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Abstract
Objective To evaluate the breadth, validity, and presence of biases of
the associations of vitamin D with diverse outcomes.

Design Umbrella review of the evidence across systematic reviews and
meta-analyses of observational studies of plasma 25-hydroxyvitamin D
or 1,25-dihydroxyvitamin D concentrations and randomised controlled
trials of vitamin D supplementation.

Data sources Medline, Embase, and screening of citations and
references.

Eligibility criteria Three types of studies were eligible for the umbrella
review: systematic reviews and meta-analyses that examined
observational associations between circulating vitamin D concentrations
and any clinical outcome; and meta-analyses of randomised controlled
trials assessing supplementation with vitamin D or active compounds
(both established and newer compounds of vitamin D).

Results 107 systematic literature reviews and 74 meta-analyses of
observational studies of plasma vitamin D concentrations and 87
meta-analyses of randomised controlled trials of vitamin D
supplementation were identified. The relation between vitamin D and
137 outcomes has been explored, covering a wide range of skeletal,
malignant, cardiovascular, autoimmune, infectious, metabolic, and other
diseases. Ten outcomes were examined by both meta-analyses of
observational studies and meta-analyses of randomised controlled trials,
but the direction of the effect and level of statistical significance was
concordant only for birth weight (maternal vitamin D status or
supplementation). On the basis of the available evidence, an association
between vitamin D concentrations and birth weight, dental caries in
children, maternal vitamin D concentrations at term, and parathyroid
hormone concentrations in patients with chronic kidney disease requiring

dialysis is probable, but further studies and better designed trials are
needed to draw firmer conclusions. In contrast to previous reports,
evidence does not support the argument that vitamin D only
supplementation increases bone mineral density or reduces the risk of
fractures or falls in older people.

Conclusions Despite a few hundred systematic reviews and
meta-analyses, highly convincing evidence of a clear role of vitamin D
does not exist for any outcome, but associations with a selection of
outcomes are probable.

Introduction
The associations between vitamin D concentrations and various
conditions and diseases have been assessed in a large and rapidly
expanding literature. In addition to observational studies,
numerous randomised trials have examined the effect of vitamin
D supplementation on a range of outcomes. Historically, vitamin
D had been linked to skeletal disease including calcium,
phosphorus, and bone metabolism,1 2 osteoporosis,3 fractures,4 5

muscle strength,6 and falls.7 In the 2000s, growing scientific
attention turned to non-skeletal chronic diseases as vitamin D
deficiency was linked to cancer,8 cardiovascular diseases,9 10

metabolic disorders,11 infectious diseases,12 and autoimmune
diseases,13-15 as well as mortality.16 If causal, these associations
might be of great importance for public health, as vitamin D
deficiency has been found to be highly prevalent in populations
residing at high latitudes or leading an indoors oriented
lifestyle.17However, the composite literature is often confusing
and has led to heated debates about the optimal concentrations
of vitamin D and related guidelines for supplementation.18-20
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To provide an overview of the breadth and validity of the
claimed associations of vitamin D with diverse outcomes, we
have done an umbrella review of the evidence across existing
systematic reviews and meta-analyses. We aimed to do a
comprehensive evaluation of systematic reviews and
meta-analyses of observational studies that examined
associations of vitamin D concentrations with a range of clinical
outcomes, as well as meta-analyses of randomised controlled
trials of vitamin D supplementation. We also compared the
findings of the observational studies with those from
meta-analyses of randomised controlled trials of vitamin D
supplementation, whenever these could be juxtaposed. We
sought to summarise the health outcomes that have been
associated with vitamin D concentrations, evaluate whether
evidence exists of biases in this literature, identify health
outcomes without evidence of biases, and examine the
consistency of inferences from the meta-analyses of
observational studies and of randomised controlled trials.

Methods
Structure of umbrella review
An umbrella review systematically collects and evaluates
information frommultiple systematic reviews andmeta-analyses
on all clinical outcomes for which these have been performed.21
Here, for evidence on observational associations between
vitamin D concentrations and any health outcome, we sought
to collect information from systematic reviews regardless of
whether they also included quantitative syntheses
(meta-analyses). Given the very large heterogeneity that may
be encountered in observational studies, often meta-analysis
may not be done in systematic reviews of observational studies,
whereas this problem occurs much less frequently in systematic
reviews of randomised controlled trials, for whichmeta-analysis
is the norm, especially when interventions are drugs or
vitamins.22 Where available, we also evaluated in more depth
the quantitative results of the meta-analyses of observational
associations and potential hints of bias in these
meta-analyses.23-25 For evidence on randomised controlled trials
of vitamin D supplementation, we considered only formal
quantitative meta-analyses. We compared results from
meta-analyses of observational studies and randomised
controlled trials, whenever data were available for the same
outcome.

Search strategy
Two reviewers (IT, ET) searched Medline and Embase in
duplicate, using the search algorithm in supplementary table A,
from inception to 11 October 2013 (last update) and limited the
search to humans and English language, as the overwhelming
majority of review studies are published in English language,
peer reviewed journals. Any discrepancies were resolved with
discussion. We firstly perused the title and abstract of each of
these citations and then retrieved potentially eligible articles for
perusal in full text.

Eligibility criteria and appraisal of included
studies
Three types of studies were eligible for the umbrella review:
observational associations between circulating vitamin D
concentrations and any clinical outcome examined in systematic
reviews, meta-analyses, or both; and meta-analyses of
randomised controlled trials assessing supplementation of
vitamin D or active compounds (both established and newer
compounds of vitamin D). We excluded studies that examined

genetic polymorphisms related to vitamin D metabolism (for
example, vitamin D receptor); systematic reviews and
meta-analyses of observational studies assessing dietary or
supplementary vitamin D intake or ultraviolet B exposure;
studies that had vitamin D status as the outcome; studies that
investigated the prevalence of vitamin D deficiency in certain
disease populations; andmeta-analyses of randomised controlled
trials in which the treatment arm combined vitamin D with
calcium or other vitamins or compounds versus placebo. When
the treatment arm and control arm included the same additional
compound (for example vitamin D and calcium versus calcium),
we included the meta-analysis in the review. We included
meta-analyses regardless of the baseline characteristics (clinical
setting or age) of the examined populations. If an article
presented separate meta-analyses on more than one eligible
outcome or type of clinical setting, we assessed those separately.
Appraisal of individual component studies was beyond the scope
of this umbrella review. This was the aim of the original
systematic reviews and meta-analyses, which should include
an appraisal of studies’ quality. In respect to the selected
systematic reviews and meta-analyses, we used methods that
captured essential features of the quality of the evidence, and
these are described in detail in the data analysis section.

Data extraction
Three investigators (ET, IT, LZ) extracted data independently.
From each eligible systematic review or meta-analysis, we
abstracted the PubMed ID, first author, journal, year of
publication, vitamin D biomarker, population, and outcome
examined. From each systematic review of observational studies,
we recorded a statement summarising the authors’ main
interpretations of their findings. From each meta-analysis of
observational studies or randomised controlled trials, we further
abstracted data on the studies included in the analysis: the study
specific relative risk estimates (risk ratio, odds ratio, hazard
ratio, or incident risk ratio, as reported by the authors of the
meta-analysis), along with the corresponding confidence
intervals and the number of cases and controls for each study.
We categorised outcomes into the following categories:
autoimmune diseases, cancer outcomes, cardiovascular
outcomes, cognitive disorders, infectious diseases, metabolic
disorders, neonatal/infant/child related outcomes, pregnancy
related outcomes, skeletal outcomes (including falls), and
“other” outcomes (supplementary table B).

