L 381 2,553 1.08 0.85, 1.37 0.1 B
Jacobsen 2012%° 51-70 Primary-Nonfatal 25.0-49.9
years ischemic heart 29y 25(0H)D 58?3;/!1_9 648 4,068 1.01 0.81, 1.26
disease ’ ’
nmol/L 391 2,470 0.91 0.72,1.15
>75.0 nmol/L 158 1,079 1.00 Reference
<25.0 nmol/L 224 2,553 1.17 0.83, 1.63 0.4
25.0-49.9
PrlmaryMII\lonfatal 29y 25(0H)D 5;21_();/:9 350 4,068 0.97 0.71,1.34
nmol/L 228 2,470 1.02 0.74,1.42
>75.0 nmol/L 89 1,079 1.00 Reference
<25.0 nmol/L 422 2,553 1.53 1.18,1.98 <0.001
Primary-Fatal ol e 4068 123 0.96,158
ischemic heart 29y 25(0OH)D £00-74.9 : : b
disease/MI : )
nmol/L 367 2,470 1.18 0.91,1.54
=75.0 nmol/L 106 1,079 1.00 Reference
Brondum- <25.0 nmol/L 350 2,553 1.36 1.09,1.70 <0.001 A
Jacobsen 2013% 51-70 25.0-49.9
years Primary— nmol/L 504 4,068 1.10 0.89, 1.36
Ischemic stroke 29y 25(OH)D 50.0-74.9
nmol/L 277 2,470 0.92 0.74,1.16
=75.0 nmol/L 125 1,079 1.00 Reference
deBoer 2012°" MI 11y 25(0OH)D Normal level 154 1126 HR 1.00 Reference NR A
Low level
(season specific,
ranges 43-61
nmol/L) 67 495 HR 1.24 0.91-1.70
Deo 2011 <50 nmol/L 31 715 1.47 0.88,2.46  Not sig A
=65 Primary—Sudden 14y
Cardiovascular years cardiac death (median) 25(0H)D
Health Study >50 nmol/L 42 1,568 1.00 Reference
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Table 11a. Vitamin D and cardiovascular outcomes: Results of cohort studies (updated from original report) (continued)

Followup
Author Year Age Outcome Duration Vit D Concentration, No. of No. in Adjusted P for Study
Range, . 95% CI .
Study Name . (Timeto  Measure nmol/L Cases Category OR Trend Quality
Sex (n/N; Incidence)
(PMID) Dx)
Eaton 2011 Quartile 1: 3.25— A
36.50 nmol/L 608 HR 1.27 0.81,1.99 0.33
Post- Quartile 2:
meno- 36.51-49.95
pausal Cardiovascular nmol/L 606 HR1.14 0.74,1.78
women e mortalit 10y 25(0OH)D Quartile 3:
50-79 y 49.96-65.38
years nmol/L 608 HR1.16 0.75,1.80
Quatrtile 4:
65.39-146.67
nmol/L 607 HR 1.00 Reference
Fiscella 2010" Q1: <45 nmol/L _ 1.00 Reference A
NHANES-III Q2: 45-62.25
nmol/L 0.71 0.54,0.94 NR
Primary— 138,549 P 933 15363
Cardi | 25(0H)D Q3:62.5-79.75
ardiovascular  person - 25(0H)D nmolll 0.65 053,079 NR
y Q4: >80 nmol/L 0.79 0.62, 1.01 NR
<45 nmol/L 1.40 1.16,1.69 <0.001
245 nmol/L 933 15363 1.00 Reference
Ginde 2009” <25.0 nmol/L 115 2.36 1.17,4.75 <0.05 B
25.0-49.9
nmol/L 904 1.54 1.01, 2.34 <0.05
>/e:a(r5§ Cardiovascular 73 25(0H)D 50.0-74.9 767
y death =Y nmol/L 1296 126 085,188 NS
75.0-99.9
nmol/L 775 1.20 0.79,1.81 NS
>100.0 nmol/L 318 1.00 Reference
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Table 11a. Vitamin D and cardiovascular outcomes: Results of cohort studies (updated from original report) (continued)

Followup
Duration Vit D Concentration, No. of No. in Adjusted 95% Cl P for
(Timeto  Measure nmol/L Cases  Category OR 0 Trend

Dx)

Author Year Age Outcome
Range,

Study Name Sex (n/N; Incidence)

(PMID)

Study
Quality

Quartile 1:
Hutchinson 2010"° 25-84 yrs mean=33.8
(sd=7.6) 106 1184 HR 1.08 0.79-1.48 NR

Quatrtile 2:
mean=46.7
(sd=6.0) 81 1187 HR 0.84 0.61-1.15

non-smokers CVD mortality 11.7y 25(0OH)D Ouariile 3-

mean=56.2
(sd=6.0) 62 1192 HR 0.71 0.51-1.01

Quatrtile 4:
mean=72.3
(sd=13.2) 76 1188 HR 1.00 Reference

Quartile 1:
mean=33.8
(sd=7.6) 45 597 HR0.93 0.61-1.44 NR

Quatrtile 2:
mean=46.7
(sd=6.0) 57 606 HR1.10 0.73-1.67

smokers CVD mortality 11.7y 25(0OH)D Quartile 3-

mean=56.2
(sd=6.0) 46 607 HR 1.04 0.67-1.60

Quatrtile 4:
mean=72.3
(sd=13.2) 40 600 HR 1.00 Reference

Jassal 2010% per SD increase
Pri in serum
rimary-— 25(0H)D 111 1073 1.07 0.86,1.33 NS

Cardiovascular 104y 25(0OH)D ner SD increase

mortality in log of serum
1,25(0H)2D 111 1073 0.98 0.80, 1.21 NS
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Table 11a. Vitamin D and cardiovascular outcomes: Results of cohort studies (updated from original report) (continued)

Followu
Author Year Age Outcome Duratior? Vit D Concentration, No. of No. in Adjusted o P for Study
Study Name Rz;nge, IN: Incid (Timeto  Measure nmol/L Cases Category OR 95% Cl Trend Quality
(PMID) ex (n/N; Incidence) D)
Karakas 2013* 54.14-153.92 A
MONICA/KORA Men 25(0H)Din 3 5%?0513 """" e
5(OH)D in .05-54.
Augsburg case- 35-74 1y (me|)f1 nmol/L 225 964 0.66 0.43,1.02
cohort study years T 508.3500
Primary— nmol/L 1.00 Reference
Coronary heart 47.70-127.69
disease nmol/L 0.42  0.19,0.93 0.028
Women 25(0H)D in
35-74 11y women 73 819 067  0.35,1.29
years
nmol/L 1.00 Reference
Kestenbaum Continuous per
2011% >65 years , 25nmol/L lower B
Primary— 25(0OH)D 389 2312 1.06 0.94,1.19 0.356
CHS Cardiovascular 14y 25(0H)D 237 5nmolll 107 681 117 0.83,1.67
mortality 37.5-75nmolil 207 1247 101 0.78,1.30
>75nmol/L 75 384 1.00 Reference
Continuous per
25nmol/L lower
Primarv—Incident 25(0OH)D 504 2312 0.95 0.86,1.05 0.303
hoant failure 14y 250OHDD 37 5 moll 107 681 117 083,1.67
37.5-75nmol/L 207 1247 1.01 0.78, 1.30
>75nmol/L 75 384 1.00 Reference
Continuous per
) ) 25nmol/L lower
Primary—Incident 25(0OH)D 299 2312 1.25 1.08,1.44  0.002
”i‘g’f‘;?trigf' 14y 25(0H)D " 237 5nmoliL 88 681 1.40 093,212
37.5-75nmol/L 161 1247 1.20 0.90, 1.59
>75nmol/L 50 384 1.00 Reference
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Table 11a. Vitamin D and cardiovascular outcomes: Results of cohort studies (updated from original report) (continued)

Author Year Age Outcome
Range,

Study Name Sex (n/N; Incidence)

(PMID)

Followup

Duration Vit D Concentration,

(Timeto  Measure nmol/L
Dx)

No. of
Cases

No. in
Category

Adjusted
OR

95% ClI

P for
Trend

Study
Quality

Kilkkinen 2009%
> 30 years Primary—
Cardiovascular
death

M:62-180 nmol/l
271y 25(0OH)D |F:56.0-151.0
(median) nmol/l

150

1253

0.76

0.61, 0.95

0.005

M:48.0-61.0
nmol/l |F:44.0—
55.0 nmol/l

171

1222

0.86

0.70,1.06

M:38.0-47.0
nmol/l |F:34.0—
43.0 nmol/l

164

1284

0.81

0.66, 1.00

M:29.0-37.0
nmol/l |F:26.0—
33.0 nmol/l

194

1202

1.04

0.86, 1.26

M:5.0-28.0
nmol/l |F:4.0—
25.0 nmol/l

254

1258

1.00

Reference

Primary—
Cerebrovascular
death

M:62-180 nmol/l
|F:56.0-151.0
nmol/l

33

1253

0.48

0.31, 0.75

0.002

M:48.0-61.0
nmol/l |F:44.0—
55.0 nmol/l

48

1222

0.69

0.48,1.00

M:38.0-47.0
25(OH)D  nmol/l |[F:34.0-
43.0 nmol/l

271y
(median)

68

1284

0.97

0.70,1.35

M:29.0-37.0
nmol/l |F:26.0—
33.0 nmol/l
M:5.0-28.0
nmol/l |F:4.0—
25.0 nmol/l

52

92

1202

1258

0.80

1.00

0.57,1.14

Reference
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Table 11a. Vitamin D and cardiovascular outcomes: Results of cohort studies (updated from original report) (continued)

Followup
Author Year R{:r?gee Outcome Duration Vit D Concentration, No. of No. in Adjusted 95% CI P for Study
Study Name Sex ' (n/N: Incidence) (Timeto  Measure nmol/L Cases Category OR Trend Quality
(PMID) ’ Dx)
M:62—-180 nmol/Il
|F:56.0-151.0
nmol/l 117 1253 0.91 0.70,1.18 0.2
M:48.0-61.0
nmol/l |F:44.0—
55.0 nmol/l 123 1222 0.95 0.74,1.22
Primary— 271y M:38.0-47.0
Coronary disease (median) 25(OH)D  nmol/l |F:34.0-
death 43.0 nmol/l 96 1284 0.73 0.56, 0.95
M:29.0-37.0
nmol/l |F:26.0—
33.0 nmol/l 142 1202 1.17 0.93,1.48
M:5.0-28.0
nmol/l |F:4.0—
25.0 nmol/l 162 1258 1.00 Reference
Lin 2012> Men 40— 279 1101 HR1.05 0.98,1.12 0.141 B
69 yrs Cerebrovascular continuous 157 608 HR1.04 0.96,1.13 0.337
""" Womer - death 24y 2500HD  50m)D
40-69 yrs 122 493 HR1.06 0.96,1.17 0.277
Men 40— 200 1101 HR0.98 0.91,1.06 0.678
cardiovascular continuous 119 608 HR 0.94 0.85,1.04 0.223
death 24y 25(0HD  “50mp
40-69 yrs 81 493 HR1.06 0.93,1.20 0.399
Messenger 2012 > 65 <168.6 IU 107 0.76 0.56,1.04  0.29 A
=0y 44y  Dietary Vit 168.6.437.81U 125 2004 0.97 0.7, 1.30
MrOS ] (median)  Dintake  437.9-572.3 IU 108 0.85 0.63,1.15
CarF:jriRer)::_ular >572.31U 132 1.00 Reference
disease(CHD & 12-50.25 nmol/L 39 204 1.18 0.69, 2.03 0.85
CVA) a4y 50.5-63nmol/L 33 203 111 0.65,1.91
(median) 25(OH)D  63.25-75 nmol/L 35 202 0.97 0.57,1.64
75.25-138.5
nmol/L 33 204 1.00 Reference
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Table 11a. Vitamin D and cardiovascular outcomes: Results of cohort studies (updated from original report) (continued)

Followup
Author Year Age Outcome Duration Vit D Concentration, No. of No. in Adjusted P for Study
Range, . 95% CI .
Study Name Sex . (Timeto  Measure nmol/L Cases Category OR Trend Quality
(n/N; Incidence)
(PMID) Dx)
Michaelsson < 10th percentile
2010* birth (<46 nmoliL) 24 119 HR 153 0.97,2.41 B
1920- cardiovascular 1Oth_.90th
1924 mortality 12.7y 25(0OH)D  percentile (46—
93 nmol/L) 135 956 HR 1.00 Reference
>90th percentile
(>93 nmol/L) 18 119 HR1.16 0.69,1.93
Prentice 2013° 24001U/day 40 1,914 1.06 0.75,1.51 0.38 A
WHI Primary—Ml no
supplementation 433 23,561 1.00 Reference
Primary— >400IU/day 50 1,914 0.74 0.58, 0.95 0.53
Coronary heart no
disease 25(0OH)D supplementation 545 23,561 1.00 Reference
. 24001U/day 132 1,914 0.96 0.79, 1.16 0.82
Prlmar){—TotaI 72y o
heart disease supplementation 1602 23,561 1.00 Reference
>400IU/day 38 1,914 0.84 0.66, 1.07 0.47
Primary—Stroke no
supplementation 471 23,561 1.00 Reference
Primary—Total 24001U/day 181 1,914 0.92 0.778,1.09 0.81
cardiovascular no
disease supplementation 2187 23,561 1.00 Reference
Schierbeck 2012%° Primary—Heart <50 nmol/l 10 788 1.88 0.71,5.01 0.206 B
Danish . failure =50 nmol/l 8 1225 1.00 Reference
Osteoporosis Primary— <50 nmol/l 13 788 0.83 0.41,1.67  0.597
Prevention Study Myocardial 16y 25(OH)D
Infarction 250 nmol/l 22 1225 1.00 Reference
Primary—Stroke <50 nmol/l 47 788 1.68 1.10,2.56  0.017
=50 nmol/| 42 1225 1.00 Reference
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Table 11a. Vitamin D and cardiovascular outcomes: Results of cohort studies (updated from original report) (continued)

Followup
Author Year Age Outcome Duration Vit D Concentration, No. of No. in Adjusted P for Study
Range, . 95% CI .
(SFEKA%)Name Sex (n/N: Incidence) (T||g1e)to Measure nmol/L Cases Category OR Trend Quality
X
Semba 2010 1st quartile: 5
<26.25 nmol/L NR 252 HR211 1.22 3.64
2nd quartile:
26.25-40.0
al-cause nmol/L NR 254 HR1.41  0.83,2.40
mortality 3rd quatrtile:
40.25-64 nmol/L  NR 247 HR1.12 1.09,1.15
4th quartile: >64
6.5 yrs 25(0H)D nmol/L _ NR 253 HR 1.00  Reference
1st quartile:
<26.25 nmol/L NR 252 HR 2.23 0.95,5.25
2nd quatrtile:
. 26.25-40.0
cardiovascular nmol/L NR 254 HR1.58  0.71,3.53
mortality 3rd quatrtile:
40.25-64 nmol/L  NR 247 HR 211 1.01,4.43
4th quartile: >64
nmol/L NR 253 HR 1.00 Reference
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Table 11a. Vitamin D and cardiovascular outcomes: Results of cohort studies (updated from original report) (continued)

Followup
Author Year Age Outcome Duration Vit D Concentration, No. of No. in Adjusted P for Study
Range, . 95% CI .
Study Name Sex (n/N: Incidence) (Timeto  Measure nmol/L Cases Category OR Trend Quality
(PMID) ’ Dx)
. 74 Quartile 4:
Signorello 2010 (>54.1nmolll) 41 109 1.00  Reference  0.01 A
Quatrtile 3:
(37.9-54.1
African Americans d.circulatory NR 25(0H)D nmo_I/L) : 76 162 1.67 0.95, 2.93
isease death Quartile 2:
(25.45-37.88
nmol/L) 116 225 1.78 1.05,3.01
Quartile 1:
<25.45 nmol/L) 144 258 2.53 1.44, 4.46
Quatrtile 4:
(>54.1 nmol/L) 40 107 1.00 Reference 0.01
Quartile 3:
(37.9-54.1
non-African circulatory nmol/L) 38 84 1.09 0.51.2.30
Americans disease death NR 25(OH)D Quatrtile 2:
(25.45-37.87
nmol/L) 37 56 3.66 1.50, 8.95
Quartile 1:
<25.45 nmol/L) 39 61 3.25 1.33,7.93
Sun 2012% 9.2-45.7 nmol/l 171 325 1.49 1.01,2.18 0.04 A
Nurses’ Health Primary— 45.8-65.4 nmol/l 160 314 1.26 0.89, 1.79
Study Ischemic stroke 17y 25(0H)D 66.5-264.3
nmol/l 133 289 1.00 Reference
Welsh 2012% per 1 SD
MIDSPAN Family increase in
Study Dietary Vit dietary Vit D 293 1492 B
Primar D intake intake-log scale 0.94 0.83, 1.08 NR
Cardiovagcular 4.4y per1SD
event (median) increase in
25(0OH)D-log
25(0OH)D scale 293 1492 1.07 0.94,1.23 NR
25(0H)D  <37.5nmol/L 203 1492 1.00 0.77,1.31 NR
25(0OH)D =237.5 nmol/L 1.00 Reference
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Table 11a. Vitamin D and cardiovascular outcomes: Results of cohort studies (updated from original report) (continued)

Followup
Author Year Age Outcome Duration Vit D Concentration, No. of No. in Adjusted P for Study
Range, . 95% CI .
Study Name Sex . (Timeto  Measure nmol/L Cases Category OR Trend Quality
(n/N; Incidence)
(PMID) Dx)
Tomson 2013" Death, ischemic
Whitehall study heart disease 659 5409 0.84 0.70, 1.02
Death, stroke Doubling 378 5409 0.81 0.63, 1.03
Death, other 13.1yrs 25(0OH)D Concentration B
vascular 321 5409 0.71 0.54, 0.93
Death, all
vascular 1358 5409 0.80 0.70, 0.91
Robinson-Cohen <85.92 120 2131 1.32 0.95, 1.83
2013% incident coronary 85.92-124.58 134 2224 1.20 0.91,1.58
MESA heart disease 8.5 yrs 25(0OH)D >=124.58 107 2081 1.00 Reference 0.04 A
events per 42.96
decrement 361 6436 1.15 1.01,1.32
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Table 11a. Vitamin D and cardiovascular outcomes: Results of cohort studies (updated from original report) (continued)

Author Year QOutcome FOHOWUp
Duration Vit D Concentration, No. of No. in Adjusted 95% CI P for Study
Study Name (n/N: Incidence) (Timeto  Measure nmol/L Cases Category OR Trend Quality
(PMID) ! Dx)
Perna 2013% <30 171 1114 1.24 1.02, 1.50
total cvd 30—<50 448 3430 1.14 0.99, 1.32
6.5 yrs 25(0OH)D >=50 392 3165 1.00 Reference
per 25 1011 7709 0.95 0.89, 1.01
<30 136 1114 1.17 0.94, 1.45
nonfatal cvd 30—<50 383 3430 1.15 0.98, 1.35
>=50 335 3165 1.00 Reference
per 25 854 7709 0.98 0.91, 1.05
<30 40 1114 1.55 1.01, 2.37
fatal cvd 30—<50 71 3430 1.05 0.73, 1.49
>=50 65 3165 1.00 Reference
per 25 176 7709 0.89 0.66, 0.94
<30 92 1114 1.32 1.02,1.72
total chd 30—<50 236 3430 1.19 0.98, 1.45
>=50 208 3165 1.00 Reference
per 25 536 7709 0.92 0.84, 1.01
<30 77 1114 1.28 0.97,1.71
nonfatal chd 30—<50 204 3430 1.18 0.95, 1.46 B
>=50 179 3165 1.00 Reference
per 25 460 7709 0.96 0.88, 1.06
<30 16 1114 1.53 0.80, 2.94
fatal chd 30—<50 32 3430 1.18 0.70, 1.99
>=50 31 3165 1.00 Reference
per 25 79 7709 0.7 0.54, 0.93
<30 64 1114 1.31 0.95,1.81
total stroke 30—-<50 165 3430 1.2 0.94,1.54
>=50 124 3165 1.00 Reference
per 25 353 7709 0.91 0.81, 1.02
<30 55 1114 1.26 0.89, 1.77
nonfatal stroke 30—<50 146 3430 1.19 0.92, 1.55
>=50 112 3165 1.00 Reference
per 25 313 7709 0.91 0.81, 1.02
<30 9 1114 1.86 0.74, 4.66
fatal stroke 30—<50 20 3430 1.44 0.68, 3.03
>=50 12 3165 1.00 Reference
per 25 41 7709 0.86 0.61, 1.23
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Table 11a. Vitamin D and cardiovascular outcomes: Results of cohort studies (updated from original report) (continued)

Author Year QOutcome FoIIovx_/up . . . .
Duration Vit D Concentration, No. of No. in Adjusted 95% CI P for Study
Study Name IN: Incid (Timeto  Measure nmol/L Cases Category OR 0 Trend Quality
(PMID) (n/N; Incidence) D)
Schottker 2013 <30 71 1439 1.29 0.94,1.76
ESTHER CVD mortality 9.5 yrs 25(0OH)D 30-50 137 4188 0.94 0.73,1.21 B
>50 142 3927 1.00 Reference
Skaaby 2013 per 10nmol/L 1.01 0.98,1.05 0.44
Monical0 and ischemic heart Q1 1.00 Reference 0.25
Inter99 disease Q2 478 8131 1.17 0.91,1.51
Q3 1.00 0.76, 1.31
Q4 1.24 0.95, 1.62
10yrs 25(0H)D T onmoii 1.00770.96,1.05  0.92 B
Q1 1.00 Reference 0.78
stroke Q2 316 8131 1.08 0.79, 1.49
Q3 1.18 0.86, 1.63
Q4 1.13 0.80, 1.59
Kuhn 2013% Q4: median 66.5 118 533 1.00 Reference  0.19
EPIC-Germany Myocardial Q3: median 50.5 117 533 0.95 0.70,1.28
Infarction Q2: median 40.4 158 533 1.24 0.93, 1.66
Q1: median 28.9 166 533 1.43 1.07,1.92
Q4: median 66.6 111 533 1.00 Reference 0.19
Q3: median 50.5 101 533 0.86 0.63,1.17
stroke 76yrs 2500H)D 2. median40.4 102 533 083 061 1.12 A
Q1: median 28.9 157 533 1.37 1.02,1.84
CVD as Q4: median 66.5 229 533 1.00 Reference 0.12
composite Q3: median 50.5 218 533 0.89 0.70,1.14
end point Q2: median 40.4 260 533 1.06 0.83,1.35
: median 28. . A1, 1.
P Q1: median 28.9 323 533 141 111,179
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Table 11a. Vitamin D and cardiovascular outcomes: Results of cohort studies (updated from original report) (continued)

Followup
Author Year Age Outcome Duration Vit D Concentration, No. of No. in Adjusted P for Study
Range, . 95% CI .
Study Name Sex (n/N: Incidence) (Timeto  Measure nmol/L Cases Category OR Trend Quality
(PMID) ’ Dx)
Brodin 2013™ 50 1474 1.00  Reference 0.89
Tromso study 58 1470 0.72 0.41, 1.30
total venous 46 1481 0.93 0.55, 1.50
thromboembolis 10.7 yrs 25(0OH)D 47 1480 0.76 0.45,1.28 A
m per1sd
decrease in
serum 250hd 201 5905 1.02 0.91,1.22
Formiga 2014 Q1: <34.94 6 71 1.04 0.33,3.24 0.86
Octabaix Cardiovascular Q2: 34.94-61.65 6 77 0.89 0.28, 2.80
mortality 28 V'S 2500H)D 3. 61.66-8337 6 84 147 045,458 B
Q4:>83.37 7 80 1.00 Reference

*Statistically significant (P<0.05)
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Table 11b. Vitamin D and cardiovascular outcomes: Results of nested case-control studies (new table)

Author Year Age Outcome Followup
9 . Duration Vit D Concentration, No. of No. in Adjusted P for Study
Study Name Range, (n/N; . 95% ClI .
[PMID] Sex Incidence) (Time to Measure nmol/L Cases  Category OR Trend Quality
Dx)

Hossginpanan sd 1970 primary- <25.0 nmol/L 85 133 290 176,467 <0001 B
and Glucose Study ~ Y°&  Cardiovascular 5.7y 25(0H)D  25-37.48 nmol/L 86 173 146 083,256 0.18
(TLGS) disease

=37.5 nmol/L 80 196 1.00 Reference
Pilz 2009 1st quartile (mean 2.02,

cardiovascular 25(0OH)D 30.6 nmal/L) 12 152 5.38 14.34 0.001 B
mortalit 6.2y 25(0OH)D  2nd-4th quartiles
y (mean 25(0OH)D 45.6—
78.9) 8 462 1.00 Reference

AMultivariable 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 concentrations
below approximately 50-55 nmol/L. See Figure 2 on page 508 of article.

BAdjusted 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 25(0H)D
concentration.

©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
nmol/L), adjusted RR=2.30 (1.33, 3.97).
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Figure 6a. Cardiovascular outcomes risk stratified by vitamin D concentration for combined and
general CV outcomes
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Abbreviations: CVD = cardiovascular disease; EPIC = European Prospective Investigation into Cancer; ESTHER = EStrogen
and THromboEmbolism Risk Study; MESA = Multi-ethnic Study of Atherosclerosis; NHANES = National Health and Nutrition
Examination Study
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Figure 6b. Cardiovascular outcomes risk stratified by vitamin D concentration for combined and

general CV outcomes by gender
FI
for

Study Category  25CHD trend  Cwuality
Cardiovascular dizease, Men-Update
MrOS 2012° o 12-50 > 0Bs A
(n=813) o2 50-63 ®

23 63-75 o

Q4 (ref)  76-138 ]
Coronary heart disease |, Men-Update
MONICAMORA Augshurg study 2013°T1 (ref)  5-35 * 046 A
(n=1779) T2 35-54 $——p——t

T3 54-154 g
CWD Events, Men-Criginal
HPFFS 20082 1 =37 % 0oz A
(n=454 cases, 1354 contrals) 2 37-56 e

c3 56-75 —_——

C4(ref) =75 ]
Coronary heart disease, Wamen-Update
MONICAMORA Augshurg stuchy 2013°T1 (ref)  10-33 * 0o3 A
(n=1779) T2 3343 € g

T3 48-128 $——
M1, Stroke, ar sudden death, Women-Update
Balland 2010° 1 <40 ——— 034 A
(n=1471) CZ(ref) =80 *

]
I I I
B 1 2 4
Decreaszed risk Increased risk

3=0R b=HR T=tertile Q=quartile C=category
Abbreviations: MONICA = Multinational MONItoring of trends and determinants in CArdiovascular disease Study; KORA =
Cooperative Health Research in the Region Augsburg; HPFS = Health Professionals Follow-Up Study
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Figure 6¢. Cardiovascular outcomes risk stratified by vitamin D concentration for CV mortality
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Figure 6d. Cardiovascular outcomes risk stratified by vitamin D concentration for CV mortality by
gender
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Abbreviation: WHI = Women’s Health Initiative
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Figure 6e. Cardiovascular outcomes risk stratified by vitamin D concentration for myocardial
infarction
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Figure 6f. Cardiovascular outcomes risk stratified by vitamin D concentration for Stroke/TIA]

Abbreviations: EPIC = European Prospective Investigation into Cancer; ESTHER = EStrogen and THromboEmbolism Risk

Study
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Figure 6g. Cardiovascular outcomes risk stratified by vitamin D concentration for fatal stroke
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Figure 6h. Cardiovascular outcomes risk stratified by vitamin D concentration for congestive heart
failure
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Vitamin D and Body Weight

The current report did not assess the association between serum 25(0OH)D
concentrations and body weight. The original report 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), only randomized controlled trials were included. 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 is
considered to be the clinical outcomes). Only studies of adults were included. 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 U daily, 20,000 or 40,000 1U weekly, or
120,000 IU 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 and 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 U (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. The trial
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). Changes in
weight and BMI were primary outcomes. The participants ranged in age from 21 to 70 years.
After 1 year, changes in 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
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statistically significant. The study was rated methodological quality B, primarily due to the high
dropout rate (25 percent), which was not explained.

The third 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 a lack of effect found across a range of doses from 300 U to 8570 IU (prorated)
daily.

Findings per Age and Sex
There was a lack 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

Not reviewed
e 3-8y

Not reviewed
e O0-18y

Not reviewed
e 19-50y

No effect was found in one trial of men mostly within this life 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 >Tl1y
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 [no new studies in the current report]

Author Year Background
Study Name Calcium
Location Population Intake & Comparisons Compliance Comments
(Latitude) Vitamin D
[PMID] Data
Heikkinen e Health All, post- nd Vit D3 & Ca nd
1997% status ~ menopause lactate vs.
Kuopio e Mean 53 (47-56) Placebo & Ca
ORFPS age lactate
Kuopio, (range),
Finland
(63°N) eMale O
[9405029] (%)
Sneve 2008” e Health Healthy 25(0OH)D Vit D3 40,000 IlU  The compliance rate
Tromsg, status overweight  53.1+16.9 per week vs. for
Norway and obese  nmol/L Vit D3 20,000 1U cholecalciferol/place
(70°N) e Mean 48 (21-70) Caintake per week vs. bo capsules were
[19056900] age 940+398 Placebo 95% in all 3 groups,
(range), mg/d All: Ca carbonate  and for the calcium
y 500 mg/d tablets 81-85%
e Male 36 across all 3 groups.
(%)
e Health Healthy, 25(0OH)D: Vit D3 120,000 IU  100% (implied); Excluded
Nagpg%l status obese 36.5 nmol/L every 2 weeks supervised home subjects who
2009 : e Mean 44 (8) (treatment vs. Placebo visits refused
Ne\_/v Delhi, age group), 30.0 subsequent
IgglgoN (SD), y nmol/L blood draws
E195L257)56] eMale  100% (control
(%) group)
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Table 13. Vitamin D and weight: Results of RCTs [no new studies in the current report]

Author
Year Age Range, . . 0
Study Sex Outcome 1°/2° Mean Inter_ventlons, No. Unit Baseline Change Change 95% ClI N_et Net Diff 95% P Stud_y
Followup Daily Dose Analyzed Diff Cl Btw Quality
Name (Subgroup)
[PMID]
Isocaloric
Diet
Heikkinen Vit D3 300 IU + Ca o 0 o 1 B0 2 RO oA NcB
1997% 4758y, 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 1U
weekly + Ca 116 kg 101.0 +0.1 -0.6, +0.8 0.4  -1.3,+05" NS
carbonate 500 mg
. o Vit D3 20,000 1U
Weight 1 LY weekly + Ca 106 986  +0.3 03,409 02 -1.1,+0.7% NS
carbonate 500 mg
Sneve 21-70y, 513 carbonate 500 4, 100.6  +0.5 -0.2, +1.2
[2f900856900] Both Vit D3 40,000 IU B
weekly + Ca 116 BMI  35.0 0.0 -0.2,+0.2 0.2 -0.6,+0.2" NS
carbonate 500 mg
o Vit D3 20,000 1U
BMI 1 ly weekly + Ca 106 34.4 +0.1 -0.1, +0.3 -0.1 -0.4, +0.2" NS
carbonate 500 mg
%3 carbonate 500 4, 351 402  -0.1,+05
Vit D3 120,000 IU
ggggg%l Weight  2° 6wk  every 2 wk 35 kg nd +0.03 -0.6, +0.6 +0.42 -0.4,+1.2 NS C
New Delhi 44 (8, SD) Placebo 36 nd -0.38 -0.9, +0.2
India Men . VD 22000010 35 BMI 267 002 02,402 4002 -03,+03 NS
[19125756] BMI 2 6wk every2w B
Placebo 36 26.0 -0.04 -0.3, +0.2

AEstimated from reported data

Bper estimated 95% confidence interval, P=0.17

Note: Outcomes cells are shaded for the Control rows.
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Vitamin D and Cancer
This section explores cancer from all causes and total cancer mortality.

Synopsis

No qualified systematic reviews have evaluated relationships between vitamin D and total
cancer incidence or mortality. No new RCTs were identified for the current report that
addressed the effect of vitamin D or vitamin D combined with calcium on the risk for total
cancer or cancer mortality. One cohort study found no association between total (all-cause)
cancer and 25(OH)D concentrations (rated A), whereas a second cohort study observed an
association in men but not in women (rated B). Ten cohort studies and one nested case
control study addressed the association of serum 25(OH)D concentrations and cancer
mortality. Five of the cohort studies (1 rated A, 4 rated B) observed no association of serum
25(OH)D concentration with total cancer mortality. Three cohort studies and the nested
case control study observed a trend toward increased risk with decreased serum 25(OH)D
(all rated B). One analysis using updated NHANES 111 data (rated B) observed a trend
toward increasing risk for death with increasing serum 25(OH)D among men at higher
latitudes whose blood was drawn in summer but the reverse in women. One cohort study
observed a U-shaped association of increasing mortality with both low and high serum
25(OH)D.

One RCT in the original report showed no effect of combined vitamin D3 (1000 1U/d) and
calcium (~1500 mg/d) supplementation versus calcium supplementation (~1500 mg/d) alone on
the risk 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 IU 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 I11 data (general adult populations living in the United States)
showed no significant association between baseline 25(OH)D concentrations and total cancer
mortality.

Detailed Presentation (Tables 14, 15, 16, & 17)

Two cohort studies were identified for the current report that assessed the association
between serum 25(OH)D and all-cause cancer. The Cardiovascular Health Study,
conducted in four U.S. cities, tracked white adults 65 and over for a median of 11 years and
found no association of cancer with seasonally adjusted serum 25(OH)D concentrations
(rated A).®” The ESTHER Study, conducted in Germany, tracked 9,580 men and women
ages 50 to 74 for more than 8 years: this study found an association between decreased
serum 25(OH)D and increased risk for any cancer in men but not in women (rated B).%

Eight observational studies were identified for the current report that assessed the
association of serum 25(OH)D with cancer mortality.

The MrOS study, which followed men 65 and over in six U.S. cities for a 7.3-year
followup, found an association of cancer mortality with serum 25(OH)D concentrations
within the range clinically defined as vitamin D deficient but not with the lowest quartile of
serum 25(OH)D (rated B).”
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The Whitehall Study, a British study of 5,409 men with a followup of 13 years, observed
a trend toward increasing risk for total cancer mortality with decreasing serum 25(OH)D
(rated B).”

A substudy in 2,429 postmenopausal women within the Women’s Health Initiative with
measured baseline 25(OH)D concentrations were followed for 10 years. No association was
seen between cancer mortality and serum 25(OH)D concentrations (rated A).”

The ESTHER Study observed a significant association between serum 25(OH)D in the
lowest quartile and increased risk for total cancer mortality (rated B).”

The Copenhagen City Heart Study, which followed 9,791 adults for 28 years, observed
no association between serum 25(OH)D and total cancer mortality (rated B).”

The General Population Trial of Linxian followed 29,584 men and women (40-69 years
of age), of whom 217 died of cancer. No association was seen between serum 25(OH)D and
risk for cancer death (rated B).%®

The Southern Community Cohort Study, which followed some 85,000 men and women,
ages 40 to 79 (about two-thirds of whom were African American), also observed no
significant association between serum 25(OH)D concentrations and cancer death. No
differences were seen between African Americans and whites or between men and women
(rated A)"

An assessment of NHANES 111 data that stratified men and women by latitude and
season of blood draw and followed them for an average of 13.4 years found a trend toward
increased risk for cancer death with increasing serum 25(OH)D among men in higher
latitudes with summer blood sampling but a decreased risk among women in this category;
cancer deaths were not independently verified in this study(B).*®

The Uppsala Longitudinal Study of Adult Men followed a population of elderly men
(average age 71 years) for an average 12.7 years. This study observed a U-shaped
association: both lower and higher serum 25(OH)D were associated with higher cancer
mortality (<10th percentile: adjusted HR 1.99 [1.29, 3.08]; >90th percentile: adjusted HR
1.56 [0.95, 2.56]) (rated B).2

The Tromsg Study followed 7,161 men (age 55 to 74) and women (age 50 to 74), of
whom 498 died of cancer over 11.7 years. A non-significant trend was observed between
decreasing serum 25(OH)D and increasing cancer mortality (rated B)."

