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Key questions in Vitamin D research
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Abstract

Despite interest and expanding research on non-bone health outcomes, the evidence remains inconclusive concerning the
causal role of vitamin D in the non-bone health outcomes. To improve our understanding of its role, research needs to
address five key areas related to vitamin D: 1) its physiology and molecular pathways. 2) its relationship to health outcomes.
3) its exposure-response relationships, 4) its interactions with genotype and other nutrients and 5) its adverse effects. Its
metabolism needs to be elucidated including extra-renal activation and catabolism, distribution and mobilization from body
pools, kinetics of this distribution, and their regulation during pregnancy and lactation. Rigorous, well-designed randomized
clinical trials need to evaluate the causal role of vitamin D in a diverse array of non-bone health and chronic disease out-
comes across the life cycle and reproductive states. Critically needed is the determination of the exposure-response, inflec-
tion and threshold of serum 25(OH)D concentrations relative to functional and health outcomes. The dose-response
relationships of standardized measures of serum 25(OH)D need to be understood in response to low and high doses of
total vitamin D with careful consideration of confounding factors including catabolic rates. How do relevant genetic poly-
morphisms, dietary calcium and phosphate and potentially dietary cholesterol interact with vitamin D exposure on its
bioavailability, transport, distribution in body pools, metabolism and action as well as on bone and non-bone health out-
comes? The nature and mechanisms of U-shaped risk relationships with adverse health outcomes at higher exposure to
vitamin D needs elucidated across the life cycle and reproductive stages.
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Introduction . . . .
biological roles of vitamin D relevant to these non-

The active metabolite of vitamin D, 1,25(OH),D pro-
duced in the kidney by lo-hydroxylase (CYP27B1),
regulates calcium-phosphorous homeostasis and bone
health through its classic hormonal actions in concert
with its nuclear transcriptional factor, vitamin D
receptor (VDR), on target genes containing the VDR
response element. Discovery of VDR expression in
many tissues not involved in these classical actions as
well as vitamin D’s regulation of a wide array of cel-
lular processes including proliferation, immune
response, and inflammation expanded the investiga-
tion of vitamin D’s role in human health beyond its
classical endocrine function in bone health. Even
though interest is keen and research on non-bone
health outcomes has exploded, the evidence remains
inconclusive concerning the causal role of vitamin D
in the prevention and etiology of cardiovascular dis-
ease, cancer, infectious disease, autoimmune disorders,
diabetes, cognitive disorders, falls, adverse maternal
and fetal pregnancy outcomes, etc. despite the plausible

bone health outcomes [1].

In addition, widespread extra-renal expression of
la-hydroxylase and i vitro evidence suggest the
intracrine, autocrine and paracrine action of locally-
produced 1,25(0OH),D. Extra-renal production
appears primarily responsive to the availability of its
precursor metabolite, 25-hydroxyvitamin D produced
in the liver from vitamin D. Thus, the circulating level
of 25-hydroxyvitamin D clearly established as the best
biomarker of total exposure to vitamin D from endog-
enous and dietary sources is increasingly regarded by
some as a biomarker of effect. However, evidence
validating circulating concentration of 25-hydroxyvi-
tamin D as a biomarker of effect remains absent. Even
definitive thresholds for rickets or osteomalacia below
which all individuals exhibit these frank deficiencies
cannot be determined [1,2].

This paper draws on two interdisciplinary pan-
els [1,3] and two recent critical review [4,5] that
identified:
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1) the gaps in our knowledge of vitamin D and
human health across the life cycle and reproduc-
tive stages and

2) key research questions that need to be answered
to advance our understanding of the role of
vitamin D in human health.