Data analysis
We carried out descriptive analysis for systematic reviews. We
categorised the conclusions of each systematic review for the
association of vitamin D and the outcome of interest in one of
the following four categories: definite association, suggestive
(possible) association, no association, or inconclusive
(insufficient) evidence. Whenever more than one systematic
review had been performed on the same outcome, we examined
whether the main reported conclusions were concordant. We
retained the most recent systematic review for further analyses.
When we identified more than one meta-analysis of
observational studies examining the association between a given
vitamin D biomarker and outcome pair in the same clinical
setting, we examined the conclusions for concordance regarding
the direction, level of statistical significance (at P≤0.05), and
magnitude (overlapping confidence interval) of the association.
Then, we again retained only the most recent meta-analysis with
eligible data for further statistical analysis. We estimated the
summary effect size and its confidence interval by using random

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2014;348:g2035 doi: 10.1136/bmj.g2035 (Published 1 April 2014) Page 2 of 19

RESEARCH

 on 9 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.g2035 on 1 A
pril 2014. D

ow
nloaded from

 

http://www.bmj.com/permissions
http://www.bmj.com/subscribe
http://www.bmj.com/


effects models and calculated the I2 and its confidence interval
metric for heterogeneity for each eligible meta-analysis that
reported the effect sizes, number of cases, and total number of
participants of the component studies.26 27We used the regression
asymmetry test to test for small study effects.28We also applied
the excess significance test, which evaluates whether the
observed number of studies with statistically significant results
(“positive” studies) differs from the expected number of positive
studies, by using a χ2 test.29-31 The expected number of positive
studies for each meta-analysis is calculated by the sum of the
statistical power estimates for each component study. We
estimated the power of each study for an effect equal to the
effect of the largest study (study with the smallest variance), as
previously described.32 We used appropriate equations to
estimate the power, on the basis of whether the largest study
reported a hazard ratio or an odds ratio.33 34 If the type of the
metric was a standardisedmean difference, we transformed this
to an odds ratio before using it in the analysis.
Eight meta-analyses presented in five papers were not included
in the excess significance bias analysis either because individual
study data was unavailable35 36 or because it reported the
logarithm of geometric mean ratio,37 the weighted mean
difference,36 or the Fisher’s z score.38 Both the small study and
excess significance tests were considered significant at P<0.10,
as previously proposed.23

We specifically identified outcomes for which meta-analyses
of observational studies showed nominally significant
associations (at P≤0.05), did not have large between study
heterogeneity, were based on evidence from more than 500
cases (or more than 5000 total participants if the type of metric
was continuous), and showed no evidence of small study effects
or excess significance. We also noted how many would satisfy
the same criteria but with P≤0.001, which has been considered
to be a more appropriate threshold of statistical significance to
reduce false positives.39-41

Whenwe identified more than one meta-analysis of randomised
controlled trials examining the relation between vitamin D
supplementation and outcome pair in the same clinical setting,
we examined the conclusions for concordance regarding the
direction, level of statistical significance (at P≤0.05), and
magnitude (overlapping confidence interval) of the association.
When meta-analyses for the same outcome existed both for
association studies of vitamin D concentrations and for
randomised controlled trials of vitamin D supplementation, we
compared their results in terms of whether a nominally
statistically significant effect had been described (P≤0.05) and
whether the effect estimate was in the same direction. We did
not compare the magnitude of the effect sizes between
circulating vitamin D concentrations and vitamin D
supplementation, as these are difficult to translate to the same
vitamin D concentration/treatment contrasts. Whenever no
meta-analysis of observational studies existed for an outcome
examined by a meta-analysis of randomised controlled trials,
we compared the main results with the results of a systematic
review of observational studies, if available. Finally, we applied
a set of criteria to conclude whether the evidence for a given
outcome was definite, probable, suggestive, not conclusive, or
unlikely (see box).
We used Stata version 12.1 for statistical analyses. P values
were two tailed.

Results
Overall, 1256 articles searched yielded 107 systematic reviews
without meta-analyses (presented in 24 papers)36 42-64 and 74

meta-analyses (47 papers)11 35-38 52 65-105 of observational studies
that investigated associations with circulating vitamin D
concentrations. In addition, we identified and included 87
meta-analyses (32 papers)5 7 37 52 61 70 106-131 of randomised
controlled trials of vitamin D supplementation (fig 1⇓;
supplementary tables C-E). Across all three study types, results
on 137 unique outcomes were reported (fig 2⇓; supplementary
table B).

Vitamin D concentrations and health
outcomes: systematic reviews of
observational studies
The median number of observational studies included in the
systematic reviews was four (range 1-28) (supplementary table
C). Among the 107 identified systematic reviews, 76 unique
ones were presented in 21 papers (supplementary table
B),36 43-49 52-64 whereas more than one systematic review existed
for 24 outcomes (in 15 of which the authors reached the same
qualitative conclusion; supplementary table C).
For only six (8%) of the 76 unique outcomes, the systematic
reviews concluded that a definite association existed
(supplementary tables B and F). These were rheumatoid arthritis
activity, colorectal cancer, hypertension in children, bacterial
vaginosis in pregnant women, falls in older people, and rickets
in children; for all these outcomes, higher concentrations of
vitamin D were associated with lower risk. Conversely, for 10
(13%) outcomes, the authors concluded that no association
existed between the examined outcome and vitamin D status.
For 60 of the 76 unique outcomes, the systematic reviews did
not reach a firm, unequivocal conclusion: for 43 (57%) authors
reported that the reviewed data were inconclusive or insufficient
to draw any firm conclusions, and 17 (22%) found that an
inverse association was possible or suggestive. No systematic
reviews concluded that a definite or suggestive association
existed for increased risk with higher concentrations of vitamin
D.

Vitamin D concentrations and health
outcomes: meta-analyses of observational
studies
We identified 74 meta-analyses of observational studies
(supplementary table D). Among these, 48 uniquemeta-analyses
were presented in 28 papers (fig 1⇓; supplementary table
G).35-38 66 68 71 74 76 78 79 82-84 86 88 89 91 95 96 98-105 Forty three
meta-analyses examined the link between vitamin D and
outcome by using 25-hydroxyvitamin D and five by using
1,25-dihydroxyvitamin D. All meta-analyses reported estimates
adjusted for a wide variety of other covariates. Meta-analyses
examined a very wide range of outcomes including cancers
(n=20), cardiovascular diseases (n=8), cognitive disorders (n=4),
metabolic disorders (n=4), neonatal/infant/child related outcomes
(n=4), skeletal diseases (n=3), pregnancy related outcomes
(n=2), infectious disease (n=1), or other outcomes (n=2)
(supplementary table G). Themedian number of studies included
was seven (range 2-37), the median number of participants was
5905 (39-82 982), and the median number of events was 1289
(18-15 447). Overall, 30 (63%) of the 48 meta-analyses of
observational studies reported a nominally statistically
significant summary result (tables 1⇓ and 2⇓). Figure 3⇓ shows
a forest plot with the summary effects of all the non-overlapping
meta-analyses of observational studies (for binary outcomes).
We found more than one published meta-analysis for 11
outcomes: Alzheimer’s disease (n=2 meta-analyses), breast
cancer (n=6), colorectal adenoma (n=3), colorectal cancer (n=7),
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Criteria for evidence categories

Convincing—Evidence existed from both observational studies and randomised controlled trials (RCTs), and association/effect was of
the same direction, statistically significant at P≤0.001, and free from bias
Probable—Evidence existed from both observational studies and RCTs, and association/effect was of the same direction and statistically
significant at P≤0.001, but excess significance could not be tested; or evidence existed from RCTs and effect was statistically significant
at P≤0.001 and with no contrary results from observational data (that is, systematic reviews, if any exist, are also definitive or suggestive
and meta-analyses of observational studies, if any exist, are in the same direction)
Suggestive—Evidence fromRCTs with an effect at 0.001≤ P≤0.05 and with no contrary results from observational data (same as above);
or evidence from meta-analyses of observational studies showing an association at P≤0.001, with no contrary results from randomised
data (that is, meta-analysis of RCTs, if present, have effects in the same direction) and, if it could be tested, no evidence of small study
effects (P≥0.10), not very large heterogeneity (I2≤75%), no evidence for excess significance, based on cumulative evidence of more
than 500 disease events (or more than 5000 total participants if type of metric was continuous)
No conclusion—Not enough evidence from observational studies or RCTs to draw conclusion
Substantial effect unlikely—Evidence from observational studies or RCTs enough to conclude that a substantial effect is unlikely based
on the magnitude and the significance level

cardiovascular diseases (n=3), gestational diabetes (n=2),
hypertension (n=3), prostate cancer (n=4), stroke (n=2), type 2
diabetes (n=3), and prevalence of type 2 diabetes (n=2). For all
the outcomes, agreement existed between the meta-analyses on
the direction, magnitude, and statistical significance of the
association (supplementary table H).

Summary effects, heterogeneity, and bias
tests for meta-analyses of observational
associations
Of the 48 non-overlapping meta-analyses of observational
studies, the largest study had statistically significant results in
21 (44%) meta-analyses (supplementary figure A). The largest
study’s result was more conservative than the summary result
in 20 (42%) meta-analyses. Fifteen (31%) meta-analyses had
large heterogeneity (I2>50%), and seven (15%) had very large
heterogeneity (I2>75%). Evidence for significant small study
effects was noted in three meta-analyses (breast cancer, all cause
mortality, and cardiovascular disease mortality) (tables 1⇓ and
2⇓). Evidence for statistically significant excess significance
bias was seen for three outcomes (sporadic colorectal adenoma
recurrence, Alzheimer’s disease, and fractures; supplementary
table I).