A nested case-control study conducted within the EPIC study that matched 541
individuals who died of colorectal cancer (CRC) with 661 controls (half were men; average
age at diagnosis was 62) observed a small but significant trend toward increasing risk for
CRC death and lower serum 25(OH)D however it was noted that a high proportion of the
women in the cohort were taking bisphosphonates to prevent osteoporosis, which could
have affected risk for cancer and mortality (rated B).'*

From the original report, a 4-year population-based RCT,*? sampled from a 9 county,
largely rural area in 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
methodological quality B. Incidence of cancer was a secondary outcome of this trial. A total of
1179 postmenopausal women, aged more than 55 years old, were randomized. The mean
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25(0OH)D concentration at baseline was 72 nmol/L. The relative risk of developing cancer at the
end of study was 0.76 (95% CI: 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% CI 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 years in 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% CI1 0.61, 1.20) or incidence (HR 1.09; 95%
C10.86, 1.36). This trial 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 111 study population®™% or in subgroup analyses by either season or latitude after a
median 9 years of follow up.'®

Findings by Age, Sex and/or Ethnicity

Of the studies identified for the current report, only one assessed differences in the
association of serum 25(OH)D with total cancer mortality by ethnicity and saw no
differences.” The analysis of NHANES 111 data observed apparently opposite associations
between serum 25(OH)D concentrations between men and women of northern latitudes, as
described above.*®

Among studies identified for the original report, 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
111 analysis, there was a suggestion of increased risk of total cancer mortality in men whose
baseline 25(OH)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% CI1 0.83
to 1.78; >100 nmol/L: RR = 1.35; 95% CI1 0.78 to 2.31; P for trend=0.08]. However, this
relationship was not seen in women (P for trend=0.12).*°® When racial/ethnic groups were
considered separately, there was also no association between baseline 25(OH)D concentrations
and total cancer mortality in non-Hispanic whites (P for trend=0.80), non-Hispanic blacks (P for
trend=0.14), or Mexican Americans (P for trend=0.37).

Findings by Life Stage

e 0-6mMo
No data
e 7mo-2y
No data
e 3-8y
No data
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e O0-18y
No data

e 19-50y
No studies identified for the current report assessed the association between serum
25(OH)D and total cancer mortality by age. Analyses using NHANES 111 data showed
no significant association between baseline 25(OH)D concentrations and total cancer

mortality. NHANES I11 included participants mostly within this life stage.

e 51-70y
A proportion of participants in NHANES Il were in this life stage, but no unique
conclusions are possible for this life stage separate from those for people 19 to 50 years.

e >Tly
One RCT included elderly men and women mostly in this life stage. The trial found no
difference in total cancer mortality or incidence between supplemental vitamin D3
(100,000 1U every 4 months) and placebo.

e Postmenopause
One assessment of postmenopausal women identified for the current study observed
no association of serum 25(OH)D concentrations with total cancer death. 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

Table 14. Vitamin D and total cancer and total cancer mortality: Characteristics of RCTs [no new
studies in the current report]

Author Year

Background
Study Name Calei
. . alcium Intake . .
Location Population & Vi . Comparisons Compliance Comments
- itamin D

(Latitude) Data
[PMID]
Lappe e Health Mentally and 25(OH)D: 71.8 Vit D3 1000 1U/d + nd
2007 status physically fit; nmol/L Ca (citrate 1400
Nebraska, post- mg/d or carbonate
US (41° N) menopause 1500 mg/d) vs. Ca
[17556697] e Mean 67 (7.3) (citrate 1400 mg/d or

age carbonate 1500

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

e Male 0

(%)
Trivedi e Health General 25(0OH)D: 53.4 Vit D3 100,000 IU vs.  Participants Previous CVD:
2003% status population nmol/L placebo every 4 taking 280% 28%, previous
Oxford, UK e Mean 75 (65-85) months of study cancer: 6%,
(52°N) age Calcium intake= medication: steroids user:
[12609940]  (range), 742 mg/d (at 4 76%" 5%, and HRT

y years, no taker: 7%

* Male 76% difference by

(%) treatment

allocation)

“No difference between the vitamin D and the placebo arm.
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Table 15. Vitamin D and total cancer and total cancer mortality: Characteristics of cohort studies
(updated from original report)

Confounders/Effect

Modifiers Adjusted
Author Year

Study Name _ < e
Location Population CVltamln[_) Comparisons & ? Comments
- oncentration 2 & 0 _ o o
(Latitude) S © o © 2
(O] o s (8] X -
[PMID] £ 2 £ g 9 3
=} [0} c Q > =
Z O < = DO 4
Cohort
Freedman s Health Any » Assay RIA Cancer X X X X X X Final model
2007 status method  (DiaSorin) mortality includes sex,
NHANES Il 4 Mean 44 (217) stratified by race/ethnicity,
us age prespecified and smoking
(various) (range), baseline pattern. Other
[16481636] y 25(0OH)D cut potential
. Male 45 » Season Al points confounders
(%) blood were
drawn examined but
not chosen.
Melamed » Health DM 7.4%, » Assay RIA Cancer X X X X X X
2008% status  history of CVDmethod  (DiaSorin) mortality
NHANES IlI 7.9%, stratified by
us HTN 25% baseline
(various) » Mean 45 (220) 25(0OH)D
[18695076] age quartiles
(range),
y
» Male 46 » Season All
(%) blood
drawn
New Studies:
Cawthon, » Health >80% Cancer X X X X X X MrOS study
2010% status  excellent/good mortality
MrOS health status stratified by
» Mean 74 (265) baseline
age 25(0OH)D
(range), quartiles and
y tertiles
» Male 100%
(%)
de Boer, » Health nd Cancer X X X X
2012% status stratified by
us » Mean 74 (SD 4.6) baseline
(various) age 25(0OH)D
(SD), y median
» Male 30%
(%)
Eaton, » Health nd Cancer X X X X
2011™ status mortality
us » Mean 65.1(7.6) stratified by
(various) age baseline
(SD), y 25(0OH)D
» Male 0% quartiles
(%)
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Table 15. Vitamin D and total cancer and total cancer mortality: Characteristics of cohort studies
(updated from original report) (continued)

Confounders/Effect Modifiers

Adjusted
Author Year ©
Study Name . Vitamin D : = 5
Location Population c X Comparisons o & 3
- oncentration 2 & 0 - o o
(Latitude) S © o 8 g2 = Comments
o pu (8] X =
[PMID] £ £ £ g O 3
=} [} c L > b=
Z 0 < = DO |
» Health nd Total cancer X X X
status mortality
;691%‘1'5?6‘”' »Mean 445 stratified by
US age (SD), baseline _
) y 25(0OH)D sextiles
(varous) [ \raie  87.8%
(%)
Hutchinson, » Health nd Cancer mortality X X X X
2010" status stratified by
Tromso » Mean nd baseline
Tromso, age (SD), 25(0OH)D
Norway y quartiles
»Male nd
(%0)
Lin, 2012% s Health Healthy, Cancer mortality X X X X
Linxian, status Hyper- stratified by
China tension baseline
» Mean 56.5(SD 25(0OH)D tertiles
age (SD), 7.9)
y
» Male 55%
(%0)
Michaelsson, » Health More than Cancer mortality X X X X X
2010* status  1/3 being stratified by
Uppsala treated for baseline
Longitudinal hypertensi 25(0OH)D tertiles
Study of on
Adult Men » Mean 71 (SD
Uppsala, age (SD), 0.6)
Sweden y
» Male 100%
(%0)
Signorello, » Health nd X X
2013" status
Southern » Mean nd
Community 356 (SD),
Cohort Study y
us
»Male nd
(%)
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Table 15. Vitamin D and total cancer and total cancer mortality: Characteristics of cohort studies
(updated from original report) (continued)

Confounders/Effect Modifiers

Adjusted
Author Year o
E(t)L::i}t/ioNr?me Population Vitamin D Comparisons s E
‘ P Concentration P 2 & 4o - o w
(Latitude) § 9 © & 2 > Comments
[PMID] = S = W o
35283 3
-
Schottker e Health NR Cancer X X
2013 status mortality
ESTHER e Mean 62 (SD stratified by
Germany age 6.5) baseline
« Male 25(0OH)D
(%) 43.8% tertiles
Ordonez- e Health nd Cancer X X X
Mena®’ status mortality
Saarland. e Mean NR (50— stratified by
Germany age 74) baseline
« Male 25(0OH)D
(%) 54% tertiles
Afzal 2013” e Health NR Cancer X X
Denmark status mortality
e Mean 58 (47— stratifjed by
age 65) baseline
« Male 25(0H)D
(%) NR category
New nested case-control studies:
Fedirko, e Health nd X X X
2012' status
EPIC eMean  62.1
MU|t|p|? age (SD 7.2)
Countries (SD), y
e Male 40.5%
(%)
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Table 16. Vitamin D and total cancer and total cancer mortality: Results of RCTs [no new studies in the current report]

Author Year

Study Name Followup Interventions N N Outcome P Study
Location Life Stage Qutcome 1°/2° ! Dailv Dose ' Event Total Metric Result  95% CI Btw  Qualit
(Latitude) y y (Comparison) y
[PMID]
Lappe Vit D3 1000 1U + 13 446 RR (Vit D+Ca 0.76 0.38, NS
2007 Post- Incident cancer ~ 2° 4 Ca (citrate 1400 vs. Ca) 1.55
menopausal (all causes) mg or carbonate
Nebraska, women 1500 mg) B
US (41° N) Ca (citrate 1400 17 445
mg or carbonate
[17556697] 1500 mg)
Incident cancer Vit D3 1000 1U + 8 403 RR (Vit D+Ca 055 0.24,1.28 NS
Post- (restricted to 2° 4 Ca (citrate 1400 vs. Ca)
menopausal subjects who mg or carbonate
women were free of 1500 .mg) B
cancer at 1y mgorcatonae
intervention) 1500 mg)
Trivedi Vit D3 100,000 188 1345 HR (VitD vs. 1.09 0.86, NS
2003% 65-85Y, Incident cancer ~ 2° 5 IU every 4 mo placebo) 1.36
Both sexes (all causes) (~833 1U/d) B
[12609940] Placebo 173 1341
Vit D3 100,000 63 1345 HR (VitDvs. 0.86 0.61,1.2 NS
Total cancer 2° 5 IU every 4 mo placebo)
mortality (=833 1U/d)
Placebo 72 1341

Note: Outcomes cells are shaded for the Control rows.
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Table 17. Vitamin D and total cancer and total cancer mortality: Results of cohort studies (updated from original report)

Author Year QOutcome FDOHOWUp
uration . .
. n/N: Time to No. of No.in  Adjusted o Pfor  Study
Study Name Life Stage Inc(idence) ( o 25(0H)D, nmollL . loe Category HR 95%Cl  Tiend  Quality
[PMID]
Freedman <50 175 5744 1 Reference  0.65 B
2007 Adults, both Cancer 105M0  “E5to <655 103 3143 159 001 164
sexes mortality : : et
0.032) 4218
us (total,
80 to <100 80 >80 1 0.71, 1.40
[16481636] nmol/L)
100 to <120 41 0.92 0.58, 1.46
2120 20 1.49 0.85, 2.64
<50 88 1993 1 Reference 0.08
Adults, Cancer 105mo  “g5u19 <625 57 1461 1.03  0.73,1.44
males mortality
(318/7632; 62.5 to <80 71 1845 0.99 057,174
0.042) (2333|
total,
80 to <100 58 >80 1.21 0.83,1.78
nmol/L)
2100 44 1.35 0.78,2.31
<50 87 3751 1 Reference 0.12
Adults, Cancer 105mo 5015 <625 46 1682 1.4 0.94,2.08
females mortality
0.024) 1885
(total,
80 to <100 22 >80 0.72 0.40, 1.26
nmol/L)
2100 17 0.78 0.40, 1.53
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Table 17. Vitamin D and total cancer and total cancer mortality: Results of cohort studies (updated from original report) (continued)

Author Year Outcome

Followup
. . . Duration . .
Study Name Life Stage (n/N; Incidence) 25(0H)D, nmol/L No. of No. in Adjusted 95% ClI P for  Study
[PMID] ) ' Cases Category HR Trend Quality
(Time to
Dx)
>80 nd nd 1 Reference nd C
Adults, both  Cancer mortality Median 8.7 7
sexes (N=13331) (I0R 7.1~ 61-80 nd nd 0.8 0.54,1.19
10.2)y 44-60 nd nd 1.08 0.8,1.46
<44 nd nd 0.91 0.63, 1.31
NEW Cohort Studies
98
Cawthon 2010™  Men 65 and over Q 1: <49.8 nmol/L NR 372 052  0.27,1.00 0.086
MrOS Q 2: 49.8= to <63 nmol/L NR 370 0.90 0.51,1.60
US (6 sites)
Q 3: 263to <75 nmol/L NR 372 0.80 0.45,1.41
cancer mortality 7.3 yrs Q 4: 275 nmol/L NR 376 1.00 reference B
Deficient, <50 nmol/L NR 376 0.51 0.27,0.98 0.044
Insufficient, 50 to <75
nmol/L NR 737 0.85 0.52,1.40
Sufficient, 275 nmol/L NR 377 1.00 reference
per SD decrease NR 1490 0.80 0.64, 0.99 NR
de Boer 2012°%
Cardiovascular Adults 65 and cancer 11 yrs Normal level 259 1126 1.00 Reference NR A
Health Study over Low level (season specific,
US (4 sites) ranges 43-61 nmol/L) 111 495 1.13 0.90, 1.42
Eaton 2011" _ Q 1: 3.25-36.50 nmol/L nd 608 139 088,219 011
Postmenopausal cancer mortality 10 yrs Q 2: 36.51-49.95 nmol/L nd 606 1.22 0.79 1.89
WHI women e - : e A
US (multisite) Q 3: 49.96-65.38 nmol/L nd 608 1.12 0.72,1.72
Q 4: 65.39-146.67 nmol/L nd 607 1.00 Reference
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Table 17. Vitamin D and total cancer and total cancer mortality: Results of cohort studies (updated from original report) (continued)

Author Year Qutcome F
ollowup
Study Name Life Stage (n/N; Duration 25(0H)D, nmol/L No. of No. in Adjusted 95% Cl P for Study
[PMID] Incidence) (Time to ' Cases Category HR Trend Quality
Dx)
Freedman 2010 < 37.5 nmol/L 116 2689 RR = Reference  0.43
NHANES 11 men f‘e women. t°f§c',ﬁiiﬂfyer 13.4¥1S 37 5_<50 nmollL 174 3056 1.04 077,141
US (multisite) 50-<62.5 nmol/L 165 3143 1.23 0.89, 1.69
62.5-80 nmol/L 200 3713 1.19 0.86, 1.65
80—<100 nmol/L 139 2521 1.12 0.80, 1.57
2100 nmol/L 90 1697 1.15 0.79, 1.68
< 37.5 nmol/L 55 2689 1.00 Reference  0.23
37.5—<50 nmol/L 79 3056 1.3 0.77,2.19
men & women, total cancer 50—<62.5 nmol/L 57 3143 1.2 0.64, 2.26
winter/lower .
latitude mortality 62.5-80 nmol/L 78 3713 1.67 0.98, 2.86
80—<100 nmol/L 54 2521 1.31 0.77,2.23
2100 nmol/L 32 1697 1.5 0.74, 3.02 B
< 37.5 nmol/L 61 2689 1.00 Reference  0.67
37.5—<50 nmol/L 95 3056 0.91 0.63,1.32
men & women, 50-<62.5 nmol/L 108 3143 119 0.78,1.82
higher latitude 62.5-80 nmol/L 122 3713 1.02 0.67,1.54
80-<100 nmol/L 85 2521 1.03 0.66, 1.63
2100 nmol/L 58 1697 1.02 0.63, 1.45
< 37.5 nmol/L 47 2689 1.00 Reference  0.09
37.5—<50 nmol/L 95 3056 1.66 0.98, 2.80
men, 50-<62.5 nmol/L 90 3143 1.43 0.90, 2.26
all seasons 62.5-80 nmol/L 122 3713 1.52 0.82, 2.80
80-<100 nmol/L 90 2521 1.66 1.06, 2.61
2100 nmol/L 69 1697 1.85 1.02,3.35
< 37.5 nmol/L 25 2689 1.00 Reference  0.55
37.5—<50 nmol/L 51 3056 2.58 1.37,4.87
__men, 50-<62.5 nmol/L 31 3143 1.14  0.48,2.70
winter/lower
latitude 62.5-80 nmol/L 52 3713 1.99 0.86,4.13
80—<100 nmol/L 33 2521 1.42 0.74,2.72
2100 nmol/L 23 1697 1.94 0.69, 5.45
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Table 17. Vitamin D and total cancer and total cancer mortality: Results of cohort studies (updated from original report) (continued)

Author Year QOutcome
Followup
. . Duration . .
Study Name Life Stage (n/N; No. of No. in Adjusted P for Study
\ 25(OH)D, nmol/L 95% ClI ,
[PMID] Incidence) . Cases Category HR Trend Quality
(Time to
Dx)
< 37.5 nmol/L 22 2689 1.00 Reference 0.045
37.5-<50 nmol/L 44 3056 1.28 0.51, 3.23
Sumnr]“eer?r;igher 50-<62.5 nmol/L 59 3143 1.55  0.81,2.99
latitude 62.5-80 nmol/L 70 3713 1.33 0.53, 3.53
80—<100 nmol/L 57 2521 1.76 0.87, 3.57
2100 nmol/L 46 1697 1.84 0.85, 3.98
< 37.5 nmol/L 69 2689 1.00 Reference  0.29
37.5—<50 nmol/L 79 3056 0.85 0.59, 1.22
women, 50-<62.5 nmol/L 75 3143 1.25 0.82,1.90
all seasons 62.5-80 nmol/L 78 3713 1.11 0.69, 1.79
80—<100 nmol/L 49 2521 0.86 0.50, 1.46
2100 nmol/L 21 1697 0.64 0.35,1.18
< 37.5 nmol/L 30 2689 1.00 Reference  0.42
37.5—<50 nmol/L 28 3056 0.74 0.36,1.51
women, 50-<62.5 nmol/L 26 3143 1.27 0.51, 3.18
winter/lower
latitude 62.5-80 nmol/L 26 3713 1.44 _0.61,3.38
80—-<100 nmol/L 21 2521 1.28 0.50, 3.24
2100 nmol/L 9 1697 1.01 0.26, 3.90
< 37.5 nmol/L 39 2689 1.00 Reference  0.03
37.5—<50 nmol/L 51 3056 0.88 0.54, 1.43
women, 50-<62.5 nmol/L 49 3143 1.18 0.65, 2.12
summer/higher
latitude 62.5-80 nmol/L 52 3713 0.99 0.52, 1.87
80—<100 nmol/L 28 2521 0.7 0.34, 1.44
2100 nmol/L 12 1697 0.52 0.25,1.10
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Table 17. Vitamin D and total cancer and total cancer mortality: Results of cohort studies (updated from original report) (continued)

Author Year

Study Name
[PMID]

Life Stage

Outcome

Followup

(N Duration

Incidence) (Time to

Dx)

25(0OH)D, nmol/L

No. of
Cases

No. in
Category

Adjusted

HR

95% ClI

P for Study
Trend Quality

Hutchinson 2010
Tromsg Study
Norway

non-smokers

smokers

Men (55-74
years)
Women (50—
74 years)

cancer

mortality 1L.7yrs

Quatrtile 1:
mean=33.8
(sd=7.6)

72

1184

1.14

0.80-1.63

NR

Quartile 2:
mean=46.7
(sd=6.0)

69

1187

1.13

0.80-1.61

Quatrtile 3:
mean=56.2
(sd=6.0)

74

1192

1.23

0.87-1.75

Quartile 4:
mean=72.3
(sd=13.2)

58

1188

1.00

Reference

Quatrtile 1:
mean=33.8
(sd=7.6)

55

597

0.82

0.56-1.21

NR

Quartile 2:
mean=46.7
(sd=6.0)

54

606

0.86

0.59-1.26

Quatrtile 3:
mean=56.2
(sd=6.0)

60

607

1.02

0.70-1.48

Quartile 4:
mean=72.3
(sd=13.2)

56

600

1.00

Reference

Lin 2012%
General
Population Trial of
Linxian

China

cancer deaths 24 yrs

continuous
25(0OH)D

217

1101

0.97

0.89, 1.05

0.406

continuous
25(0OH)D

141

608

1.00

0.91,1.10

0.967

continuous
25(0OH)D

76

493

0.88

0.75, 1.03

0.115
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Table 17. Vitamin D and total cancer and total cancer mortality: Results of cohort studies (updated from original report) (continued)

Author Year Outcome
Followup
. . Duration . .
Study Name Life Stage (n/N, 25(0H)D, nmol/L No. of No. in Adjusted 95% Cl P for Stuqu
[PMID] Incidence) (Time to Cases Category HR Trend Quality
Dx)
Michaelsson < 10th percentile
2010 (<46 nmol/L) 27 119 1.99 1.29, 3.08
10th—90th
Elderly men .
Upps_ala_ (mean age 71) cancer 12.7 yrs percentile (46—93 B
Longitudinal Study mortality nmol/L) 118 956 1.00 Reference
of Adult Men
Sweden >90th percentile
(>93 nmol/L) 19 119 1.56 0.95, 2.56
Signorello 2013™ Quartile 4:
(>54.1 nmol/L) 115 228 OR=1 Reference  0.53
Southern Men a”d4 o070 Quartile 3: OR =
Community Cohort Wé);r“se”2§3 . 37.9->54.1 nmol/lL) 102 228 0.79 0.52,1.21 A
Study years, cancer death NR Quartile 2:
African (25.45— 37.9 OR =
American) nmol/L) 127 255 103 0.66,159
Quartile 1: OR =
<25.45 nmol/L) 133 243 1.28 0.78, 2.11
Tomson 2013" Doubling
Whitehall study Death, cancer 13.1yrs Concentration 809 5409 0.84 0.71, 1.00 B
76 <30 90 1439 1.42 1.08, 1.87
gg%ttl';g 2013 nfgr”t‘;ﬁtr 9.5yrs  30-50 172 4188 1.04  0.83,1.29 B
y >50 171 3927 1.00 Reference
5 —
Afzal 2013% all cancer 28 yrs E&fnzgdlgggf’s” n 2488 9791 1.06  1.02,1.11 B
Ql 235 2253 1.10 0.93, 1.30
Ordonez-Mena®’ total cancer 8 yrs Q2+Q3 396 4500 1.00 Reference B
Q4 242 2254 1.12 0.95, 1.32
NEW Nested case-control study
Fedirko 2012™ Ven and <36.3 104 242 1.00 _ Reference 004 B
EPIC women (age at C%';’rf]igtrm 36.4-48.6 85 239 0.76  0.56,1.02
diagno§is specific 73mos  48.7-60.5 95 241 0.93 0.69, 1.24
Europe Zgg’fox'mate'y mortality 60.6-76.8 78 240 0.78  0.58,1.06
(multinational) >76.8 82 240 0.69  0.50,0.93

*Statistically significant (P<0.05)
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Prostate Cancer

Synopsis

No qualified systematic reviews have evaluated the association between serum 25(OH)D
concentrations and incidence of prostate cancer. In the current report, one prospective cohort
study and four nested case control studies (2 rated A, 3 rated B) found no association
between baseline serum 25(OH)D concentrations and risk for prostate cancer. Two nested
case-control studies (2B) observed a trend between higher serum 25(OH)D concentrations
and increasing risk for prostate cancer. In one study this increase was seen only among
men whose sera were sampled in Summer or Autumn; in the other study, this trend was
observed only when participants were divided by quartiles of serum 25(OH)D
concentration, but not when they were divided by categories of vitamin D sufficiency
(concentrations less than 50nmol/L being considered deficient, 50-75nmol/L insufficient,
and 75-125nmol/L considered sufficient). In the original report, eight nested case-control
studies (2 rated B, 6 C) 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(OH)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(OH)D concentration less than 40 nmol/L (adjusted OR 3.5). However, there was
no difference in risk between low and high serum 25(OH)D concentration for those older than 51
years at study entry. A C-rated study suggested a U-shaped association between baseline serum
25(0OH)D concentrations and the risk of prostate cancer.

Detailed Presentation (Tables 18 & 19; Figure 7)

For the current report, a total of one prospective cohort and six nested case-control
studies reported on the association between baseline serum 25(OH)D concentrations and
the risk for prostate cancer.’®® The cohort study and four of the six nested case-control
studies observed no association between serum 25(OH)D and risk for prostate cancer. No
studies identified an association between lower serum 25(OH)D and increasing overall risk
for prostate cancer. One study, a nested case-control within the Health Professionals’
Followup Study, found an association between lower baseline serum 25(OH)D and
increasing risk for lethal prostate cancer (adjusted OR 0.44 [0.24, 0.79) (comparing the
lowest with the highest quartile of 25(OH)D), with no effect of time to diagnosis (rated
A).2% Three nested case-control studies (two rated A and one B) observed a trend between
higher serum 25(OH)D concentrations and increasing risk for prostate cancer.’%" In one
study this increase was seen only among men whose sera were sampled in Summer or
Autumn;'® in another study, the Multiethnic Cohort, this trend was observed only when
participants were divided by quartiles of serum 25(OH)D concentration, but not when they
were divided by categories of vitamin D sufficiency.'®” The number of cases in the nested
case control studies ranged from 297 to 2,106. The methodological quality of two studies
was B, and four were rated A.

In the original report, a total of 12 nested case-control studies in 14 publications reported
on the association between baseline serum 25(OH)D concentrations and the risk of prostate
cancer.’9319122 The number of cases ranged from 61 to 749. The latitudes of the studies ranged
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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.

Ten studies identified for the original report 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(OH)D concentrations and the risk of prostate cancer.'*%*211%122 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% 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 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% CI 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% C1 0.8, 2.7) compared to the group with a 25(OH)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(OH),D serum concentrations and the
risk of prostate cancer. Four studies did not find an association.**>**#11*122 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 4th quartile of
1,25(0OH),D (104-211 pmol/L) to 1st 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 0-6mo

not applicable
e 7mo-2y

not applicable
e 3-8y

not applicable
e 0-18y

not reviewed
e 19-50y

None of the studies in the update report focused on younger participants. Two
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studies in the original report provided data on younger subjects. Ahonen et al. 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 data from NHANES III
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.** In the original report, 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% CI 1.7, 7.0). Another study
analyzed data from NHANES Il1 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%
C10.39, 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.

51-70y

All of the studies identified for the update report included men whose average age
was 60 or higher. One cohort included only men 65 and older'® Only one study
reported on effect of age at diagnosis. No studies identified an association between
lower serum 25(OH)D and increasing overall risk for prostate cancer. One study, a
nested case-control within the Health Professionals’ Followup Study, found an
association between lower baseline serum 25(OH)D and increasing risk for lethal
prostate cancer (adjusted OR 0.44 [0.24, 0.79) (comparing the highest to the lowest
quartile of 25(0OH)D), with no effect of time to diagnosis.'® Three nested case-
control studies (2B) observed a trend between higher serum 25(OH)D
concentrations and increasing risk for prostate cancer.'®*%" In one study this
increase was seen only among men whose sera were sampled in Summer or
Autumn;'® in another study, the Multiethnic Cohort, this trend was observed only
when participants were divided by quartiles of serum 25(OH)D concentration, but
not when they were divided by categories of vitamin D sufficiency.'®” In the original
report, 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% 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(0OH)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 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% CI 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
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than 19 nmol/L was 1.5 (95% CI1 0.8, 2.7) compared to the group with a 25(OH)D
concentration of 40 to 49 nmol/L.
o >Tl1y
No study specifically targeted men older than 70 years.
e Postmenopause
Not applicable
e Pregnant & lactating women
Not applicable

Table 18. Vitamin D and prostate cancer: Characteristics of observational studies (updated from
original report)

Confounders/Effect

Modifiers Adjusted
Author Year

(8]
Study Name = §
Location Population 25(0OH)D Comparisons @ § o o 3 Comments
(Latitude) $ 2 9 % 2 >
[PMID] T g £ 5 W g
S 0 S 92 > =
Z O < = DO 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% nonwhite
Mikhak status 18%; DM cancer risk
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 llI smoker mortality 6% Hispanics
US (multiple Mean age 44 stratified by 2
latitudes) (range/SD), baseline
[17971526] vy 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(CH)D
Janus y categories
Project; Male (%) 100 Season nd
Finland blood
(60°N) drawn
[14618623]
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Table 18. Vitamin D and prostate cancer: Characteristics of observational studies (updated from original report)

Confounders/Effect

Modifiers Adjusted
Author Year

(8]
Study Name = 9—3)
Location Population 25(0OH)D Comparisons o g o 2 $ Comments
(Latitude) § 2 © ¢ £ >
[PMID] T g £ 5 W 9
=} [} c 3} > =
2 o < = i I
Li 2007 Health on ASA, 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;
19934 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
(37°N) Male (%) 100 Season nd
[8220092] blood

drawn
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%
19988 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
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Table 18. Vitamin D and prostate cancer: Characteristics of observational studies (updated from

original report)

Author Year

Confounders/Effect
Modifiers Adjusted

(8]
Study Name = 95)
Location Population 25(0OH)D Comparisons o § . _ 2 $ Comments
(Latitude) c 2 o 8 £ 2=
[PMID] T g £ 5 W 9
=} [} c 3} > =
2 o < = i I
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% white
19953 status Hollis, cancer risk
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
20052 status colon protein- cancer risk
CPP adenoma binding stratified by
us removal (Quest) baseline
(multiple Meanage 62 (8.7) 25(0H)D
latitudes) (range/SD), tertiles
[15767334]°
Male (%) 100 Season nd
blood
drawn
Braun Health nd Assay RIA (Bruce  Prostate X 100% white
19953 status Hollis, cancer risk
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
20052 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]°
Male (%) 100 Season nd

blood
drawn
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Table 18. Vitamin D and prostate cancer: Characteristics of observational studies (updated from original report)

Confounders/Effect

Modifiers Adjusted
Author Year

(8]
Study Name = 95)
Location Population 25(0OH)D Comparisons o § . _ 2 $ Comments
(Latitude) c 2 o 8 £ 2=
[PMID] T g £ 5 W 9
=} [} c 3} > b=
Z e < = D 4
New nested case-control studies
Barnett, Health nd Prostate X X X probably
2010 status cancer risk need to
MrOS Mean age 73.6 (5.9) stratified by check
us (range/SD), baseline another
(various) y 25(0OH)D article from
Male (%) 100% quartiles this study to
get funding
info
Brandstedt, Health nd Prostate X X X Malmo Diet
2012'%° status cancer risk and Cancer
Malmo, Mean age 61.7 (NR, stratified by Study
Sweden (range), y SD 6.4) baseline (MDCS)
Male (%) 100% 25(0OH)D
quartiles
Meyer, Health nd Prostate X X
2013'% status cancer risk
Norway Mean age  48.2 (SD stratified by
(range), y 9.2) baseline
Male (%) 100% 25(0CH)D
sextiles
Park, 2010™°" Health nd Prostate X X
Multiethnic status cancer risk
Cohort Study Meanage  68.7 (SD stratified by
(SD),y 7.2) baseline
Male (%) 100% 25(0CH)D
guartiles
Shui, 2012 Health nd Prostate X X X X X X
Health status cancer risk
Professionals’ Mean age 64.4 (SD stratified by
Followup (SD),y 7.8) baseline
Study Male (%) 100% 25(0H)D
us quartiles
Travis Health nd Prostate X X X
2009'%° status cancer risk
European stratified by
Prospective Mean age  60.5(SD baseline
Investigation ~ (SD), Y 6.2) 25(0H)D
into Cancer o o
and Nutrition Male (%) 100%
(EPIC)
Multiple
Countries

113



Table 18. Vitamin D and prostate cancer: Characteristics of observational studies (updated from

original report)

Confounders/Effect

Modifiers Adjusted
Author Year

(8]
Study Name = 95)
Location Population 25(0OH)D Comparisons o § o 2 $ Comments
(Latitude) § 2 © ¢ £ >
[PMID] T g £ 5 W 9
=} [} c 3} > =
Z o < = D 4
NEW Cohort study
Ordonez- Health NR Cancer X X X confounders-
Mena 2013%"  status mortality add
ESTHER stratified by multivitamin
Saarland, Mean age 50-74 baseline use, fish
Germany 25(0OH)D consumption,
Male (%) 54% tertiles red meat
consumption,
daily fruit
intake, daily
vegetable
intake,
scholarly
education,
physical
activity,
family history
of cancer

AFor prevention of recurrence of non-melanoma skin cancer.
BThis is a cohort study, not a nested case-control study.
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Table 19. Vitamin D and prostate cancer: Results of observational studies (updated from original report)

Author Year

Life Outcome (No.of Time To . .
Study Name Stage Cases: No. of  Diagnosis, 25(0OH)D Concentration, No.of No.of Adjusted 95% CI P for Stud_y
nmol/L Cases Control OR Trend Quality
PMID (male), y Controls) y
Ahn 2008™" 12.8-425 119 157 1 Reference
21-70  Prostate cancer 2-8 42.5-51. 125 156 11 0.78,1.56
PLCO (741; 781)
51.4-60.5 190 157 1.53 1.10, 2.13* 0.2 B
[8505967] 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 2004119117 Quartile 1* 109 114 1 Reference
Mikhak 2007 51-70 Prostate cancer 2.2 (mean) Quartile 2 115 113 1 0.67, 1.49
HPFS (460; 460) ; 0.59 B
[17440943] Quartile 4 142 113 1.19 0.79,1.79
Freedman 2007 . <62.5 22 nd 1 Reference
NHANES Il 19-50 Mortality prostate nd 0.95 B
[17971526] cancer 262.5 25 nd 0.91 0.39, 2.14
Tuohimaa 2004 19-50  Prostate cancer  <9—>14 <19 19 nd 15 0.8, 2.7
Hilgilnské;;]art 51-70 (622; 1451) (range) 20-39 169 nd 1.3 0.98. 1.6
40-59 229 nd 1 Reference C
60-79 138 nd 1.2 09,15
=80 67 nd 1.7 1.1, 2.4*
Li 2007+*° 19-50  Prostate cancer 11 Quartile 18 nd nd 1.01  0.71, 1.44
PHS 51-70 (492; 664) (median) artile 2 nd nd 1.26 0.89 1.80
[17388667] Quart ' 22 0.01 c
Quartile 3 nd nd 1 0.71, 1.41
Quartile 4 nd nd 1 Reference
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Table 19. Vitamin D and prostate cancer: Results of observational studies (updated from original report) (continued)

Author Year

Life

Outcome (No. of

Time To

. . : 25(0OH)D Concentration, No.of No.of Adjusted o P for Study
Study Name Stage Cases; No. of Diagnosis, Amol/L Cases Control OR 95% ClI Trend  Quality
PMID _ (male), y Controls) y
Gann 1996 19-50  Prostate cancer 6 (mean) 15.7-53.3 nd nd 1 nd
PHS 51-70 (232; 414) 53.4-70.9 nd nd 11 nd
[8850273] 0.82
71-93.5 nd nd 1.16 nd
93.6-194 nd nd 0.92 0.56, 1.50
Prostate cancer; 15.7-53.3 nd nd 1 nd
age <61y 53.4-70.9 nd nd 1.19 nd o c
71-93.5 nd nd 1.75 nd
93.6-194 nd nd 1.48 0.73, 2.98
Prostate cancer; 15.7-53.3 nd nd 1 nd
age >61y 53.4-70.9 nd nd 1 nd y
71-93.5 nd nd 0.82 nd
93.6-194 nd nd 0.76 0.39, 1.47
Corder 1993 Prostate cancer 60.0 (case) vs. 50.5
19-50 (181; 181) >5 (mode) (control) (est.) 181 181 ) ) ) c
[8220092] 51-70  Mortality prostate nd 51 nd ] ] ]
cancer
Ahonen 2000 < 30° 48 131 1.8 1.0, 3.2*
19-50 Prostate cancer 8-14
31-40 41 143 1.4 08,24
Helsinki Heart 51-70 (149; 566) (mode) a152 P 178 08 05 15 0.01
[11075874] > 55 34 144 1 Reference
Prostate cancer in <40 nd nd 3.5 1.7, 7.0* C
those <52 years
old at entry >40 nd nd 1
Prostate cancer in <40 nd nd 1.2 0.7,2.1
those >51 years ~40 nd nd 1
old at entry
Nomura 1998™° <g85° 38 34 1 Reference
19-50 Prostate cancer 16 (mean) 85-101 35 36 08 0.4,1.8
Honolulu Heart 51-70 (136; 136) 0.68 C
102-119 30 32 0.8 04,17
[9794175] 2120 33 34 0.8 0.4,1.8
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Table 19. Vitamin D and prostate cancer: Results of observational studies (updated from original report) (continued)