The Institute of Medicine Committee on the
Dietary Reference Intakes for Calcium and Vitamin
D [1] described research needs for vitamin D, human
health outcomes, intake response, dietary require-
ment, and intake assessment based on their consid-
eration of the evidence through August, 2010
including two Agency on Healthcare Research and
Quality (AHRQ) evidence reviews on vitamin D [2]
and vitamin D and calcium and health [6] as well as
their assessment of the strengths and gaps in the evi-
dence. The NIH Roundtable on Vitamin D and
Human Health [3] discussed the research needs
focused on five questions addressed by the AHRQ
Evidence Based Review on the Effectiveness and
Safety of Vitamin D in Bone Health [2] and the NTH
Conference on Vitamin D and health in the 215 Cen-
tury: An Update [7]. We describe research needed to
understand the role of vitamin D in pregnancy and
lactation [4]. Cashman and Kiely [5] identify research
needs relative to public health. Below, the key research
questions for Vitamin D are discussed in five areas:

1) physiology and molecular pathways of vitamin D,

2) health outcomes related to vitamin D,

3) exposure-response relationships,

4) interactions with genotype and other nutrients
and

5) adverse effects.

Physiology and molecular pathways
of vitamin D

Despite the considerable advancement of our under-
standing of the metabolism of vitamin D (Figure 1),
the distribution of vitamin D and 25(OH)D in body
pools including their storage and mobilization is
‘notably lacking’ [1]. We need to elucidate the body
pools for the parent and major circulating metabolite
[1,2]. Does adipose tissue merely sequester vitamin
D and its metabolites or does it function as a storage
pool from which vitamin D and its metabolites can
be mobilized [1,2]? If the latter, what factors influ-
ence its storage and mobilization? How does this
relate to adiposity of an individual and the level of
the existing stores? What is the relationship with
exposure either from dietary or endogenous sources
[1,3]? Understanding this relationship for dietary
versus endogenous vitamin D is important because
the initial transport to the liver and interaction with
peripheral tissues differ between these (Figure 1).
Endogenously produced vitamin D enters the blood,
binds to the vitamin D binding protein (DBP) and

Key research areas 155

is transported to the liver whereas dietary vitamin D
is absorbed, packaged into chylomicrons, released
from the lymph into the peripheral tissue where the
chylomicrons are metabolized by lipoprotein lipase
and then transported in the remnant particles to the
liver. Does this difference in initial transport alter the
distribution of dietary versus endogenously produced
vitamin D among body pools, particularly the storage
pools in adipose tissue? Do storage concentrations
affect the response of circulating 25(OH)D concen-
trations to intake of vitamin D? What is also unclear,
but needs to be assessed is whether storage pools
relate to health outcomes — either beneficially or
adversely.

We also need to understand the flux and kinetics
among these pools for 25(OH)D and the factors that
affect these dynamics. 25(OH)D can be taken up by
tissues through one of two mechanisms (Figure 1).
Free 25(OH)D can diffuse across cell membranes,
which appears to be nearly a ubiquitous mechanism.
The amount of DBP and its effect on free versus
bound 25(OH)D could inversely influence the avail-
able free 25(OH)D for uptake as demonstrated
recently in cultured human monocytes [8]. In the
kidney, mammary epithelial cell, hepatic stellate cells,
osteoblasts and malignant B-lympohcytes, the core-
ceptors megalin and cubulin can bind and internalize
DBP with its bound 25(OH)D [9-13]. Interestingly,
the uptake of DBP is low in normal quiescent B-lym-
phocytes unless activated with mitogen [10] and vari-
able among breast cancer cell lines [11]. Megalin
expression also varies among specific tissues and dur-
ing development [9]. Thus, this endocytotic mecha-
nism may be limited to specific tissues in specific
physiologic, pathophysiologic or developmental states.
In contrast to the inverse effect of DBP concentra-
tions on diffusion, the amount of DBP could directly
influence the uptake 25(OH)D via the endocytotic
mechanism. Exemplifying the complexity these rela-
tionships may pose is the recent nested case-control
report that circulating DBP concentrations inversely
relate to pancreatic cancer risk whereas 25(OH)D
concentrations positively associate with pancreatic
risk [14]. However, DBP and 25(OH)D concentra-
tions interact such that the higher combined concen-
trations of DBP and 25(OH)D associate with reduced
risk whereas high 25(OH)D concentrations and low
DBP concentrations associate with increased risk. We
need to understand better the impact of development
and physiologic or pathophysiologic states of specific
tissues on the expression of megalin/cubulin and the
relative uptake by each pathway both in terms of the
effects on the dynamics of the distribution of 25(OH)
D and on health outcomes.