Significant observational associationswithout
hints of bias
Of the 48 meta-analyses, 18 (38%) had nominally statistically
significant summary associations according to random effects
calculations and had no evidence of small study effects (P≥0.10),
not very large heterogeneity (I2≤75%), and no evidence for
excess significance (tables 1⇓ and 2⇓). Overall, 12 of these 18
associations were based on cumulative evidence of more than
500 disease events (or more than 5000 total participants if the
type of metric was continuous) and also had P≤0.001 for the
association. These included vitamin D associations with one
cancer (colorectal cancer), five cardiovascular (cardiovascular
disease, prevalence of cardiovascular disease, hypertension,
ischaemic stroke, and stroke), two cognitive (cognition and
depression (cohort studies)), two metabolic (prevalence of
metabolic syndrome and type 2 diabetes), one
neonatal/infant/child related (small for gestational age), and one
pregnancy related outcome (gestational diabetes). Across these
12 associations, the relative risk of the highest versus the lowest
category had a median of 0.63 (interquartile range 0.52-0.67).

Meta-analyses of randomised controlled trials
of vitamin D supplementation
We identified 87 meta-analyses of randomised controlled trials
of vitamin D supplementation (supplementary table E). Among

these, 57 non-overlapping meta-analyses were presented in 19
papers,5 61 107 108 110-112 114 115 118-121 123 125 127 128 130 131 including 21
(37%) in skeletal diseases, seven (12%) in metabolic disorders,
four (7%) in neonatal/infant/child related outcomes, three (5%)
in cardiovascular diseases, three (5%) in pregnancy related
outcomes, and 18 (32%) in other outcomes. Themedian number
of studies included was four (range 2-38), and the median
number of participants was 446 (38-25 016) (tables 3⇓ and 4⇓).
Overall, 13 (23%) of the 57 meta-analyses of randomised
controlled trials reported a nominally statistically significant
summary result, and these were related to the following
outcomes: total cholesterol concentrations, birth weight, head
circumference at birth, maternal vitamin D concentrations at
term, balance sway, femoral neck bone mineral density, muscle
strength, non-vertebral fractures, rate of falls, dental caries in
children, parathyroid hormone concentrations in patients with
chronic kidney disease (requiring or not requiring dialysis), and
risk of hypercalcaemia in patients with chronic kidney disease
not requiring dialysis (tables 3⇓ and 4⇓). Figure 4⇓ shows a
forest plot with the summary effects of all the non-overlapping
meta-analyses of randomised controlled trials (for binary
outcomes).
We foundmore than onemeta-analysis of randomised controlled
trials for 10 outcomes: cardiovascular disease (n=2
meta-analyses), diastolic blood pressure (n=3), systolic blood
pressure (n=3), birth weight (n=3), falls (n=11), fractures (n=5),
hip fractures (n=4), non-vertebral fractures (n=2), rate of falls
(n=3), and mortality (n=5). For half of the outcomes, agreement
existed between the meta-analyses on the direction, magnitude,
and statistical significance of the effect. Only one of the
overlapping meta-analyses reported a statistically significant
effect for diastolic blood pressure, birth weight, and
non-vertebral fractures. Eleven meta-analyses examined risk of
falling, and differences existed in both the magnitude and the
statistical significance of the effect but not in the direction of
the effect. Finally, three meta-analyses examined rate of falls,
and differences existed in the direction, magnitude, and
statistical significance of the effect (supplementary table J).

Comparison of findings from observational
studies and clinical trials
One hundred and twenty three (90%) outcomes were examined
only by syntheses of observational evidence (n=84) or only by
meta-analyses of randomised evidence (n=39), so we could not
compare observational and randomised evidence.
Ten (7%) outcomes were examined by both meta-analyses of
observational studies and meta-analyses of randomised
controlled trials: cardiovascular disease, hypertension, birth
weight, birth length, head circumference at birth, small for
gestational age birth, mortality in patients with chronic kidney
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disease, all cause mortality, fractures, and hip fractures (table
5⇓). The direction of the association/effect and level of statistical
significance was concordant only for birth weight, but this
outcome could not be tested for hints of bias in the meta-analysis
of observational studies (owing to lack of the individual data).
The direction of the association/effect but not the level of
statistical significance was concordant in six outcomes
(cardiovascular disease, hypertension, birth length, head
circumference small for gestational age births, and all cause
mortality), but only two of them (cardiovascular disease and
hypertension) could be tested and were found to be free from
hint of bias and of low heterogeneity in the meta-analyses of
observational studies. For mortality in chronic kidney disease
patients, fractures in older populations, and hip fractures, both
the direction and the level of significance of the
association/effect were not concordant.
Finally, four (3%) outcomes were examined by meta-analyses
of randomised controlled trials and systematic reviews of
observational studies without a formal meta-analysis
(supplementary table B). These included falls, for which
systematic reviews concluded that a definite association existed
whereas meta-analyses of randomised controlled trials reported
a non-statistically significant effect, and length of gestation and
bone mineral density in adults and in children, for which the
systematic reviews concluded that a suggestive association
existed whereas meta-analyses of randomised controlled trials
reported a non-statistically significant effect.

Discussion
Our umbrella review identified 107 systematic literature reviews
and 74meta-analyses of observational studies of plasma vitamin
D concentrations and 87meta-analyses of randomised controlled
trials of vitamin D supplementation. The role of vitamin D has
been explored in relation to an impressive number of outcomes
(137 in total), covering a wide range of diseases, including
among others skeletal, malignant, cardiovascular, autoimmune,
infectious, and metabolic diseases. We identified a gap in the
literature concerning autoimmune disease outcomes, as we found
no formal meta-analyses of either observational studies or
randomised controlled trials and these were examined only by
systematic reviews. Furthermore, cancer, cognitive, and
infectious disease outcomes were examined only in
observational studies of plasma vitamin D concentrations (either
systematic reviews or formal meta-analyses), and we found no
meta-analyses of randomised controlled trials of vitamin D
supplementation. Comparisons of syntheses of observational
versus randomised evidence were possible for only 14 of the
137 outcomes. Largely, this unevenness in observational versus
randomised evidence may reflect the low frequency of many of
these outcomes, which would be difficult to study conclusively
with randomised trials.
Most of the associations that give signals of nominal significance
for diverse outcomes are subject to the caveats that generally
accompany evidence from observational studies: many of them
may be false positives, and very few, if any, may translate to
effective interventions when tested in randomised trials. Even
meta-analyses of randomised trials may not be conclusive,
especially when based on limited sample size and weak levels
of statistical significance. On the basis of the results of this
umbrella review (table 6⇓), highly convincing evidence of a
clear role of vitamin D with highly significant results in both
randomised and observational evidence does not exist for any
outcome. Vitamin D supplementation is probably linked to a
decrease in dental caries in children and in parathyroid hormone

concentrations in patients with chronic kidney disease requiring
dialysis and to an increase in maternal vitamin D concentrations
at term and in birth weight. Suggestive evidence exists for a
correlation between high vitamin D concentrations and low risk
of colorectal cancer, non-vertebral fractures, cardiovascular
disease, prevalence of cardiovascular disease, hypertension,
ischaemic stroke, stroke, cognition, depression, high body mass
index, prevalence of metabolic syndrome, type 2 diabetes, head
circumference at birth, small for gestational age birth, and
gestational diabetes mellitus; reduced levels of balance sway,
alkaline phosphatase concentrations in chronic kidney disease
patients requiring dialysis, and parathyroid hormone
concentrations in chronic kidney disease patients not requiring
dialysis; and increased levels of low density lipoprotein, bone
mineral density in femoral neck, and muscle strength. On the
other hand, suggestive evidence exists that high vitamin D
concentrations are linked to an increased rate of falls and risk
of hypercalcaemia in chronic kidney disease patients not
requiring dialysis.
Most (30/48) of the meta-analyses of observational studies
reported a nominally statistically significant result. However,
meta-analyses of randomised controlled trials reported a
nominally statistically significant summary result for only 13
of the 57 outcomes, and the confidence intervals of the estimates
were generally wider than the confidence intervals of the
meta-analyses of observational studies. This may reflect lower
power in meta-analyses of randomised controlled trials (due to
fewer included studies and participants) and a different range
of examined outcomes, or it may in part be due to the more
conservative results in randomised controlled trials than in
observational studies. The highly promising results identified
from most of the meta-analyses of observational studies were
either not tested or not replicated inmeta-analyses of randomised
controlled trials. In most cases, this was not only a matter of
statistical significance but in addition the meta-analysis effect
estimates were close to null for the randomised controlled trials.
Genuine differences between these two designs might be due
to confounding or biases that operate in observational studies.
Alternatively, difficulties in relation to randomised controlled
trials of vitamin D supplementation may affect reliability of
findings. “Typical” difficulties concern disentangling the effects
of multiple compounds when administered simultaneously and
assuring an appropriate follow-up period: although this would
have been assured for primary outcomes, the follow-up time
may be inadequate to allow differences in disease occurrence
to become apparent for secondary outcomes. Similarly, an
inappropriately low dose or short duration of vitamin D
supplementation in the randomised controlled trials might be
inadequate to raise the body’s vitamin D concentrations enough
to show a difference between the arms of a trial. Differences in
vitamin D concentrations achieved following supplementation
can be much smaller than naturally occurring variation in the
general population.132 Moreover, large differences in baseline
plasma concentrations of 25-hydroxyvitamin D in different
populations could interfere with the effect of the
supplementation. Finally, contamination with private use of
vitamin D might also further dilute any definite associations.133