Author Year

Life

Outcome (No. of

Time To

Study Name Stage Cases; No. of Diagnosis, 25(OH)DnCng)(r)1I(;Entratlon, (’\:lgég; C’\(l)%.t?(zl Ad]g;tEd 95% ClI .:.Dré?][j QSJ:ﬁty
PMID (male), y Controls) y y
Tuohimaa 2007 <40 - - 1.88  1.15,3.08*
Helsinki Heart 19-50 Prostate cancer 10.8 (mean) 40-59 ; ; 1 Reference c
51-70 (132; 456)
[17301263] 260 - - 1.25 0.64, 2.43
Jacobs 2004 20-63.3 26 58 1 Reference
NPC 51-70 Prostate cancer 5.1 (mean) 63.4-81.9 33 49 171 068 4.34 0.51 C
(83; 166) : - : e )
[15225833] 82-149 24 59 0.75 0.29,1.91
Braun 1995 <60.1 7 24 1 Reference
WCC 19-50 Prostate cancer 14 (mean) 60.1-73.8 17 25 23 07 78
[7612803] 51-70 (61; 122) : : : e
73.9-88.5 16 24 2.3 0.7, 7.7 0.6 C
88.6-103 4 25 0.6 0.1,25
>103 17 24 2.4F 0.8,8.2
112
gggn 2005 19-50 Prostatecancer —_, (34%) <62.9 nd NA 1 Reference
51-70 (70 cases inFa total 62.9-84.9 nd NA 1.22 0.66, 2.26 0.7 C
[15767334]° of 672) 85 nd NA 032  0.72,2.43
NEW nested case-control studies
Barnett 2010~ Quartile 1(7.75-49.75
MrOS men 65  Prostate Cancer NR nmol/L) 68 411 HR=1.00 Reference
and over (297 casesin a Quartile 2(50.0-62.3 B
total of 1648) nmol/L) 91 415 1.35 0.91,2.01 0.130
Quartile 3(62.5-74.8
nmol/L) 53 406 0.64 0.41,1.00 0.050
Quartile 4 (75-189.0
nmol/L) 85 416 1.20 0.81,1.78 0.370
Brandstedt 2012™ 51-70 Quartile 1(<68nmol/L) 206 242 1.00  Reference
yrs; Pro(zt‘l"‘é? gzin)cer NR Quartile 2(69-84nmol/L) 237 232 125  0.95,1.65 A
271 yrs ' Quartile3(85-102nmol/L) 245 226 137  1.03,1.82
Quartile 4(=103nmol/L) 230 224 1.34 0.99,1.82 0.048
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Table 19. Vitamin D and prostate cancer: Results of observational studies (updated from original report) (continued)

Author Year Life Outcome (No. of Time To

Study Name Stage Cases; No. of Diagnosis, 25(OH)DnCnc1)(r)1I(;Entratlon, ('\:lgég; C’\(l)or{t?(];I Ad]g;tEd 95% ClI 'Iﬁé?]:j (;jl;ﬁty
PMID (male), y Controls) y y
Meyer 2013 <30nmol/L 72 92 _IRR=0.82 058,1.15
Prostate Cancer NR
(2106:2106) 30-49nmol/L 528 553 1.02 0.87,1.21
50-69nmol/L 718 771 1.00 Reference
70-89nmol/L 537 466 1.24 1.05, 1.47
290nmol/L 251 224 1.17 0.93,1.48
30—-nmol/L increase NR NR 1.13 1.02,1.25 B
<30nmol/L 49 63 0.80 0.52,1.23
30-49nmol/L 304 286 1.09 0.86, 1.40
50-69nmol/L 288 297 1.00 Reference
Prostate Cancer
(Winter/Spring) 70-89nmol/L 145 128 1.14 0.85, 1.53
>90nmol/L 38 50 0.74 0.46,1.18
30—-nmol/L increase NR NR 0.97 0.83, 1.14
<30nmol/L 13 14 0.97 0.45, 2.10
30—49nmol/L 132 172 0.87 0.66, 1.16
50-69nmol/L 296 329 1.00 Reference
70-89nmol/L 297 259 1.34 1.05,1.71
Prostate Cancer >90nmol/L 180 144 1.46 1.07, 2.00
(Summer/Autumn) 30-nmol/L increase NR NR 1.25 1.08, 1.45
Park 2010™" Quartile 1:<57.3 nmol/L 82 163 1.00  Reference
Men Prostate Cancer NR Quartile 2: 57.3 <77.5
multiethnic cohort 45-75 yrs (329, 656) nmol/L 84 166 1.05 0.70, 1.58
Quatrtile 3: 77.5<99.8
nmol/L 72 172 0.81 0.52,1.28
Quartile 4: 299.8 nmol/L 91 155 1.17 0.72,1.89 0.600 A
Deficient: <50nmol/LL 53 106 1.10 0.68, 1.78
Insufficient: 50—75 nmol/L 98 204 1.04 0.73, 1.48
75—-125 nmol/L 137 287 1.00 Reference
2125 nmol/L 41 59 1.52 0.92,251 0.320
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Table 19. Vitamin D and prostate cancer: Results of observational studies (updated from original report) (continued)

Author Year Life Outcome (No. of Time To . .
Study Name Stage Cases: No. of  Diagnosis, 25(0OH)D Concentration, No.of No.of Adjusted 95% CI P for Stuo_ly
PMID (male), y Controls) y nmol/L Cases Control OR Trend Quality
Shui 2012™ ol Quartile 1 41 325 1.00  Reference A
Letha :
Health Professionals’ Prostate Cancer 5.2 years Quartfle 2 33 336 0./8 947, 1.30
Followup Study (209;1324) Quartile 3 21 334 0.50 0.28, 0.88
Quartile 4 19 329 0.44 0.24,0.79  0.002
Quartile 1 310 325 1.00 Reference
Prosg‘t’:rg!ncer 5.2 years Quartile 2 298 336 093 074,117
(1260;1324) ' Quartile 3 319 334 099  0.79,1.24 A
Quartile 4 333 329 1.07 0.86, 1.34 0.45
Advance stage at Quartile 1 51 325 1.00 Reference
Diagnosis 5.2 years Quartile 2 43 336 0.96 0.61, 52
(166;1324) Quartile 3 32 334 063  0.39,1.03
Quartile 4 40 329 0.85 0.53,1.35 0.22
) Quartile 1 69 325 1.00 Reference
Prg's'?:tfézdnecer 5.2 years Quartile 2 55 336 081 054,121
(239:1324) ' Quartile 3 51 334 0.75  0.50,1.13
Quartile 4 64 329 0.99 0.67, 1.46 0.87
. 109
Travis 2009 Quintile 1 (2.5-40.4nmallL) 125 151 100 Reference
Prostate Cancer 4.1 years R
European Prospective Qummﬁnigll/OL)S 04 143 150 127  0.89,1.81
Investigation into Cancer P - R
and Nutrition (EPIC) Quintile 3(50.5~ A
59.1nmol/L) 128 151 1.23 0.85,1.76
Quintile 4 (59.2—
70.8nmol/L) 114 150 1.06 0.73,1.55
Quintile 5(70.9—
163.7nmol/L) 142 150 1.28 0.88, 1.88
Doubling Concentration 652 752 1.17 0.93,1.47 0.188
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Table 19. Vitamin D and prostate cancer: Results of observational studies (updated from original report) (continued)

Author Year Life Outcome (No. of Time To

Study Name Stage Cases: No. of  Diagnosis, 25(0OH)D Concentration, No. of No. of Adjusted 95% CI P for Stuo_ly

PMID (male), y Controls) y nmol/L Cases Control OR Trend Quality

Ordonez-Mena 2013%7 Q1 38 882 HR1.16 0.78,1.74

ESTHER Prostate Cancer 8 yrs Q2+Q3 66 1737 HR1.00 Reference B
Q4 67 1505 HR1.21 0.86,1.70

*Statistically significant (P<0.05)

ACut points separated by analytical run; season, distributions among control (see Table 3 in original study).

BCut points based on control standardized by season of collection.
CCut points based on total original cohort.

PCut points based on control frequency.

EUnadjusted.

FThis is a cohort study, not a nested case-control study.
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Figure 7. Prostate cancer risk stratified by vitamin D concentration (updated from original report)
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Colorectal Cancer

Synopsis

No qualified systematic reviews have evaluated the association between 25(OH)D
concentrations and colorectal cancer mortality or incidence. No new RCTs and cohort studies
that addressed the effect of vitamin D or vitamin D and calcium on colorectal cancer
mortality or incidence were identified for the current report. Three nested case-control
studies (2A, 1B) found trends of increasing colorectal cancer incidence with decreasing
25(OH)D concentrations. One nested case-control study (rated B) found no association
between colorectal cancer and 25(OH)D. Two of these nested case-control studies (2B) also
examined colon and rectal cancer as separate outcomes. One study reported a significant
negative trend between 25(OH)D and colon cancer risk and the other found a non-
significant negative trend. For rectal cancer, the same two studies reported either a
negative trend or a small but non-significant negative trend with 25(OH)D.

In the original report, one B quality RCT of elderly population reported no significant
difference in colorectal cancer mortality or incidence between supplemental vitamin D3 and no
supplements. One B quality cohort study found an inverse association between higher 25(OH)D
concentrations and the risk of colorectal cancer mortality (HR 0.28, highest compared to lowest
tertile). Two B quality nested case-control studies of women found a trend between higher
25(0OH)D serum concentrations and lower risk of colorectal cancer incidence (trend analysis).
Another two B quality nested case-control studies of men, and one B quality and two C quality
nested case-control studies of both sexes reported no significant association between 25(OH)D
concentrations and risk of colorectal cancer or colon cancer.

Detailed Presentation of Supplemental Vitamin D and Colorectal Cancer

(Tables 20 & 21)

In the original report, an RCT compared supplemental vitamin D3 (100,000 1U every 4
months) with placebo in 2686 elderly participants with a mean age of 75 years in the United
Kingdom (latitude 52° N).°® Colorectal 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 colorectal cancer
mortality (P=0.33) or incidence (P=0.94). This trial 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).

Findings per Age and Sex

The same British trial reported no significant difference in colorectal cancer mortality or
incidence between the vitamin D supplements group and the placebo at 5 years in men (P=0.96
and 0.59, respectively). In women, the trial also found no significant difference in colorectal
cancer incidence between the two groups (P=0.32), whereas the risk of colorectal cancer
mortality in the supplements group was significantly decreased compared to the placebo (0/326
deaths vs. 4/323 deaths; HR, not reported; P=0.04).

122



Findings per Special Populations
No subgroup data were available regarding special populations (e.g., obese participants,
smokers, ethnic groups, or users of contraceptives).

Table 20. Vitamin D and colorectal cancer: Characteristics of RCTs [no new studies in the current
report]

Author Year

Study Name Background
Location Population Calcium Intake & Comparisons Compliance Comments
(Latitude) Vitamin D Data
[PMID]
Trivedi e Health  General 25(0OH)D: 53.4 Vit D3 100,000 U Participants  Previous CVD:
2003% status population  nmol/L vs. placebo every  taking 280%  28%, previous
Oxford, UK e Mean 75 (65-85) 4 months of study cancer: 6%,
(52°N) age Calcium intake= medication: steroids user:
[12609940]  (range), 742 mg/day (at 4 76%" 5%, and HRT

y years, no taker: 7%

e Male 76% difference by

(%) treatment

allocation)

Abbreviations: CVD = cardiovascular disease; HRT = hormone replacement therapy.
ANo difference between the vitamin D and the placebo arm.
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Table 21. Vitamin D and colorectal cancer: Results of RCTs [no new studies in the current report]

Age

Author Year Range Mean Interventions N N Outcome P Stud
Study Name S ge, Outcome 1°/2° Foll Dailv D ’ E Total Metric Result 95% CI B l.y
[PMID] ex ollowup aily Dose vent otal (Comparison) tw  Quality
(Subgroup)
Trivedi 2003  65-85y, CRC, 2° 5y . Age adj HR B
[12609940] Both sexes  mortality \6’38?3 i?g(,)ooo W7 qass (Vit 062  024,1.60 0.33
y D/Placebo)
Placebo 11 1341
CRC, 2° Age adj HR
incidence Vit D3 28 1345 (Vit 1.02 0.60, 1.74 0.94
D/Placebo)
Placebo 27 1341
65-85y, CRC, 2° 5y Age adj HR
Men mortality Vit D3 7 1019 (Vit 0.97 0.34,2.78 0.96
D/Placebo)
Placebo 7 1018
CRC, 2° Age adj HR
incidence Vit D3 25 1019 (Vit 1.18 0.65,2.12 0.59
D/Placebo)
Placebo 21 1018
65-85y, CRC, 2° 5y Age adj HR
Women mortality Vit D3 0 326 (Vit NA NA 0.04
D/Placebo)
Placebo 4 323
CRC, 2° Age adj HR
incidence Vit D3 3 326 (Vit 0.49 0.12,1.98 032
D/Placebo)
Placebo 6 323

Note: Outcomes cells are shaded for the Control rows.
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Detailed Presentation of 25(OH)D Concentrations and Colorectal Cancer

(Tables 22 & 23; Figures 8, 9, & 10)

Four nested case-control studies that assessed the association of serum 25(OH)D with
colorectal cancer were identified for the current report. A nested case-control study
conducted within the EPIC study that matched 1220 cases of colorectal cancer with 1222
controls found increasing risk for colorectal cancer with lower serum 25(0OH)D.**® This
study was rated B for quality because cases were ascertained from cancer registries and
were not verified independently. Two additional nested case-control studies, one nested in
the Women’s Health Initiative (WHI) and the other in the Multiethnic Cohort (both rated
A), found increasing risk for colorectal cancer with lower 25(OH)D (the WHI is described
further later in the section on vitamin D plus calcium).?**?®> Another case-control study,
nested in the Physicians’ Health Study, found no association between colorectal cancer
incidence and levels of 25(OH)D and 1,25(0OH)2D in U.S. male physicians aged 40-84 years
(rated B).**°

The studies nested in the EPIC and Physicians’ Health cohorts also assessed colon and
rectal cancer as separate outcomes. The nested case-control study within EPIC found a
trend toward increasing risk for colon cancer incidence with lower 25(0H)D;** the study
within the Physicians’ Health cohort found a similar but non-significant trend.*® For rectal
cancer incidence, the Physicians’ Health nested case-control study found a negative trend
between 25(OH)D and rectal cancer, while the EPIC nested case-control found a small but
non-significant negative trend.

From the original report, a total of seven nested case-control studies evaluated the
associations between 25(OH)D concentrations and risk of colorectal cancer'?”*** or colon
cancer.’¥*'* The number of pairs of cases and controls in these studies ranged from 101 to 588.
Another cohort study comprising 16,818 adult community volunteers from the NHANES 111
assessed the association between 25(OH)D concentrations and colorectal cancer mortality. The
mean age of the subjects ranged from 44 to 66 years. Locations of the studies ranged from 20°N
to 60°N. Baseline 25(OH)D concentrations ranged from 10 nmol/L to 227.5 nmol/L. No studies
reported follow up 25(OH)D concentrations. Time between blood drawn and the diagnosis of
colorectal cancer incidence or mortality ranged from less than 1 year to 17 years. None of the
studies reported power calculations. Methodological quality of five nested case-control
studies™"**! were rated B and two were rated C.****** Common reasons for downgrading the
quality ratings included exclusion of participants without available blood samples, no
verification of cancer diagnosis, and lack of adequate statistical adjustments. The cohort study
was rated B because it was unclear whether cases were verified and there was no statistical
adjustment for family history.

103

Findings per Age and Sex

The NHANES [11'* analyzed data for both sexes combined. An adjusted analysis found an
inverse association between 25(OH)D concentrations and the risk of colorectal cancer mortality
(HR: 0.28, highest [>80 nmol/L] compared to lowest tertile [<50 nmol/L]; P for trend = 0.02).
Two studies from WCC reported colon cancer incidence for both sexes combined.**?*3 One
study reported a significantly lower 25(OH)D concentrations in colon cancer cases than controls
(58.9 nmol/L vs. 86.6 nmol/L; P<0.001)."** Both studies reported no significant association
between 25(OH)D concentrations and colon cancer risk by trend analysis.
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In the original report, three studies, from the Japan PHC, HPFS, and ATBC respectively,
provided data on adult men.**"** None of the studies found an association between 25(OH)D
concentrations and colorectal cancer risk. Although all three studies provided data on colon
cancer and rectal cancer as subgroup analysis, only HPFS reported a significant trend between
higher 25(OH)D concentrations and lower risk of colon cancer (OR 0.46, highest [median 97.0
nmol/L] compared to lowest quartile [median 48.3 nmol/L]; P for trend = 0.005).° The HPFS
also reported a subgroup analysis on men aged 65 years or older.** No significant association
was reported between 25(OH)D concentrations and colorectal cancer risk by trend analysis.

The Japan PHC and HPFS compared 25(OH)D concentrations between colorectal cancer
cases and controls.*?'?° Neither reported a significant difference. One study explored subgroup
analyses. Only the rectal cancer cases had significantly lower 25(OH)D concentrations compared
to the controls (55 nmol/L for cases vs. 110 nmol/L for controls; P = 0.005).*%

Two nested case-control studies from the NHS and Japan PHC provided data on adult
women.'?®13° The NHS reported a trend between higher 25(OH)D concentrations and lower
colorectal cancer risk (OR 0.53, highest [median 99.1 nmol/L] compared to lowest quintile
[median 40.2 nmol/L]; P for trend = 0.02).** This trend remained significant in a subgroup
analysis of women age 60 years or older (OR 0.35 between the highest quintiles [median 99.1
nmol/L] and lowest [median 40.2 nmol/L]; P for trend = 0.006) or in rectal cancer alone (OR
0.31, highest [median 92.4 nmol/L] compared to lowest tertile [median 44.4 nmol/L]; P for trend
= 0.03).*° The WHI focused on postmenopausal women.™*! A significant trend was reported
between higher 25(OH)D concentrations and lower colorectal cancer risk (OR 2.53, between
highest [>58.4 nmol/L] and lowest quintiles [<31.0 nmol/L]; P for Trend = 0.02).

The Japan PHC compared 25(OH)D concentrations between cases and controls; no
significant difference was reported.*?®

Findings per Special Populations

No subgroup data were available regarding the association between 25(OH)D concentrations
and colorectal cancer risk in obese persons. In the original report, one study exclusively
included male smokers aged between 50 and 69 years,*?” and reported no significant association
between 25(OH)D concentrations and colorectal cancer risk by trend analysis. Another study that
exclusively included white population also found no association.**? In addition, another study
that focused on women who were taking hormone replacement therapy reported no significant
association between 25(0OH)D and colorectal cancer.™*

Findings Excluding Early Cases

In the original report, three studies performed sensitivity analyses on the association
between 25(OH)D concentrations and colorectal cancer risk by excluding cases diagnosed within
the first 1 to 2 years after blood draw.*?"*#**° One study found a significant association between
higher 25(OH)D concentrations and lower colon cancer risk (OR 0.3, between highest [>48.2
nmol/L] and lowest quartiles [< 24.5 nmol/L]; P for Trend = 0.04), which was not significant in
main analysis.*?’ Otherwise, the results were not materially different from the main analysis.

Findings on 1,25-Dihydroxyvitamin D

The nested case-control study within the Physicians’ Health cohort found no significant
associations between 1,25(0OH),D and colorectal, colon, and rectal cancer risk.*?

126



In the original report, a total of three studies evaluated the associations between

1,25(0H),D concentrations and colorectal cancer ris

k*2"130 or colon cancer.*®® None of the

studies found a significant association by trend analysis. One study reported no significant
association between 1,25(OH),D concentrations and rectal cancer risk.*’

Findings by Life Stage

0-6 mo

Not reviewed

7mo-2y

Not reviewed

3-8y

Not reviewed

9-18y

Not reviewed

19-50y

The analysis of the NHANES 111 with a mean age of 44 years included participants
mostly within this life stage. The study found an inverse association between 25(0OH)D
and colorectal cancer mortality.

51-70y

Three of the nested case-control studies identified for the update report included
people with mean age ranged from 59 to 69 years; a fourth study included
individuals aged 40-84 (mean age was not reported). A trend between higher
25(OH)D levels and lower risk of colorectal cancer was found in three studies and
one study found no association. Of the two studies that also assessed colon and rectal
cancer outcomes separately, one study found significant negative trends between
25(OH)D and colon or rectal cancer and one study reported no association.

>Tly

In the original report, one RCT with a mean age of 75 included participants mostly
within this life stage. The trial found no difference in colorectal cancer mortality or
incidence between supplemental vitamin D and no supplements.

Postmenopause

In the original report, one study and a subgroup analysis in another study focused on
postmenopausal women. A trend between higher 25(OH)D concentrations and lower
colorectal cancer risk was found in these two studies.

Pregnant & lactating women

Not reviewed
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Table 22. Vitamin D and colorectal cancer: Characteristics of observational studies” (updated
from original report)

Confounders/Effect
Modifiers Adjusted

Author Year f%)
Study Name . . = S
Location Population Co\gz:ir:tlrnaﬁon Comparisons o0 8 . _ 2 o £
(Latitude) S 2 o % 32> E
[PMID] S E £ 5_83 o
S 0 £ 9O > x =
Z O < =Z>OuW I
Cohort
Freedman e Health Any e Assay RIA Colorectal X X X X X X White:71%;
2007 status method  (DiaSorin) cancer Black: 14%;
NHANES I eMean 44 (217) mortality Hispanic:
us age stratified by 6%; Others:
(various) (range), y prespecified 9%
[16481636] « Male (%) 45 e Season Al baseline
blood 25_(OH)D cut
drawn points
Nested case-control
Braun 1995 ¢ Health Any eAssay RIA ¢ 25(0OH)D X X
WCC status method (Horris levels
Maryland, US 4 Mean 55 (nd) 1993) between
(38°N) age cases and
[329893] (range), y controls
« Male (%) nd e Season Fall * Colon
blood cancer risk
drawn stratified by
baseline
25(0OH)D
quintiles
Feskanich e Health Any e Assay RIA Colorectal X X X X X X Aspirinuser
2004 status method  (Horris  cancer risk (>10y):
NHS e Mean 60 (43— 1997) stratified by 10%;
us age 70) baseline Hormone
(various) (range), y 25(0OH)D replacement
[15342452] « Male (%) 0 e Season All quintiles therapy:
blood 34%
drawn
Garland 1989™ e Health ~ Any eAssay HPLA  «25(0OH)D X X White: 100%
WCC status method (Clemens levels
Maryland, US ¢ Mean 63 (nd) 1982) between
(38°N) age cases and
[2572900] (range), y controls
* Male (%) 50 e Season Fall e Colon
blood cancer risk
drawn stratified by
baseline
25(0OH)D
quintiles
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Table 22. Vitamin D and colorectal cancer: Characteristics of observational studies” (updated from
original report) (continued)

Confounders/Effect

Modifiers Adjusted

Author Year %
Study Name . . = S
Location Population Co\gct:aer:tlpat[i)on Comparisons o g . L S
(Latitude) S 2 o 8 32> £
[PMID] E E £ 5 _2 8 o
= [} c D > x =
Z 0O < = DWW I
Cohort
Otani 2007 s Health  Any eAssay CPBA  »25(0OH)D X X X X X X
Japan PHC status method (Haddad levels
Japan » Mean age Men: 57 1971) between
(various) (range),y (40-69); cases and
[17622244] Women: 56 controls
(40-69) » Colorectal
» Male (%) e Season  All cancer risk
blood stratified by
drawn baseline
25(0OH)D
quartiles
Tangrea 1997*"s Health ~ Smoker” e Assay  RIA Colorectal X X X X X
ATBC status method (Horris ancer risk
Finland (~60°N) » Mean age 60 (50-69) 1993) stratified by
[9242478] (range)’ y Jaseline
» Male (%) 100 e Season Al 25(CH)D
blood juartiles
drawn
Wactawski- » Health Post- e Assay RIA Colorectal X X X X White: 83%;
Wende 2006™" status menopausal method (DiaSorin) cancer risk Black: 9%;
WHI women® stratified by Hispanic: 4%
us » Mean age nd (50-79) baseline Others: 4%
(various) (range), y 25(OH)D
[16481636] » Male (%) 0 e Season All qual’tlles
blood
drawn
Wu 2007 » Health  Smoker5% e Assay  RIA » 25(0H)D X X X X X X Aspirin user
HPFS status method (Horris levels in 1994:
us » Mean age 66 (nd) 1997) between 40%; Current
(various) (range), y cases and smoker: 5%
[17623801] » Male (%) 100 e Season Al controls
blood » Colorectal
drawn cancer risk
stratified by
baseline
25(0OH)D
quintiles

129



Table 22. Vitamin D and colorectal cancer: Characteristics of observational studies” (updated from
original report) (continued)

Confounders/Effect

Modifiers Adjusted

Author Year %
ftudy_Name . Vitamin D : = &
ocation Population Concentration Comparisons » ® . L S
(Latitude) S 2 o 8 32> £
[PMID] S E £ 5 _3 39 O
= [} c D > x =
Z 0O < = DWW o
NEW Nested case-control studies
Jenab 2010 s Health  nd e Colorectal X X X X X age %
European status cancer risk female is of
Prospective » Mean age 58.6 (SD stratified by controls-
!nvesc,:tigation ] (SD), y 7.2) baseline colon cancer
into Cancer an o 25(0OH)D
Nutrition (EPIC) » Male (%) 49.7% qui(ntile)s
Multiple e Rectum
Countries cancer
stratified by
baseline
25(0OH)D
quintiles
Lee, 2011™° s Health  Healthy e Colorectal X X X X X
Physicians status cancer risk
us » Mean age nd (nd) stratified by
(various cities) (SD), y baseline
» Male (%) 100 25(OH)D
quartiles
¢ Colon
cancer
stratified by
baseline
25(0OH)D
quartiles
Neuhouser, » Health Post- Colorectal X X X X  two nested
2012 status menopausal cancer risk case
WHI » Mean age 65.1 (SD stratified by controls: this
us (SD), y 6.8) baseline one
(various cities) 4 Mmale %) 0% 25(0OH)D represents
quartiles the CRC
dataset and
the one we
renumber
represents
the breast
cancer
dataset
Woolcott, » Health nd Colorectal X X
2010 status cancer risk
Multiethnic » Mean age 69.2 (SD stratified by
Cohort Study (SD), y 7.9) baseline
US, Hawaii/Los » Male (%) nd 25(0OH)D
Angeles sextiles
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Table 22. Vitamin D and colorectal cancer: Characteristics of observational studies” (updated from

original report) (continued)

Confounders/Effect
Modifiers Adjusted

Author Year %

Study Name < S

Location C trati Comparisons o g a L €

(Latitude) oncentration = > 8 @ z = g

[PMID] S E £ 5 _3 39 O

= [} c D > x =
Z O <« = DwW I

NEW Cohort

study

Ordonez-Mena Colorectal X X confounders-

2013 cancer add

ESTHER » Mean age NR (50-74) stratified by multivitamin

Saarland, baseline use, fish

Germany » Male (%) 54% 25(0OH)D consumption,

tertiles red meat

consumption,
daily fruit
intake, daily
vegetable
intake,
scholarly
education,
physical
activity,
family history
of cancer

AThis table is ordered alphabetically by study author.
Bparticipants of a lung cancer prevention 2 by 2 RCT of alpha-tocopherol and beta-carotene.

CParticipants of a hip fracture prevention RCT of vitamin D3 and calcium.
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Table 23. Vitamin D and colorectal cancer: Results of observational studies (updated from original report)

Author Year Life Outcome ':D(:Jllrz\tl\ilgr? ZS(OH)D. No. of No. in Adjusted P for Study
Study Name Stage (n/N, (Time to Concentration, Cases Category OR 95% Cl Trend Quality
[PMID] Incidence) DX) nmol/L
Cohort study
Colorectal cancer mortality
Women
Freedman 2007 19-50" Colorectal <50 28 ~5606 1 Reference  0.02 B
51-70 ,\(/fgrrt];ﬁt;, nd 50-80 24 ~5606 0.44 0.20, 0.95*
[17971526] 271 (62”62%8; =280 14 ~5606 0.28 0.11, 0.68*
Nested case-control study
Colorectal cancer
Men
Otani 2007128 19-50 Colorectal <57.2 43 74 1 Reference  0.39 B
Japan PHC 51-70" Cag‘;:és(;’\';glz% 1-13 57.2-69.0 40 85 0.76 042,14
[17622244] controls) 69.0-80.2 36 85 0.76 0.39,1.5
>80.2 44 80 0.73 0.35,1.5
Wu 2007*% 19-50 Colorectal 46, median 45 71 1 Reference  0.24°
HPFS 51-70" ‘i:z”s‘;esr; (3157(? 1-9 62.5 44 71 0.97 055,170 B
[17623801] 271 controls) 72.8 30 68 0.66 0.35, 1.24
83.3 23 74 0.51 0.27,0.97*
98.5 37 72 0.83 0.45, 1.52
19-50 Colorectal 48.2, median 25 34 1 Reference  0.13
51-70" 25‘2 C<e6r'5 66.8 15 28 1.03 0.36, 2.91
80 9 30 0.38 0.12,1.26
97 14 36 0.45 0.15, 1.40
51-70" Colorectal 48.2, median 34 55 1 Reference  0.34
271 :ggi%@, 66.8 36 61 0.97 0.50, 1.87
80 19 58 0.56 0.27,1.15
97 27 54 0.83 0.39, 1.75
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Table 23. Vitamin D and colorectal cancer: Results of observational studies (updated from original report) (continued)

Followup

Author Year Qutcome . 25(0OH)D . .
Study Name Life Stage (n/N; quatlon Concentration, No. of No. in Adjusted 95% ClI P ford StuIQy
[PMID] Incidence) (Tllrjne)to nmol/L Cases Category OR Tren Quality
X
Erégcrea 1997™ 19-50 Colorectal <245 46 72 1 Reference
A cancer (146
[9242478] 51-70 cases; 292 1-8 24.5-34.7 35 73 0.7 04,13 013 B
controls) 34.7-48.2 36 73 0.8 04,13
>48.2 29 72 0.6 03,11
Women
Wactawski-Wende Colorectal <31.0 88 67 2.53 1.49, 4.32
2006"*" Post- cancer (306
WHI menopausal cases: 306 1-12 31.0-42.3 80 73 1.96 1.18,3.24* 0.02 B
[16481636] women controls) 42.4-58.3 78 73 1.95  1.18,3.24*
=584 60 93 1 Reference
El?—fganmh 2004™" 19-50 Colorectal 40.2, median 53 77 1 Reference
A cancer (192 c
[15342452] 51-70 cases: 384 1-11 55.1 47 79 0.93 0.53,1.63 0.02 B
controls) 66.7 35 75 0.79 0.44, 1.40
77.5 29 77 0.58 0.31,1.07
99.1 29 75 0.53 0.27,1.04
Otani 2007 19-50 Colorectal <57.2 41 77 1 Reference
Japan PHC A cancer (179
[17622244] 51-70 cases: 358 1-13 57.2-69.0 34 73 1 0.55,1.9  0.74 B
controls) 69.0-80.2 44 71 1.2 0.65, 2.3
280.2 41 76 1.1 0.50, 2.3
Colon cancer
Both sexes
Braun 1995 19-50 <43 nd nd 1 Reference
WCC Colon cancer
[329893] 51-70" (57 cases; 114 1-17 43.0-51.5 nd nd 0.3 01,10 057 C
>71 controls) 51.5-61.8 nd nd 0.5 02,15
61.8-75.3 nd nd 0.7 0.2,2.0
275.3 nd nd 0.4 01,14
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Table 23. Vitamin D and colorectal cancer: Results of observational studies (updated from original report) (continued)

Followup

Author Year . Qutcome . 25(0OH)D . .
Study Name Life (n/N: quatlon Concentration, No. of No. in Adjusted 95% Cl P for Study
[PMID] Stage Incidence) (Time to nmol/L Cases Category OR Trend Quality
Dx)
Garland 1989 -
Wee 19 50A Colon cancer 10 to <50 9 8 1 Reference
[2572900] 51-70" (34 cases 67 1-9 50.0-67.5 7 13 048 013,180 041 c
>71 controls) 67.5-82.5 5 18 0.25  0.06,0.98*
82.5-105 4 17 0.21 0.05, 0.89*
105-227.5 9 11 0.73 0.20, 2.66
Men
Otani 2007**° Japan 19-50 <57.2 25 54 1 Reference
PHC R Colon cance.r
[17622244] 51-70 2(;;11 cases; 1-13 57.2-69.0 27 55 098 048,20 07 B
controls) 69.0-80.2 29 66 1 0.48, 2.3
>80.2 38 62 1.2 0.51, 2.7
Wu 2007 HPFS 19-50 48.3, median 49 66 1 Reference
[17623801] R Colon cancer 5
51-70 (139 cases; 1-9 66.8 44 68 0.74 0.42,1.33 0.005 B
>71 276 controls) 80 17 68 029  0.14,0.59*
97 29 74 0.46 0.24, 0.89*
Tangrea 1997 19-50 <245 30 47 1 Reference
ATBC N Colon cancer .
[9242478] 51-70 91 casesl; 182 1-8 24.5-34.7 18 47 0.6 0.3,1.2 0.69 B
controls) 34.7-48.2 22 45 058 0.4, 1.6
>48.2 21 42 0.8 0.4,1.6
Women
Feskanich 2004 19-50 41.2, median 41.2 75 1 Reference
NHS . Colon cancer
[15342452] 51-70 2(;28 cases 1-11 59.7 59.7 71 1.03 056,189 0.17 B
controls) 73.3 73.3 77 054  0.28,1.03
98.1 98.1 72 0.7 0.35, 1.38
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Table 23. Vitamin D and colorectal cancer: Results of observational studies (updated from original report) (continued)

Followup

Author Year . Outcome . 25(0OH)D . .
S e S Dy oo ROWRL ool Mon s ggu Pl S
[PMID] 9 Incidence) D) nmol/L gory y
Otani 2007 19-50 <57.2 21 53 1 Reference
Japan PHC . Colon cancer
[17622244] 51-70 (115 cases; 1-13 57.2-69.0 27 48 1.7 0.78, 3.6 0.12 B
230 controls) 69.0-80.2 27 41 2.1 0.90, 4.7
>80.2 31 53 2.1 0.78, 5.6
Rectal cancer
Men
Otani 2007 19-50 <57.2 18 20 1 Reference
Japan PHC R Rectal cancer
[17622244] 51-70" (55 cases; 110 1-13 57.2-69.0 13 30 0.17 0.02,1.2  0.06 B
controls) 69.0-80.2 7 19 0.25 0.05,1.3
>80.2 6 18 0.075  0.005, 0.99
X?Il%%ea 1997 19-50 Rectal cancer <245 16 25 1 Reference
(0242478 51-70" (55 cases; 110 1-8 24.5-34.7 17 26 0.9 04,24  0.06" B
controls) 34.7-48.2 14 28 0.8 0.3,2.0
>48.2 8 30 0.4 0.1,1.1
Wu 2007 HPFS 19-50 53.0, median 11 30 1 Reference
[17623801] R Rectal cancer
51-70 (40 cases; 80 1-9 73.3 15 28 1.74 0.61,5.00 0.08 B
>71 controls) 93.5 14 22 332  0.87,12.69
Women
Otani 2007 19-50 <57.2 20 24 1 Reference
Japan PHC . Rectal cancer
[17622244] 51-70" (64 cases; 128 1-13 57.2-69.0 7 25 0.26 0.07,1.0 017 B
trol
controls) 69.0-80.2 17 30 0.46 0.15, 14
>80.2 10 23 0.33 0.08, 1.3
Feskanich 2004 19-50 Rectal cancer 44.4, median 24 31 1 Reference
NHS A (44 cases; 88 1-11 10 0.03 B
[15342452] 51-70"  Controls) 66.2 10 26 92.4 08, 131

135



Table 23. Vitamin D and colorectal cancer: Results of observational studies (updated from original report) (continued)

Followup
Author Year . Outcome Duration 25(OH)D. No. of No. in Adjusted P for Study
Study Name Life Stage (n/N; . Concentration, 95% ClI .
: (Time to Cases Category OR Trend Quality
[PMID] Incidence) D) nmol/L
NEW Nested case-control studies
Colorectal cancer
Jenab 2010**° 30-77
European Prospective years Colorectal NR Quintile 1:<25 64 116 RR=1.32 0.87,2.01
Investigation into Cancer Cancer s A
and Nutrition (EPIC) (1248 Quintile 2:25-50 473 873 1.28 1.05, 1.56
cases;1248 Quintile 3:50-75 448 909 1 Reference
controls) -
Quintile 4:75-100 173 382 0.88 0.68, 1.13
Quintile 5:>100 90 216 0.77 0.56,1.06 <0.001 B
Lee 2011™° Quartile 1
Physicians Health Study 40-84 Colorectal NR (median39.3
years Cancer nmol/L) 57 153 1.00 Reference
(229 Quartile 2 (median
cases;389 55.8 nmol/L) 41 138 0.71 0.42,1.21
controls) Quartile 3(median
66.8 nmol/L) 74 173 1.24 0.76, 2.04
Quartile 4(median B
94.75 nmol/L 57 154 1.08 0.62, 1.87 0.67
Neuhouser 2012 1.96,
50-79 Colorectal NR <32.7 293 562 4.45 10.10
WHI years (ii‘gggr 32.7-43.6 306 578 276 0.72,3.14
cases;1080 43.6-64.5 250 520 1.51 1.30, 5.89 A
controls) >64.5 231 500 1.00 _ Reference  0.003
Woolcott 2010™*° 45-75
years Colorectal NR <42 nmol/L 67 154 1.00 Reference
multiethnic cohort C(aznzcger 42.0-555nmollL 42 128 063  0.37,1.08
casea;434 55.5-65.8 nmol/L 38 126 0.54 0.32,0.93 A
controls)
65.8—82.0 nmol/L 43 130 0.62 0.36, 1.07
282.0 nmol/L 39 125 0.60 0.33, 1.07
Per doubling NR NR 0.68 0.51,0.92 0.010
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Table 23. Vitamin D and colorectal cancer: Results of observational studies (updated from original report) (continued)

Followup

Author Year . Outcome . 25(0OH)D . .
Study Name Slzgee (n/N; I(D#';:g?g Concentration, ggégg Cz';lt?a. Ic?r Ad]g;ted 95% ClI P for Trend gtuu;i“);
[PMID] 9 Incidence) DX) nmol/L gory y
Colon cancer
Lee 2011™° Quartile 1 (median
Physicians Health 40-84 Colon NR 39.25 nmol/L) 36 106 1.00 Reference B
Study years Cancer Quartile 2 (median
(136 55.75 nmol/L) 37 109 0.95 0.52,1.74
casesa; 287 Quartile 3 (median
controls) 66.8 nmol/L) 52 126 1.34 0.75, 2.39
Quartile 4 (median
94.75 nmol/L) 47 118 1.38 0.73,2.64 0.350
Jenab 2010™ 2 o <25nmol/l 45 72 1.90 1.10, 3.29
—77 olon NR
European years Cancer 225<50nmol/l 300 549 1.36 1.05,1.76 B
Prospective (785 250<75nmol/l 286 581 1 Reference
Investigation into cases;785 275<100nmol/l 104 242 0.86 0.62,1.17
Cancer and controls)
Nutrition (EPIC) =100nmol/l 50 126 0.71 0.46, 1.08 <0.001
Rectal cancer
Jenab 2010**
30-77 Rectal NR <25nmol/l NR NR 0.77 0.37,1.59
European years Cancer (463 >25<50nmol/l NR NR 1.17 0.84, 1.65
Prospective cases, 463
Investigation into controls) >50<75nmol/l NR NR 1.00 Reference
Cancer and >75<100nmol/l NR NR 0.93 0.60, 1.45 B
Nutrition (EPIC)
=100nmol/l NR NR 0.82 0.48, 1.40 0.320
Lee 2011° Quartile 1 (median
40-84 Rectal NR 39.3 nmol/L) 20 44 1.00 Reference
Physicians Health years Cancer (57
Study cases, 102 Quartile 2 (median
controls) 55.8 nmol/L) 15 41 0.53 0.18, 1.60
Quartile 3 (median
66.8 nmol/L) 9 37 0.42 0.13,1.40
Quartile 4 (median B
94.8 nmol/L) 13 37 0.45 0.14,1.46 0.050
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Table 23. Vitamin D and colorectal cancer: Results of observational studies (updated from original report) (continued)

Followup
Author Year . Outcome . 25(0OH)D . .
Study Name Slzgee (n/N; ?ﬁﬁg?g Concentration, ggég; Cz';lt?a. Ic?r Ad]g;ted 95% ClI P for Trend gtuu:m
[PMID] 9 Incidence) DX) nmol/L gory y
Colon cancer
NEW Cohort
study
Ordonez-Mena Q1 37 2373 HR 1.02 0.68, 1.53
2013% Colorectal 8 vrs 2403 69 00 Ref B
ESTHER Cancer Yl Q2+Q 4741 HR 1. eference
Q4 30 2368 HR 0.77 0.50, 1.20
* Statistically significant (P<0.05).