The nature and significance of extra-renal pro-
duction of 1,25(OH),D needs to be determined
and its impact non-bone health outcomes needs to
be elucidated [1]. Critical to our understanding is
the relevance of vitamin D nutriture and serum
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Figure 1.Vitamin D metabolism, transport and body pools. Endogenously produced vitamin D diffuses into the blood, binds to the vitamin
D binding protein (DBP) and transports to the liver. In contrast, dietary vitamin D is first packaged into chylomicrons after intestinal
absorption, transported to the lymph into the peripheral blood where the chylomicrons are metabolized by lipoprotein lipase (ILPL) and
then transported to the liver in the rsulting remnant particles. Regardless of source, vitamin D is hydroxylated in the liver to 25-
hydroxyvitamin D [25(OH)D], which is transported in the blood bound to DBP. In the kidney and possibly a wide-variety of extra-renal
tissues, 25(OH)D is again hydroxylated to the active 1,25 dihydroxyvitamin D [1,25(OH),D]. Both 1,25(OH),D and 25(OH)D can be
catabolized to the inactive calcitroic acid or 24,25(0OH),D, respectively, by the 24-hydroxylase (CYP 24Al) that is also widely expressed.
Circulating 25(OH)D can be taken up by one of two mechanisms, the ubiquitous diffusion of free 25(OH)D or the DBP-receptor mediated
endocytosis by megalin/cubulin, which is selectively expressed in a tissue, developmental and pathophysiologic specific manner (adapted

from Jones [44]).

25(OH)D to this production and local action i
vivo. Identifying and validating biomarkers of effect
in relevant models for use in human studies is also
essential to demonstrate conclusively that this extra-
renal production and local action seen 2 vitro occurs
i wvivo. Studies using tissue specific knockout
models for VDR, lo-hydroxylase and the catabolic
24-hydroxylase would be helpful to understand and
characterize role of extra-renal production and local
action and its relationship to health outcomes [3].

Controversy exists concerning the bioavailability
and bioequivalence of vitamin D3 and D2. The
physiological responses, metabolism, distribution in
body pools, comparative Kkinetics of metabolism,
including catabolism by 24-hydroxylase, and safety
risks need to be determined [1].

During pregnancy and lactation, vitamin D
metabolism also is not well understood. The mecha-
nisms whereby well-documented physiologic changes
in maternal vitamin D metabolism during pregnancy
are unknown [4]. Specifically, researchers need to

determine the mechanisms through which maternal
DBP and serum 1,25(0OH),D concentrations
increase. The relative contributions of the kidney and
placenta to increased 1,25(OH),D need to be under-
stood. Changes in the distribution of vitamin D and
its metabolites during pregnancy are also unknown.
In lactation, the mechanism of transfer of vitamin D,
its metabolites and DBP across mammary epithe-
lium also needs to be determined. Such understand-
ing might improve our approaches to enhancing the
low content of vitamin D and its metabolites in
human milk without exposing the lactating woman
to dietary intakes in excess of the Tolerable Upper
Intake Level (UL) of 100 pg/d [1].