Strengths and weaknesses of study and in
relation to other studies
This umbrella review provides a comprehensive summary of
the published literature in relation to the role of vitamin D in
human diseases and health related traits. Beyond summarising
the findings for a wide range of outcomes, we explored the
extent of bias and heterogeneity in the observational vitamin D
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literature. As in all literature reviews, the quality is directly
related to the quality of the included studies. Furthermore, some
health related outcomes were poorly covered, and we have
flagged this gap. Exploring the relation between vitamin D
supplementation dose and effect size reported in randomised
controlled trials was beyond the scope of this review. Similarly,
we could not evaluate the effect of the different choices of
comparison groups (for example, thirds, quarters, fifths) or of
varying vitamin D distributions and median differences of the
component observational studies.
We decided to exclude observational meta-analyses of vitamin
D supplementation and include only meta-analyses of
randomised controlled trials in relation to vitamin D
supplementation. Meta-analyses of randomised controlled trials
are subject to considerably less bias than are those of
observational studies and are therefore selected as the standard
against which observational meta-analyses of vitamin D
concentrations are compared. Meta-analyses of observational
studies of supplement intake are unlikely to be more reliable
than the meta-analyses of observational studies of associations
with vitamin D concentrations, so one could not really use them
as a gold standard for assessing how the bias, size, or
heterogeneity mapping performs.
We did not identify prominent bias in the observational plasma
vitamin D literature, with respect to either the excess
significance test (which evaluates whether the results of single
studies are over-optimistic compared with the results of the
largest study) or the small study effects test (which evaluates
whether small studies are consistently more positive or negative
than larger studies). This differs from findings of other empirical
evaluations of biomarker studies.23-25 This is because large
studies in our review had relatively similar results to other
studies and to the summary meta-analysis effect. This might
mean that the same confounding or other biases affected all
studies regardless of sample size. Other types of confounding
or biases, such as reverse causality, might operate in this field,
and these tests are not designed to probe this.
As we were preparing our review for submission, a relevant
overview of observational studies and randomised controlled
trials of vitamin D status or supplementation and ill health was
published online.132 Eligible papers included prospective cohort
studies and randomised controlled trials on chronic diseases
(excluding skeletal diseases) in adults and were identified
through a search in PubMed and Embase from inception to 31
December 2012. The authors identified 82 prospective cohort
studies, 84 randomised controlled trials, 20 meta-analyses of
208 prospective studies, and eight meta-analyses of 88
randomised controlled trials. Similarly to our findings, this
overview identified a discrepancy between findings of
observational studies and of randomised controlled trials, with
most supplementation trials not showing an effect of vitamin
D on disease occurrence, and the authors concluded that low
vitamin D status is more likely to be a marker of ill health than
a cause of disease. The results of this overview were similar to
ours, but our review is more comprehensive in terms of the
number and range of outcomes covered and different regarding
the included studies (we included systematic reviews and
meta-analyses rather than original studies), the underlying
population (we did not restrict our analysis to adults or particular
clinical settings), and the statistical analyses performed
(including bias tests).

Possible explanations and implications for
clinicians and policy makers
No universal consensus exists on the optimal vitamin D intake
or the optimal plasma concentrations of 25-hydroxyvitamin D.
The Institute of Medicine issued a report in 2011 stating that
25-hydroxyvitamin D concentrations of 50 nmol/L are adequate
and suggested that these concentrations can be achieved by 600
IU of vitamin D per day.20 Furthermore, vitamin D
supplementation has been long thought to protect against
osteoporosis and consequently to reduce the risk and number
of fractures, so large numbers of older adults use vitamin D
supplements.134 That nearly half of the meta-analyses of
randomised controlled trials were related to skeletal diseases is
not surprising. Several randomised controlled trials have
identified a protective effect of vitamin D supplementation (with
or without co-administration of calcium) against fractures,135 136

but trials that examined vitamin D only supplementation failed
to replicate these findings.107 Similarly, a very recent
meta-analysis of randomised controlled trials on bone mineral
density failed to show a definite association and concluded that
widespread use of vitamin D supplementation for prevention
of osteoporosis is not supported by the evidence,131 a fact that
is also verified by the findings of our review. Vitamin D might
not be as essential as previously thought in maintaining bone
mineral density. Similar are our findings for falls, with the
results of two recent Cochrane reviews failing to find a
protective effect of vitamin D only supplementation on the risk
or rate of falling in older adults (both in care facilities or
hospitals and in the community).111 115

The lack of convincing associations and the relative dearth of
probable associations (table 6⇓) suggest that evidence for
benefits that may be reaped from population-wide vitamin D
supplementation is weak. Probable associations, where highly
significant effects appear in randomised trials, hold the most
promise for clinical translation, but they pertain to specific
populations (children, pregnant women, patients with chronic
kidney disease), and even in these cases the evidence is not
sufficient tomake universal recommendations about daily intake.
Optimal vitamin D intake/concentration may not be the same
for all outcomes.137 In addition, the absorption/metabolism of
vitamin D differs among individuals; in practice, this means
that the same supplementation dose is not going to have a stable
effect on plasma vitamin D concentration, introducing yet
another source of variability. Moreover, individual
characteristics (such as bodymass index or disease) will further
modify final concentrations in circulation. In this regard, current
recommendations on daily supplementation of vitamin D are
largely expert driven, rather than evidence based,20 and this may
be the reason why they have generated so much debate. Some
recommendations that focus on specific outcomes such as
prevention of falls and fractures and in which even higher doses
of vitamin D are recommended (for example, the American
Endocrine Society,138 Osteoporosis Canada139) seem actually to
be contradicted by the evidence, which shows no consistent
beneficial effects in randomised trials. Our overview of the
evidence on vitamin D suggests that strong recommendations
cannot be made regarding its supplementation.

Conclusions, unanswered questions, and
future research
In conclusion, although vitamin D has been extensively studied
in relation to a range of outcomes and some indications exist
that low plasma vitamin D concentrations might be linked to
several diseases, firm universal conclusions about its benefits
cannot be drawn. Observational studies have identified links
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with several diseases, but these have either not been evaluated
or not been replicated in randomised controlled trials.
Randomised controlled trials for autoimmune and cancer related
outcomes are clearly lacking. In addition, earlier evidence from
randomised controlled trials that vitamin D supplementation
(with or without calcium) increases bone mineral density and
reduces the risk of fractures in older people is not seen in clinical
trials that examine vitamin D only supplementation. On the
basis of the results of this review, an association between
vitamin D concentrations and birth weight, dental caries in
children, maternal vitamin D concentrations at term, and
parathyroid hormone concentrations in patients with chronic
kidney disease requiring dialysis is probable, but further studies
and better designed trials are needed to draw firmer conclusions.

Contributors: ET, IT, and JPAI conceived the study. ET and IT did the
systematic reviews. ET, IT, and LZ did the data abstraction. ET did the
statistical analysis. All authors contributed to writing and reviewing the
manuscript. ET and JPAI are the guarantors.
Funding: No specific funding.
Competing interests: All authors have completed the ICMJE uniform
disclosure form at www.icmje.org/coi_disclosure.pdf (available on
request from the corresponding author) and declare: no support from
any organisation for the submitted work; no financial relationships with
any organisations that might have an interest in the submitted work in
the previous three years; no other relationships or activities that could
appear to have influenced the submitted work.
Ethical approval: Not needed.
Data sharing: No additional data available.
Transparency declaration: The lead authors (the manuscript’s
guarantors) affirm that the manuscript is an honest, accurate, and
transparent account of the study being reported; that no important
aspects of the study have been omitted; and that any discrepancies
from the study as planned have been explained.

1 Lips P. Vitamin D physiology. Prog Biophys Mol Biol 2006;92:4-8.
2 Holick MF. McCollum Award Lecture, 1994: vitamin D—new horizons for the 21st century.

Am J Clin Nutr 1994;60:619-30.
3 Tang BM, Eslick GD, Nowson C, Smith C, Bensoussan A. Use of calcium or calcium in

combination with vitamin D supplementation to prevent fractures and bone loss in people
aged 50 years and older: a meta-analysis. Lancet 2007;370:657-66.

4 Bischoff-Ferrari HA, Dawson-Hughes B, Baron JA, Burckhardt P, Li R, Spiegelman D, et
al. Calcium intake and hip fracture risk in men and women: a meta-analysis of prospective
cohort studies and randomized controlled trials. Am J Clin Nutr 2007;86:1780-90.