AMost representative life stage.

BP for trend = 0.31 when cases diagnosed within 2 years of blood collection were excluded.

Results were not notably changed when cases diagnosed within the first year after blood collection were excluded (P for trend not reported). Subgroup analyses per age were also

reported as follows: Age > 60, OR = 0.35 (95% CI 0.14, 0.87) between the lowest and highest quintiles; P for trend = 0.006. Age < 60, OR = 1.36 (95% CI 0.48, 3.92) between the
lowest and highest quintiles; P for trend = 0.70.

Pp for trend = 0.008 when cases diagnosed within 2 years of blood collection were excluded.

EP for trend = 0.58 when cases diagnosed within 2 years of blood collection were excluded.
Fp for trend = 0.04 when cases diagnosed within 2 years of blood collection were excluded.
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Figure 8. Colorectal cancer risk stratified by vitamin D concentration
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Figure 9. Colon cancer risk stratified by vitamin D concentration
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Figure 10. Rectal cancer risk stratified by vitamin D concentration
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Colorectal Adenoma

Synopsis

No qualified systematic reviews have evaluated the association between 25(0OH)D
concentrations and the risk of colorectal adenoma. No new studies were identified for the
update report. In the original report, one B quality nested case-control study in women found
no significant association between 25(OH)D concentrations and the risk of colorectal adenoma.

Detailed Presentation (Tables 24 & 25)

In the original report, one nested case-control study within the NHS evaluated the
relationship between 25(OH)D concentrations and the risk of colorectal adenoma in women.*3*
At 5 years, an adjusted analysis found no significant association between 25(0OH)D
concentrations and the incidence of colorectal adenoma by trend analysis. Subgroup analyses
also found no significant association between 25(OH)D concentrations and the incidence of
colon or rectal adenoma. No subgroup data were available regarding age or other special
populations (e.g., obese, smokers, ethnic groups, or users of contraceptives). This study was
rated B because it excluded more than 50 percent of participants of the original cohort because
their blood samples were not available.

Findings by Life Stage

e 0-6mMo

Not reviewed
e 7mo-2y

Not reviewed
e 3-8y

Not reviewed
e 0-18y

Not reviewed
e 19-50y

A proportion of participants in the NHS was in this life stage. No unique conclusions are
possible for this life stage separate from those for people 51 to 70 years.
e 51-70y
The analysis of the NHS included female participants mostly within this life stage. The
study found no association between 25(OH)D and the incidence of colorectal adenoma.
o >Tl1y
A proportion of participants in the NHS was in this life stage. No unique conclusions are
possible for this life stage separate from those for people 51 to 70 years.
e Postmenopause
The analysis of NHS partially included postmenopausal women. However, no unique
conclusions are possible for this life stage separate from those for people 51 to 70 years.
e Pregnant & lactating women
Not reviewed
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Table 24. Vitamin D and colorectal adenoma: Characteristics of observational studies [no new
studies in the current report]

Confounders/Effect
Modifiers Adjusted

Author Year o
Study Name L < S
Location Population Co\gct:aerr?tlpagon Comparisons @& % = e o =
(Latitude) § 2 o ¢ 3 > E
[PMID] E E £ T _8 % o
=) [} c Q > x =
Z 0O < = Dw 4o
Nested Case-Control
Platz e Health Any e Assay RIA e Colorectal X X X X X X Aspirin
2000 status method  (Horris  adenoma risk user: 26%;
NHS eMean 59 1993)  stratified by Hormone
UsS age (7) baseline replacement
(various) (SD), y 25(0H)D therapy:
[11045788] eMale O e Season All quartiles 36%
(%) blood
drawn
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Table 25. Vitamin D and colorectal adenoma: Results of observational studies [no new studies in the current report]

Author Year Life Outcome Followup 25(0OH)D No. of No. in Adjusted 95% ClI P for Study
Study Name Stage (n/N; Incidence) Duration Concentration, Cases Category OR Trend Quality
[PMID] (Time to nmol/L
Dx)
Nested case-control study
Colorectal adenoma
Women
Platz 2000™* 16.3, median 103 82 1 Reference 1.0 B
NHS 19-50 Colorectal adenoma 5
[11045788] 51- (326 cases; 326 226 62 80 0.04 0.41, 1.00
70" controls) 28.3 61 82 0.58 0.36, 0.95
271 38.0 100 82 1.04 0.66, 1.66
Colon adenoma
Women
Platz 2000 16.3, median 79 64 1 Reference 1.0 B
NHS 19-50 Colon adenoma (261 5
[11045788] 51— cases; 261 controls) 22:6 23 64 Q.71 0:43, 1.18
70" 28.3 51 69 0.60 0.35,1.02
271 38.0 76 64 1.02 0.60, 1.73
Rectal adenoma
Women
Platz 2000™ 16.3, median 24 18 1 Reference 0.9 B
NHS 19-50 Rectal adenoma (65 5
[11045788] 51— cases; 65 controls) 22.0 ! 16 0.38 0.12,9.19
70" 28.3 10 13 0.34 0.08, 1.42
271 38.0 24 18 1.59 0.50, 5.03

* Statistically significant (P<0.05)
AMost representative life stage
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Breast Cancer

Synopsis

No qualified systematic reviews evaluated the association between vitamin D and calcium
intake or serum 25(OH)D concentration and risk of breast cancer. One cohort study compared
serum 25(OH)D and the risk of breast cancer-specific mortality and found no association.
Eight observational studies that assessed the association between 25(OH)D and breast
cancer were identified for the current report. Two cohort and four nested case-control
studies found no association.*****3" Two nested case-control studies found increasing risk
of breast cancer with decreasing 25(OH) concentrations.3!%

Two studies that examined the relationship between vitamin D and calcium intake or
25(0OH)D and breast density were identified. A RCT found a decrease in percent
mammographic density among women who had >400 IU/d total vitamin D intake.’® A
nested case-control found lower risk of increased mammographic density with 25(0OH)
concentrations above the first quartile.*

In the original report, one cohort study compared serum 25(OH)D concentrations and the
risk of breast cancer-specific mortality,'® and two nested case-control studies compared
25(OH)D concentrations and the risk of breast cancer.'*?*** The cohort study utilizing NHANES
111 data found significant decrease in breast cancer-specific mortality during 9 years of follow up
in those with serum concentration of 25(OH)D greater than 62 nmol/L. The Nurses’ Health
Study and Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial, however,
found no significant relationship between serum concentration of 25(OH) D and risk of breast
cancer diagnosis in either pre- or postmenopausal women during 7 to 12 years of follow up.'#2*
All three studies were rated B quality.

Detailed Presentation (Tables 26a-d & 27a-d)

Nine observational studies that assessed the association between 25(OH)D and breast
cancer incidence were identified for the current report. One observational study that
assessed the association between 25(OH)D and breast cancer-specific mortality was also
identified.

Two cohort studies, within the Women’s Healthy Eating and Living (WHEL) Study and
the Nurses’ Health Study Il (NHSII) and the ESTHER study, found no association between
25(0OH)D and breast cancer (all rated B).*"*The study in the WHEL cohort also found no
association after stratifying by pre- and post-menopause. The Health, Eating, Activity, and
Lifestyle (HEAL) cohort study found no association between 25(OH)D and breast cancer-
specific mortality (rated B).

Six nested case-control studies were identified. Four of the nested case-control studies
found no association between 25(OH)D concentrations and breast cancer incidence (rated
3A, 1B).1**13%137 The other two nested case-control studies found increasing risk of breast
cancer with decreasing 25(0OH) concentrations (both rated B).*****° In one of these, a
stratified analysis by menopause status found the negative trend remained for
premenopausal women but not for postmenopausal women.**

Two studies with breast density outcomes were identified. The Women’s Health
Initiative (WHI) Mammogram Density Ancillary Study found a decrease in percent
mammographic density among women who had >400 IU/d total vitamin D intake and were
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enrolled in the vitamin D3 400 1U + 1,000 mg calcium per day arm of the trial.*** A nested
case-control study within the Nurses’ Health Study found lower percent mammographic
density in women who had 25(OH)D levels above the first quartile; statistical significance
was not assessed.***

From the original report, the NHANES Il study followed 16,818 adults with a mean age
of 44 years with a background calcium intake on average of about 812 mg/day (from diet and
supplements).'® The study included 71% non-Hispanic white, 14% non-Hispanic black, 6%
Mexican American, and 9% from other races. During 9 years of follow up, women with serum
concentration of 25(OH) D greater than 62 nmol/L had a hazard ratio of 0.28 for breast cancer-
specific mortality compared to those with 62 nmol/L or lower (95% CI 0.08-0.93). The breast
cancer-specific mortality was one of many cancer-specific mortality outcomes reported in this
study.

In the original report, two nested case-control studies of women with a mean age of 57
years and 67 years, respectively, found no relationship between serum 25(OH)D concentrations
and risk of breast cancer.***'** However, in the second study, when compared with the lowest
quintile, quintiles 3 to 5 were associated with nonsignificantly elevated risks. In multivariable
adjusted analyses, the risk associated with 25(OH)D levels below 37.5 nmol/L compared with
higher levels was 0.81 (95% CI 0.59, 1.12).*

Findings by Age and Sex

In the original report, in the one nested case-control study (methodological quality B)
including both premenopausal and postmenopausal women, no relationship was found between
serum 25(OH)D levels and risk of breast cancer. However, in this study, there was a statistically
significant trend towards decreased risk of breast cancer among women older than 60 years of
age with serum concentration of 25(OH)D greater than 62 nmol/L.

Findings by Life Stage

e (0-6mo

Not applicable
e 7mo-2y

Not applicable
e 3-8y

Not applicable
e 0-18y

Not applicable
e 19-50y

In the NHSII cohort study, 25(OH)D concentration from women aged 32-54 years
was not associated with breast cancer incidence. In the original report, a follow up
study of NHANES Il1 including women with a mean age of 44 years found a decreased
mortality (hazard ratio 0.28) due to breast cancer among those with serum concentration
of 25(OH)D greater than 62 nmol/L.

e 51-70y
The ESTHER study found no association between serum 25(OH)D concentration
and breast cancer incidence in women aged 50-74 years. The WHI Mammogram
Density Ancillary Study found an association between vitamin D intake and percent
mammographic density in women aged 50 to 79 who had >400 IU/d total vitamin D
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intake.'*® The nested case-control studies identified for the update report included
individuals with mean age ranged from 57 to 65 years. A trend between higher
25(OH)D levels and lower risk of breast cancer was found in two studies; the other
two studies found no association. In the original report, two nested case-control
studies of women with a mean age of 57 years and 67 years, respectively, found no
relationship between vitamin D levels and risk of breast cancer. However, in one of these
studies, there was a statistically significant trend towards decreased risk of breast cancer
among women older than 60 years of age with serum concentration of 25(OH)D greater
than 62 nmol/L.

>Tly

Not reviewed

Postmenopause

In the WHEL cohort study, no significant trends were found between 25(OH)D and
breast cancer in pre- and post-menopausal women.*** In a nested case-control study,
no association was found between breast cancer risk and 25(OH)D in
postmenopausal women.**

Pregnant & lactating women

Not reviewed
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Table 26a. Vitamin D and breast cancer: Characteristics of nested case-control studies (updated
from original report)

Author Year

Confounders/Effect
Modifiers Adjusted

Study Name Vitamin D <
Location Population Concentration Comparisons g o Comments
(Latitude) o Tg >
[PMID] £ = g
[5) (] y—
a = 3
Nested Case-Control
Bertone- e Health No Cancer e Assay RIA  Breast cancer X X X
Johnson status method risks: Quintile
2005 « Mean 57 (7.0) 1 vs. Quintile
NHS age 2,3,4,5
Us (range/SD),
(38°N) y
[16103450] e Season All
blood year
drawn
Freedman e Health No Cancer e Assay RIA  Breast cancer X X X
20083 status method risks: Quintile
PLCO Trial o Mean 67 (ND) 1 vs. Quintile
US age 2,3,4,5
(38°N) (range/SD),
[18381472] y
e Season Dec-
blood Sep
drawn
NEW
Studies
Nested Case-Control
Neuhouser e Health Post- X X two nested
2012 status menopausal case
WHI e Mean 65.1 (SD controls:
us age (SD),  6.8) this one
(various) y represents
the CRC
dataset
and the
one we
renumber
represents
the breast
cancer
dataset
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Table 26a. Vitamin D and breast cancer: Characteristics of nested case-control studies (updated from

original report) (continued)

Confounders/Effect

Modifiers Adjusted
Author Year

Study Name Vitamin D i
Location Population Concentration Comparisons v @ . ¢ o Comments
- 5 @
(Latitude) c 2 ©o S 2 %
2 =8 2
Nested Case-Control
Almquist, e Health Healthy Breast cancer
2010™" outcome risks: Quartile
Malmo Diet e Mean 57 (SD 7.3) 1 vs. Quatrtile
and Cancer  age (SD), 2,3, 4
Study y
Engel, e Health nd Breast cancer X X
2010 outcome risks: Quintile
French EBN ¢ Mean 56.9 (6.4) 1 vs. Quintile
France age (SD), 2,3
y
McCullough, e Health nd Breast cancer X X X
20093 outcome risks: Quintile
Cancer e Mean 69.6 (5.8) 1 vs. Quintile
Prevention age (SD), 2,3,4,5
Study-II
(CPS-11)
Rejnmark, e Health nd Breast cancer
2009**° outcome risks: Tertile 1
Denmark e Mean 58 (29-87) vs. Tertile 2, 3
age (SD),
y
NEW
Cohort
study
Kuhn * Health Nd Breast Cancer X X X X This
2013 outcome risks: Quintile analysis
EPIC * Mean 50.7 (SD 1 vs. Quintile does not
Multiple age (SD), 8.8) 2,3,4,5 include
Countries y data from
the Malmo
site, as
these data
were
analyzed
and
published
separately
as
Almquist,
2010,
reference
126 in the
original
report.
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Table 26b. Vitamin D and breast cancer: Characteristics of prospective cohort studies (updated

from original report)

Author Year

Confounders/Effect
Modifiers Adjusted

Study Name Vitamin D =
Location Population Concentration Comparisons o0 o] . 2 o Comments
. 5 @
(Latitude) c 2 9o S n >
[PMID] £ £ £ = 8%
2 8 £ 2305
Freedman e Health Non- Breast cancer X X X X X
2007 status institutionalized risks: Quintile
NHANES IlI 1 vs. Quintile
us 2
(38° N) * Mean 44 (ND)
[17971526] age
(range/SD),
y
NEW Studies
Jacobs, e Health Cancer in Breast cancer This article
2011 outcome remission risks: Quartile 4 contains both
Women'’s e Mean 51.9 (SD 9) vs. Quartile 1, prospective
Healthy age (SD), 2,3 cohort and
E.ayng and y gase-((::ontrol
Living ata. Case-
(WHEL) * Male (%) 0% control data
us given here
(various)
Eliassen, e Health nd Breast cancer
2011 outcome risks: Quartile 1
NHSIII e Mean 44.9 (SD 4.4) vs. Quartile 2,
age (SD), 3,4
y
e Male (%) 0%
NEW
Cohort
study
Ordonez- o ° Health nd Breast cancer X X X confounders-
Mena 2013 status risk: Tertile 2 add
ESTHER e Mean NR (50-74) vs. Tertile 1 multivitamin
Saarland, age and 3 use, fish .
Germany (range/SD), 54% consumption,
y red meat
* Male (%) consumption,
daily fruit
intake, daily
vegetable
intake,
scholarly
education,
physical
activity,
family history
of cancer
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Table 26¢. Vitamin D and breast density: Characteristics of RCTs (updated from original report)

Confounders/Effect

Modifiers Adjusted
Author Year

Study Name Vitamin D i
Location Population ; Comparisons » Q o Comments
- Concentration E 5 2 3 S =

(Latitude) c 2 ¢ 8§ a2

[PMID] S E £ 5_8 ¢
S O €S 9O > x =
Z O < =Z DWW I

New Studies

Bertone- e Health Post- Percent

Johni%n, outcome  menopausal mammographic

2012 e Mean age 62 (SD 8) dens.iyy

WHI (SD), y stratified by

Mammogram 25(0OH)D3

Density/Ancillary medians

Study e Male (%) 0%

us

Table 26d Vitamin D and breast density: Characteristics of nested case-control studies (updated

from original report)

Confounders/Effect

Modifiers Adjusted
Author Year

Study Name Vitamin D S
Location Population ; Comparisons o ®© @ o Comments
- Concentration 5 2 3 5 =
(Latitude) s 2 2 8 o >
[PMID] S E £ 5 _28 8
= [} c D > x =
Z O < = DWW o
New Studies
Green e Health Post- Percent
2010 outcome  menopausal mammographic
* Mean age 61 (nd) density
Nurses’ (SD), y stratified by
Health Study 25(0H)D3
us quartiles

(various) ~ *Male (%) 0%
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Table 27a. Vitamin D and breast cancer: Results of nested case-control studies (updated from original report)

Author Year Outcome FoIIovyup . . . .
Study Name Life Stage (n/N: quatlon Vit D Concentration, No. of No. in Adjusted 95% CI P for Stugly
[PMID] Incidence) (Tllrjnxe) to Measure nmol/L Cases Category RR Trend Quality
?(?rztrz)snoer; Pre- and Ez;ﬁgztr =50 (1St batch)
2005 Post- (701/1425) <%n_ gz 25(0H)D <70 (2" patch) 159 297 1 Reference  nd B
NHS menopausal <45 (3 bateh)
51-70
[16103450] 72-85 149 278 0.95 0.66, 1.36
47 to 60
72-82
87-97 125 266 0.74 0.51, 1.06
62-72
85-97
100-117 144 296 0.8 0.58,1.11
75-90
=100
2120 124 265 0.73 0.49, 1.07
292
97 191 1 Reference
E;ﬁ?:lt, 84 170 0.96 0.62, 1.49 NS
<60y 77 164 0.8 0.51, 1.26
(701/1425) 90 192 0.85 0.55, 1.32
70 146 0.92 0.57,1.48
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Table 27a. Vitamin D and breast cancer: Results of nested case-control studies (updated from original report) (continued)

Author Year . FoIIovyup . . .
Study Name Life Stage Outcgme (n/N; quatlon Vit D Measure Concentration, No.of No.in Adjusted 95% ClI P for Stugly
[PMID] Incidence) (Tllrjnxe) to nmol/L Cases Category RR Trend Quality
62 109 1 Reference
Breast cancer 65 114 1.07 0.60,1.92 0.03
260 y 48 105 0.64  0.35,1.16
(701/1425) 54 99 0.68  0.38,1.24
54 125 0.57 0.31, 1.04
Frequrslan <46 172 2010 1 Reference
IZDCI)_(():BO o Pre- and Post- Breast cancer 12y 25(0H)D 46-58 188 2010 1.02 0.75,1.41 NS B
ancer menopausal (1005/2010) 59-71 244 2010 1.36 0.99,1.87
Screening Trial 72-83 205 2010 113  0.82,1.55
[18381472] 284 196 2010 1.04 0.75, 1.45
NEW Studies
<36.7 105 181 1.06 0.78,1.43  0.60 A
Neuhouser 50-79 years  Breast Cancer NR 25(0OH)D 36.7 to <50.9 68 147 1.11 0.83, 1.49
2012" (1080 cases, 50.9 to <64.9 84 162 099 0.75, 131
WHI 1080 controls) >64.9 53 130 1.00 Reference
Quartile 1(<70I) NR 213 OR=1.00 Reference
Almquist Born Breast Cancer 7.0 years 25(0OH)D3  Quartile 2 (71-86) NR 164 0.84 0.60,1.15
2010"’ 1923-1950 (213 cases, Quartile 3(87—
Malmo Diet and 213 controls) 105) NR 176 0.84 0.60,1.17
Cancer Study Quartile 4(>105)  NR 192 093 066,133 071 A
Quartile 1(72) NR 191 1.00 Reference
7.0 years 25(OH)D2+D3 Quartile 2 (72-87) NR 170 0.95 0.68, 1.31
Quartile 3(88—
106) NR 183 0.94 0.68,1.32
Quartile 4(>106) NR 191 0.96 0.68,1.37 0.78
<49.5 nmol/L 226 630 OR=1.00 Reference
Engel 2010'% born between Breast Cancer <10 years 25(0OH)D
French E3N 1925 and 1950 (636 cases, 49.5-67.5 nmol/L 198 600 0.81 0.63,1.04 A
1272 controls) >67.5 nmol/L 191 603 0.73  0.55,0.96 0.02
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Table 27a. Vitamin D and breast cancer: Results of nested case-control studies (updated from original report) (continued)

Author Year

Followup

. Outcome (n/N; Duration ) Concentration, No.of No.in Adjusted P for
[SFEl,\JA?E/)]Name Life Stage Incidence) (Time) to VitD Measure nmol/L Cases Category RR 95% Cl Trend Quality
Dx
47-85 years <36.7 89 193 OR=1.00 Reference
McCullough Breast 1month-6.9 25(0OH)D 36.7-49.7 115 217 1.29 0.86, 1.94
2009 Cancer Cancer(516  years 49.8-60.7 99 204 114 0.75,1.72
Prevention cases, 516
Study-Il (CPS- controls)
1)) 60.8-73.1 118 220 1.44 0.96, 2.18
>73.1 95 198 1.09 0.70,1,68 0.60
Rejnmark <60nmo/L NR NR 1.00 Reference
2009' Pre- and Post- Breast NR 25(0H)D  60-84nmoliL NR NR 0.94 059, 1.47
menopausal - cancer(142 >g4nmol/L NR NR 052 0.32,0.85 <0.05
cases, 420 <60nmoJ/L NR NR 1.00 Reference
Premenopausal  ¢Ontrols) 60-84nmol/L NR NR 059 0.26,1.33
>84nmol/L NR NR 0.38 0.15,0.97 <0.05
<60nmo/L NR NR 1.00 Reference
60—84nmol/L NR NR 1.20 0.67,2.16
Postmenopausal
>84nmol/L NR NR 0.71 0.38,1.30 >0.05
Kuhn 2013™ Q1: <=39.3 342 688 1.00 Reference 0.67
Q2: 39.4-50.9 357 707 1.03 0.83,1.29
EPIC 40-65 years Breast Cancer 4.1yrs 25(0OH)D Q3:51.0-63.0 324 670 0.94 0.74, 1.19
Q4:>63.0 368 717 1.07 0.85, 1.36
log2 (continuous) 1391 2782 1.01 0.86,1.19 0.86

* Statistically significant (P<0.05)

A Total number of women not reported
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Table 27b. Vitamin D and breast cancer: Results of prospective cohort studies (updated from original report)

Followup
Author Year Life Outcome Duration Vit D . No. of No. in Adjusted P for Study
Study Name (n/N; . Concentration, nmol/L 95% ClI .
Stage - (Timeto Measure Cases Category RR Trend Quality
[PMID] Incidence) DX)
Freeq(r)gan <63 20 ND 1 Reference
2007 All Breast cancer 105mo  25(OH)D >63 8 ND HR 0.28 . NS B
NHANES lll  Adults mortality - ' 0.08,0.93
[17971526] (28/ND)*
NEW
Studies
fﬁCObS 2011 <25 nmol/L(deficient) nr 51 OR=1.14 0.57,2.31
Breast Cancer NR 25(0OH)D ">55and <50
Women’s (512/3085) nmol/L(insufficient) nr 282 1.00 0.68, 1.48
Hea}lthy J 250 and <75
Eif‘/?'nng an nmol/L(suboptimal) nr 410 1.05 0.76, 1.47
(WHI%L) 275 nmol/L(optimal) nr 281 1.00 Reference  0.85
Premenopausal <25 nmol/L(deficient) nr 6 0.17 0.01, 4.56
>25and <50 B
nmol/L(insufficient) nr 31 1.02 0.33,3.16
=250 and <75
nmol/L(suboptimal) nr 45 1.76 0.64, 4.87
275 nmol/L(optimal) nr 36 1.00 Reference  0.61
Postmenopausal <25 nmol/L(deficient) nr 37 1.45 0.62,3.37
>25and <50
nmol/L(insufficient) nr 202 1.09 0.68,1.76
=250 and <75
nmol/L(suboptimal) nr 266 0.90 0.60, 1.36
=75 nmol/L(optimal) nr 187 1.00 Reference  0.49
Eliassen Quartile 1(<46 nmol/L) 141 441 1.00 Reference
2011 Breast Cancer NR 25(0H)D 5 jartile 2(46.0 to 61.5 nmolll) 151 456 105 079,139
NHSIII (613 cases, -
1218 controls) Quartile 3(61.5 to <76.5 A
nmol/L) 145 452 0.95 0.71,1.29
Quartile 4 (=76.5 nmol/L) 176 482 1.20 0.88,1.63 0.320
Ordonez- 50-74 Q1 38 1464 1.08 0.72,1.60
Mena 2013% years Breast Cancer 8 yrs 25(0OH)D Q2+03 71 2951 1.00 Reference B
ESTHER Q4 26 846 1.39 0.89, 2.18

ATotal number of women not reported
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Table 27c. Vitamin D and breast density: Results of RCTs (updated from original report)

Author Year

Study Name Life om0 Mean Interventions No . . Change ... Net Diff Study
(I‘Lc;fi?ﬂgg) Stage Outcome 172 Followup Daily Dose  Analyzed Unit  Baseline Change 95% CI Net Diff 95% CI P Btw Quality
[PMID]
Bertone- (Vit D3 400
Johnson, 2012 50-79 percent . 1U+1,000 mg
WHI years marrén;r?gi@p 1€ o 1yr  calcium)/day 179 % 37 final=3.6 29,46 +08 02,18 01 A
Mammogram placebo 151 % 2.8 final=2.8 2.2, 3.7
Density/Ancillary Total
Study vitamin (Vit D3 400
D intake IU+1,000 mg
<200 calcium)/day 87 % 3.6 final=3.5 2.5,4.9 +0.5 -0.9,1.9 0.47
placebo 77 % 3 final=3 2.1,4.3
Total
vitamin (Vit D 400
D intake IU+1,000 mg
>400 calcium)/day 53 % 4.3 final=4 2.6, 6.0 +1.7 -0.1,35 0.07
placebo 44 % 2.7 final=2.3 1.3, 4.2
Total
vitamin
D intake (Vit D 400
200- IU+1,000 mg
<400 calcium)/day 29 % 2.4 final=2.8 1.4,5.6 -0.4 -2.5,1.7 0.70
placebo 24 % 2.5 final=3.2 1.7,6.1

Note: Outcomes cells are shaded for the Control rows.
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Table 27d. Vitamin D and breast density: Results of nested case-control studies (updated from original report)

Author Year

Study Name Life

Location Stage QOutcome
(Latitude)

[PMID]

1°/2°

Mean
Followup

Interventions, No.

Daily Dose

Analyzed

Unit

Baseline Change

Change
95% ClI

Net Diff

Net Diff
95% CI

P Btw

Study
Quality

Green 2010™*

Nurses’ Health

Study percent

mammogram-
phic density

within one 1,25(OH),D:

year of
blood
collection

1st quartile
(32.5-72.8
nmol/l)

110

%

nr

Final=25.2

1,25(0OH),D:
2nd quartile
(72.8 -82.8

nmol/)

108

%

nr

27.6

+2.1

nc

1,25(0H),D:
3rd quartile
(82.8-93.3
nmol/l)

110

%

nr

23.3

-2.2

nc

1,25(0H),D:
4th quartile

(93.5-140.5

nmol/l)

114

%

nr

25.8

+0.3

nc

25(OH)D: 1st
quartile (cut
points vary by
batches)

118

%

nr

26.3

25(OH)D: 2nd
quartile

115

%

nr

25.6

-0.7

nc

25(OH)D: 3rd
quartile

124

%

nr

24.8

-1.5

nc

25(OH)D: 4th
quartile

112

%

nr

25.7

nc
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Pancreatic Cancer

Synopsis

No qualified systematic reviews evaluated associations between serum 25(OH)D
concentrations and the incidence of pancreatic cancer. A pooled nested case-control study
within eight cohorts found an association between 25(OH)D concentration and pancreatic
cancer (rated A).*® Individuals with 25(OH)D concentration >100 nmol/L had greater risk
of pancreatic cancer incidence compared to those with 25(OH)D <25 nmol/L (OR=2.24,
95% CI 1.22, 4.12).

In the original report, two nested case-control studies, rated A in methodological quality,
evaluated the association between serum 25(OH) concentration and the risk of developing
pancreatic cancer in two different populations. One study found that older adult male smokers
living in Finland with higher baseline serum 25(OH)D concentration had an increased risk of
exocrine pancreatic cancer compared with those with lower concentration (>65.5 vs. <32
nmol/L; OR=2.92; P for trend=0.001). The other study found that baseline 25(OH)D
concentrations were not associated with the risk of overall pancreatic cancer (>82.3 vs. <45.9
nmol/L; OR=1.45; P for trend=0.49) among older adults living in the United States. However,
there was an increased risk of pancreatic cancer among the study participants with higher
compared to lower 25(OH)D concentrations (>78.4 vs. <49.3 nmol/L; OR=4.03) only in those
living in low residential UVB exposure areas but not among those living in moderate or high
residential UVB exposure areas.

Detailed Presentation (Tables 28 & 29)

51-74 years

The pooled nested case-control study is based on 8 cohorts: the Alpha-Tocopherol,
Beta-Carotene Cancer Prevention Study (ATBC), CLUE, the Cancer Prevention Study 11
Nutrition Cohort (CPSII), the New York University Women’s Health Study (NYU-WHS),
the Multiethnic Cohort Study (MEC), the PLCO, and the Shanghai Women’s and Men’s
Health Studies (SWHS and SMHS)'*®. The pooled sample contains 952 cases (median age
62, IQR 56-68) and 1,333 controls (median age 52, IQR 57-67). Serum 25(OH)D
concentration was stratified into sextiles. The odds ratio for pancreatic cancer was 2.24
(95% CI 1.22, 4.12) comparing the 6th sextile (=100 nmol/L) to the 1st sextile (<25 nmol/L).
The result was adjusted for age, race/ethnicity, sex, cohort, date of blood draw, BMI,
smoking status, and diabetes status.

In the original report, one nested case-control study based on the Alpha-Tocopherol, Beta-
Carotene Cancer Prevention Study (ATBC) in older adult male smokers aged 54 to 62 years in
Finland identified 200 cases of incident exocrine pancreatic cancer.**’ These cases were matched
to 400 controls. Baseline serum 25(OH)D concentration was stratified into quintiles. The odds
ratio for exocrine pancreatic cancer was 2.92 (95% CI 1.56, 5.48) comparing 5th quintile (>65.5
nmol/L) to 1st quintile (<32 nmol/L). The result was adjusted for age, month of blood drawn,
years smoked, number of cigarettes smoked per day, reporting to have quit smoking more than
three consecutive visits (>1 y) during the trial (1985-1993), occupational physical activity,
education, and serum retinol. The study authors excluded islet cell carcinomas from analysis
because the etiology for their pathogenesis might be different from that of exocrine tumors.
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In the original report, another nested case-control study based on the Prostate, Lung,
Colorectal, and Ovarian Screening (PLCO) trial in older men and women aged 55 to 74 years in
the United States identified 184 cases of incident pancreatic cancer.'*® These cases were matched
to 368 controls. Baseline serum 25(OH)D concentration was stratified into quintiles. The odds
ratio for exocrine pancreatic cancer was 1.45 (95% CI 0.66, 3.15) comparing 5th quintile (>82.3
nmol/L) to 1st quintile (<45.9 nmol/L). The result was adjusted for age, race, sex, date of blood
draw based on 2-month blocks, BMI and smoking. The association was not significantly
modified by season of blood collection (P for interaction > 0.14); but estimated residential
annual solar UVB exposure significantly modified the 25(OH)D concentration and pancreatic
cancer association (P for interaction = 0.015). In the joint effects models, among subjects with
low estimated annual UVB residential exposure, higher compared with lower 25(OH)D
concentrations were associated with increased risk of pancreatic cancer (compared with the
lowest quartile, the ORs for each respective quartile were 2.52, 2.33, and 4.03; 95% CI 1.38,
11.79), whereas among subjects with moderate to high residential UVB exposure, 25(OH)D
concentrations were not associated with pancreatic cancer. There was no significant interaction
of 25(OH)D concentration and pancreatic cancer by smoker status, sex, physical activity, or total
vitamin A intake.