5 Bischoff-Ferrari HA, Willett WC, Wong JB, Stuck AE, Staehelin HB, Orav EJ, et al.
Prevention of nonvertebral fractures with oral vitamin D and dose dependency: a
meta-analysis of randomized controlled trials. Arch Intern Med 2009;169:551-61.

6 Visser M, Deeg DJ, Lips P. Low vitamin D and high parathyroid hormone levels as
determinants of loss of muscle strength and muscle mass (sarcopenia): the Longitudinal
Aging Study Amsterdam. J Clin Endocrinol Metab 2003;88:5766-72.

7 Bischoff-Ferrari HA, Dawson-Hughes B, Staehelin HB, Orav JE, Stuck AE, Theiler R, et
al. Fall prevention with supplemental and active forms of vitamin D: a meta-analysis of
randomised controlled trials. BMJ 2009;339:b3692.

8 Lappe JM, Travers-Gustafson D, Davies KM, Recker RR, Heaney RP. Vitamin D and
calcium supplementation reduces cancer risk: results of a randomized trial. Am J Clin
Nutr 2007;85:1586-91.

9 Giovannucci E, Liu Y, Hollis BW, Rimm EB. 25-hydroxyvitamin D and risk of myocardial
infarction in men: a prospective study. Arch Intern Med 2008;168:1174-80.

10 Wang TJ, Pencina MJ, Booth SL, Jacques PF, Ingelsson E, Lanier K, et al. Vitamin D
deficiency and risk of cardiovascular disease. Circulation 2008;117:503-11.

11 Pittas AG, Lau J, Hu FB, Dawson-Hughes B. The role of vitamin D and calcium in type 2
diabetes: a systematic review and meta-analysis. J Clin Endocrinol Metab
2007;92:2017-29.

12 Yamshchikov AV, Desai NS, Blumberg HM, Ziegler TR, Tangpricha V. Vitamin D for
treatment and prevention of infectious diseases: a systematic review of randomized
controlled trials. Endocr Pract 2009;15:438-49.

13 Cutolo M, Otsa K, Uprus M, Paolino S, Seriolo B. Vitamin D in rheumatoid arthritis.
Autoimmun Rev 2007;7:59-64.

14 Merlino LA, Curtis J, Mikuls TR, Cerhan JR, Criswell LA, Saag KG. Vitamin D intake is
inversely associated with rheumatoid arthritis: results from the Iowa Women’s Health
Study. Arthritis Rheum 2004;50:72-7.

15 Myhr KM. Vitamin D treatment in multiple sclerosis. J Neurol Sci 2009;286:104-8.
16 Melamed ML, Michos ED, Post W, Astor B. 25-hydroxyvitamin D levels and the risk of

mortality in the general population. Arch Intern Med 2008;168:1629-37.
17 Zgaga L, Theodoratou E, Farrington SM, Agakov F, Tenesa A, Walker M, et al. Diet,

environmental factors, and lifestyle underlie the high prevalence of vitamin D deficiency
in healthy adults in Scotland, and supplementation reduces the proportion that are severely
deficient. J Nutr 2011;141:1535-42.

18 Holick MF. Vitamin D deficiency. N Engl J Med 2007;357:266-81.
19 Maxmen A. Nutrition advice: the vitamin D-lemma. Nature 2011;475:23-5.
20 Ross AC, Manson JE, Abrams SA, Aloia JF, Brannon PM, Clinton SK, et al. The 2011

report on dietary reference intakes for calcium and vitamin D from the Institute of Medicine:
what clinicians need to know. J Clin Endocrinol Metab 2011;96:53-8.

21 Ioannidis JP. Integration of evidence from multiple meta-analyses: a primer on umbrella
reviews, treatment networks and multiple treatments meta-analyses. CMAJ
2009;181:488-93.

22 Ioannidis JP, Patsopoulos NA, Rothstein HR. Reasons or excuses for avoiding
meta-analysis in forest plots. BMJ 2008;336:1413-5.

23 Tzoulaki I, Siontis KC, Evangelou E, Ioannidis JP. Bias in associations of emerging
biomarkers with cardiovascular disease. JAMA Intern Med 2013;173:664-71.

24 Tsilidis KK, Papatheodorou SI, Evangelou E, Ioannidis JP. Evaluation of excess statistical
significance in meta-analyses of 98 biomarker associations with cancer risk. J Natl Cancer
Inst 2012;104:1867-78.

25 Tsilidis KK, Panagiotou OA, Sena ES, Aretouli E, Evangelou E, Howells DW, et al.
Evaluation of excess significance bias in animal studies of neurological diseases. PLoS
Biol 2013;11:e1001609.

26 Lau J, Ioannidis JP, Schmid CH. Quantitative synthesis in systematic reviews. Ann Intern
Med 1997;127:820-6.

27 Ioannidis JP, Patsopoulos NA, Evangelou E. Uncertainty in heterogeneity estimates in
meta-analyses. BMJ 2007;335:914-6.

28 Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a
simple, graphical test. BMJ 1997;315:629-34.

29 Ioannidis JP. Excess significance bias in the literature on brain volume abnormalities.
Arch Gen Psychiatry 2011;68:773-80.

30 Kavvoura FK, McQueen MB, Khoury MJ, Tanzi RE, Bertram L, Ioannidis JP. Evaluation
of the potential excess of statistically significant findings in published genetic association
studies: application to Alzheimer’s disease. Am J Epidemiol 2008;168:855-65.

31 Ioannidis JP, Trikalinos TA. An exploratory test for an excess of significant findings. Clin
Trials 2007;4:245-53.

32 Ioannidis JP. Clarifications on the application and interpretation of the test for excess
significance and its extensions. J Math Psychol 2013;57:184-7.

33 Freedman LS. Tables of the number of patients required in clinical trials using the logrank
test. Stat Med 1982;1:121-9.

34 Chinn S. A simple method for converting an odds ratio to effect size for use in
meta-analysis. Stat Med 2000;19:3127-31.

35 Lee JE, Li H, Chan AT, Hollis BW, Lee IM, Stampfer MJ, et al. Circulating levels of vitamin
D and colon and rectal cancer: the Physicians’ Health Study and a meta-analysis of
prospective studies. Cancer Prev Res (Phila Pa) 2011;4:735-43.

36 Aghajafari F, Nagulesapillai T, Ronksley PE, Tough SC, O’Beirne M, Rabi DM. Association
betweenmaternal serum 25-hydroxyvitamin D level and pregnancy and neonatal outcomes:
systematic review and meta-analysis of observational studies. BMJ 2013;346:f1169.

37 Lai JK, Lucas RM, Clements MS, Roddam AW, Banks E. Hip fracture risk in relation to
vitamin D supplementation and serum 25-hydroxyvitamin D levels: a systematic review
and meta-analysis of randomised controlled trials and observational studies. BMC Public
Health 2010;10:331.

38 Saneei P, Salehi-Abargouei A, Esmaillzadeh A. Serum 25-hydroxy vitamin D levels in
relation to body mass index: a systematic review and meta-analysis. Obes Rev
2013;14:393-404.

39 Sterne JA, Davey Smith G. Sifting the evidence—what’s wrong with significance tests?
BMJ 2001;322:226-31.

40 Ioannidis JP, Tarone R, McLaughlin JK. The false-positive to false-negative ratio in
epidemiologic studies. Epidemiology 2011;22:450-6.

41 Johnson VE. Revised standards for statistical evidence. Proc Natl Acad Sci U S A
2013;110:19313-7.

42 Annweiler C, Allali G, Allain P, Bridenbaugh S, Schott AM, Kressig RW, et al. Vitamin D
and cognitive performance in adults: a systematic review. Eur J Neurol 2009;16:1083-9.

43 Barnard K, Colon-Emeric C. Extraskeletal effects of vitamin D in older adults:
cardiovascular disease, mortality, mood, and cognition. Am J Geriatr Pharmacother
2010;8:4-33.

44 Buttigliero C, Monagheddu C, Petroni P, Saini A, Dogliotti L, Ciccone G, et al. Prognostic
role of vitamin D status and efficacy of vitamin D supplementation in cancer patients: a
systematic review. Oncologist 2011;16:1215-27.

45 Christesen HT, Elvander C, Lamont RF, Jorgensen JS. The impact of vitamin D in
pregnancy on extraskeletal health in children: a systematic review. Acta Obstet Gynecol
Scand 2012;91:1368-80.

46 Christesen HT, Falkenberg T, Lamont RF, Jorgensen JS. The impact of vitamin D on
pregnancy: a systematic review. Acta Obstet Gynecol Scand 2012;91:1357-67.