Findings by Life Stage

e 0-6mMo

not reviewed
e 7mo-2y

not reviewed
e 3-8y

not reviewed
e 0-18y

not reviewed
e 19-50y

No study specifically targeted this age group.
e 51-70y

One pooled nested case-control study within eight cohorts found that individuals
with 25(OH)D concentration >100 nmol/L had greater risk of pancreatic cancer
incidence compared to those with 25(OH)D <25 nmol/L (OR=2.24, 95% CI 1.22,
4.12). In the original report, one nested case-control study found that male smokers
living in Finland with higher baseline serum 25(OH)D concentration had an increased
risk of pancreatic cancer compared with those with lower concentration (5" vs. 1%
quintile, >65.5 vs. <32 nmol/L: OR 2.92, 95% CI 1.56, 5.48, P for trend = 0.001).
Another study found that baseline 25(OH)D concentrations were not associated with
overall risk of pancreatic cancer among older adults living in the United States (5" vs. 1%
quintile, >82.3 vs. <45.9 nmol/L: OR 1.45, 95% CI 0.66, 3.15; P for trend=0.49).
However, there was an increased risk of pancreatic cancer among the study participants
living in low residential UVB exposure areas (4" vs. 1% quartile >78.4 vs. <49.3 nmol/L:
OR=4.03; 95% CI 1.38, 11.79).

o >Tl1y
No study specifically targeted this age group.
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e Postmenopause
not reviewed

e Pregnant & lactating women
not reviewed

Table 28. Vitamin D and pancreatic cancer: Characteristics of observational studies (updated from

original report)

Author Year

Confounders/Effect
Modifiers Adjusted

Trial/Cohort L o
Country Population 25(0OH)D Comparisons = - f4)
(Latitude) 2 % o - g 2 S
[PMID] g & 2 & x =z E
E e € © Y 3 £
=] [4) c ] > = o
Z O < = DO O Q
Stolzenberg- Health All Assay RIA Exocrine X X X X
Solomon 2006 status smokers (DiaSorin) pancreatic
ATBC Mean age 58 risk stratified
Finland (range/SD), by baseline
(60°N) y 25(0OH)D
[17047087] Male (%) 100 Season nd;but  quintiles
blood result
drawn adjusted
for this
variable
Stolzenberg- Health DM: Assay RIA Pancreatic X X X X
Solomon 2009™*® status 10.5% (Heartland risk stratified
PLCO Mean age 66 (55— Assays by baseline
us . (range)’ y 74) Iab) 25.(O.H)D
(various) Male (%) 65.2 Season All quintiles
[19208842] blood seasons .
drawn Pancreatic
risk stratified
by residential
sun exposure
levels and
baseline
25(0OH)D
guartiles
NEW Studies
Stolzenberg- Health nd Pancreatic
Solomon, 2010 status risk stratified
Cohort Mean age nd (nd) by baseline
Consortium (SD), y 25(0OH)D
Vitamin D Male (%) 66.5% sextiles
Pooling Project or
Rarer Cancers
Afzal 2013% Health NR Pancreatic X X X HR
Denmark status risk stratified (95%Cl)
Mean age 58 (47— by baseline for
(SD),y 65) 25(0OH)D pancreatic
Male (%) 45% category cancer
are shown
in Figure
1
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Table 29. Vitamin D and pancreatic cancer: Results of observational studies (updated from original report)

Author Year Life QOutcome (No. Time to 25(0OH)D No.of No.of Adiusted stud
Study Name Stage, of Cases; No. Diagnosis, Concentration, Caées Coﬁtrol JOR 95% ClI P for Trend Quality
[PMID] y of Control) y nmol/L y
Stolzenberg- 7 51-70 Exocrine <32 27 80 1 Reference
Solomon 2006 male’ pancreatic 11.8
ATBC only cancer (200; (median) 32-41.1 34 80 1.3 0.70, 2.40
Finland 400)
E?ggg%osn 41.1-51.1 47 80 212 1.15,3.90* 0.001 A
51.1-65.5 35 81 1.5 0.81, 2.76
>65.5 57 79 2.92 1.56, 5.48*
Stolzenberg- . <45.9 44 74 1 Reference
Solomon 2009 51-70, Pancreatic 5.4
PLCO both cancer (184;  (median), >45.9 to <60.3 40 74 097 047,198
us sexes 368) uptolly 0.49 A
gggggzzz] >60.3 to <69.5 27 73 0.86 0.40, 1.84 '
>69.5 to <82.3 31 74 0.84 0.39, 1.80
>82.3 42 73 1.45 0.66, 3.15
<49.3 22 44 1 Reference
Pancreatic nd P for
cancer: Low >49.3 to <65.2 22 42 2.52 0.92, 6.90 interaction
residential sun >65.2 to <78.4 21 43 2.33 0.83,6.48  between low
exposure area 158 and
(91; 167) >78.4 26 38 4.03 11‘ 79’* moderate/high
. residential
. <49.3 33 48 1.97 0.80,4.82  sun exposure
Pancreatic nd =0.015
cancer: >49.3 t0 <65.2 15 50 0.66 0.22,2.01 ’
Moderate >65.2 to <78.4 18 49 091 031,271
residential sun
exposure area >78.4 24 54 1.45 0.53, 3.96

(91; 167)
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Table 29. Vitamin D and pancreatic cancer:

Results of observational studies (updated from original report) (continued)

Author Year Life

Outcome (No.

Time to 25(0OH)D

Study Name Stage, of Cases; No. Diagnosis, Concentration, ggég C’\(l)%.tfél Ad]g;tEd 95% ClI P for Trend Qsljl;ﬁty

[PMID] y of Control) y nmol/L y

NEW Studies

Stolzenberg—

Solomon 2010 Pancreatic nd <25 113 256 1.00 Reference

Cohort Consortium Cancer 25 t0 <37.5 164 389 1.04 0.74,1.44

Vitamin D Pooling (952 cases,

Project or Rarer 1333 controls) 37.5t0 <50.0 208 494 1.10 0.79,1.55

Cancers 50.0 to <75.0 306 764 1.06 0.76,1.48 0.14 A

75.0 to <100.0 120 310 1.08 0.73, 1.59
>100 39 69 2.24 1.22,4.12
Pancreatic 25(OH)D, 50%

Afzal 2013% Cancer 28 yrs reduction in plasma B

levels 109 9791 HR1.05 0.84,1.30

* Statistically significant (P<0.05)
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Vitamin D and Immunologic Outcomes

We reviewed primary studies that evaluated relationships between vitamin D and any
immune function related outcomes.

Synopsis

The current report identified five RCTs that assessed the effect of supplemental vitamin
D on infectious illnesses and three cohort studies that assessed the association between
vitamin D concentrations and risk for infectious illnesses. RCTs of infants and adults
reported no significant effect of supplementation on the risk for upper respiratory
infections; whereas one RCT conducted among 4-year-old Japanese children reported a
positive effect of supplementation. Three prospective cohort studies observed an
association between low cord blood 25(OH)D concentrations and increased risk for
respiratory infections at 3 to 6 months of age, in New Zealand, South Korea, and the
Netherlands. A Norwegian prospective study found an association between lower
midpregnancy serum 25(OH)D and lower respiratory tract infections in the first 36 months
of life. Two studies of school-age children, one in Colombia and one in Canada, observed
associations between low serum 25A(OH)D and gastrointestinal tract infections and ear
infections, and viral respiratory tract infections, respectively. A study of healthy U.S. adults
found an association between serum concentrations of 25(OH)D levels of 95nmol/L or
higher and reduced risk for acute respiratory viral infections. Studies of German and
Finnish adults observed associations between lower serum 25(OH)D and respiratory
disease mortality and pneumonia, respectively.

The current report identified one RCT that found no effect of prenatal vitamin D
supplementation on the risk for wheeze, atopy, or eczema at 3 years of age. The report also
identified five prospective cohort/nested case control studies that reported mixed
associations of serum concentrations of 25(OH)D and risk for asthma, atopy, and/or
eczema. An Australian study observed a significant association of cord blood 25(OH)D and
risk for eczema but not allergies at 12 months of age. A prospective cohort study conducted
in the UK found no association between maternal serum 25(OH)D at 34 weeks gestation
and asthma, wheeze, and atopy in their children at 6 years of age. A prospective cohort
study conducted in the Netherlands found that serum 25(OH)D concentrations at 4 years of
age significantly predicted asthma and severe asthma at 8 years of age. Another UK
longitudinal study found a small but significant association of wheeze and antecubital
dermatitis in 10-year old children with serum levels of 25(OH)D2 but a negative association
with 25(0OH)Da3. Finally, the HUNT study, a large population health survey in Norway,
found no association of 25(OH)D with asthma in women and only a weak association in
men that disappeared when adjusted for confounders.

The current report identified one RCT and four prospective cohort studies on the risk
for autoimmune disease. A substudy of the WHI CabD trial found no effect of
supplementation on women’s risk for rheumatoid arthritis. Two nested case control studies
and one cohort study assessed the association between maternal serum 25(OH)D
concentrations or subsequent childhood or adult status with risk for type 1 diabetes
mellitus and reported mixed findings. One study assessed the effects of maternal 25(OH)D
concentrations on the risk for multiple sclerosis (MS) in the offspring and also assessed the
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effect of 25(OH)D concentrations across the adult population on the risk for subsequent
MS and found mixed effects.

In the original report, analyses using NHANES 111 data (general adult populations living in
the United States) showed no significant association between baseline 25(OH)D concentrations
and infectious disease mortality.

One cohort study from UK suggested a relationship between maternal 25(OH)D
concentration and the risk of eczema in their children, but the analysis did not control for
important potential confounders, and the 25(OH)D concentrations in children were not
measured.

Detailed Presentation (Tables 30a-d & 31a-d)

Infection. The current report identified five RCTs that assessed the effect of
supplemental vitamin D on infectious illnesses and nine cohort studies that assessed the
association between 25(OH)D concentrations and risk for infectious illnesses.

A RCT in Afghanistan that randomized infants to 100,0001U every 3 months for 18
months or to placebo found no effect of supplementation on the incidence of pneumonia or
subsequent episodes of pneumonia (rated A).**® A U.S. RCT that randomized healthy
adults 18 to 80 years of age to 20001U vitamin D per day or placebo for 3 months reported
no effect of supplementation on the incidence or duration of upper respiratory infections
(rated B).™ A Finnish study that randomized male soldiers, 18 to 28 years of age, to 4001U
vitamin D per day or placebo for 6 months reported no effect on the acute prevalence of
respiratory infection or self-reported cold symptoms but a small significant effect on the
number of soldiers who had no days absent from duty (adjusted OR 1.89 [1.01, 3.54](rated
B).”*! The VIDARIS Study, a New Zealand RCT of 322 adults 18 years of age and older
(mean age 47, 25% men) that randomized individuals to an initial 200,000 1U oral dose of
vitamin D3, then 200,000 1U 1 month later, then 100,000 1U monthly or placebo for 18
months found no effect on the number of upper respiratory infections, days of work
missed, or duration of symptoms (rated A).*

Nine prospective cohort studies were also identified for the current report that assessed
the association of prenatal or baseline 25(OH)D concentrations with risk for infectious
illness incidence or mortality.

A prospective cohort study in the Netherlands followed 156 infants from birth to 6
months of age and observed an association between low cord blood 25(0OH)D
concentrations and increased risk for respiratory syncytial virus bronchiolitis infections
(rated B)."* A prospective cohort study in New Zealand followed a group of infants from
birth and found an association of low cord blood serum 25(OH)D status with increased risk
for respiratory infection at 3 months of age(rated B).">* A study in South Korea (the
COCOA study) followed 525 newborns from birth to 6 months of age and found an
association between low maternal cord blood 25(OH)D concentrations and increased risk
for viral respiratory tract infections (p=0.0004) (rated B).*> A Norwegian prospective
cohort study (MoBa) followed 1248 infants from birth to 36 months and observed an
association between increasing midpregnancy maternal 25(OH)D concentrations and
decreasing frequency and number of lower respiratory tract infections (rated B).**

A prospective cohort study of 475 school-age children, the Bogota School Children
Cohort, observed an association between lower baseline serum 25(OH)D and increased risk
for gastrointestinal tract infections (RR 2.05) and ear infections (RR 2.36) (rated B)."*’ A
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prospective cohort study in Canadian Hutterite communities followed 743 children 3 to 15
years of age for 6 months and found that younger age and lower serum 25(OH)D levels
were associated with increased risk for viral RTI: Serum 25(OH)D levels <75 nmol/L
increased the risk of viral RTI by 50% (hazard ratio [HR], 1.51; 95% confidence interval
[CI], 1.10-2.07, P=.011) and levels <50 nmol/L increased the risk by 70% (HR, 1.67; 95%
Cl, 1.16-2.40, P=.006).*®

A study of healthy U.S. adults followed for 4 months found an association between
serum concentrations of 25(OH)D levels of 95nmol/L or higher and reduced risk for acute
respiratory viral infections (rated A).™*® The ESTHER Study of 9,578 German adults
observed an association between vitamin D deficiency (defined by the authors as less than
30nmol/L) and an increased risk for respiratory disease mortality (HR2.50, 1.12, 5.56)
(rated B).” The Kuipio IHD Risk Factor Study, which followed 1,421 Finnish adults 53 to
73 years of age for 10 years, found a 2.6-fold increased risk for pneumonia in the lowest
compared with the highest tertile of serum 25(0OH)D (rated B).'*°

Asthma, Atopy, and Eczema. The current report identified one RCT and five
prospective studies on the association between serum 25(OH)D and risk for asthma, atopy,
and/or eczema. A UK RCT randomized 180 pregnant women at 27 weeks gestation to
receive 0 or 8001U vitamin D daily for the remainder of pregnancy or one oral bolus of
20,0001U; at 3 years of age, no significant differences were seen among 158 offspring in
their risk for ever having experienced wheeze, atopy, or eczema (rated A).**

An Australian cohort study measured maternal and cord blood and found a significant
association between cord blood 25(OH)D and decreased risk for eczema at 12 months of
age. No association was seen with the results of skin prick tests for environmental and food
allergies and IgE testing for food allergy.*®

A UK prospective study that followed 860 mother-infant pairs found no association
between maternal serum 25(OH)D at 34 weeks gestation and the incidence of asthma,
wheeze, or atopy at 6 years of age.'®

A longitudinal study in the Netherlands (PIAMA) is assessing associations of nutritional
indicators with the risk for asthma in a large birth cohort. The most recent data suggest
that rates of asthma and severe asthma at 8 years of age are higher among those whose
serum 25(OH)D concentrations were in the lowest or middle tertile at 4 years of age.'®

The Avon Longitudinal Study of Parents and Children, a UK study, measured serum
25(0OH)D2 and D3 (using HPLC/ tandem mass spectrometry) in some 14,500 children and
found an association between lower levels of 25(OH)D2 at a mean age of 9.8 years and
higher levels of wheeze, poor lung function, and flexural (antecubital) dermatitis at a mean
age of 15.5 years; higher levels of 25(OH)D3 were associated with increased incidence of
flexural dermatitis and wheezing but were not associated with lung function. Although the
authors adjusted for confounders, they cautioned about interpreting the results without
conducting trials.*®

The HUNT study analyzed the association of baseline vitamin D (and other nutrient)
status in adults with the risk for asthma 11 years later using data from a large-scale
longitudinal survey of health in Norway. They found no association of 25(OH)D
concentrations with subsequent risk for asthma among women and a small association in
men that disappeared after adjustment for confounders.'®®

Autoimmune. The current report identified one RCT, three nested case control studies,
and one prospective cohort study on the risk for autoimmune disease. A substudy of the
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WHI CabD trial that assessed participants at 5.1 years found no effect of supplementation
with 4001U vitamin D and 1000mg calcium on women’s risk for rheumatoid arthritis (rated
A).*" A nested case control study among U.S. Navy and Marine Corps military personnel
observed an association of Type 1 diabetes mellitus (DM) with serum 25(OH)D status at
enlistment (310 cases and 310 matched controls) among white soldiers but not among black
or Hispanic soldiers (rated B).'*® A nested case control study conducted in Norway
observed a trend toward an increasing association of type 1 DM in the first 15 years of life
and decreased maternal 25(0OH)D concentrations (rated C).*° A U.S. prospective cohort
study of children at increased risk for developing Type 1 DM based on an Islet
Autoimmune genetic marker, found no association of 25(OH)D concentrations at 9 months
of age and subsequent risk for progression to DM(rated B). GRoMS, a nested case control
study among individuals in Sweden who developed multiple sclerosis, found no association
with maternal serum 25(OH)D concentrations but a possible association of adult levels with
subsequent risk for the disease (rated B).'"

In the original report, one study analyzed NHANES 11l data and showed no association
between baseline 25(OH)D concentrations and infectious disease.*® NHANES 111 cohort
represents general adult populations living in the United States. This study was rated quality C.

One cohort study from UK analyzed the serum 25(OH)D concentration in 440 white women
in late pregnancy (~33 wk) and found their infants’ risk of eczema at age 9 months was higher in
those mothers in the top quartile of the distribution of serum 25(OH)D (>50 nmol/L) compared
with those at the bottom quartile (<30 nmol/L), although the results were not statistically
significant.>® However, this analysis did not control for important potential confounders, and the
25(0OH)D concentrations in children were not measured. This study was rated quality C.

Findings by Life Stage

e 0-6mo
No data in original study. A RCT in Afghanistan that randomized infants to
100,0001U every 3 months for 18 months or to placebo found no effect of
supplementation on the incidence of pneumonia or subsequent episodes of
pneumonia. A prospective cohort study in South Korea that followed 525 infants
from birth to 6 months of age observed a significant association of low cord blood
25(0OH)D and increased risk for respiratory tract infection. A prospective cohort
study in the Netherlands followed 156 infants from birth to 6 months of age and
observed an association between low cord blood 25(OH)D concentrations and
increased risk for respiratory syncytial virus bronchiolitis infections. A prospective
cohort study in New Zealand followed a group of infants from birth and found an
association of low cord blood serum 25(OH)D concentrations with increased risk for
respiratory infection at 3 months of age.

e 7mo-2y
No data in original study. A RCT in the UK that randomized pregnant women at 27
weeks gestation to receive 0 or 8001U vitamin D daily for the remainder of
pregnancy or one oral bolus of 20,0001U; at 3 years of age, no significant differences
were seen among 158 offspring in their risk for ever having experienced wheeze,
atopy, or eczema. A prospective cohort study in Norway that followed 1,248
children from birth to 36 months of age observed a significant association between
maternal serum 25(OH)D at midpregnancy and the number and frequency of lower
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respiratory tract infections. An Australian cohort study measured maternal and
cord blood and found a significant association between cord blood 25(OH)D and
decreased risk for eczema at 12 months of age. No association was seen with the
results of skin prick tests for environmental and food allergies and IgE testing for
food allergy.'®?

3-8y

No data in original study. A RCT in Japan that randomized 344 3-year-old nursery
school children to 12001U vitamin D per day or placebo found a significant decrease
in the incidence of Influenza A among supplemented children after 4 months; the
effect was greater in children receiving no other vitamin supplementation at
baseline. A prospective study that followed 475 Colombian school-age children for 1
year found an association between baseline serum 25(OH)D and risk for
gastrointestinal and ear infections.™®” A prospective study that followed 743 children
(3 to 15 years of age) in Canadian Hutterite communities for 6 months observed an
association between vitamin D deficiency and insufficiency and risk for viral
respiratory tract infections.™®® A UK prospective study that followed 860 mother-
infant pairs found no association between maternal serum 25(OH)D at 34 weeks
gestation and the incidence of asthma, wheeze, or atopy at 6 years of age.'®* A
longitudinal study in the Netherlands (PIAMA) is assessing associations of
nutritional indicators with the risk for asthma in a large birth cohort. The most
recent data suggest that rates of asthma and severe asthma at 8 years of age are
higher among those whose serum 25(OH)D concentrations were in the lowest or
middle tertile at 4 years of age.'®*

9-18y

No data in original study. The Avon Longitudinal Study of Parents and Children, a
UK study, measured serum 25(OH)D2 and D3 (using HPLC/ tandem mass
spectrometry) in some 14,500 children and found an association between lower
levels of 25(OH)D2 at a mean age of 9.8 years and higher levels of wheeze, poor lung
function, and flexural (antecubital) dermatitis at a mean age of 15.5 years; higher
serum concentration of 25(OH)D3 were associated with higher incidence of flexural
dermatitis and wheezing but were not associated with lung function. A nested case
control study conducted in Norway observed a trend toward an increasing
association of type 1 DM in the first 15 years of life and decreased maternal
25(OH)D concentrations. A U.S. prospective cohort study of children at increased
risk for developing Type 1 DM based on an Islet Autoimmune genetic marker,
found no association of 25(OH)D concentrations at 9 months of age and subsequent
risk for progression to DM.

19-50y

Three RCTs found no effect of supplemental vitamin D on the risk for respiratory
infections among adults. The HUNT study analyzed the association of baseline
vitamin D (and other nutrient) status in adults with the risk for asthma 11 years
later using data from a large-scale longitudinal survey of health in Norway; they
found no association of 25(OH)D concentrations with subsequent risk for asthma
among women and a small association in men that disappeared after adjustment for
confounders. A nested case control study among U.S. Navy and Marine Corps
military personnel observed an association of Type 1 diabetes mellitus (DM) with
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serum 25(OH)D concentrations at enlistment (310 cases and 310 matched controls)
among white soldiers but not among black or Hispanic soldier. The original report
identified NHANES 111 data that include people in this life stage. Analyses using
NHANES Il1 data (general adult populations living in the United States) showed no
significant association between baseline 25(OH)D concentrations and infectious disease
mortality.

51-70y

NHANES Il1 data also include people in this life stage. The German prospective
ESTHER study identified for the current report observed a significant inverse
association between serum 25(OH)D concentrations and risk for respiratory disease
mortality among adults 50 to 74 years of age. The Finnish Kuipio IHD Risk Factor
Study observed an increased risk for pneumonia among the adults, 53 to 73 years of
age in the lowest tertile of serum 25(OH)D.

>y
NHANES Il1 data also include people in this life stage
Postmenopause

No data found in the original report. The current report identified a substudy of the
WHI CabD trial that assessed participants at 5.1 years and found no effect of
supplementation with 4001U vitamin D and 1000mg calcium on women’s risk for
rheumatoid arthritis

Pregnant & lactating women

Studies identified for the current report are described above for 0-6 months. One
cohort study from UK identified in the original report analyzed the serum 25(OH)D
concentration in white women in late pregnancy (~33 wk) and showed a relationship
between maternal 25(OH)D concentration and the risk of eczema in their children.
However, this analysis did not control for important confounders, and the 25(OH)D
concentrations in children were not measured.
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Table 30a. Vitamin D (mother) and immunologic outcomes (offspring): Characteristics of cohort studies (updated from original report)

Confounders/Effect

Modifiers Adjusted
Author Year

Study Name Vitamin D <
Location Population ; Comparisons o g o Comments
- Concentration = P o = 5 9
(Latitude) § 9 © s 2 >
[PMID] 5 € £ B = A
=} [} c L > x =
Z o < = Dw o
Melamed e Health DM 7.4%, eAssay RIA Infectious X X X X X X
2008% status history of method  (DiaSorin) disease
NHANES Il CVD mortality
us 7.9%, stratified by
(various) HTN 25% baseline
[18695076] o Mean 45 (220) 25(OH)D
age quartiles
(range), y
e Male (%) 46 e Season All
blood
drawn
Gale 2008 o Health singleton e Assay RIA Length and X X White only
PAHSG status pregnancy method weight in
UK (50°N) <17 wk offspring
[17311057] o Mean 26.3 stratified by
age mother’s
(range/SD), 25(0H)D
y
eMale (%) O e Season nd
blood
drawn
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Table 30a. Vitamin D (mother) and immunologic outcomes (offspring): Characteristics of cohort studies

(updated from original report) (continued)

Confounders/Effect

Modifiers Adjusted
Author Year

Study Name Vitamin D <
Location Population - Comparisons n & o Comments
- Concentration 2 = o = s 2
(Latitude) & 2 o 8 o 2
PMID = = = o %)
P 32 % Bz53
-
NEW Studies
Jones 2012™%° e Health  Healthy Eczema stratified X X Age, race=
Perth, Australia status by baseline of mothers
eMean  33.4(SD 25(0H)D levels
age 4.5)
(SD), y
e Male 51.5%
(%)
Mai, 2012"°° e Health nd Asthma stratified X X X X Age=
HUNT Study status by baseline women
Nord- e Mean 39.7 (8.5) 25(0OH)D quartiles controls
Trondelag, age
Norway (SD), y
e Male 43%
(%)
Pike, 2012 ¢ Health nd Asthma stratified X X X X
UK status by baseline
e Mean 30.37 25(0OH)D levels
age (3.81),y
(SD),y
e Male 51.74%
(%)
Tolppanen, e Health nd Asthma stratified
2013 status by baseline
UK, Southwest ¢ Mean 9.84 (SD 25(0H)D2 anql
England age 0.02) 25(0OH)Ds tertiles
(SD),y
e Male 52.1
(%)
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Table 30a. Vitamin D (mother) and immunologic outcomes (offspring): Characteristics of cohort studies
(updated from original report) (continued)

Confounders/Effect

Modifiers Adjusted
Author Year

Study Name Vitamin D <
Location Population - Comparisons n & o Comments
- Concentration = S Y - - 5 2
(Latitude) S 2 o © a =
[PMID] £ £ £ 5 _28 3
=} [} c Q > x =
Z 0 < = DwW 4o
van Oeffelen, e Health nd Asthma stratified X X
2011 status by baseline
Netherlands o Mean nd (nd) 25(0OH)D tertiles
age
(SD), y
e Male 51.9%
(%)
NEW Nested case-control studies—Immune Function—Autoimmune Disease
Munger, e Health  Presumed Type 1 Diabetes
2013 status healthy Mellitus stratified
us eMean  20.6 (4.0) by baseline
age 25(0OH)D tertiles
(SD).y
e Male 95.1%
(%)
Salzer 2012""° ¢ Health nd Multiple Sclerosis
Risk of Multiple status stratified by
Sclerosis e Mean 26 (16— baseline 25(0OH)D
Gestational age 60) medians
Risk factors of  (Range),
Multiple y
Sclerosis o Male 7.8%
(GRoMS) (%)
Sweden
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Table 30a. Vitamin D (mother) and immunologic outcomes (offspring): Characteristics of cohort studies
(updated from original report) (continued)

Confounders/Effect

Modifiers Adjusted
Author Year

Study Name Vitamin D <
Location Population Concentration Comparisons 12 % v , Comments
(Latitude) S © 5 8 33>
[PMID] £ £ £ 5 _28 3
=) [ c Q > x =
Z 0 < = DwW 4o
Sorensen, e Health nd Type 1 Diabetes X X
2012 status stratified by
Norway o Mean 9 (SD 3.6) baseline 25(0OH)D
age quartiles
(SD), y
e Male 51%
(%0)
NEW Cohort study—Immune Function—Autoimmune Disease
Simpson, e Health At Islet Autoimmune X
2011 status increased stratified by
Diabetes risk for baseline 25(0OH)D
Autoimmunity Type 1 levels
Study in the Diabetes
Young (DAISY) ¢ Mean 11.9 (4.4)
us age
Denver, CO (SD), y
e Male 49%
(%)
NEW Cohort study—Immune Function—Infectious Diseases
Belderbos, e Health  Healthy Respiratory X
2011 status Syncytial Virus
Utrecht, e Mean 0.77 Bronchiolitis
Netherland age (0.13) stratified by
(SD), y 25(0OH)D tertiles
e Male 56%
(%0)
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Table 30a. Vitamin D (mother) and immunologic outcomes (offspring): Characteristics of cohort studies

(updated from original report) (continued)

Confounders/Effect

Modifiers Adjusted
Author Year

Study Name Vitamin D <
Location Population - Comparisons n & o Comments
- Concentration = = o = 5 9
(Latitude) g 9 ° 8 2 =
[PMID] S £ £ 3B _8 3
=} [} c L > x =
Z [a) < = Dw o
Camargo, e Health nd Infection and X X X X
2011 status Asthma stratified
Wellington eMean  0.77 (nd) by 25(CH)D
(41°S latitude)  age tertiles
and (SD). y
Christchurch o Male 51%
(43°S latitude), (%)
New Zealand
Sabetta, e Health  Healthy Acute Viral X X X
2010™° status Respiratory Tract
us eMean nd (20— Infections stratified
Greenwich, CT age 88) by 25(OH)D
(range), medians
y
e Male 43%
(%)
Shin 2013™ e Health NR Respiratory tract X X X
Cohort for status infections, Acute
Childhood e Mean Maternal nasopharynagitis,
Origin of age age: 32.2 otitis media, and
Asthma and (SD), y (SD 3.4) bronchiolitis
allergic Newborns stratified by
diseases Range: 25(0OH)D tertiles
(COCO0A) (0-6)
Korea months
e Male Mothers:
(%) 0%
Newborns:
53.1%
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Table 30a. Vitamin D (mother) and immunologic outcomes (offspring): Characteristics of cohort studies

(updated from original report) (continued)

Confounders/Effect

Modifiers Adjusted
Author Year

Study Name Vitamin D <
Location Population - Comparisons n & o Comments
- Concentration = = o = 5 9
(Latitude) S 2 o © a =
[PMID] £ £ £ 5 _28 3
=} [} c L > x =
Z [a) < = Dw o
Science e Health NR Respiratory tract X
2013%® status infections stratified
Canada e Mean 9.3 (SD by 25(OH)D
age 3.4) medians
(SD),y
o Male
(%) 47.5%
Schottker e Health NR Respiratory X X X X X
2013 status disease mortality
ESTHER e Mean 62 (SD stratified by
Germany age 6.5) 25(0OH)D tertiles
(SD), y
e Male 43.8%
(%)
Thornton e Health ~7-12.5% Earache/discharge X
2013%7 status stunted with fever and
Bogota School e Mean 8.9 (SD Cough with fever
Children age 1.6) stratified by
Cohort (SD), y 25(0OH)D tertiles
Bogota, * Male 48%
Columbia (%)
Magnus e Health NR Asthma stratified X X X X X X
2013"™° status by 25(OH)D
Norwegian e Mean NR quartiles
Mother and age
Child Cohort (SD), y
Study e Male 0%
Norway (%)
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Table 30a. Vitamin D (mother) and immunologic outcomes (offspring): Characteristics of cohort studies
(updated from original report) (continued)

Author Year

Confounders/Effect
Modifiers Adjusted

Study Name Vitamin D <
Location Population - Comparisons n & o Comments
- Concentration = = = 5 2

(Latitude) $ 2 o § a =

[PMID] £ £ £ 5 _28 3
=) [ c Q > x =
Z 0 < = DwW 4o

Aregbesola e Health NR Pneumonia X X X X X

2013 status stratified by

Kuopio e Mean 62.5 (SD 25(0OH)D tertiles

Ischemic Heart  age 6.5)

Disease Risk (SD), y

Factor (KIHD) o Male 50.9%

study (%)

Kuopio,

Finland
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Table 30b. Vitamin D and immunologic outcomes: Characteristics of autoimmune disease RCTs
(updated from original report)

Confounders/Effect
Modifiers Adjusted
Author Year %)
Study Name N c s
Location Population Vitamin D Comparisons o & o 1S
- Concentration 2 = a = 5 2 IS
(Latitude) g 2 o 8 2 > /5]
[PMID] £ £ £ 5 .88 ©
=} [} c Q > x =
Z 0O < = Dw 4o

Racovan, e Health Post- Rheumatoid
20127 status menopausal Arthritis (RA)
WHI * Mean 62.34 (SD stratified by
us age 6.91) mother’s

(range/SD), 25(0OH)D

y medians

e Male (%) 0%
Table 30c. Vitamin D and immunologic outcomes: Characteristics of infectious disease
continuous RCTs (updated from original report)

Confounders/Effect
Author Year Modifiers Adjusted @
Study Name N < S
Location Population C Vitamin D Comparisons o <3 L €
; oncentration 2 = a = 5 9 £
(Latitude) T 2 o 3§ » > 5
[PMID] S € £ © _3 & O
=} [} c L > x =
2 e < = DwW o

Li-Ng, o Health nd Duration of
2009™° status Upper
us e Mean 58.1 Respiratory
Long Island, age (SD Tract stratified
NY (range/SD), 13.4) by 25(OH)D

y levels

e Male (%) 20.3%
Laaksi, e Health Healthy Days absent X
2010™* status from duty
Pori Brigade, o Mean Nd (nd) stratified by
Finland age (SD)’ y 25(OH)D3

e Male (%)  100% levels
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Table 30d. Vitamin D and immunologic outcomes: Characteristics of infectious disease
dichotomous RCTs (updated from original report)

Confounders/Effect
Modifiers Adjusted

Author Year %
Study Name . . - c
. . Vitamin D : =% 2
Locgtlon Population Concentration Comparisons ¢ s 4 _ GSJ o E
(Latitude) $ 2 © © 2 > 8
PMID = £ 3 4
o 55k 8358
-
Laaksi, » Health Healthy Days absent X
2010™* status from duty and
Pori Brigade, « Mean age Nd (nd) self-reported
Finland (range/SD), cold
y symptoms
» Male (%) 100% Ztsr?gmig by
3
levels
Li-Ng, 2009™° » Health nd Upper
status respiratory
» Mean age 58.1 tract stratified
(SD), y (SD by 25(CH)D
13.4) medians
» Male (%) 20.3%
Manaseki- » Health nd Pneumonia Age groups
Holland, status stratified by reported but
20%)2149 » Mean age nd (nd) 25(((j)H)D3 not mean
Kabul, (SD), y medians age,
Afghanistan  , \ale (%) 52% onk:y father's
ethnicity
reported
Murdoch, » Health nd Days of
20122 status missed work
VIDARIS » Mean age 48 (10) per episode
New Zealand (SD), y Zga(tjlfll_'ecti)by .
» Male (%) 25% Pléceb)o 3 an
» Mean age 10.4 medians
(SD).y (2.4)
» Male (%) 55%
NEW Studies
Goldrliglg e Health NR Wheeze ever X X X Children of
2013 status and lower mothers
UK o Mean age 3 respiratory enrolled in a
(SD), y tract infection 3-arm RCT of
» Male (%) 44% stratified by vitamin D
25(0OH)D administration
medians were
prospectively
followed
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Table 31a. Vitamin D (mother) and immunologic outcomes (offspring): Results of observational studies (updated from original report)

Followup

Author Year Outcome . ; . . Adjusted
Study Name Life Stage (n/N: quatlon Vit D Concentlr/atlon, No. of No. in HR. OR, 95% CI P fozj Stu:}!y
[PMID] Incidence) (T|g1e)to Measure nmol/L Cases Category RR Trend Quality
X
Melamed 13331
2008°%° Adults, Infectious Median  25(OH)D <44 nd (Total) 0.84 0.38,1.86
NHANES Il both sexes disease 8.7 (IRQ
us mortality 7.1-10.2) 44-60 nd nd 0.87 0.43,1.74
(various) (N=13,331) y nd C
[18695076] 61-80 nd nd 101 053,1.93
>80 nd nd 1 Reference
55
Gale 2008 ) <30 (Quartile) 9 440 (total) 1 Reference
PAHSG Pregnant Atopic eczema at 9 9 mo Maternal
UK women;  mo (48/440; 0.11) 25(0OH)D at 30-50 10 1.114 0.43,2.84
(54°N) infant at 9 late A nd C
>75 14 1.62% 0.67, 3.89
NEW Studies—Allergy/Asthma
Jones Pregnant
2012*% or lactating er 10 nmol/L rise in
women, eczema NR 25(0CH)D3 P 78 231 OR=0.857 0.739,0.995 0.042 A
non- CB 25(0OH)Ds
smoking
Mai 2012"*° S
275.0 81 328 OR=1.00 Reference
asthma 11 yrs 25(0OH)D
Female 50.0-74.9 125 555 0.8 0.57,1.13
19-65yrs <50.0 170 566 0.94 0.67,1.32
each 25-nmol/L A
reduction 376 1449 0.97 0.85,1.12
275.0 33 247 1.00 Reference
Male 50.0-74.9 77 384 15 0.95, 2.38
19-65 yrs <50.0 98 462 1.47 0.93, 2.32
each 25-nmol/L
reduction 208 1093 1.14 0.94, 1.37
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Table 31a. Vitamin D (mother) and immunologic outcomes (offspring): Results of observational studies (updated from original report)