47 Chung M, Balk EM, Brendel M, Ip S, Lau J, Lee J, et al. Vitamin D and calcium: a
systematic review of health outcomes. Evid Rep Technol Assess (Full Rep)
2009;(183):1-420.

48 Cranney A, Horsley T, O’Donnell S, Weiler H, Puil L, Ooi D, et al. Effectiveness and safety
of vitamin D in relation to bone health. Evid Rep Technol Assess (Full Rep)
2007;(158):1-235.

49 Kriegel MA, Manson JE, Costenbader KH. Does vitamin D affect risk of developing
autoimmune disease? A systematic review. Semin Arthritis Rheum 2011;40:512-31.e8.

50 Nassar N, Halligan GH, Roberts CL, Morris JM, Ashton AW. Systematic review of
first-trimester vitamin D normative levels and outcomes of pregnancy.Am JObstet Gynecol
2011;205:208.e1-7.

51 Pilz S, Tomaschitz A, Ritz E, Pieber TR. Vitamin D status and arterial hypertension: a
systematic review. Nat Rev Cardiol 2009;6:621-30.

52 Pittas AG, Chung M, Trikalinos T, Mitri J, Brendel M, Patel K, et al. Systematic review:
vitamin D and cardiometabolic outcomes. Ann Intern Med 2010;152:307-14.

53 Renzaho AM, Halliday JA, Nowson C. Vitamin D, obesity, and obesity-related chronic
disease among ethnic minorities: a systematic review. Nutrition 2011;27:868-79.

54 Van der Rhee H, Coebergh JW, de Vries E. Sunlight, vitamin D and the prevention of
cancer: a systematic review of epidemiological studies. Eur J Cancer Prev 2009;18:458-75.

55 Yaghjyan L, Colditz GA, Drake B. Vitamin D and mammographic breast density: a
systematic review. Cancer Causes Control 2012;23:1-13.

56 Antico A, Tampoia M, Tozzoli R, Bizzaro N. Can supplementation with vitamin D reduce
the risk or modify the course of autoimmune diseases? A systematic review of the literature.
Autoimmun Rev 2012;12:127-36.

57 Cook LS, Neilson HK, Lorenzetti DL, Lee RC. A systematic literature review of vitamin D
and ovarian cancer. Am J Obstet Gynecol 2010;203:70.e1-8.

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2014;348:g2035 doi: 10.1136/bmj.g2035 (Published 1 April 2014) Page 7 of 19

RESEARCH

 on 9 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.g2035 on 1 A
pril 2014. D

ow
nloaded from

 

http://www.icmje.org/coi_disclosure.pdf
http://www.bmj.com/permissions
http://www.bmj.com/subscribe
http://www.bmj.com/


What is already known on this topic

The role of vitamin D has been explored both in a large number of observational studies and randomised controlled trials and in relation
to a multitude of health outcomes
The composite literature is often confusing and has led to heated debates about the role of vitamin D, the optimal concentrations, and
related guidelines for supplementation
Recent reports have highlighted the lack of concordance between observational studies and randomised controlled trials, concluding
that vitamin D is more likely to be a correlate marker of overall health and not causally involved in disease

What this study adds

This umbrella review collectively presents the evidence from systematic reviews and meta-analyses of observational studies and
randomised controlled trials in relation to 137 different outcomes covering a wide range of diseases
An association between vitamin D concentrations and birth weight, dental caries in children, maternal vitamin D concentrations at term,
and parathyroid hormone concentrations in chronic kidney disease patients requiring dialysis is probable
In contrast to previous reports, the findings cast doubt on the effectiveness of vitamin D only supplementation for prevention of osteoporosis
or falls
This review highlights the absence of meta-analyses in relation to autoimmune disease and the absence of meta-analyses of randomised
clinical trials of vitamin D supplementation in respect of cancer, cognitive, and infectious disease outcomes
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Tables

Table 1| Characteristics andmain findings of meta-analyses of observational studies reporting unique cancer and cardiovascular outcomes
(direction of comparison is high versus low)

Egger test
P valueI2 (95% CI)P value

Relative risk (95%
CI)*Total No

No of
events

No of
studies

Meta-analysis
metricBiomarkerOutcome

in each
MA

Cancer outcomes

0.9733 (0 to 73)0.810.98 (0.84 to 1.15)45248716OR25OHDAggressive prostate
cancer

NA0 (NA)0.210.75 (0.48 to 1.17)14886962OR1,25(OH)2DAggressive prostate
cancer

0.0688 (83 to 91)1.0×10−50.55 (0.42 to 0.71)26 31711 77121OR25OHDBreast cancer

0.8647 (0 to 84)0.960.99 (0.68 to 1.44)362718023OR1,25(OH)2DBreast cancer

0.920 (0 to 54)0.330.99 (0.97 to 1.01)876639299RR25OHDBreast cancer:
postmenopausal

0.7637 (0 to 74)0.671.01 (0.97 to 1.06)289016136RR25OHDBreast cancer:
premenopausal

0.1550 (0 to 74)0.130.78 (0.56 to 1.07)4578182210OR25OHDColon cancer

NANA0.570.88 (0.57 to 1.35)No infoNo info4OR1,25(OH)2DColon cancer

0.400 (0 to 53)0.00020.70 (0.58 to 0.84)6712276410RR25OHDColorectal cancer

NANA0.971.01 (0.59 to 1.73)No infoNo info4OR1,25(OH)2DColorectal cancer

0.370 (0 to 61)0.971.01 (0.65 to 1.58)14807406OR25OHDKidney cancer

0.560 (0 to 68)0.590.81 (0.39 to 1.70)39184OR25OHDNon-Hodgkin’s
lymphoma (females)

0.7213 (0 to 66)0.180.65 (0.35 to 1.23)65256OR25OHDNon-Hodgkin’s
lymphoma (males)

0.310 (0 to 53)0.180.83 (0.63 to 1.09)248988410OR25OHDOvarian cancer

0.9017 (0 to 67)0.042.13 (1.02 to 4.47)21138666OR25OHDPancreatic cancer

0.4340 (0 to 74)0.890.99 (0.87 to 1.14)364013617OR1,25(OH)2DProstate cancer

0.790 (0 to 47)0.151.04 (0.98 to 1.09)28 988435314OR25OHDProstate cancer

0.1051 (0 to 75)0.010.50 (0.29 to 0.88)20508689OR25OHDRectal cancer

0.3466 (13 to 82)0.020.82 (0.69 to 0.97)626829239OR25OHDSporadic colorectal
adenoma

0.3555 (0 to 86)0.530.87 (0.57 to 1.33)13665863OR25OHDSporadic colorectal
adenoma recurrence

Cardiovascular outcomes

0.5174 (54 to 83)9.7×10−50.67 (0.55 to 0.82)64 722760016OR25OHDCardiovascular disease
(prevalent)

0.9861 (28 to 75)1.6×10−70.66 (0.57 to 0.77)66 488612319RR25OHDCardiovascular disease

0.0981 (40 to 90)0.0060.55 (0.36 to 0.85)24 38720075RR25OHDCardiovascular disease
mortality

0.9244 (0 to 75)0.00040.70 (0.58 to 0.86)48 63349657RR25OHDHypertension

0.2780 (69 to 86)4.1×10−90.72 (0.65 to 0.81)82 982837619HR25OHDIschaemic heart
disease

0.6371 (0 to 86)2.1×10−50.66 (0.55 to 0.80)26 59618004HR25OHDIschaemic stroke (HR)

0.970 (0 to 64)2.3×10−140.52 (0.44 to 0.61)31 8588445OR25OHDIschaemic stroke (OR)

0.940 (0 to 58)1.8×10−60.61 (0.50 to 0.75)39 09512147RR25OHDStroke

HR=hazard ratio; MA=meta-analysis; NA=not applicable; OR=odds ratio; RR=relative risk.
P values were estimated using formulas presented in Altman and Bland 2011.140

*Effect estimate and 95% CI estimated on basis of random effects model. Reported effect estimates and 95% CI are presented for colon cancer (1,25(OH)2D)
and colorectal cancer (1,25(OH)2D).
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Table 2| Characteristics and main findings of meta-analyses of observational studies reporting unique cognitive, infectious, metabolic,
neonatal/infant/child related, pregnancy related, skeletal, and other outcomes (direction of comparison is high versus low)

Egger test
P valueI2 (95% CI)P value

Relative risk (95%
CI)*Total No

No of
events

No of
studies

Units
Meta-analysis

metricBiomarkerOutcome
in each
MA

Cognitive disorders

0.3298 (97 to 98)0.020.08 (0.01 to 0.63)10053577NASMD (to OR)25OHDAlzheimer’s disease

0.1656 (0 to 79)2.2×10−130.42 (0.34 to 0.53)900412177NAOR25OHDCognition

0.2253 (0 to 76)0.050.77 (0.59 to 1.00)19 80720519NAOR25OHDDepression
(case-control
studies)