(continued)

Followup .
Author Year . . . Adjusted
Study Name Life Stage Qutcgme quatlon Vit b Concentration, nmol/L No. of No. in HR, OR, 95% ClI P for Study
(n/N; Incidence) (Timeto Measure Cases Category Trend Quality
[PMID] DX) RR
Pike 2012™ current doctor-
diagnosed asthma 87 836 RR=0.98 0.92,1.04 0.56
current wheeze in
last 12 months 117 833 0.99 0.94,1.05 0.76 B
any wheeze at or
before 6 years 504 823 1.00 0.98, 1.02 0.95
transgnt wheeze 6 yrs 25(0H)D per 102néngl|/_lI rE)sse inCB 367 707 1.00 0.98, 1.02 0.89
persistent late (OH)
wheeze 137 475 0.98 0.94,1.03 0.49
persistent late
wheeze with atopy 46 251 0.91 0.84, 0.99 0.04
persistent late
wheeze without
atopy 48 253 1.01 0.94, 1.09 0.73
Tolppanen wheezin
2013'® g 141 3323 OR=0.83  0.68, 1.00
asthma 1lyrs 25(0OH)D, per doubling of exposure 464 3323 0.89 0.78. 1.02
flexural dermatitis 300 3748 0.83 0.72,0.94 B
wheezing 141 3323 1.14 1.03,1.28
asthma lyrs 25(0OH)D3  per doubling of exposure 464 3323 1.02 0.93,1.12
flexural dermatitis 300 3748 1.09 1.00, 1.18
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Table 31a. Vitamin D (mother) and immunologic outcomes (offspring): Results of observational studies (updated from original report)

(continued)

Followup .
Author Year . . . Adjusted
Study Name Life Stage Quthme quatlon VvitD Concentration, nmol/L No. of No. in HR, OR, 95% ClI P for Study
(n/N; Incidence) (Timeto Measure Cases Category Trend Quality
[PMID] DX) RR
van Oeffelen Tertile 1: range 23.1-
2011 60.2 nmol/L 80 204 OR=1.00 _Reference
bronchial Tertile 2: range 60.7— A
hyperresponsiveness 78.8 nmol/L 88 209 1.16 0.62,2.18
Tertile 3: range 79.0—
303.8 nmol/L 87 194 1.19 0.63, 2.23
8yrs 25(0H)D Tertile 1: range 23.1-
60.2 nmol/L 93 346 1.00 Reference
ato Tertile 2: range 60.7—
Py 78.8 nmol/L 101 237 2.19 1.17,4.12
Tertile 3: range 79.0—
303.8 nmol/L 93 279 1.23 0.64, 2.39
Tertile 1: range 23.1-
60.2 nmol/L NR NR 1.00 Reference
Tertile 2: range 60.7—
asthma 5-8yrs  25OHD 78 8 nmoliL NR NR 097 057,165
Tertile 3: range 79.0—
303.8 nmol/L NR NR 0.68 0.39, 1.19
Tertile 1: range 23.1-
60.2 nmol/L NR NR 1.00 Reference
Tertile 2: range 60.7—
severe asthma 78.8 nmol/L NR NR 1.06  0.59,1.90
Tertile 3: range 79.0—
303.8 nmol/L NR NR 0.61 0.32,1.15
NEW Nested case-control studies—Immune Function—Autoimmune Disease
Munger us .
2013 Navy, ?\;ﬁﬁtulsD'abEtes 54yrs  25(0H)D _<75nmol/L 45 102 RR=1 _ Reference
MC 75-<100nmol/L 76 236 0.6 0.38, 0.97 B
active
duty 2100nmol/L 65 220 0.56 0.35,0.90 0.03
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Table 31a. Vitamin D (mother) and immunologic outcomes (offspring): Results of observational studies (updated from original report)

(continued)

Followup .
Author Year . . . Adjusted
Study Name Life Stage Quthme quatlon Vit b Concentration, nmol/L No. of No. in HR, OR, 95% ClI P for Study
(n/N; Incidence) (Timeto Measure Cases Category Trend Quality
[PMID] DX) RR
Salzer 2012 0—6 MOS OR
Risk of Multiple Sclerosis NR 25(0OH)D  =75nmol/l 192 576 =0.39 0.16, 0.98
Multiple 19-50 A
Sclerosis*™ yrs <75nmol/l 1 Reference  NR
Gestational >75nmol 37 222 1.8 0.53,5.8
Risk factors
of Multiple
Sclerosis A
(GRoMS)""° <75nmol/l 1 Reference NR
Sorensen Pregnant OR=
2012'%° 9 Type 1 Diabetes NR 25(0OH)D  <55nmol/L 39 94 2.38 1.12,5.07
>54 to 59nmol/L 31 88 1.78 0.85,3.74 B
>69nmol/L to 89nmol/L 22 75 1.35 0.63, 2.89
>89nmol/L 17 71 1 Reference 0.031
NEW Cohort study—Immune Function—Autoimmune Disease
Simpson Islet Autoimmune Inadequate (<50) HR=0.72 0.24,2.71 0.56 A
g 25(0OH)D 30 128 ) o '
2011 3-8yrs (IA) 9 mos (OH) Adequate (>50) 1.00 Reference
Diabetes Inadequate (<50) HR=0.44 0.14,1.45 0.18 A
Autoimmunity ] NR
Study in the Type 1 Diabetes 25(0OH)D 55 185
Young
(DAISY) Adequate (>50) 1.00 Reference
NEW Cohort studies—Immune function—Infectious
Diseases
Belderbos 0-6 Respiratory NR  250H)D  <50nmoliL 36 RR=6.2  1.6,24.9
2011 months Syncytial Virus *
Bronchiolitis 50-74nmol/L 48 13 NR A
275nmol/l 72 1 Reference 0.13
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Table 31a. Vitamin D (mother) and immunologic outcomes (offspring): Results of observational studies (updated from original report)

(continued)

Followup .
Author Year . . . Adjusted
Study Name Life Stage Qutcgme quatlon VvitD Concentration, nmol/L No. of No. in HR, OR, 95% ClI P for Study
(n/N; Incidence) (Timeto Measure Cases Category Trend Quality
[PMID] DX) RR
Camargo NR
2011% 0_?h Respiratory Infection 25(0OH)D  275nmol/L NR NR OR=1 Reference
months
25—74nmol/L NR NR 1.35 0.88, 2.08
<25nmol/L NR NR 2.04 1.13,3.67 0.03
Any Infection =75nmol/L NR NR OR=1 Reference
25-74nmol/L NR NR 1.49 0.92,2.43 B
<25nmol/L NR NR 2.36 1.17,4.73 0.02
15 mos Wheeze per 10nmol/L 331 NR OR=0.98 0.93,1.02 0.3
3yrs per 10nmol/L 472 NR 0.96 0.91,1.00 0.04
5yrs per 10nmol/L 533 NR 0.95 0.91,0.99 0.04
OR
5yrs Incident asthma per 10nmol/L 181 =1.03 0.97,1.10 0.02
Sabetta 19-50 . OR=
159 Acute Viral 4
2010 yrs Respiratory Tract months 25(0OH)D ..295 nmol/L 3 18 0.24 0.07,0.87 A
Infections <95 nmol/L 81 180 1 Reference 0.015
Shin 2013™ respiratory tract <25.0 74 180 3.41 1.57,7.42 0.0008
iﬁ)‘lfectigns 25.0-74.9 89 292 2.14 1.00, 4.58
Cohort for >=75.0 9 53 1.00 Reference
Childhood acute <25.0 67 180 4.64 1.88,11.44 0.0002
Origin of nasopharvnaitis 25.0-74.9 75 292 2.71 1.11, 6.59
Asthma and pharyng 6 25(0H)D >=75.0 6 53 1.00 Reference B
a!lergic months <25.0 10 180 3.06 0.38,24.46 0.3625
diseases otitis media 25.0-74.9 18 292 3.42 0.45, 26.15
(COCOA) >=75.0 1 53 1.00 Reference
<25.0 9 180 2.74 0.34,22.11 0.4819
bronchiolitis 25.0-74.9 19 292 3.62 0.47,27.63
>=75.0 1 53 1.00 Reference
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Table 31a. Vitamin D (mother) and immunologic outcomes (offspring): Results of observational studies (updated from original report)

(continued)

Followup .
Author Year . . . Adjusted
Study Name Life Stage Qutcgme quatlon Vit b Concentration, nmol/L No. of No. in HR, OR, 95% ClI P for Study
(n/N; Incidence) (Timeto Measure Cases Category Trend Quality
[PMID] DX) RR
Science per 1-unit change in log
2013"® levels 229 743 0.52 0.35,0.79  0.002
<25 4 0.72 0.13,3.94 0.7
e 1% asowp 52 v B R
>=50 591 1.00 Reference
<75 565 1.35 1.01,1.82 0.043
>=75 178 1.00 Reference
Schottker respiratory disease <30 13 1439 NR NR
2013 P moré it 95yrs  25(OH)D  30-50 26 4188 NR NR B
ESTHER y >50 16 3927 1.00 reference
Thornton earache/discharae Deficient: <50 nr 48 2.36 1.26, 4.44
2013%7 with fever 9 Insufficient; 50-<75 nr 222 0.35 0.19, 0.65
Bogota 140 25(0H)D Sufficient: >=75 nr 205 1.00 Reference B
School days Deficient: <50 nr 48 0.77 0.57,1.04
Children cough with fever Insufficient: 50-<75 nr 222 0.53 0.44, 0.65
Cohort Sufficient: >=75 nr 205 1.00 Reference
Magnus
2013%° 20 nmol/L increase in
Norwegian 25(0OH)D 489 1672 0.91 0.81, 1.02
Mother and asthma 36 mos 25(0H)D <51 114 316 1.00 Reference B
Child Cohort 51-75 187 584 0.84 0.61,1.17
Study >75 188 771 0.67 0.48, 0.95
Aregbesola
2013'°
E‘éﬁg'&ic Tertile 1: 8.9-33.8
Heart pneumonia 9.8 yrs 25(0OH)D3  Tertile 2: 33.9-50.7 B
Disease Risk Tertile 3: 50.8-112.8 38 925 2.4 1.2,4.9
Factor 22 426 1.4 0.7,2.8
(KIHD) study 13 70 1.0 Reference
ACrude OR
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Table 31b. Vitamin D and immunologic outcomes: Results of autoimmune disease RCTs (updated from original report)

Followup

Author Year . Outcome Duration Vit D Concentration, No. of No. in Adjusted P for Study

Study Name Life Stage . : . HR, OR, 95% ClI .
(n/N; Incidence) (Timeto Measure nmol/L Cases Category Trend  Quality

[PMID] Dx) RR

nggi’e"%‘” Postmenopause  Rheumatoid 5.1 y1s vitp 401U + Ca 1000ng 45 16283 HR1.15 0.75,1.75 0.53 A

WHI Arthritis Placebo 41 16238 HR1  Reference

Table 31c. Vitamin D and immunologic outcomes: Results of infectious disease RCTs (continuous outcomes) (updated from original

report)

Net
é:JJgorN\;i'}?é Life Qutcome Followup Intervention No. Final Final Net Diff Diff Study
[PMII>D/] Stage Duration Analyzed mean SD 95%  Quality

Cl

18— , 5.4 -1,2,
Li-Ng 2009 80 Duration of Upper 12 wks Vit D 20001U/day 78 4.8 +1.0 14 B
Respiratory Tract )
years Placebo 70 : 3.1 Reference
18— 2.2 -1.9,
Laaksi 2010%% o8 Days %bste”t from 6 mos _VitD3400 IU 80 3.2 -0.8 03 B
u
years y Placebo 84 3.0 4.0 Reference
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Table 31d. Vitamin D and immunologic outcomes: Results of infectious disease RCTs (dichotomous outcomes) (updated from original

report)
Followup .
Author Year Life Outcome Duration Vit D . No. of No. in Adjusted P for  Study
Study Name . Intervention HR, OR, 95% CI .
Stage (Time to Measure Events Category Trend Quality
[PMID] DX) RR
Laaksi 2010' 18 pg  Self-reported Vit D3 400 IU 45 80 OR1.17 0.63,2.16 0.619
ears common cold 6 months
y symptoms Placebo Placebo 44 84 1 Reference B
No days absent Vit D3 400 IU 41 80 1.89 1.01, 3.54 0.045
from duty Placebo Placebo 30 84 1 Reference
Li-Ng 2009"°  18-80  Upper Respiratory 12 weeks Vit D 2000IU/day 28 78 ORO0.79 0.41,1.54 061 B
years Tract Placebo 29 70 1 Reference
Manaseki- 1782 person 0.895,
Holland infants  All Pneumonia First NR Vit D3 100,0001U 260 years IRR=1.065 1.268 0.476
2012 aged episode 1782 person
1-11 Placebo 2445 years 1 Reference A
months 2031 person 1.282,
All Pneumonia 100,0001U 138 years IRR=1.685 2.212 <0.0001
repeat episode 2027 person
Placebo 82 years 1 Reference
Murdoch 18yrs &  No of URTSs per Vit D3 & 100,0001U 3.7 161 RR=0.97 0.851.11 0.65
2012 id 18 months Placeb
VIDARIS older person acebo Placebo 3.7 161 1 Reference
No. of days if 100,0001U 0.76 161 RR1.03 0.81,1.30 0.82
missed work per A
episode* Placebo 0.76 161 RR 1 Reference
Duration of 100,0001U 12 161 RR0.96 0.73,1.25 0.76
Symptoms Placebo 12 161 RR1 Reference
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Table 31d. Vitamin D and immunologic outcomes: Results of infectious disease RCTs (dichotomous outcomes) (updated from original

report) (continued)

Followup

éﬁg;r’\l\;erﬁé Life Outcome quation Vit D Intervention No. of No. in ﬁdéusotgd 95% ClI P for Stugly
Stage (Time to Measure Events Category Trend Quality
[PMID] Dx) RR
Goldring either 800 1U
2013 ergocalciferol
daily or 200,000 11 56 OR0.56 0.20,1.57 0.27
wheeze ever IU calciferol
(single dose)
3 Vit D control 14 50 OR 1.00 Reference A
yrs It either 800 IU
ergocalciferol
lower respiratory daily or 200,000 14 54 OR 1.00 0.35,291 1
tract infection IU calciferol
(single dose)
control 11 50 OR 1.00 Reference

*Included in Table 31d (dichotomous outcomes) because differences reported as relative risks.
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Vitamin D and Pregnancy-Related Outcomes
This section includes preeclampsia, small-for-gestational age, and preterm birth.

Preeclampsia

Synopsis

For the current report, two RCTs, two prospective studies, and five nested case control
studies were identified that assessed the outcome of risk for preeclampsia. The RCTs,
whose results were combined and reported in one article, found that supplementation with
20001U or 40001U vitamin D per day decreased the risk for preeclampsia. Both prospective
studies observed an association between second-trimester serum 25(OH)D concentrations
and decreased risk for preeclampsia. Three of the five nested case control studies observed
an association between low 25(OH)D concentrations (<50nmol/L) and preeclampsia or
severe preeclampsia.

In the original report, a single nested case-control study found an association between low
25(0OH)D concentration (<37.5 nmol/L) early in pregnancy and preeclampsia. The study was
rated B for methodological quality.

Detailed Presentation (Tables 32a-c & 33a-c)

In the current report, two RCTSs, whose results were combined and reported in one
article, found that supplementation with 20001U or 40001U vitamin D per day decreased
the risk for preeclampsia.

The U.S. NICHD and Thrasher trials randomized 504 women to receive 0, 2000, or
40001U vitamin D per day in addition to their prenatal vitamins. Supplementation with
40001U increased serum 25(OH)D concentrations and resulted in a trend toward lower
rates of preeclampsia; increasing maternal serum 25(OH)D concentrations were strongly
associated with decreased risk for preeclampsia (OR 0.77, 95% CI 0.57, 1.06) (rated B).*

Two prospective cohort studies observed an inverse association between second-
trimester serum 25(OH)D concentrations and risk for preeclampsia. One Chinese study
that followed 697 women found that low serum 25(OH)D at 12 to 18 weeks gestation and 24
to 26 weeks gestation was associated with a higher risk for preeclampsia (p<0.05) (rated
B).}2 A U.S. study that followed a cohort of 1,141 pregnant women in Camden NJ found
that serum 25(OH)D less than 50nmol/L at study entry (13.7£5.7 weeks gestation) was
ass%%iated with an increased risk for preeclampsia (OR 2.86, 95% CI 1.28, 6.41) (rated
B).

Five nested case control studies assessed the association between maternal serum
25(OH)D concentrations during early or mid-gestation and the risk for subsequent
preeclampsia. Three of these studies observed an association between maternal 25(OH)D
concentrations and subsequent risk for preeclampsia. One Canadian study of 1,301 women
(cases and controls) found that the risk for preeclampsia was increased for women with low
25(OH)D concentrations (<50nmol/L vs. >50nmol/L) during the second trimester but not
during the first trimester.'’”* A U.S. study of 51 women diagnosed with preeclampsia and
204 matched controls (in a cohort of 3,992 women) that divided midgestational 25(OH)D
status into tertiles found that low serum 25(OH)D concentrations (<37.5 nmol/L) was
associated with severe preeclampsia.’” A U.S. study aimed at identifying placental growth
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factors that, combined with 25(OH)D concentrations, would predict the risk for
preeclampsia found that low maternal 25(OH)D concentrations, by itself, had some
predictive power regarding the risk for preeclampsia.!”® Two additional nested case control
studies, the Canadian EMMA study and a U.S. study found that low first trimester
maternal 25(OH)D levels were not associated with risk for preeclampsia.’’"*"®

In the original report, a nested case-control study evaluated the association between
25(0OH)D concentration and risk of preeclampsia.'”® The study found an association between
25(0OH)D concentrations less than 37.5 nmol/L (measured approximately 30 wk before outcome
assessment) and increased risk of preeclampsia. The study was rated B for methodological
quality.

Findings by Life Stage

e (0-6mo

No data
e 7mo-2y

Not applicable
e 3-8y

Not applicable
e 0-18y

Not applicable
e 19-50y

See pregnant and lactating women.
e 51-70y

Not applicable
e >Tly

Not applicable

e Postmenopause
Not applicable

e Pregnant & lactating women
For the current report, one RCT reported that higher dose vitamin D
supplementation decreased the risk for preeclampsia. Two prospective cohort
studies and three nested case control studies found an association between low
25(0OH)D concentrations at mid-gestation and the risk for preeclampsia, and two
nested case control studies found no association with first trimester 25(OH)D
concentrations and risk for preeclampsia. In the original report, a single nested case-
control study found an association between low 25(OH)D concentration (<37.5 nmol/L)
early in pregnancy and preeclampsia.

Other Outcomes

Synopsis

In the current report, we identified two cohort studies that assessed the association
between maternal serum 25(OH)D concentrations and the risk for giving birth to a small-
for-gestational-age (SGA) infant and one cohort study and one nested case control study
that assessed the association with preterm birth. One of the two cohort studies found an
increase in the risk for SGA at the lowest concentration range of maternal serum 25(OH)D
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compared with higher serum vitamin D concentrations among both white and black
women; the other study observed a U-shaped association between serum 25(OH)D and the
risk for risk for SGA among white women. The prospective study observed an increase in
the risk for preterm birth among women carrying twins whose serum 25(OH)D was less
than 75nmol/L. The nested case control study that assessed the association with preterm
birth found no significant association.

We found no studies for the current report on the relationship of maternal serum
25(OH)D and pregnancy hypertension.

The original report did not identify any eligible studies on the relationship of vitamin D
with or without calcium and high blood pressure, preterm birth, or small-for-gestational-age
infants.

Detailed Presentation (Tables 32a-c & 33a-c)

In the current report, two cohort studies assessed the association between maternal
serum 25(OH)D concentrations and the risk for giving birth to a SGA infant and one
nested case control study that assessed the association with preterm birth.

One U.S. cohort study of 1,067 white and 236 black mother-infant pairs found an
association of serum 25(OH)D less than 25nmol/L with an increased risk for SGA,
compared with serum 25(OH)D of 25nmol/L or greater (adjusted OR 3.94 [1,51, 10.29]).
When the data were further adjusted for race, the adjusted odds ratio fell slightly (3.17
[1.16, 8.63]).”

The other cohort study, which assessed 412 mother-infant pairs, found a U-shaped
association between serum 25(OH)D and risk for SGA among white mothers. The lowest
risk was observed from 60 to 80 nmol/L; compared with serum 25(OH)D 37.5-75 nmol/L,
SGA odds ratios (95% CI) for levels,37.5 and.75 nmol/L were 7.5 (1.8, 31.9) and 2.1 (1.2,
3.8), respectively. This association was not seen among black mothers (study rated A). &

A multisite U.S. prospective study of 211 twin pregnancies found that late second
trimester serum 25(OH)D concentrations of 75nmol/L or greater were associated with a
decreased risk for preterm birth (aOR 0.40, 95%Cl 0.2, 0.8) (rated A).*** One Canadian
nested case control study of 227 mother infant pairs, the EMMA study, found no
association of low maternal serum 25(OH)D (<37.5nmol/L) at 10 to 21 weeks gestation with
the risk for preterm birth.*”’

Findings by Life Stage
e (0-6mo
No data
e 7mo-2y
Not applicable
e 3-8y
Not applicable
o 9-18y
Not applicable
e 19-50y
See pregnant and lactating women.
e 51-70y
Not applicable
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>y

Not applicable

Postmenopause

Not applicable

Pregnant & lactating women

In the current report, we identified two cohort studies that assessed the association
between maternal serum 25(OH)D concentrations and the risk for giving birth to a
small-for-gestational-age (SGA) infant and one nested case control study that
assessed the association with preterm birth. The two cohort studies found an
increase in the risk for SGA at the lowest concentration range of maternal serum
25(OH)D compared with higher serum vitamin D concentrations. One study found
this increase in risk for both white and black mothers, whereas the other study
found that the risk increased only for white mothers. A prospective study observed
an increase in the risk for preterm birth among women carrying twins whose serum
25(OH)D was less than 75nmol/L at mid-gestation. A nested case control study that
assessed the association of serum 25(OH)D with preterm birth found no significant
association. We found no studies for the current report on the relationship of
maternal serum 25(OH)D and pregnancy hypertension.
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Table 32a. Vitamin D and preeclampsia: Characteristics of observational studies (updated from

original report)

Author Year

Confounders/Effect
Modifiers Adjusted

Study Name Vitamin D i
Location Population Concentration Comparisons » @ . _ O o
(Latitude) & 2 2o § a7 >
[PMID] = £ £ 5 _8 9
S [} c Q > x =
pd e < = DwW 4o
Bodnar 2007-" e Health Healthy eAssay ELISA  Comparison X X
PEPPS" status method of mean
us o Age 20-29 25(0OH)D
(41°N) range, y levels in
[17535985] « Male 0% e Season ND cases and
(%) blood controls
drawn
NEW Studies
Wei, 2012 e Health 31.3% in high- Preeclampsia X X X X
International Trial  status risk group stratified by
of Antioxidants in including 25(0OH)D
the Prevention of chronic tertiles
Preeclampsia hypertension,
(INTAPP) prepregnancy
Canada diabetes,
multiple
pregnancy, or a
history of
preeclampsia
e Mean 30.3(4.8)
age
(SD), y
e Male 0%
(%)
Shand, 2010""’ e Health nd Preeclampsia X X X X
EMMA status stratified by
Vancouver, e Mean nd 25(0OH)D
Canada age medians
(SD), y
e Male 0%
(%)
Baker, 2010 " e Health Healthy Severe X X
us status preeclampsia
Chapel Hill, NC e Mean 28 (23-34) stratified by
age 25(0OH)D
(range)’ tertiles
y
e Male 0%
(%)
Powe, 2010 e Health nd Severe X
us status preeclampsia
Boston, MA eMean 30.4 (SD6) stratified by
age 25(0OH)D
(SD), y quartiles
eMale 0%
(%)
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Table 32a. Vitamin D and preeclampsia: Characteristics of observational studies (updated from

original report) (continued)

Author Year

Confounders/Effect
Modifiers Adjusted

Study Name Vitamin D S
Location Population Concentration Comparisons o0 ® . 2 o
(Latitude) T 2 ©° 8 7 >
[PMID] E E £ 3 _32 3
S o) c Q > x =
zZ o < = DwW 4
Woodham 2011 e Health nd Severe X X X
Chapel Hill, UK status preeclampsia
stratified by
eMean 29 (25-33) 25(0H)D
age
(range),
y
e Male 0%
(%)
Scholl 2013*" e Health Healthy/NR Preeclampsia. X X X X
Camden Study status stratified by
Camden, New e Mean 22.8 (SD 5.4) 25(0OH)D
Jersey US age quartiles
(SD).y
« Male 0%
(%)
Wei 2013"" e Health nd Preeclampsia X X X X
INTAPP status stratified by
Canada e Mean 28.68 (SD 25(0OH)D
age 5.44) medians
(SD),y
e Male
(%) 0%

APregnancy Exposures and Preeclampsia Prevention Study
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Table 32b. Vitamin D and other pregnancy outcomes: Characteristics of observational studies (updated from original report)

Confounders/Effect Modifiers Adjusted
Author Year

Study Name " :__% .
Location Population Vitamin D Concentration Comparisons = 5 o B 5 %
(Latitude) = o = o z 2
[PMID] 5 5 Z 3 > £
pd e < = D w O

NEW Studies
Baker 2011"% Health Healthy Preterm birth X X X

status 25(0OH)D tertiles

Mean age 33 (30-37)

(Range), y

Male (%) 0
Bodnar, 2010™ e Health Healthy Small-for-gestational X X X
us status age births stratified by
Pittsburgh, PA e Mean age 21 (14-35) 25(0OH)D tertiles
(latitude 40 degree N) (Range), y

o Male (%) 0%
Burris 2012™ e Health nd Small-for-gestational X X X
US, Massachusetts status age births stratified by

e Mean age 33 (SD 4.5) 25(OH)D tertiles

(SD), y

o Male (%) 0%
2013 « Health nd Preterm birth at less X X X X
us status NR than 35 wk and

¢ Mean age Preterm birth at less

(SD), y 0% than 32 wk stratified

» Male (%) by 25(OH)D sextiles
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Table 32c. Vitamin D and preeclampsia: Characteristics of RCTs (updated from original report)

Author Year

Confounders/Effect Modifiers Adjusted

Study Name " §_ .

Location Population Vitamin D Concentration Comparisons = 5 o B 5 %

(Latitude) o o = Q A g

[PMID] s § £ 8 sg2 ¢
pd e < = D uw O

NEW Studies

Wagner 2013* « Health nd Preeclampsia X

us status stratified by 25(OH)D

e Mean age 27 (18-41) tertiles
(Range), y
e Male (%) 0%
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Table 33a. Vitamin D and preeclampsia: Results of observational studies (updated from original report)

Author Year

Study Name Followup . . .
Location Life Stage (n/NQT:(::ci)dn;ice) Duration M\e/zlatslare Concentration, nmol/L ggég; C[a\ltcé. Ic?r Ad]g;ted 95% ClI Qsljgﬁty
(Latitude) ’ (Time to Dx) gory y
[PMID]
Bodnar 2007-""
PEPPS® -
US Preeclamp5|ac 5
(41°N) Pregnancy (55/1198; 4%) ND 25(0OH)D <37.5 (vs. >37.5) 49 265 5 1.7,14.1 B
[17535985]
NEW Studies
A 174
Wei 2012 218 week per SD increase 32 697 079 052,120 A
—18 weeks
gestation <50 15 272 1.24 0.58, 2.67
preeclampsia 25(0H)D >50 17 425 1.00 Reference
‘ per SD increase 28 604 0.68 0.44, 1.05
24-26 weeks
gestation <50 19 236 3.24 1.37,7.69
>50 9 368 1.00 Reference
177
Shand 2010 <375 10 NR 091 031,262 A
237.5 18 NR 1.00 Reference
. 10-20 weeks <50 17 NR 1.39 0.54, 3.53
preeclampsia gestation 25(0OH)D
=50 11 NR 1.00 Reference
<75 21 NR 0.57 0.19, 1.66
275 6 NR 1.00 Reference
175
Baker 2010 P:egna_nt <50 22 160 541 2021452 B
or lactating severe
women preeclampsia NR 25(0OH)D 50-74.9 10 51 2.16  0.85,5.40
275 11 30 1.00 Reference
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Table 33a. Vitamin D and preeclampsia: Results of observational studies (updated from original report) (continued)

Author Year

Study Name Followup ' . .
Location Life Stage (n/N(?lf;f:ci)(;?eice) Duration M\e/zlatslare Concentration, nmol/L ggég; C[a\ltcé. Ic?r Ad]g;ted 95% ClI Qsljgﬁty
(Latitude) ’ (Time to Dx) gory y
[PMID]
Powe 2010" 39 170 B
Quatrtile 1 (ND) (overall) (overall) 1.50 0.57, 3.96
prezil\;er:]epsia NR 25(0OH)D Quatrtile 2 (ND) 1.04 0.39, 2.76
Quartile 3 (ND) 0.67 0.23,1.91
Quartile 4 (ND) 1.00 Reference
gchog 20é31: <30 12 121 213  1.07,4.26
amden Study 30-40
preeclampsia 20 We(.aks 25(0H)D 12 116 2.09 1.04, 4.22 B
gestation 40-50 7 154 0.94 041,217
>=50 38 750 1.00 Reference
Wei 2013'" _ 24-26 weeks <50 nmol/L 297 1.23,7.20
INTAPP preeclampsia gestation 25(0H)D >=50 nmol/L NR NR 1.00 Reference B
176 severe
Woodham 2011 preeclampsia NR 25(0H)D 41 164 095 094,097 ©°

A This is a nested case-control study.

B Pregnancy Exposures and Preeclampsia Prevention Study.
€ Incidence obtained from the “parent” cohort study in which this case control study is nested.

P Early in pregnancy, approximately 30 wk. before outcome assessment.
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Table 33b. Vitamin D and other pregnancy outcomes: Results of observational studies (updated from original report)

Author Year

Study Name . FOHOV\.IUp . . . .
Location Life OutC(_)me Du_ratlon Vit D Concentration, No. of No. in Adjusted 95% Cl Stud_y
(Latitude) Stage (n/N; Incidence) (Timeto Measure nmol/L Cases Category OR Quality
[PMID] D)
Baker 2011*%
<50 nmol/L 3 11 0.82 0.19, 3.57
preterm birth NR 25(0H)D 50-74.9 nmol/L 8 32 087  0.34,2.25 A
275 nmol/L 29 117 1.00 Reference
Bodnar 2010™°
Pregnant Smgll-for- <37.5 nmol/L 8 11 7.5 18,319 A
white women Iactc;rting gesteﬁ:auil age NR 25(0H)D 37.5-75 nmol/L 27 134 1.0 Reference
women >75 nmol/L 42 128 2.1 1.2,3.8
Small-for- <37.5 nmol/L 17 65 15 0.6,3.5
black women QGSIa;iOEal age NR 25(0CH)D 37.5-75 nmol/L 13 63 1.0 Reference
irths
>75 nmol/L 4 11 2.2 0.5,9.0
Bodnar 2013™ <75 42 85 1.0 Reference
@‘é‘eig 25(0H)D >=75 33 126 0.4 0.2,0.8
‘ birth at gestation per 1-SD increase 75 211 0.5 0.3,0.8
I%rseset[}rgn g5 wak Q1 (median 43.6) 27 52 1.0 Reference
Q2 (median 72.7) 24 53 1.0 04,25
Q3 (median 95.4) 15 53 0.4 02,11
Q4 (median 116) 9 53 0.2 0.1,0.7 A
<75 16 85 1.0 Reference
>=75 9 126 0.2 0.1,0.6
reterm birth at per 1-SD increase 25 211 0.4 0.2,0.8
Iréss than 32 wk Q1 (median 43.6) 10 52 1.0 Reference
Q2 (median 72.7) 7 53 0.5 01,17
Q3 (median 95.4) 6 53 0.4 0.1,15
Q4 (median 116) 2 53 0.1 0.02,0.7
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Table 33c. Vitamin D and preeclampsia: results of RCTs (updated from original report)
Author Year

. . Adjusted
Study Name Life Qutcome FoIIovyup Intervention No. of No. in HR. OR, 95% ClI P for Stuqy
Stage Duration Events Category Trend Quality
[PMID] RR
77
Wagner 2013 2000 1U 9 201 RRO.55 0.22,1.34 0.43
Preeclampsia NR 4000 IU 4 193 RR0.25 0.08,0.80  0.05 B
control 9 110 RR 1.00 Reference
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Vitamin D and Clinical Outcomes of Bone Health

The current report sought RCTs and observational studies reporting on the association
between vitamin D intervention or exposure and clinical outcomes related to bone health,
including rickets, fractures, muscle strength, and falls, published since the original report.

For bone health outcomes, the original report (e.g., bone mineral density, fracture, fall or
muscle strength) relied on a recent comprehensive systematic review (Effectiveness and Safety
of Vitamin D in Relation to Bone Health) performed by the Ottawa EPC (Table 28).® Because
the Ottawa’s EPC report did not report separate analyses for the effect of vitamin D
supplementation alone, the results for the effect of vitamin D alone or in combination with
calcium supplementation were presented in the “Combined Vitamin D and Calcium” section.
The Ottawa EPC report also did not report separate analyses by study designs (i.e., RCTs,
prospective cohorts, before and after study, and case-control studies), although the report
primarily included RCTs.

The Ottawa EPC report was updated with literature published between January 2006 and
September 2008, selected according to our eligibility criteria. Only RCTs qualified for inclusion.

Rickets

Synopsis

No new studies assessing the association between vitamin D intervention or exposure and the
risk for rickets met the inclusion criteria for the current report.

The Ottawa EPC report concluded that there is fair evidence for an association between low
serum 25(OH)D concentrations and confirmed rickets, regardless of the types of assay measures
of 25(OH)D concentrations (RIA, CPBA, HPLC). According to the report, there is inconsistent
evidence to determine whether there is a threshold concentration of serum 25(OH)D above
which rickets do not occur.

Our updated search did not identify new RCTs examining the effect of vitamin D
supplementation on rickets.

Detailed Presentation (Table 34)

Ottawa EPC Report: Rickets—infants (0 through 12 months) and young children
(1 through 5 years)

Overall, there is fair evidence for an association between low serum 25(OH)D concentrations
and confirmed rickets, regardless of the types of assay measures of 25(OH)D concentrations
(RIA, CPBA, HPLC). There is inconsistent evidence to determine whether there is a threshold
concentration of serum 25(OH)D above which rickets do not occur.

Six studies (one RCT, three before-after and two case-control studies) reported mean or
median serum 25(OH)D concentrations < 30 nmol/L in children with rickets whereas the other
studies reports the mean or median 25(OH)D concentrations were above 30 nmol/L (and up to 50
nmol/L). In seven of eight case-control studies, serum 25(OH)D concentrations were lower in the
children with rickets compared with controls.
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Findings by Life Stage

0-6 mo

The Ottawa EPC report included infants and young children and concluded that there is
fair evidence for an association between low serum 25(OH)D concentrations and
confirmed rickets, regardless of the types of assay measures of 25(OH)D concentrations
(RIA, CPBA, HPLC). There were no new data since the Ottawa EPC report.
7mo-2y

The Ottawa EPC report included infants and young children. There were no new data
since the Ottawa EPC report.

3-8y

The Ottawa EPC report included young children. There were no new data since the
Ottawa EPC report.

9-18y

Not reviewed

19-50y

Not reviewed

51-70y

Not reviewed

>y

Not reviewed

Postmenopause

Not reviewed

Pregnant & lactating women

Not reviewed
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Table 34. Summary of systematic review of the effect of vitamin D on bone health (not updated
from original report)

Author Year [PMID] Cranney 2007° [18088161]
Design Systematic review of RCTs and observational studies
Population e Include all ages

e Exclude secondary causes of osteoporosis (e.g., glucocorticoid-induced, renal or
liver disease)

e  Exclude studies on the treatment of vitamin D-dependent rickets (to minimize
clinical heterogeneity as treatments is often nondietary sources of vitamin D)

Intervention (Exposure) Intervention (Exposure):
and Comparator ¢ Include vitamin D, or D3 with or without calcium.
e Exclude vitamin D preparations, calcitriol, a-calcidol (because they are not
nutritional supplements, and have different safety profile)
Comparator:
e No vitamin D or lower doses/levels of vitamin D

Results See text for summary results for the following outcomes in both vitamin D and
combined vitamin D and calcium sections of the report:
e Rickets
e Fractures, falls, or performance measures
e Bone mineral density or bone mineral contents
e How does dietary intake of vitamin D from fortified foods and vitamin D
supplementation affect serum 25(OH)D Concentrations
e Adverse events

Comments Case-control studies were included but always summarized separately from cohort

studies and RCTs. Meta-analyses were performed to pool results from RCTs only.
AMSTAR

A priori design? Yes Study quality assessment performed? Yes

Two independent reviewers? Yes Study quality appropriately used in analysis? Yes

Comprehensive literature search? Yes Appropriate statistical synthesis? Yes

All publication types and languages No Publication bias assessed? No

included?

Included and excluded studies listed? Yes Conflicts of interest stated? Yes

Study characteristics provided? Yes

Fractures, Falls, or Performance Measures

Synopsis

The current report did not identify any new trials that assessed the effect of
interventions of vitamin D alone on fracture risk; eight observational studies assessed the
association between serum 25(OH)D and fracture risk; (interventions that assessed the
effect of vitamin D and calcium are described in Table 59 and the accompanying text). We
identified two RCTs that examined the effect of supplementation with vitamin D on the risk
for falls, and two RCTs on muscle strength; four prospective cohort studies assessed the
association between serum(OH)D concentrations and muscle strength, and one prospective
cohort study assessed the association between serum 2(OH)D and falls. The RCTs reported
significant effects of vitamin D supplementation on decreasing risk for falls and increasing
muscle strength. Three of the four prospective cohort studies reported associations between
lower serum 25(OH)D and decreased or decreasing muscle strength and performance; the
fourth saw no association. An association was seen between lower 25(OH)D concentrations
and increased risk for falls. The studies are described in detail below.

Overall, the Ottawa EPC report, summarized in the original report, concluded that the
associations between serum 25(OH)D concentrations and the risk of fractures, falls, and
performance measures among postmenopausal women or elderly men are inconsistent.?
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Findings from three additional RCTs (published after the Ottawa EPC report)'®**¥* also did
not show significant effects of either vitamin D, or D3 supplementation (daily doses ranged from
400 IU to 822 1U) in reducing the risk of total fractures or falls in elderly populations (>71 years
old).

Detailed Presentation (Tables 35a-d & 36a-d)

RCTs of Vitamin D Supplementation Identified for the Current Report that
Assessed the Effects on Falls and Muscle Strength

Two RCTs were identified for the current report that examined the effects of vitamin D
supplementation on the risk for falls among older adults (both rated A). A 1-year study of
242 adults in Germany,70 to 91 years of age (average age 77, 75% women) randomized the
group to receive 8001U vitamin D and 1000mg calcium daily or calcium and placebo alone;
the vitamin D group had a significant decrease in the number of first fallers (OR 0.73 [0.54,
0.96]).1% A 1-year study of 382 postmenopausal Australian women, 70 to 90 years of age
randomized the women to receive 10001U vitamin D, and 1000mg calcium daily or
placebos; supplemented women had a significantly decreased risk of falling especially in
winter and a decreased risk for first falls but not for two or more falls.'*’

Two RCTs were identified for the current report that examined the effects of 1 year of
vitamin D supplementation on muscle strength (both rated A). The two studies assessed the
effect of supplementation with vitamin D and calcium (compared with calcium alone) on
strength in older adults. A 1-year study of 242 adults in Germany,70 to 91 years of age
(average age 77, 75% women) randomized the group to receive 8001U vitamin D and
1000mg calcium daily or calcium and placebo alone; the vitamin D group had significant
improvements in muscle strength and in timed up and go.*® A study of 261 community
dwelling, vitamin D insufficient, Australian women, 70 to 90 years of age, were randomized
to 1,0001U vitamin D and 1000 mg calcium daily or calcium alone: only women with the
lowest baseline muscle strength had significant improvements.*®

Observational Studies of Muscle Strength and Risk for Falls

Four prospective cohort studies were identified for the current report that assessed the
association between serum 25(OHD) concentrations and muscle strength or loss among
older adults. Among a subset of the WHI cohort serum 25(OH)D concentrations of
75nmol/L or more were associated with higher muscle strength and performance scores at
6 years’ followup (study rated A).** The Rancho Bernardo Study, which followed a cohort
of 1,065 men and women of average age 74.6 over 2.5 years found that lower serum
25(0OH)D concentrations were associated with declining muscle function in women but not
in men (rated C).**°A study of 646 men and women in Tasmania, average age 62, over 2.6
years, found that serum 25(OH)D concentrations of 50nmol/L or less were associated lower
muscle strength at followup (rated B).***The Health ABC Study followed 2,641 men and
women, ages 70 to 80, over 4 years and found that lower serum 25(OH)D concentrations
were not associated with a faster rate of decline in muscle strength over time (rated B).'%

The one cohort study that assessed the association between serum 25(OH)D and risk for
falls followed 463 men and women, 70 to 90 years of age over 1 year and found that serum
25(OH)D of 50nmol/L or less was associated with an increased risk for falls (rated B).**
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Observational Studies of Fracture Prevention Identified for the Current Report

Eight prospective cohort and nested case control studies that assessed the association
between vitamin D exposure and fracture risk were identified that met the inclusion
criteria for the current study.

Hip fracture risk was assessed in five studies that ranged in followup from a median of
6.4 years to an average of 11 years. The Cardiovascular Health Study, a prospective cohort
study that followed 1,6210lder community dwelling adults over 11 years and found a small
but significant increase in hip fracture risk for those with the lowest serum levels of
25(0OH)D (rated A).%” The Health ABC study, which followed a population of 2,501 older
adults for a median of 6.4 years, found no significant association of 25(OH)D exposure and
risk for hip fracture (rated B).*** A reassessment of a subgroup of women in the WHI
Observational Study (OS) found an association of low vitamin D and increased risk for hip
fracture (rated B)."* A study that assessed the risk for hip and other osteoporotic fracture
among 4,749 NHANES 111 participants ages 65 and over found that among those followed
for less than 10 years, serum 25(OH)D was a significant predictor for hip and other major
osteoporotic fracture; however at 10 years or more, the association was no longer
significant (rated A).**® The NOREPOS study followed a cohort of 21,774 men and women
65 to 79 years of age for 10.7 years and observed that low serum 25(OH)D (less than 42.2
nmol/L) predicted a 38 percent increased risk for hip fracture in this population (95% CI
9, 74) compared with a 25(0OH)D concentration of 67.9 nmol/L or more (rated A).*’
Nonvertebral fracture risk was assessed in two studies (both with B ratings). One nested
case control study of the MrOS study population of older men found no association
between low serum 25(OH)D alone and nonvertebral fracture risk.**® The Health ABC
coholrgastudy found no significant association of serum 25(OH)D with nonvertebral fracture
risk.

Total fragility fracture was assessed in two studies. A reassessment of WHI OS data
after 8.6 years follow up found an association of lower serum 25(OH)D concentrations with
a significantly increased fracture risk for white women but a much smaller association for
black women, no association for Hispanic or native American women, and an association of
higher 25(OH)D concentrations with higher risk for fragility fracture in Asian American
women (results of the WHI CabD trial are discussed later in the section on vitamin D and
calcium supplementation).'*® The CEOR study, a study of postmenopausal Saudi women
with a follow up of 5.2 years, observed that low vitamin D was an independent predictor of
increased risk for osteoporotic fracture.”®

Ottawa EPC Report: Fractures—Postmenopausal Women or Elderly Men

Overall, there is inconsistent evidence for an association between serum 25(OH)D
concentrations and the risk of fractures. Fifteen studies (three prospective cohorts and twelve
case-controls) reported on the association between serum 25(OH)D concentrations and fracture
rates. One of three cohorts reported an inverse association between serum 25(0OH)D
concentrations and fracture rates, and nine of twelve case-control studies found significantly
lower 25(OH)D concentrations in cases versus controls. Differences in results may be attributed
to whether all relevant confounders were controlled for and differences in baseline serum
25(OH)D concentrations. Other factors may also contribute to the heterogeneity, such as
diagnosis of fractures.

203



Ottawa EPC Report: Falls—Postmenopausal Women or Elderly Men

Overall, there is fair evidence of an association between lower serum 25(0OH)D
concentrations and an increased risk of falls in institutionalized elderly. One study suggested a
serum 25(OH)D concentration below 39 nmol/L was associated with an increased risk of falls.

Five studies (one RCT, three cohorts and one case-control) evaluated the association between
serum 25(OH)D concentrations and risk of falls. One RCT, two of the three cohorts and one
case-control study reported an inverse association between serum 25(OH)D concentrations and a
risk of falls. In one cohort with a low percentage of vitamin D deficient participants, the
association did not persist after adjustment for age and illness severity. In another cohort with an
undetermined proportion of vitamin D deficient participants no significant association between
serum 25(OH)D concentrations and risk of falls was observed. One case-control study reported
no significant association between serum 25(OH)D concentrations and risk of falls after
adjusting for serum PTH.

Ottawa EPC Report: Performance Measures—Postmenopausal Women or Elderly
Men

Overall, there is inconsistent evidence for an association of serum 25(OH)D concentrations
with performance measures. In studies that reported an association, specific concentrations
below which, declines in performance measures were increased, ranged from 50 to 87 nmol/L.

Seven studies (three RCTs and four cohorts) assessed the relation between 25(OH)D
concentrations and performance related measures. Two of the three RCTs and two of the four
cohorts reported an association between 25(OH)D concentrations and performance measures.
The other studies did not find an association between 25(OH)D concentrations and performance
measures.

Additional RCTs Published After the Ottawa EPC Report

We identified three additional RCTs (published after the Ottawa EPC report)*®*'® that
examined the effect of either vitamin D, or D3 supplementation on total fractures, falls, or
performance in elderly populations (=71 years old). All three RCTs were rated C. In two of the
three RCTs*®!# calcium supplementation (800 or 1200 mg/d) was given to all participants.
Baseline serum 25(OH)D concentrations were less than 40 nmol/L. The other RCT did not
provide any information on background calcium intake or baseline serum 25(OH)D
concentrations.'® All three RCTs reported no significant reduction in the risk of total fracture or
falls in elderly populations at daily vitamin D doses ranging from 400 1U to 822 1U.***%° Only
one of the three new RCTs among elderly reported data on performance measures. Vitamin D
supplementation (400 1U/d) improved gait speed and body sway in healthy elderly subjects.*®®

Findings by Life Stage

e 0-6mMo

Not reviewed
e 7mo-2y

Not reviewed
e 3-8y

Not reviewed
e O0-18y

A single RCT identified for the current report reported no significant effect of
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vitamin D supplementation of 12 to 14-year old girls on muscle strength, in spite of
improved serum status. Not reviewed in the original report

19-50y

No data

51-70y

The Ottawa EPC report concluded that the associations between serum 25(OH)D
concentrations and risk of fractures, falls, and performance measures are inconsistent.
There were no new data since the Ottawa report

>y

Two of three trials identified for the current report that assessed the effects of
vitamin D, or D3 supplementation on the risk for falling among men and women 70
and older reported a significant decrease in the risk for some categories of falls. Two
trials identified for the current report that assessed the effects of vitamin D, or Ds
supplementation on muscle strength reported some improvement but this finding
was limited to those with lowest baseline strength in one study. Analysis of elderly
adults in two large prospective cohort studies found a strong inverse association
between serum 25(OH)D and risk for hip fracture and major osteoporotic fracture;
however one of the studies observed the association only at followup times of 10
years or less. In the original report, findings from three new RCTs did not show
significant effects of either vitamin D, or D3 supplementation (daily doses ranged from
400 IU to 822 1V) in reducing the risk of total fractures or falls among men and women in
this life stage.

Postmenopause

Of two trials identified for the current report that assessed the effects of vitamin D,
or D3 supplementation on the risk for falling among postmenopausal women 70 and
older, one reported a significant decrease in the risk for some categories of falls, and
one reported no effect. This trial reported improved muscle strength among
postmenopausal women 70 and older but only in those with lowest baseline strength.
The Ottawa EPC report concluded that the associations between serum 25(0OH)D
concentrations and risk of fractures, falls, and performance measures are inconsistent.
There were no new data since the Ottawa report identified for the original report.
Pregnant & lactating women

Not reviewed
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Table 35a. Vitamin D and bone health: Characteristics of RCTs published after the Ottawa EPC
report (updated from original report)

Author Year Background
Study Name Calcium
Location Population Intake & Comparisons Compliance Comments
(Latitude) Vitamin D
[PMID] Data
Lyons 20077 . Health Living in care nd Vit D, 100,000 80% (percentage
South Wales, status facilities including IU 4-monthly vs.  of occasions
UK some elderly with placebo observed to take
(52°N) mobility, cognitive, tablets)
[17473911] visual, hearing or
communication
impairments
e Mean 84 (62-107)
age
(range),
y
o Male 23.7
(%)
Burleigh e Health Inpatient with high ~ 25(OH)D: Vit D3 800 IU/d Ca group=87%,
2007+ status  levels of 22.0nmol/L  + Cacarbonate Vit D+Ca
Scotland comorbidity, 1200 mg/d vs. group=89% (total
(55° 57'N) mortality and Ca carbonate study drug
[17656420] polypharmacy 1200 mg taken/total study
e Mean 83 (7.6) drug prescribed,
age as recorded in
(SD), y drug prescription
eMale 40 charts)
(%)
Bunout e Health Healthy 25(CH)D: Ca 800 mg/d vs. 92% (tablet
2006 status <40nmollL  Ca800mg/d+  counting)
Chile eMean 76 (4) Vit D 400 IU/d
(32°S) age (with and
[16797903] (SD), y without exercise
eMale 116 training)
(%)
NEW Studies
Pfeifer, e Health Healthy 25(CH)D: 1000mg and >80%
2009 status 22.0 nmol/L 800 IU daily vs. (noncompliant
Bad Pyrmont, e Mean 77 (SD 4) 1000mg daily participants
Germany age excluded)
Graz, Austria  (SD), y
e Male  26%
(%)
Prince, e Health Vitamind 25(OH)D: 1000mg of Ca & 92% (tablet
2008’ status deficient/depleted <40 nmol/L 1000 IU of Vit counting)
Perth, eMean 77.4(5) D2 daily vs.
Australia age Range: 0-90 1000mg of Ca &
(SD), y placebo daily
o Male 0%
(%)
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Table 35b. Vitamin D and muscle strength: Characteristics of RCTs (updated from original report)

Author Year Background
Study Name Calcium
Location Population Intake & Comparisons Compliance Comments
(Latitude) Vitamin D
[PMID] Data
NEW Studies
Lips, 2010°** e Health nd serum Double placebo  All completes
Multiple status vitamin D- VS. were adherent
countries; North ¢ Mean ~ 77.6 (SD 6.6) placebo- 60,000 IU/week
America(9 age 35.3+/-13.8 Vs,
centers); (SD), y nmol/l, D3- 500mg/twice
Europe (3 34.25+/-11.0 daily & 60,000
o Male nd
centers) (%) nmol/l IU/week
serum
calcium-
placebo-
9.4+/-
0.4mg/dI,
D3- 9.4+/-
0.4mg/dl
Pfeifer, 2009™° o Health Healthy Serum 1000 mg & 800  >80%
Bad Pyrmont, status vitamin D 1U daily (noncompliant
Germany eMean 77 (SD4) level:55+18 Vs. participants
Graz, Austria age nmol/L 1000 mg daily excluded)
(SD), y Calcium
eMale  26% intake:
(%) 608+38 mg/d
Ward, 2010°” e Health Healthy total serum 150,000 U/ 100%
Manchester, status 250HD quarterly
UK eMean 13.8(SD0.7) placebo: Vs.
age Range: 12-14 179+7.4 Placebo
(SD), y nmol/l
eMale 116 vit D group:
(%) 18.1+8.0
nmol/l
Zhu, 2010™° e Health plasma25(OH)D  Serum 1,000 mg/d Ca  vitamin D group:
Perth, Australia status concentration less  25(OH)D +1,00 IU vit D2 86.7%
than 60 nmol/L 17.7 £10.5 Vs. control group:
e Mean 77 (SD 4.8) nmol/L 1,000 mg/d Ca 86.8%
age
(SD), y
o Male 0%
(%)
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Table 35c. Vitamin D and muscle strength: Characteristics of prospective cohorts (updated from

original report)

Author Year Background
Study Name Calcium
Location Population Intake & Comparisons Compliance Comments
(Latitude) Vitamin D
[PMID] Data
NEW Studies
Dam, 2009"® e Health nd serum 10-80 nmol/l nd
Rancho status vitamin D: 82.5-97.5
Bernardo study o Mean  74.6 (SD 10.3) men- nmol/l
California, US  age 107.6+29.2 100-112.5
(SD), y nmol/L, nmol/l
0 women- 115-337.5
Zo/'ga'e 38% 100.8+33.1  nmoll
nmol/L Vs.
10-90 nmol/l
92.5-102.5
nmol/l
105-120 nmol/l
122.5-262.5
nmol/l
Houston, e Health diabetes, cvd, 1/3—- <50 nmol/L nd
20122 status  copd, knee pain 25(0OH)D Vs.
Healthy, Aging e Mean 74.7 (SD 2.9) <50nmoliL, 50-<75 nmol/L
and Body age 2/3— Vs.
Composition (SD), y <75nmol/L 275 nmol/L
Us eMale  49%
Pittsburgh, (%)
Memphis
Menant, e Health Healthy Serum < 50nmol/l nd
2012'% status vitamin D- Vs
Sydney, eMean 78 (SD 4.6) 62.2+24.6 > 50nmol/l
Australia age Range: 70-90 nmol/L
(SD), y
e Male 46%
(%)
Scott, 2010 e Health plasma 25(OH)D  Serum > 50nmol/l nd
Tasmanian status concentration less  250H(D) Vs.
Older Adult than 60 nmol/L Low vitamin < 50nmol/l
Cohort Study eMean 62 (SD7) D: 37.1+8.4
(TASOAC) age Range: 50-79 High vitamin
Tasmania, (SD), y D: 67.8£13.4
Australia o Male 51%
(%)
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Table 35d. Vitamin D and bone health: Characteristics of observational studies published after the
Ottawa EPC report (updated from original report)

Author Year Background
Study Name Calcium
Location Population Intake & Comparisons Compliance Comments
(Latitude) Vitamin D
[PMID] Data
NEW Studies
de Boer 2012%" e Health nd Serum Normal level nd
Cardiovascular status vitamin D: Vs.
Health Study e Mean 74.6 (SD 4.6) 66.2+/-25.8 Low level
us age nmol/L (season
(various) (SD), y specific, ranges
o Male 30% 43-61 nmol/L)
(%)
Barbour, e Health nd Dietary Quartile 1: nd
2012 status calcium <44.5 nmolll
us eMean nd intake, VS.
Pittsburgh, PA  age median (IQR) Quartile 2:
and Memphis,  (SD), y (mg/d) 717 44.5-60.9
TN o Male nd (515-973) nmol/L
(%) 736 (532— VS.
995) 719 Quartile 3:
(517-978) 60.9-79.9
716 (501- nmol/L
940) VS.
Supplemental Quartile 4:
calcium >79.9 nmol/L
intake (%
yes) 18.3
25.017.4
28.7
Supplemental
vitamin D
intake (%
yes) 8.313.1
8.112.2
in order of
groups: hip
fracture
nol/yes, any
non-spine
fracture
nolyes
Barrett-Connor, e Health Healthy, nd Normal level nd
2012'% status Overweight/Obese, Vs,
us and diabetes = Low vit D
(various) 10%; mild CKD

(GFR<60
mL/min/1.73m3)
=12%

e Mean 74 (SD 6)
age

(SD),y

e Male 100%
(%)
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Table 35d. Vitamin D and bone health: Characteristics of observational studies published after the
Ottawa EPC report (updated from original report) (continued)

Author Year

Study Name Background
Location Population Calcium Intake & Comparisons Compliance Comments
(Latitude) Vitamin D Data
[PMID]
» Health nd 3.8-49.3 nmol/L
status vS.
Burgi 2011%% » Mean age 19.5(SD 1.8) 49.3-66.5 nmol/L
us (SD),y vs.
» Male (%) 0% nd 66.5-82.0 nmol/L  Nd
vS.
82.0-99.5 nmol/L
vS.
99.5-281.3 nmol/L
Cauley 2011™ » Health nd nd <50 nmol/L nd
WHI OS status VS.
us » Mean age 64 (50-70) 50-<75 nmol/LI
(Range), y VS.
» Male (%) nd =75 nmol/L
Michael, 2011 » Health nd Serum vitamin D- > 75 nmol/l nd
us status 48.2+/-21.4 nmol/L Vs.
(various) » Meanage 70.3(SD3.7) 50—-74nmol/l
(SD), y Range: 50-79 Vs.
» Male (%) 0% 25-49 nmol/l
Vs.
< 25 nmol/l
Rouzi 20127 » Health Healthy Serum 25(OH)D: <17.90 nmol/L nd
Jeddah, Saudi Arabia status 34.27+22.80 nmol/L  vs.
» Mean age 61.3 (SD 7.2) >45.1 nmol/L
(SD),y
» Male (%) nd
Cauley, 2008 » Health Post-menopausal ~ Serum 25(0OH)D Quartile 1: 9.2-47.5 nd
WHI-OS status controls: 59.60 + 18.05 nmol/L
nd » Meanage Nd (50-79) nmol/l Vs.
(Range), y cases: 55.95 £ 20.28  Quartile 2: 47.6—
» Male (%) 0% nmol/l 70.6 nmol/L
vS.
Quatrtile 3: 60.2—
70.6 nmol/L
vs.
Quatrtile 4; 70.7—
121.5 nmol/L
vs.
per 2.5 nmol/L
decrease
VSs.
per 25 nmol/L
decrease
Looker 2013™° e Health NR osteoporotic fracture- 3 categories per1  nd
NHANES Il status yes: 57.5 nmol/L, no:  SD unit decline in
US (multiple cities) e Mean age 75.2 60.1 nmol/L serum 250HD
(SD), y hip fracture- yes: 57.6
e Male (%) nmol/L, 60.0 nmol/L
25.7%
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Table 35d. Vitamin D and bone health: Characteristics of observational studies published after the
Ottawa EPC report (updated from original report) (continued)

Author Year

Study Name Background
Location Population Calcium Intake & Comparisons Compliance Comments
(Latitude) Vitamin D Data
[PMID]
Menant, 2012™ e Health nd serum vitamin D- < 50nmol/l nd
Sydney, Australia status 62.2+24.6 nmol/L Vs.
e Mean age 78 (SD 4.6) > 50nmol/l
(SD),y Range: 70-90
e Male 46%
(%)
Michael, 2011 » Health nd Serum vitamin D- > 75 nmol/l nd
us status 48.2+/-21.4 nmol/L Vs.
(various) » Meanage 70.3(SD3.7) 50—-74nmol/l
(SD),y Range: 50-79 Vs.
» Male (%) 0% 25-49 nmol/l
Vs.
<25 nmol/l
Holvik 2013"™" « Health 46.1-59.2% good or median (25th and 75th Quartile 1: 4.5-42.1 nd
Norwegian status very good health percentiles) s- VS.
Epidemiologic e Mean age 71.9(SD 3.9) 25(0OH)D Quartile 2: 42.2—
Osteoporosis Studies  (SD), y in the randomly 53.5
(NOREPOS) e Male (%) sampled subcohort VS.
Norway 28% was 53.5 (42.2, 67.8) Quartile 3: 53.5—
nmol/L 67.8
VS.
Quartile 4: 67.9—
250.0
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Table 36a. Vitamin D and bone health: Results of RCTs published after the Ottawa EPC report (updated from original report)

Author Year . . Outcome
Study Name S';gee Outcome 1°/2° Fol\l/:gsvnu Inlt;ri\l/erg)t(l)osrés, Ev’:nt To,\:al Metric Result 95% ClI BTW QSut:ﬁ%/
[PMID] 9 P y (Comparison) y
Lyons 20077 Median time
=71 First fracture 1° to first Vit D, ~822 IU* 205 1670 HR Vit 095 0.79,1.15 NS C
[17473911] both fracture = D/placebo
sexes 387 (IQR:
220-582) d in
Vit D, group;
367
(IQR:139-
618) din Placebo 218 1673
placebo
group
Burleigh Median 1 Vit D3 800 IU + RR (Vit
2007 271 Fall 1° (IQR Ca carbonate 36 100 D+Ca)/Ca 0.82 0.59, 1.16 NS C
both 15-71 d) 1200 mg
[17656420] sexes Ca carbonate 4 108
1200 mg
. Vit D3 800 IU +
Median 1 Ca carbonate 1 100 nd nd NS
(IQR 1200 mg
Fracture 1°
Ca carbonate
15-71 d) 1200 mg 3 103
Bunout 2006 Fall free
>71 Fall 2° 9 mo Ca 800 mg 13° 24 survival nd NS
[16797903] both curve
sexes Ca 800 mg + 68 22
exercise training c
Vit D 400 IU + 9B 24
Ca 800 mg
Vit D 400 IU +
Ca 800 mg + 88 22

Exercise training
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Table 36a. Vitamin D and bone health: Results of RCTs published after the Ottawa EPC report (updated from original report) (continued)

Author Year Life Interventions N Outcome Study
Study Name Stage Qutcome 1°/2° Mean Followup Daily Dose ' Event N Total Metric Result 95% ClI P Btw Quality
[PMID] (Comparison)
NEW Studies
gt P”mg‘)Fa”s 1° 12 mo ﬁgﬁ;’ mg&800IU  \g 120 RR 073 054,096 <001 A
Multiple
Countries 1000 mg daily NR 120 RR 1.00 Reference
Prince, 0.41, 1.06
2008’ 1000mg of Ca & 0.66 0.37,099 NS
Perth, Primary—Falls 1000 IU of Vit D2 adjusted for
Australia (=1) 1° ly daily 80 151 OR 0.61 height <0.05 A
1000mg of Ca &
placebo daily 95 151 OR 1.00 Reference
1000mg of Ca &
1000 IU of Vit D2
Primary-1 fall daily 32 151 OR 0.50 0.28,0.88 <0.05
1000mg of Ca &
placebo daily 51 151 OR 1.00 Reference
1000mg of Ca &
Primary—Falls 10.00 I of Vit D2
=2) daily NR 151 OR 0.86 0.50,149 >0.05
1000mg of Ca &
placebo daily NR 151 OR 1.00 Reference
1000mg of Ca &
Primary—First fall 10.00 U of Vit D2
in winter/spring daily 38 151 OR 0.55 0.32,0.96 <0.05
1000mg of Ca &
placebo daily 54 151 OR 1.00 Reference
1000mg of Ca &
Primary—First fall 1000 IU of Vit D2
in daily 42 151 OR 0.81 0.46,1.42 >0.05
summer/autumn 1000mg of Ca &
placebo daily 41 151 OR 1.00 Reference

Note: Outcomes cells are shaded for the Control rows.

A Daily dose was calculated from the intermittent doses that were used in the study (i.e., 100,000 IU tablets every 4 months)

B Estimated from figure
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Table 36b. Vitamin D and muscle strength: Results of RCTs (updated from original report)

Author Year

Life om0 Interventions No. . . Change/ Change . Net Diff Study
[SPtll\J/lolll)D/]Name Stage Outcome 1°/2° Followup, _Daily Dose Analyzed Unit Baseline Final SD Net Diff 95% CI P Btw Quality
Lips, 2010°** Short . 8,400 _ 0.108,
Multiple physical IU/weekly 109 9.00 change= 0.355 0.601 -0.25 -0.60,-0.10 0.17
countries; performanc
North e battery
America(9 (SPPB) _ 0.351,
centers): summary Placebo 104 9.07 change= 0.601 0.852 Reference NR
Europe (3 score A
centers) 71+
Short 8,400 _ -0.252,
physical IU/weekly 109 cm/s 93.70 change=3.10 6.458 -0.84 -5.63,3.95 0.73
performanc
e batter
(SPPB) g)z/ait Placebo 104 cm/s 88.70 change= 3.94 075587 Reference NR
speed
Pfeifer, Secondary- o 1000 mg & Newto . _ )
200985 Quadriceps 2 800 IU daily 114 211.00 final= 236 SD=75 +12 8.6, 32.6 0.25
strength . Newto - _
Bad 71+ left leg 1000 mg daily 114 217.00 final= 224 SD=83 Reference
Secondary- 1000 mg & inal= = - -
Pyrmont, Body sway 800 IU daily 114 mm 86.00 final= 81 SD=32 5 13,3 0.22 A
Germany total length 1000 mg daily 114 mm  90.00 final= 86 SD=30 Reference
Graz, Austria Secondary 1000 mg &
Timed up 800 IU daily 114 secs 9.00 final= 7.5 SD=3.4 -0.8 -1.9,0.3 0.16
?.?83()) 1000 mg daily 114 secs 8.50 final= 8.3 SD=5.1 Reference
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Table 36b. Vitamin D and muscle strength: Results of RCTs (updated from original report) (continued)

Author Year | . Mean . .
Study Name Life Outcome 1°/2° Followup, Inter.\ientlon ’\:O' d Unit Baseline Chgngle/ Change Net Diff Neg Diff P Btw Stuﬁy
[PMID] Stage mo s, Daily Dose Analyze Fina SD 95% ClI Quality
. 1° lyr 150,000 1L/ 33 kN/kg 2.80 change=-0.08 SD=0.22 -0.04 -0.12,0.04 0.32
Ward Maximum quarterly
2010°* 3;518 force Placebo 32  kN/kg 271  change=-0.04 SD=0.04 Reference
Manchester, Eslinger 150,000 1b/ 33 per- 89.44 change=-4.31 SD=9.32 +0.17 -3.8,4.2 0.93 A
; quarterly cent
UK fitness orce
index Placebo 32 P nt 85.41 change=-4.48 SD=6.68 Reference
150,000 1L/ 33 Per 8776  change=2.72 SD=857 +1.10 -0.91,312 0.10
- quarterly cent
Efficiency Por-
Placebo 32 cent 84.36 change=-0.56 SD=7.42 Reference
] 150,000 1L/ 33 m/sec 2.19 change=0.02 SD=0.13 +0.03 -0.03,0.09 0.28
Velocity quarterly
Placebo 32 m/sec  2.12 change=-0.01 SD=0.09 Reference
Jump 1(51?1‘;?2”5/ 33 m 0.34 change=0.01 SD=0.04 +0.01 -0.01,0.03 0.32
height Placebo 32 m 0.33 change=0.00 SD=0.04 Reference
Maximum 150,000 U/ 55 \\wikg 3952  change=-1.06 SD=4.18 +0.18  -1.6,2.0  0.84
power quarterly
relative to _ _
body weight Placebo 32 kWikg 37.81 change=-1.24 SD=2.91 Reference
Spine bone 150,000 1U/ 35 9 11.73  change=0.52 SD=0.39 -0.05 -0.24,0.15 0.62
mineral quarterly
content Placebo 33 11.97 change=0.57 SD=0.43 Reference
(BMC) g . ge=0. =0.
ibi 0,
Tibia 66% 150,000 U/ 55 MO/ 55038 Change=7.68 SD=12.26 -1.98  -8.4,4.4 054
cortical quarterly mm
bone
mineral mg/ _ _
content (Ct Placebo 31 mm 261.23 change=9.66 SD=13.38 Reference
BMC)
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Table 36b. Vitamin D and muscle strength: Results of RCTs (updated from original report) (continued)

Author Year | . Mean . .
Study Name ;lfe Outcome 1°/2° Followup, IntDer_\ienDtlon A ’\:O' d Unit Baseline C:]fngIE/ Chggge Net Diff NeE/leIf P Btw Stulqy
[PMID] tage mo s, Daily Dose Analyze ina 95% C Quality
Zhu, 2010™% 1,000 mg/d
Timed up Ca +1,00 IU 129 secs 11.0 Final=8.1 SD=3.9 -0.9 -2.2,0.5 0.2
Perth, 71+ and go 1° 1y vit D2
Australia (TUAG) 1,002:19/d 132 secs 10.8 Final=9 SD=7 Reference
lower limb 1,000 mg/d
muscle Ca +1,00 IU 129 kg 11.6 Final=10.9 SD=3.7 0 -0.9,0.9 1
strength: vit D2
ankle 1,000 mg/d N _
dorsiflexion Ca 132 kg 11.8 Final=10.9 SD=4 Reference
lower limb 1,000 mg/d
Ca +1,00 IU 129 kg 11.8 Final=12.9 SD=3.5 -0.1 -1.0,0.8 0.83
muscle .
vit D2
strength: 17000 maid
knee flexor ! Ca 9 132 kg 11.9 Final=13 SD=3.9 Reference A
lower limb 1,000 mg/d
muscle Ca+1,001U 129 kg 18.3 Final=18 SD=5 -0.3 -1.6,1.0 0.65
strength: vit D2
knee 1,000 mg/d L _
extensor Ca 132 kg 18.8 Final=18.3 SD=5.5 Reference
lower limb 1,000 mg/d
muscle Ca +1,00 IU 129 kg 14.6 Final=17.2 SD=5.2 +0.3 -1.1,1.7 0.67
strength: vit D2
hip 1,000 mg/d = _
extensor Ca 132 kg 14.4 Final=16.9 SD=6.2 Reference
lower limb 1,000 mg/d
muscle Ca +1,00 IU 129 kg 12.3 Final=14.5 SD=4.1 +0.4 -0.7,1.5 0.48
strength: vit D2
hip 1,000 mg/d N _
abductor Ca 132 kg 12.2 Final=14.1 SD=4.9 Reference
lower limb 1,000 mg/d
Ca +1,00 IU 129 kg 14.5 Final=15.4 SD=4.2 0 -1.1,1.1 1
muscle .
vit D2
strength: 17000 maid
hip flexor ! Ca 9 132 kg 145 Final=15.4 SD=4.8 Reference
" lower limb 1,000 mg/d
muscle Ca+1,001U 129 kg 14.4 Final=16.4 SD=4.2 +0.1 -1.1,1.3 0.86
strength: vit D2
hip 1,000 mg/d ool _
adductor Ca 132 kg 14.7 Final=16.3 SD=5.2 Reference
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Table 36¢. Vitamin D and muscle strength: Results of prospective cohorts (updated from original report)

Author Year

Mean

Life om0 Concentration, No. . . Change/ Change . Net Diff Study
[SPtll\J/ﬁEl)]Name Stage Outcome 1°/2 Follrgvc\)/up, nmol/L Analyzed Unit Baseline Final SD Net Diff 95% CI P Btw Quality
Dam, 2009 kg Change= -4.76,
Rancho Change in grip 90 25y 10-80 nmol/ 159 (%) NR -0.78 6.32 +1.55 NC 0.22 C
Bernardo strength (women) (median) Change= -1.34,
study 82.5-97.5nmolll 181 330 795  +5.63 NC
California, US 100-112.5 153 Change=  -6.85,
nmol/l -2.01 2.83 +0.32 NC
115-337.5 163 Change= -7.10,
nmol/l -2.33 2.45 Reference Reference
Change= -2.12,
Change in grip 10-90 nmol/l 114 071 354 +1.63 NC 022
strength (men) 92.5-102.5 86 Change=  -3.91,
nmol/l -0.64 2.63 +1.7 NC
Change= -2.34,
105-120 nmol/l 110 037 3.07 +1.97 NC
122.5-262.5 99 Change= -5.15,
nmol/l -2.34 0.48 Reference Reference
Change= 16.22,
Change in Timed 10-80 nmol/ 159 2192  27.62%*  +13.79 NC  0.002
up and go Change=  2.69,
(TUG)(women) 82.5-97.5nmoll 181 737 1204  -0.76 NC
100-112.5 153 Change=  3.48,
nmol/l 8.48 13.48 +0.35 NC
115-337.5 163 Change=  3.16,
nmol/l 8.13 13.10 Reference Reference
Change=  -1.11,
Change in Timed 10-90 nmol/l 114 3.36 7.82 +1.94 NC 099
up and go (TUG) 92.5-102.5 Change=  -1.75,
86
(men) nmol/l 3.52 8.79 +2.1 NC
Change= 0.69,
105-120 nmol/l 110 495 921 +353 NC
122.5-262.5 99 Change=  -3.05,
nmol/l 1.42 5.09 Reference Reference
Change= 16.28,
Change in Timed 10-80 nmol/l 159 2198 27677  +14.28 NC 0002
chair stands Change= 2.70,
(TCS)(women) 82.5-97.5nmol/l 181 738 12.06  -0.32 NC
100-112.5 153 Change= 3.51,
nmol/l 8.51 13.51 +0.81 NC
115-337.5 163 Change=  2.58,
nmol/l 7.70 12.62 Reference Reference
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Table 36¢. Vitamin D and muscle strength: Results of prospective cohorts (updated from original report) (continued)