0.4928 (0 to 80)0.0010.44 (0.27 to 0.72)88156173NAHR25OHDDepression (cohort
studies)

Infectious diseases

0.7941 (0 to 74)2.0×10−70.29 (0.19 to 0.46)5343087NASMD (to OR)25OHDTuberculosis

Metabolic disorders

NANA8.9×10−13−0.15 (−0.19 to
−0.11)

16 525NA37NAZ score25OHDBody mass index

0.5938 (0 to 71)1.4×10−70.49 (0.38 to 0.64)31 41628218NAOR25OHDMetabolic syndrome
(prevalent)

0.581 (0 to 46)5.0×10−170.63 (0.56 to 0.69)72 204487716NAOR25OHDType 2 diabetes

0.9679 (56 to 87)0.0080.45 (0.25 to 0.82)11 89224249NAOR25OHDType 2 diabetes
(prevalent)

Neonatal/infant/child related outcomes

NANA0.410.19 (−0.26 to 0.65
)

840NA2cmWMD25OHDBirth length

NANA5.5×10−6130.9 (75.1 to
186.7)

5541NA4gramsWMD25OHDBirth weight

NANA0.760.05 (−0.24 to 0.34)840NA2cmWMD25OHDHead circumference

0.818 (0 to 64)1.8×10−80.54 (0.44 to 0.67)6851NA6NAOR25OHDSmall for gestational
age

Pregnancy related outcomes

0.580 (0 to 53)0.00090.67 (0.53 to 0.85)411268710NAOR25OHDGestational diabetes

0.960 (0 to 58)0.0020.56 (0.39 to 0.8)32303939NAOR25OHDPre-eclampsia

Skeletal outcomes

0.7877 (66 to 83)1.3×10−130.31 (0.23 to 0.42)2956157228NASMD (to OR)25OHDFractures

NANANA−0.26 (−0.33 to
−0.23)

220111168nmol/Llog ratio of
geometric
mean

25OHDHip fracture (hospital
based controls)

NANANA−0.51 (−0.64 to
−0.38)

16558189nmol/Llog ratio of
geometric
mean

25OHDHip fracture
(population based
controls)

Other outcomes

0.0931 (0 to 66)4.6×10−60.86 (0.81 to 0.92)6853211010NARR25OHDAll cause mortality
(in CKD patients)

0.2982 (72 to 87)2.9×10−130.72 (0.66 to 0.78)77 15515 44718NAHR25OHDAll cause mortality

CKD=chronic kidney disease; HR=hazard ratio; MA=meta-analysis; NA=not applicable; OR=odds ratio; RR=relative risk; SMD=standardised mean difference;
WMD=weighted mean difference.
P values were estimated using formulas presented in Altman and Bland 2011.140

*Effect estimate and 95% CI estimated based on random effects model. Reported effect estimates and 95% CI are presented for hip fracture (population based
controls), hip fracture (hospital based controls), birth length, head circumference, and birth weight.
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Table 3| General characteristics of non-overlapping meta-analyses of randomised controlled trials of vitamin D supplementation for
cardiovascular, metabolic, neonatal/infant/child related, pregnancy related, and other outcomes

P value
Reported summary effect

(95% CI)

No of
studies in
each MAMA modelUnits

Type of metric
(summary
effect)PopulationOutcome

Cardiovascular outcomes

0.320.95 (0.86 to 1.05)2FixedNARRGeneralCardiovascular disease

0.98−0.03 (−1.98 to 1.92)3No infomm HgWMDNormotensive or
hypertensive

Diastolic blood pressure

0.16−2.39 (−5.7 to 0.9)3No infomm HgWMDNormotensive or
hypertensive

Systolic blood pressure

Metabolic disorders

0.940.01 (−0.21 to 0.23)No infoNo infonmol/LWMDDiabetes patients with
normal glucose
tolerance

Fasting glucose

0.33−0.3 (−0.9 to 0.3)No infoNo infonmol/LWMDDiabetes patients with
abnormal glucose
tolerance

Fasting glucose

0.76−0.14 (−0.99 to 0.71)8Fixedmg/dLWMDGeneralHigh density lipoprotein

0.240.16 (−0.11 to 0.42)5No infoNASMDDiabetesInsulin resistance

0.321.52 (−1.42 to 4.46)11Fixedmg/dLWMDGeneralTotal cholesterol

0.023.23 (0.55 to 5.9)7Fixedmg/dLWMDGeneralLow density lipoprotein

0.53−1.92 (−7.72 to 3.88)8Fixedmg/dLWMDGeneralTriglycerides

Neonatal/infant/child related outcomes

0.170.97 (−0.41 to 2.34)2RandomcmWMDPregnant womenBirth length

0.0010.4 (0.23 to 0.71)3FixedNARRPregnant womenLow birth weight

3.7×10−90.53 (0.43 to 0.65)38RandomNARRChildrenDental caries

0.020.43 (0.06 to 0.79)2RandomcmWMDPregnant womenHead circumference at birth

0.120.67 (0.40 to 1.11)2FixedNARRPregnant womenSmall for gestational age

Pregnancy related outcomes

8.7×10−547.08 (23.76 to 70.39)4Randomnmol/LWMDPregnant womenMaternal vitamin D
concentrations at term

0.320.17 (-0.16 to 0.51)2FixedWeeksWMDPregnant womenMean gestational age at
delivery

0.520.77 (0.35 to 1.66)2FixedNARRPregnant womenPreterm delivery

Other outcomes

0.06−21.81 (−40.39 to 3.22)2FixedU/LWMDCKD NRDAlkaline phosphatase

0.02−27.35 (−50.69 to −4.01)3FixedU/LWMDCKD RDAlkaline phosphatase

0.54−1.68 (−6.92 to 3.56)4FixedmL/minWMDCKD NRDCreatinine clearance

0.090.91 (0.82 to 1.02)9RandomNARRGeneral (vitamin D3)Mortality

0.261.04 (0.97 to 1.11)8RandomNARRGeneral (vitamin D2)Mortality

0.631.40 (0.38 to 5.15)4FixedNARRCKD NRDMortality

0.691.34 (0.34 to 5.24)5FixedNARRCKD RDMortality

0.008−49.34 (−85.70 to −12.97)4Fixedpmol/LWMDCKD NRDParathyroid hormone

0.0002−196.05 (−298.43 to −93.66)6Fixedpmol/LWMDCKD RDParathyroid hormone

0.900.82 (0.05 to 12.47)2FixedNARRCKD RDParathyroidectomy

0.023.04 (1.17 to 7.90)7FixedNARRCKD NRDRisk of hypercalcaemia

0.073.80 (0.90 to 16.12)5FixedNARRCKD RDRisk of hypercalcaemia

0.471.58 (0.47 to 5.30)2FixedNARRCKD NRDRisk of hyperphosphataemia

0.071.57 (0.97 to 2.54)2FixedNARRCKD RDRisk of hyperphosphataemia

0.480.76 (0.36 to 1.62)4FixedNARRCKD NRDRisk of requiring dialysis

0.330.41 (0.07 to 2.38)3FixedNARRCKD RDSubperiosteal erosions

0.861.09 (0.45 to 2.67)2FixedNARRCKD RDVascular calcification
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Table 3 (continued)

P value
Reported summary effect

(95% CI)

No of
studies in
each MAMA modelUnits

Type of metric
(summary
effect)PopulationOutcome

CKDNRD=chronic kidney disease not requiring dialysis; CKD RD=chronic kidney disease requiring dialysis; RR=relative risk; SMD=standardised mean difference;
WMD=weighted mean difference.
P values were estimated using formulas presented in Altman and Bland 2011.140
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Table 4| General characteristics of non-overlappingmeta-analyses of randomised controlled trials of vitamin D supplementation for skeletal
outcomes

P value
Reported summary
effect (95% CI)

No of
studies in
each MAMA modelUnits

Type of metric
(summary
effect)PopulationSkeletal outcome

0.220.1 (−0.06 to 0.26)5Fixed% changeSMDHealthy childrenBone mineral density

0.16−0.9 (−2.10 to 0.40)3Random% changeWMDCommunity dwelling adultsBone mineral density

0.0041.10 (0.40 to 1.90)8Random% changeWMDCommunity dwelling adultsBone mineral density in
femoral neck

0.19−0.70 (1.70 to 0.40)2Random% changeWMDCommunity dwelling adultsBone mineral density in
forearm

0.860.04 (−0.36 to 0.45)3Random% changeSMDHealthy childrenBone mineral density in
forearm

0.630.06 (−0.18 to 0.29)4Random% changeSMDHealthy childrenBone mineral density in hip

0.110.70 (−0.10 to 1.60)6Random% changeWMDCommunity dwelling adultsBone mineral density in hip