Author Year Mean . .
Study Name Qutcome 1°/2°  Followup, Concentration, No. Unit Baseline Chgnge/ Change Net Diff Net Diff P Stud_y
nmol/L Analyzed Final SD 95% ClI Btw  Quality
[PMID] mo
Change= -1.11,
Change in Timed 10-90 nmol/ 114 3.36 7.82 +1.94 NC  0.99
chair stands 92.5-102.5 86 Change=  -1.75,
(TCS)(men) nmol/l 3.52 8.79 +2.1 NC
Change=  0.69,
105-120 nmol/l 110 4.95 921 +353 NG
122.5-262.5 99 Change=  -3.05,
nmol/l 1.42 5.09 Reference Reference
Houston, 1° 4y <50 nmol/L 12.83 Final=11.9 SE=0.2 NC NC 0.76 B
9%  knpeeextensor e
2012 _ knee extensor 50<75nmoll. 1818 "™ 1301 Final=11.9 SE=0.2
Healthy, Aging strength kg :
and Body =75 nmol/L 1291 Final=11.8 SE=0.2
ngposition <50 nmol/L 28.87 Final=29.2 SE=0.4 NC NC 0.09
Pittsburgh grip strength 50—<75 nmol/L 1971 kg 29.71 Final=29.8 SE=0.4
Memphis 275 nmol/L 29.81 Final=30.0 SE=0.4
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Table 36¢. Vitamin D and muscle strength: Results of prospective cohorts (updated from original report) (continued)

Author Year

Mean

Life om0 Concentration, No. . . Change/ Change . Net Diff P Study
Study Name Stage Qutcome 1°/2°  Followup, nmol/L Analyzed Unit Baseline Final SD Net Diff 95% Cl Btw  Quality
[PMID] mo
Menant, ; _Cri > 50 nmol/l 309 k final=28.7 SD=11.7 +4.7 3.3,6.1 <0.001
20121 Primary-Grip 1° 1y g NR ! B
Sydney strength < 50nmol/l 154 kg final= 24.0 SD=10.3 Reference
Australia Primary- > 50 nmol/l 309 kg final= 28.9 SD=11.9 +6 57 <0.001
Quadriceps -
strength < 50nmol/l 154 kg final=22.9 SD=10.4 Reference
Primary-Finger > 50 nmol/l 309 ms ggglz SD=45.2 -11.7 NR <0.001
press reaction finai—
time < 50nmol/l 154 ms ~ SD=50.0 Reference
247.1
Primary-Sway, > 50 nmoll 300 mm2 final=765 SD=40.1 54 o’ 006
eyes open-floor < 50nmol/l 154 mm2 final=81.9 SD=46.0 Reference
final= _ -17.7,
Primary-Sway, > 50 nmol/l 309 mm?2 182 2 SD=97.5 -5.6 65 0.37
eyes open-foam < 50nmol/l 154 mm2 2;?'; SD=89.9 Reference
Primary-
Physiological > 50 nmol/l 309 final=0.8 SD=0.9 -0.2 -0.3,-0.1  <0.001
Profile
assessment
(PPA) fall risk < 50nmol/l 154 final=1.0 SD=0.9 Reference
score
final= _ 14.2,
Primary-Maximal > 50 nmol/l 309 mm 155 7 SD=56.8 +21.1 230 <0.001
balance range < 50nmol/l 154 mm 222'2 SD=49.7 Reference
Primary- > 50 nmol/l 309 final=13.6 SD=12.4 -5.0 -7,-3 <0.001
Coordinated -
stability score < 50nmol/l 154 final=18.6 SD=13.3 Reference
Primary-Choice > 50 nmol/l 309 secs final=" SD=215. -73.4 017, - 5001
stepping reaction 987.4 L 45.1
; final= SD=223.
time < 50nmol/l 154 secs 1060.8 0 Reference
Primary-6 m > 50 nmol/l 309 m/s final= 0.73 SD=0.16 +0.06 0.04,0.08 <0.001
walk speed < 50nmol/l 154 m/s final= 0.67 SD=0.17 Reference
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Table 36¢. Vitamin D and muscle strength: Results of prospective cohorts (updated from original report) (continued)

Author Year Mean

Life . Concentration, No. . . Change/ Change . Net Diff P Study
[SFEK/I?EI)]Name Stage Qutcome 1°/2 Follrgvc\)/up, nmol/L Analyzed Unit Baseline Final SD Net Diff 95% Cl Btw  Quality
Scott, 2010™* perce
Tasmanian Appendicular L 26y > 50nmol/l 389 nt 62.20 NR NR +0.01 -0.52,0.54 0.963 B
ggdhegrfg;ﬂtdy lean mass < 50nmol/l 207 PO 5930 NR NR  Reference
(TASOAC) > 50nmol/l 389 kg  100.80 NR NR +574  0.65,10.82 0.027
Tasmania, Leg strength
Australia < 50nmol/l 297 kg 91.50 NR NR Reference
Leg muscle > 50nmol/| 389  kg/kg  5.90 NR NR +0.49 017,082 0.003
quality < 50nmol/l 297 kg/kg  5.50 NR NR Reference
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Table 36d. Vitamin D and bone health: Results of observational studies published after the Ottawa EPC report (updated from original report)

Author Year

Study Name Life Outcome 10/2 Mean Concentration, nmol/L N Event N Total Outcome Metrlc Result 95% ClI P Btw Stqu
Il |
[PMID] Stage Followup (Comparison) Quality
87
de B(_)er 2012 Normal level 118 1126 1.00 Reference NR A
Cardiovascular
Health Study Hip fracture 1° 11 yrs Low level (season specific, HR
us . ranges 43-61 nmol/L)
(various) 72 495 1.34 0.97,1.84
Barbcl)9u4r, Quartile 1: <44.5 nmol/L 84 2501 192 097,383 0.217 B
2012 age
US 70-79 H|p fracture 1° 2 yrs Qual’tl|e 2: 44.5-60.9 nmol/L HR 0.75 032, 1.72
Pittsburgh, PA Quartile 3: 60.9—79.9 nmol/l 1.86  1.00, 3.45
_?_Rld Memphis, Quartile 4: >79.9 nmol/l 1.00 Reference
Quartile 1: <44.5 nmol/L 247 2494 121 0.83,1.75 0.752
nonspine 1° 2 yrs Quartile 2: 44.5-60.9 nmol/L HR 1.01 0.68, 1.49
fracture Quartile 3: 60.9—79.9 nmol/l 1.12  0.78,1.60
Quartile 4: >79.9 nmol/l 1.00 Reference
Barrett-Connor,
2012198 51-70 nonspine NOI’mal |eVe| 100 594 1.2 08, 1.8 A
us yrs; fracture 1° 4.6 yrs HR
. =71 yrs .
(various) Low vit D 34 183 1.00 Reference
Burgi 2011°° s 3.75-49.25 nmol/L 600 1200 1.00 _Reference  0.02 B
uS t 49.5-66.5 nmol/L 077 _ 0.54,1.11
stress o
fracture NR 66.8—82 nmol/L OR 0.76  0.52,1.10
82.3-99.5 nmol/L 0.61 0.42,0.91
99.75-281.25 nmol/L 0.51 0.34,0.78
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Table 36d. Vitamin D and bone health: Results of observational studies published after the Ottawa EPC report (updated from original report)

(continued)

Author Year

Study Name Life Outcome 11/2 Mean Concentration, nmol/L N Event N Total Outcome Metric Result 95% ClI P Btw Stqu
[PMID] Stage Followup (Comparison) Quality
Cauley 2011
WHI OS Post-
us meno- <50 nmol/L 150 270 OR 1.00 _ Reference  0.02 A
whites Pausal 50— <75 nmol/L 156 321 0.82 0.58, 1.16
women >75 nmol/L 84 189 0.56  0.35,0.90
<50 nmol/L 241 508 1.00 Reference 0.043
blacks 50— <75 nmol/L 108 193 OR 148  1.05,2.10
275 nmol/L 30 57 1.33 0.73,2.43
<50 nmol/L 89 182 1.00 Reference 0.72
Hispanics fractures 1% 8.6 yrs 50— <75 nmol/L 71 140 OR 102 0.69,1.79
=275 nmol/L 31 60 1.09 0.50, 2.37
<50 nmol/L 37 80 1.00 Reference 0.22
Asians 50— <75 nmol/L 45 85 OR 1.49 0.76, 2.93
275 nmol/L 30 59 1.66 0.68, 4.02
<50 nmol/L 29 55 1.00 Reference 0.29
qative OR
Americans 50— <75 nmol/L 9 18 0.64 0.15, 2.79
275 nmol/L 6 15 0.43 0.09, 2.08
Rouzi, 2012 fragility <17.90 nmol/L 138 707 125 0.91,1.70
Jeddgh, Saudi fractures 1° 5.2 yrs OR
Arabia >45.1 nmol/L 1.00 Reference
Cauley, 2008™ Quartile 1: 9.2-47.5nmollL  NR 244 171 1.05,2.79
x\éH"OS Quartile 2: 47.6-70.6 nmol/lL  NR 195 109 0.70,1.71
Quartile 3: 60.2—70.6 nmol/L NR 167 0.82 0.51,1.31
hip fractures 1°  7.1yrs Quartile 4: 70.7-121.5 OR
nmol/L NR 193 1.00 Reference
per 2.5 nmol/L decrease NR 799 1.03 1.01,1.05 0.015
per 25 nmol/L decrease NR 799 1.33 1.06, 1.68
major . o 400 4749 1.27 1.12,1.44
Looker 2013% osteoporotic 1° 7yrs pert ;B#”Z'ggeﬁg”e n 212 NR RR 114 097,134 A
NHANES Il fracture 188 NR 1.40 1.13,1.74
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Table 36d. Vitamin D and bone health: Results of observational studies published after the Ottawa EPC report (updated from original report)

(continued)

Author Year

Study Name SL'fe Outcome 10/2 = I\ll:ean Concentration, nmol/L N Event N Total Olétcome Metrlc Result 95% ClI P Btw Stu:j_y
[PMID] tage ollowup (Comparison) Quality
Holvik 2013™’
Norwegian
Epidemiologic Q1:.45-42.1 317 256 1.34 1.05,1.70
OSteppOl’OSiS hip fracture  1° 10.7 yrs Q2:42.2-535 2094 255 HR 1.13 0.90, 1.44 A
f’l\tl‘gjéeépos) Q3:53.5-67.8 272 255 1.10  0.87,1.39
Q4: 67.9-250.0 279 256 1.00 Reference
193
g;;r?;; 2012 Primary- . Ly < 50nmol/l o4 o1 IRR 193  1.19,3.15 0.008 B
Australi:'a Falls in men > 50nmol/l IRR 1.00 Reference
PJLTSK < 50nmol/l 115 048 IRR 0.83  0.56,1.23 0.362
women > 50nmol/l IRR 1.00 Reference
Michzilsegl, Primary- 1° 6y =75 nmoll/l NR 64 RR 3.66 1.88,5.45 <0.001 A
2011 Physical
us performance
(various) summary
score
50—74nmol/l NR 148 RR 2.32 0.89, 3.75
25—-49 nmol/l NR 255 RR 1.64 0.28, 3.01
< 25 nmol/l NR 67 RR 1 Reference
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Vitamin D and All-Cause Mortality

Synopsis

The current report identified 25 cohort studies that assessed the association between
serum 25(OH)D concentration and risk for all-cause mortality. Of the 25, seven found no
association (rated 1A, 6B), 16 found an association of lower 25(OH)D concentrations with
increased risk for mortality (rated 6A, 9B: one article reported on two studies), and two
reported an association of both higher and lower 25(OH)D concentrations with increased
mortality risk (rated A and B).

The assessment of the literature on vitamin D and all-cause mortality in the original
report was based on a reanalysis of a systematic review of RCTs on vitamin D supplementation
for mortality.' In addition, it summarizes four observational studies on the association of vitamin
D and all-cause mortality.

Three RCTs from the previous systematic review and an additional C rated RCT were
included in our reanalysis. Three used daily doses that ranged between 400 and 880 U, and one
used 100,000 1U every 3 months. Our meta-analysis of the 4 RCTs (13,833 participants) shows
absence of significant effects of vitamin D supplementation on all-cause mortality (RR = 0.97,
95% CI: 0.92, 1.02; random effects model). There is little evidence for between-study
heterogeneity in these analyses.

One cohort study (rated B for methodological quality) found a significant trend for lower
odds for death with increasing 25(OH)D concentrations. Three other cohort studies did not find a
significant association between 25(0OH)D concentrations and all-cause mortality. These three
studies were rated C for their methodological quality.

The above are applicable to older (50-70 y) and elderly (>71 y) men and women (mean age
was >70 y in the included studies).

Detailed Presentation (Tables 37, 38, & 39)

The current report identified 25 observational studies that assessed the association
between serum 25(OH)D concentrations and all-cause mortality as an outcome. None of the
outcomes fit the criteria needed to be included in the meta-analysis that was conducted for
the original report and are described below. As mentioned in the Methods section, the
original report updated and reanalyzed published meta-analyses of mortality outcomes. That
report drew its own conclusions based on its analyses. The original report also commented on the
concordance of its conclusions with those of the published meta-analyses.

Relevant Published Systematic Reviews of RCTs (With Meta-Analyses)

The original report identified two systematic reviews (with meta-analyses) of RCTs that
summarized the effect of vitamin D supplementation with or without calcium on mortality.?*4%
One systematic review (Avenell 2008) examined only trials on fall prevention, and briefly
described results on mortality.?®® The second meta-analysis (Autier 2007) focused specifically on
mortality.?* It included all RCTs identified in the first, as well as additional trials (which were

'Numerical data were extracted from previous systematic reviews—no additional studies were identified. For this reason, we did
not appraise studies for their methodological quality.
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not eligible for the primary analysis of the Avenell 2008 systematic review, namely prevention
of falls).?®* Therefore, the Autier 2007 meta-analysis was used as the basis for our reanalysis.
Table 37 summarizes the findings of the Autier 2007 systematic review.

Table 37. Summary of systematic review on vitamin D supplementation and all-cause mortality
(not updated from original report)

Author Year [PMID] Autier 2007°™* [17846391]
Design (Search Years) Randomized controlled trials (1992—2006)
Population Community dwelling or institutionalized adults

Intervention (Exposure)  Supplementary vitamin D (at least 1000 mg/d) without calcium vs. placebo or no
and Comparator treatment

Results 18 trials of combined vitamin D and vitamin D + calcium
RR: 0.93 (95% CI 0.87, 0.99); favoring vitamin D (+ calcium) supplementation
Statistically homogeneous
In our reanalysis we and excluded 3 of 18 trials and separated studies with vitamin D
only from those with vitamin D and calcium combination.
For details and results of our reanalysis, see text.

Comments See text in vitamin D and vitamin D + calcium sections for reanalyses of the separated
trials.
Study participants, vitamin D assays, and vitamin D status are not described in detail.

AMSTAR Criteria

A priori design? Yes Study quality assessment performed? No

Two independent reviewers? No Study quality appropriately used in NA
analysis?

Comprehensive literature search? Yes Appropriate statistical synthesis? Yes

All publication types and languages Yes Publication bias assessed? No

included?

Included and excluded studies listed? No Conflicts of interest stated? Yes

Study characteristics provided? Yes The meta-analysis did not perform quality

assessment (neither using individual quality items
nor using quality scores)

Additional Identified RCTs (Not Included in Published Systematic Reviews)

No RCTs were identified for the current report that assessed the effect of vitamin D or
vitamin D and calcium supplementation on risk for all-cause mortality. For the original
report, Lyons 2007 (n=3343, 24% males) used monthly supplementation with 100,000 IU of
vitamin Dy, orally for 3 years.'®* The trial took place in South Wales (latitude ~52°N) and
included older people (mean age 84 y) living in sheltered accommodation. The primary outcome
was prevention of fractures. The Lyons 2007 RCT received grade “C” for the all-cause mortality
outcome, because of inconsistencies in the reported data. This RCT is included in the reanalysis
described below.

Reanalysis

For the re-analysis conducted in the original report, they excluded 5 of 18 trials in the
Autier 2007 meta-analysis: One trial was on patients with congestive heart failure,*®® one was
published only in abstract form,?” in one trial the controls also received supplementation with
vitamin D, albeit with a smaller dose,?*® and two trials used vitamin D injections.?***'° One
additional eligible RCT (Lyons 2007)*® was identified and included in our meta-analysis.

Overall, four trials (13,899 patients) used only vitamin D supplementation without calcium.
Among the four trials, sample sizes ranged from 2578 to 5292 participants. Followup periods
ranged from 36 to 60 months. Vitamin D doses in most trials ranged between 400 and 830 U per
day.
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Overall, there were no significant effects of vitamin D supplementation on mortality. The RR
V\Z/as 0.97 (95% C1 0.92, 1.02), with no evidence for between-study heterogeneity (P=0.39,
1°=0%).

Cohort Studies

The current report identified 25 cohort studies (one article reported on two studies, and
one study was reported in two articles) that assessed the association between serum
25(OH)D concentration and risk for all-cause mortality. Of the 25, six found no association
(rated 1 rated A, 6 rated B).>®7077798398.144 Thage studies ranged in length of followup from
3 to 24 years. Sixteen found an association of lower 25(OH)D concentrations with increased
risk for mortality (6 rated A, 9 rated B: one article reported on two studies);*®"*
77.818687.101,211-218 st associations were small, limited to a particular subgroup, or limited
to the first 3 years after baseline measurement.?* Two studies reported an association of
both higher and lower 25(OH)D concentrations with increased mortality risk, that is a j-
shaped association (rated A and B).2*?'® A 15-year followup assessment of 15,099 NHANES
participants (age 20 and older) reported the lowest association with all-cause mortality at a
25(OH)D concentration of 81 nmol/L. For 25(OH)D concentrations less than 20nmol/L, the
RR for all-cause mortality was 2.2 (95% CI 1.6, 2.9) and for 25(OH)D concentrations
greater than 120nmol/L, the RR was 1.5 (95% CI 1.02, 2.30).* These same associations
were seen for both men and women, for adults 20 to 64 years of age and for non-Hispanic
whites.

The original report identified four prospective cohort studies described in 5
publications.®>?'%%% The characteristics of the four cohorts are shown in Table 38. One was
rated “B"?'® for methodological quality and the remaining were rated “C.”

Table 39 summarizes the findings of the four studies. Briefly, only Jia 2007%*° found a
statistically significant trend between increasing 25(OH)D concentrations and lower odds for all-
cause mortality (P=0.03). However, none of the odds ratios of the different 25(OH)D categories
was significant, and if anything, they suggest an U shaped relationship between 25(OH)D and
mortality. All other cohorts did not find significant associations. Melamed 2008® performed
analyses in subgroups of men and women, and <65 or >65 years of age, and found no significant
associations (Table 33).

Findings by Life Stage

e 0-6mMo
No data
e 7mo-2y
No data
e 3-8y
No data
e 0-18y
No data
e 19-50y

A 15-year followup analysis of NHANES |11 data identified for the current report
observed a j-shaped association of serum 25(OH)D concentrations with all-cause
mortality for adults 20 to 64 years of age, with serum concentrations less than 30
nmol/L and greater than 120nmol/L associated with a higher risk. A subgroup
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analysis of people younger than 65 years in NHANES Il1 identified for the original
report (Melamed 2008) found no significant associations between 25(OH)D
concentrations and all-cause mortality.

51-70y

The current report identified one study that observed a significant association of serum
25(OH)D concentrations and all-cause mortality among adults 50 to 74 years of age.
Overall, there were no significant effects of vitamin D supplementation on mortality.

0 In arandom effects model meta-analysis of five RCTs (n=13,899) the summary
RR was 0.97 (95% CI 0.92, 1.02), with no evidence for between-study
heterogeneity (p=0.39, 1°=0%). The mean participant age was more than 70 years
in these RCTSs.

o Overall, data from four cohorts suggest no association between baseline 25(OH)D
measurements and all-cause mortality (one cohort found a statistically significant
trend for ). A subgroup analysis of people aged 65 years or older in NHANES IlI
(Melamed 2008) found no significant associations between 25(OH)D
concentrations and all-cause mortality.

>Tly

Of three cohort studies identified for the current report that assessed the association
between serum 25(OH)D and all-cause mortality, one in men who were 85 years old
at baseline, one in individuals 70 to 88 years old followed up to 9.2 years, and the
third in individuals who were 77 years old at baseline, one reported no association
and two observed an association between lower serum 25(OH)D concentrations and
increased all-cause mortality. For studies identified for the original report, the above
(51-70y) are applicable.

Postmenopause

No data

Pregnant & lactating women

No data
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Table 38. Vitamin D and all-cause mortality: Characteristics of cohort studies (updated from

original report)

Author Year

Confounders/Effect
Modifiers Adjusted

Study Name Vitamin D i
Location Population Concentration Comparisons » @ . ® o
(Latitude) g 2 ©° 8 a2 >
[PMID] =S £ £ 5 _8 9
S o) c Q > x =
Z 0O < = DwWw o
Jia 2007°" » Health Notterminally ill or » Assay RIA Comparison X X X X
status demented method of various
UK »Age  >75 25(0H)D
(57°N) range, y concentration
[17442130] » Male 52 » Season ND categories
(%) blood
drawn
Sambrook 2004 » Health Not bedridden » Assay RIA (Dia-  Association X X
& 2006°°%"  status method  sorin) with log
FREE" »Age  >65 25(0OH)D
Ausotralia range, y
(33°S) »Male 22 » Season ND
[116555938135705% 5o §'°°d
rawn
Visser 2006°° » Health General » Assay Competitive Comparison X X X
Longitudinal status populationB method  protein of various
Aging Study » Age >65 binding 25(0OH)D
Netherlands range, y concentration
(52°N) s Male 51 » Season ND categories
[16960177] (%) blood
drawn
Melamed 2008% » Health General population » Assay RIA(Dia- Comparison X X X X X X
NHANES Il status method  sorin) of various
us. »Age  45(220) 25(CH)D
(various) mean concentration
[18695076] (range), y categories
» Male 46 » Season ND
(%) blood
drawn
NEW Studies
Bolland 2010>° » Health Healthy Comparison X X X X
New Zealand status Post-menopausal of various
»Age 74 (SD4.2) 25(0H)D
range, y concentration
s Male 0% categories
(%)
Cawthon 2010 » Health >80% Associaton X X X X X X

MrOS (multisite) status Excellent/good with log
us health status 25(0OH)D
s Mean 74 (> or =65)
age (Age
range), y
» Male nd
(%0)
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Table 38. Vitamin D and all-cause mortality: Characteristics of cohort studies (updated from
original report) (continued)

Author Year

Confounders/Effect
Modifiers Adjusted

Study Name Vitamin D i
Locgtion Population Concentration Comparisons «» @ . _ o o
(Latitude) § 22 8 2>
[PMID] E £E S 3_838
2 8 & 23485
-
de Boer 2012°" e Health status  nd Comparison of X X X
Cardiovascular 4 pMean Age 74 (SD 4.6) various
Health Study (SD), y 25(0OH)D
us _ o Male (%) 30% concent_ration
(various) - categories
Eaton 2011 e Health status  nd Post- X X X
WHI substudy o Mean Age 65.1 (SD 7.6) menopausal
US (multisite) (SD), y women 50-79
« Male (%) 0% z‘;azr : (sotﬁ)tg'e“
quartiles
Fedirko 2012 e Health status  nd Diagnosis at X X X X
EPIC e Mean Age 62.1 (4.2) age Of 62
US (4 sites) stratified by
(SD). y 25(0OH)D
o Male (%) 40.5% qui(m”e)s
Hutc%nson e Health status  Nd Smoking a_md X X X X
2010 o Mean Age nd non-smoking
Tromsg Study (range), y cause of death
Tromso, Norway Male (%) nd ZtSr?(t)lE'e)(I:IDby
guartiles
Jacobs 2011™*" e Health status ~ Cancer in Breast cancer
Women's remission survivors
Healthy_ Eating ¢ Mean Age 51.9(SD9) stratified by
and Living Well  (SD), y 25(0OH)D _
(WHEL) Study « Male (%) 0% coFcent.ratlon
categories
Johansson ¢ Health status ~ Some with Death and X X X
2012%* diabetes, htn, mortality
MrOS cancer, stroke, stratified by
Sweden: MI, angina varying
Gothenburg, e Mean Age 75.7 (SD 3.4) 25(0OH)D
Malmg, Uppsala  (SD), y concentration
e Male (%) 100% levels
Kest%?baum ¢ Health status nd AII-caqse
2011. e Mean Age 73 (SD 4) mortgluy
Cardiovascular  (range), y stratified by
us quartiles

(various)
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Table 38. Vitamin D and all-cause mortality: Characteristics of cohort studies (updated from original
report) (continued)

Author Year

Confounders/Effect
Modifiers Adjusted

Study Name Vitamin D i
Location Population Concentration Comparisons «» @ . _ 2
(Latitude) & 2 2 S8 a >
[PMID] S £ £ 5_8 %
S O S 9> x =
Z O < =ZD>DuW I
Kritchevsky e Health status ~ Well- All-cause X X X X X
2012%2 functioning mortality
Health, Aging, e Mean Age 74.7 (SD 2.9) stratified by
and Body (SD),y 25(0OH)D
Composition e Male (%) 49% quartiles
(ABC) Study
us
Pittsburgh,
Memphis
Lin 2012% e Health status  Healthy, All-cause X X X X
General Hypertension mortality
Population Trial e Mean Age 56.5 (7.9) stratified by
of Linxian, China (SD), y continuous
* Male (%) 55% 25(0H)D
Michaelsson e Health status  More than 1/3 Overall X X X X X X
2010%* being treated mortality
Uppsala for stratified by
Longitudinal hypertension 25(0OH)D
Study of Adult e Mean Age 71 (0.6) tertiles
Men (range), y
Uppsala, * Male (%) 100%
Sweden
Pilz 2009™ e Health status ~ More than 20% All-cause X X X X X
Hoorn Study Type 2 mortality
Netherlands Diabetes or stratified by
impaired 25(0OH)D
glucose quartiles
tolerance
¢ Mean Age 69.2 (6.5)
(range), y
e Male (%) 50%
Semba 2010 e Health status  Nd All-cause X X X X
INCHIANTI  Mean Age 78 (72-85) mortality and
Italy (range), y cardiolvascular
o 0 mortality
e Male (%) 67.3% stratified by
25(0OH)D
guartiles
Signorello 2013 e Health status  nd All-cause X X
Southern  Mean Age nd mortality
Community (range), y stratified by
Cohort Study « Male (%) nd 25(0OH)D
us quartiles
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Table 38. Vitamin D and all-cause mortality: Characteristics of cohort studies (updated from original
report) (continued)

Author Year

Confounders/Effect
Modifiers Adjusted

Study Name Vitamin D i
Location Population Concentration Comparisons «» @ . _ 2
(Latitude) & 2 2 S8 a >
[PMID] S E S T5_38 2
S O S 9> x =
Z O < =ZD>DuW I
Smit 20127 e Health status  Malnourished/fr All-cause X X X X
NHANES IlI ailty, pre-frail, mortality
us not frail stratified by
(various) e Mean Age 69.4 (SD 0.3) 25(0OH)D
(SD), y quartiles
» Male (%) 46.5%
Szulc 2009°™ e Health status  nd Mortality X X X X
MINOS Study  Mean Age 64 (SD 7) stratified by
Montceau les (SD), y 25(0H)D
Mines, France « Male (%) 55% quartiles
Szulc 20097 e Health status  nd Mortality X X X
MINOS Study e Mean Age 64 (SD 7) stratified by
Montceau les (SD), y 25(0H)D
Mines, France « Male (%) 100% quartiles
Virtanen 2011°"° e Health status ~ Post- Overall X X X
Kuopio menopausal, mortality
Ischaemic Heart 54-62% stratified by
Disease Risk hypertension 25(0OH)D
Factor (KIHD) e Mean Age 61.8 (53.4— tertiles
Study (range), y 72.7/SD 6.2)
Finland  Male (%) 48.6%
Welsh 2012% e Health status ~ vitamin D not All-cause X X X X X
MIDSPAN Family deficient mortality
Study e Mean Age 45.2 (6.2) stratified by
Renfrew and (range), y 25(0OH)D
Paisley, UK e Male (%) 46% tertiles
Tomson 2013 e Health status ~ self-reported Death (all non- X X
Whitehall study health vascular) and
London, UK e Mean age good/excellent Death (al
(SD), y 77.4% causes)
e Male (%) 76.9 (SD 4.9) stratified by
25(0OH)D
100% doubling
concentration
Skaaby 2013™ e Health status NR All-cause X X X X
Monical0 and e Mean age mortality
Inter99 (SD), y Monica 10: stratified by
Denmark « Male (%) 55.4 25(0OH)D
Inter 99: 46.1 quartiles
Monica 10:
50.2
Inter 99: 49.2
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Table 38. Vitamin D and all-cause mortality: Characteristics of cohort studies (updated from original
report) (continued)

Author Year

Confounders/Effect
Modifiers Adjusted

Study_Name : Vitamin D . i
Location Population Concentration Comparisons o © _ _ o
(Latitude) = 2 o < E >
[PMI] E £ E 8588
Z 0O < =Z>DW 4
Wong 2013“" e Health status  NR All-cause X X X
Australia e Mean age mortality
(SD), y 76 (70-88) stratified by
e Male (%) 25(0OH)D
100% quartiles
Sempos 2013°"® e Health status NR All-cause X X
NHANES IlI e Mean age mortality
us (SE), y ’ 45 (SE 0.47) stratified by
e Male (%) 25(0OH)D in 9
49% categories
Schottker 2013" o Health status ~ NR All-cause X X X X X
ESTHER e Mean age mortality
Germany (SD), y 62 (SD 6.5) stratified by
e Male (% 25(0OH)D
>0 43.8% tertiles
Formiga 2014"" e Health status  Oldest old Total mortality X X
Octabaix e Mean age ( ) str?tifie)d by
Spain SD), 85(SDO 25(0OH)D
P E Mrzlley(%) quartiles
39.4%

AFracture Risk Epidemiology in the Elderly
B~40% with CVD and ~60% arthritis
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Table 39. Vitamin D and all-cause mortality: Results of cohort studies (updated from original report)

Author Year

Study Name FOHOV\.IUp . . .
Location Age Range, Sex Outcome D.Fj.ratlon MV't D Concentration, nmol/L 2‘0' of CNO‘ 'n Adjgéted 95% ClI P fo(; Stu?_y
(Latitude) ( |B19t0 easure ases Category tren Quality
[PMID] X)
Jia 2007%" , 6.0-23.0 (M)/
UK >75, both sexes  Mortality 69 25(0OH)D 41 75 1.74 0.91,3.34 0.03 B
(57°N) 7.0-19.0 (F)
23.1-30.0 (M)/
[17442130] 34 86 1.4 073,270
29.1-24.0 (F) '
30.1-37.0 (M)/
21 80 0.9 0.45, 1.79
24.1-30.2 (F)
37.1-47.0 (M)/
17 78 0.8 0.39, 1.62
30.3-39.0 (F)
47.1-82.0 (M)/
16 79 1 Reference
39.1-82.0 (F)
Sambrook 2004
& 2006220,221
FREE"
Australia >65, both sexes  Mortality 27 25(0OH)D NA 559 1112 0.87°  0.75,1.01 nd C
(33°S)
[15531500 &
16598375]
Visser 20065 cexes Mortal 72 25(0H)D <23 6o 127 128 085,192 019 c
Longitudinal ’ y 25_49.9 42 462 1 072,1.40
Aging Study
Netherlands 50-74.9 30 440 0.91  0.65,1.26
(52°N) > 1 Ref
[16960177] 275 29 231 eference
Melamed 2008> _ <17.8 nd nd 126  1.08,1.46 nd C
lNJgANES I >20, both sexes  Mortality 104 25(0OH)D 17.8-24.3 nd nd 106 0.89, 1.24
(various) 24.4-32.1 nd nd 0.93 0.79,1.10
[18695076] >32.1 nd nd 1 Reference
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Table 39. Vitamin D and all-cause mortality: Results of cohort studies (updated from original report) (continued)

Author Year

Study Name FDcL“rcf;\tAi/(ler? Vit D No. of No.in  Adjusted P for Stud
Location Age Range, Sex Outcome Ti M Concentration, nmol/L . ’ J R 95% ClI d I'y
(Latitude) ( |B19t0 easure Cases Category (0] tren Quality
[PMID] X)
Melamed 2008 ) <17.8 nd nd 1.04  0.83,1.30
NHANES Il >20, menonly  Mortality 104 25(0OH)D 178543 nd nd 0904 0.75.1.19 nd C
us 24.4-32.1 nd nd 0.82  0.64,1.05
various
E186950)76] >32.1 nd nd 1 Reference
Melamed 2008 . <17.8 nd nd 155  1.15,1.98 nd C
NHANES Il >20, women only Mortality 104 25(0OH)D 17.8-24.3 nd nd 127 0.97, 1.66
us 24.4-32.1 nd nd 1.16  0.87,155
various
E186950)76] >32.1 nd nd 1 Reference
Melamed 2008% . <17.8 nd nd 1.28  0.93,1.76 nd C
NHANES Iii ooes boy Ay 104 25(0H)D 17.8-24.3 nd nd 113 081,156
us . sexes 24.4-32.1 nd nd 081 0.58,1.14
various
E186950)76] >32.1 nd nd 1 Reference
Melamed 2008 . <17.8 nd nd 1.26  1.03,1.54 nd C
s ,
NHANES Il 65, both sexes  Mortality 104 25(0OH)D 176543 nd nd 0.99 0.82 1.90
us 24.4-32.1 nd nd 0.97  0.79,0.82
various
E186950)76] >32.1 nd nd 1 Reference
NEW studies
58 n
EZU\?Q‘Z ;g#g Post-menopausal Pgr;aatrhy- 5yrs  25(0H)D <50 nmoliL 13 373 HR=0.90 04,20  0.82 A
women >50 nmol/L 16 366 1.00 Reference
Cawthon 2010™ Quartile 1: <49.75 nmol/L 372 HR=0.95 0.68,1.34 0.961
MrOS (multisite) Men (51-70 yrs; all-cause  7.3yrs  25(0OH)D  Quartile 2: 249.75 to
us =71 years) mortality <63.0 nmol/L 370 1.05 0.75, 1.47
R
Quartile 36%?)38 to<75.0 372 089  0.64,1.24
Quartile 4: 275.0 376 1.00 Reference B
Deficient, <50 nmol/L 376 0.94 0.67,1.32 0.706
'”S”ﬁ'c'sr:‘qtélff to <75 737 097 072, 1.30
Sufficient, 275 nmol/L 377 1.00 Reference
per SD decrease 1.01 0.89,1.14
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Table 39. Vitamin D and all-cause mortality: Results of cohort studies (updated from original report) (continued)

Author Year

Study Name FOHOV\.IUp . . .
Location Age Range, Sex Outcome D.Fj.ratlon MV't D Concentration, nmol/L No. of No. in AdJu;ted 95% ClI P fo(; Stu?_y
(Latitude) ( |B19t0 easure Cases Category (0] tren Quality
[PMID] X)
de Boer 2012° Normal level 539 1126  HR=1.00 Reference  NR
Cardiovascular White older Low level (season
Ugalth Study adults Death 11yrs  25(0H)D specific, ranges 43-61 287 495 1.32 1.14,1.53 A
(various) nmol/L)
Eaton 2011 o
WHI substudy allcause 10yrs 25(0H)p  Quartile 1: 3.25-36.50 608  HR