0.070.15 (−0.01 to 0.31)5Fixed% changeSMDHealthy childrenBone mineral density in
lumbar spine

0.780.10 (−0.60 to 0.70)7Random% changeWMDCommunity dwelling adultsBone mineral density in
lumbar spine

0.280.29 (0.03 to 2.63)4FixedNARRCKD RDBone pain

0.680.97 (0.84 to 1.11)10RandomNAOROlder adultsFalls

0.280.55 (0.19 to 1.64)2RandomNARaROlder people in care
facilities or hospitals

Falls: rate of falls

0.011.14 (1.03 to 1.27)2RandomNARaROlder people in communityFalls: rate of falls

0.821.01 (0.93 to 1.09)10FixedNARRMen aged >65 years and
postmenopausal women

Fractures

1.001.00 (0.06 to 15.41)4FixedNARRCKD RDFractures

0.061.15 (0.99 to 1.33)9FixedNARRMen aged >65 years and
postmenopausal women

Fractures: hip

0.040.79 (0.63 to 0.99)5No infoNARRPeople aged >65 yearsFractures: non-vertebral

0.490.69 (0.21 to 1.66)2RandomNAOROlder womenFractures: non-vertebral,
non-hip

0.800.90 (0.42 to 1.92)5RandomNARRMen aged >65 years and
postmenopausal women

Fractures: vertebral or
deformity

0.04−0.20 (−0.39 to −0.01)3FixedNASMDOlder adultsPerformance measures:
balance sway

0.540.05 (−0.11 to 0.20)3FixedNASMDOlder adultsPerformance measures:
lower extremity strength

0.02−0.19 (−0.35 to −0.02)3FixedNASMDOlder adultsPerformance measures:
muscle strength

CKD RD=chronic kidney disease requiring dialysis; OR=odds ratio; RaR=rate ratio; RR=relative risk; SMD=standardised mean difference; WMD=weighted mean
difference.
P values were estimated using formulas presented in Altman and Bland 2011.140
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Table 5| Overlap between meta-analyses of observational studies and vitamin D supplementation randomised controlled trials

CI excluded null

Concordant
direction

Randomised controlled trialsObservational

Disease outcome
Observational

onlyBothEffect size (95% CI)MetricEffect size (95% CI)Metric

YesNoYes0.95 (0.86 to 1.05)OR0.66 (0.57 to 0.77)ORCardiovascular disease102 130

YesNoYes−2.39 (−5.7 to 1.92)WMD0.70 (0.58 to 0.86)ORHypertension/blood
pressure104 127

NoYesYes0.4 (0.23 to 0.71)OR130.9 (75.1 to 186.7)WMDBirth weight/ risk of low birth
weight36 61

NoNoYes0.97 (−0.41 to 2.34)WMD0.19 (−0.26 to0.65 )WMDBirth length36 112

NoNoYes0.43 (0.06 to 0.79)WMD0.05 (−0.24 to 0.34)WMDHead circumference36 112

YesNoYes0.67 (0.4 to 1.11)OR0.54 (0.44 to 0.67)ORSmall for gestational age36 61

YesNoNo1.4 (0.38 to 5.15)OR0.86 (0.81 to 0.92)ORMortality in CKD patients84 120

YesNoYes0.91 (0.82 to 1.02)OR0.72 (0.66 to 0.78)ORAll cause mortality66 110

YesNoNo1.01 (0.93 to 1.09)OR0.31 (0.23 to 0.42)ORFractures in older
populations91 107

YesNoNo1.15 (0.99 to 1.33)OR−0.26 (−0.33 to −0.23)Log ratio of
geometric mean

Hip fracture37 107

CI=confidence interval; CKD=chronic kidney disease; OR=odds ratio; WMD=weighted mean difference.
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Table 6| Evidence of relation between high vitamin D concentrations or vitamin D supplementation and clinical outcomes

Heath risksHealth benefitsEvidence category*

NoneNoneConvincing

NoneDecreases risk of dental caries in childrenProbable

Increases levels of birth weight and maternal vitamin D concentrations at term

Decreases levels of parathyroid hormone concentrations in CKD RD

Increases rate of falls
(community) and risk
of hypercalcaemia in
CKD NRD

Decreases risk of colorectal cancer, non-vertebral fractures, CVD, CVD prevalence, hypertension, ischaemic stroke,
stroke, cognition, depression (cohort studies), body mass index, metabolic syndrome prevalence, type 2 diabetes,
small for gestational age birth, gestational diabetes mellitus

Suggestive

Decreases levels of balance sway, alkaline phosphatase concentrations in CKD RD, parathyroid hormone
concentrations in CKD NRD

Increases levels of head circumference at birth, LDL, bone mineral density in femoral neck, muscle strength

Increases risk of
pancreatic cancer,
hyperphosphataemia
in CKD, vascular
calcification in CKD
RD, hypercalcaemia in
CKD RD

Decreases risk of ankylosing spondylitis, Crohn’s disease, multiple sclerosis, osteoarthritis, rheumatoid arthritis,
rheumatoid arthritis activity, scleroderma, systemic lupus erythematosus, thyroid autoimmunity, type 1 diabetes,
type 1 diabetes in childhood (maternal vitamin D status), vitiligo, breast cancer, breast cancer prognosis, colon
cancer, colorectal adenoma, colorectal adenoma recurrence, colorectal cancer prognosis, lung cancer, melanoma
prognosis, non-Hodgkin’s lymphoma, non-small cell lung cancer prognosis, oesophageal cancer, ovarian cancer,
prostate cancer prognosis, rectal cancer, renal cancer, stomach cancer, CVD in ethnic minorities, CVD mortality,
hypertension in children, ischaemic heart disease, myocardial infarction, Alzheimer’s disease, depression (case-control

No conclusion

studies), active tuberculosis, acute respiratory infection, infectious disease mortality, metabolic syndrome in ethnic
minorities, obesity in ethnic minorities, type 2 diabetes in ethnic minorities, type 2 diabetes prevalence, allergic
rhinitis and atopic dermatitis/eczema (maternal vitamin D status), cerebral function and diseases (maternal vitamin
D status), childhood infections (maternal vitamin D status), wheezing and asthma in childhood (maternal vitamin D
status), bacterial vaginosis in pregnant women, fertility, postpartum depression, pre-eclampsia in pregnant women,
pregnancy associated breast cancer, bone health in pregnant and lactating women, bone pain in CKD RD, falls,
rate of falls (care facilities), fractures in older people, fractures in CKD RD, hip fractures, non-vertebral non-hip
fractures, vertebral fractures or deformity, performance measures in older people, rickets in children, all cause
mortality, mortality in CKD, risk of requiring dialysis in CKD NRD, parathyroidectomy in CKD RD, subperiosteal
erosions in CKD RD, mammographic breast density

Decreases levels of HDL in children, LDL in children, triglycerides in children, insulin/glucose metabolism in children,
triglycerides, insulin resistance of diabetes patients, bone mineral density, bone mineral density in forearm, alkaline
phosphatase concentrations in CKD NRD, creatinine clearance in CKD

Increases levels of total cholesterol concentrations, neonatal and infant growth, length of gestation, bone mineral
content in infants, bone mineral density in hip, bone mineral density in lumbar spine (children)

NoneDecreases risk of aggressive prostate cancer, premenopausal breast cancer, postmenopausal breast cancer, cancer
mortality, kidney cancer, prostate cancer, caesarean section

Substantial effect
unlikely

Decreases levels of fasting glucose in diabetes patients, HDL, adiposity in children (maternal vitamin D status)

Increases levels of birth length (maternal vitamin D status), bone mineral density in children, bone mineral density
in forearm in children, bone mineral density in hip in children, bone mineral density in lumbar spine, lower extremity
strength

CKD=chronic kidney disease; CVD=cardiovascular disease; HDL=high density lipoprotein; LDL=low density lipoprotein; NRD=not requiring dialysis; RD=requiring
dialysis.
*See box.
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Figures

Fig 1 Flow chart of eligible studies

Fig 2 Map of 137 vitamin D related outcomes: percentage of outcomes per outcome category for all study designs
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Fig 3 Forest plot of all meta-analyses of observational studies stratified by measured biomarker with relative risk as type
of metric

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2014;348:g2035 doi: 10.1136/bmj.g2035 (Published 1 April 2014) Page 18 of 19

RESEARCH

 on 9 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.g2035 on 1 A
pril 2014. D

ow
nloaded from

 

http://www.bmj.com/permissions
http://www.bmj.com/subscribe
http://www.bmj.com/


Fig 4 Forest plot of all meta-analyses of randomised controlled trials with relative risk as type of metric by compound
administered. CKD=chronic kidney disease patients; NRD=not requiring dialysis; RD=requiring dialysis; UV=ultraviolet
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