In summary, key research needs exist for under-
standing the metabolism including extra-renal acti-
vation and catabolism, distribution and mobilization
from body pools, kinetics, and regulation of the
dynamics including changes during pregnancy and
lactation and impact of dietary intake and sources of
vitamin D.
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Health outcomes related to vitamin D

The IOM Committee [1], the NIH Roundtable [3]
and we [4] all emphasized the pressing need to
determine the causal role of vitamin D in non-bone
health outcomes, including but not limited to falls,
infectious disease, autoimmune disorders, chronic
diseases (total and site-specific cancers, cardiovas-
cular disease, diabetes, cognitive disorders, etc.),
its developmental programming in utero and the
early postnatal period, and maternal and fetal adverse
outcomes (preeclampsia, gestational diabetes,
obstructed labor/Caesarian section, small for gesta-
tional age, gestational duration, etc.) [1,3,4].
Intriguing evidence links low serum 25(OH)D con-
centrations with increased risk of these adverse health
outcomes; but as evaluated by the IOM Committee
[1] and the AHRQ evidence review on vitamin D and
health outcomes [6], the evidence is conflicting, pri-
marily observational in nature and lacks causality.
Thus, the role of vitamin D in non-bone health out-
comes is presently inconclusive. The IOM Commit-
tee [1], the NIH Roundtable [3] and we [4] point to
the need for rigorous and well-designed randomized
clinical trials to evaluate the causal role of vitamin D
in non-bone health outcomes across the life cycle and
reproductive states. High quality studies with strong
causal designs are needed that adequately consider
key confounders including but not limited to baseline
vitamin D status and intakes, interaction with dietary
calcium and phosphate, baseline muscle quality and
function, physical activity, adiposity and body com-
position, skin pigmentation, etc. A number of such
trials are underway, and their results are eagerly
awaited. We highlighted, in particular, the need to
examine the role of vitamin D in maternal infectious
disease, the only pregnancy outcome for which con-
sistent observational associations exist [4]. The IOM
Committee [1] also highlighted the need to deter-
mine appropriateness of 25(OH)D as a biomarker of
effect, which is lacking presently as discussed above.

Despite the considerable and causal evidence for
the role of vitamin D in bone health, gaps in our
knowledge still exist for younger ages, during meno-
pause and in dark-skinned individuals. The IOM
committee [1] identified the need to clarify threshold
effects of vitamin D on skeletal health outcomes
by life stage and for different racial/ethnic groups.
The NIH Roundtable [3] noted the need for research
on subclinical rickets and osteomalacia in terms
of their prevalence, improved surveillance and bio-
markers indicative of early pathology in US popula-
tion, in particular. More broadly, Cashman and
Kiely [5] identified the greatest immediate need to
be the definition of the threshold serum 25(OH)D
value for vitamin D sufficiency by ‘an accountable,
transparent and systematic evidence-based consen-
sus development process, engaging all the relevant
stakeholders’.
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In summary, evaluating the causal role of vitamin
D in non-bone health outcomes would not only
advance our understanding of its role, but would also
clarify its potential to improve public health through
the reduction of chronic disease. In addition, we
need consensus and evidence-based definition of the
threshold 25(OH)D concentration indicative of
sufficiency.

Exposure-response relationships

Critically needed in the judgment of both the IOM
Committee [1] and the NIH Roundtable [2] is the
determination of the inflection and threshold of
serum 25(OH)D relative to functional and health
outcomes for which vitamin D plays a causal role at
several life and reproductive states in order to under-
stand vitamin D status and requirements. In particu-
lar, such research needs to include dark-skinned
individuals, infants, adolescents, and reproductive-
aged, pregnant and lactating women [3]. We need to
identify specific health outcomes in relation to graded
and fully measured intakes of vitamin D including
baseline intakes [1].

Indeed, the nature of the dose-response relation-
ship between intake and achieved serum 25(OH)D
concentrations needs to be clarified. Assuming min-
imal sun exposure, the IOM Committee found a
curvilinear relationship between total intake and
achieved 25(OH)D concentrations in a simulated
dose-response curve [1]. The committee also found
a curvilinear response to total intake at lower lati-
tudes (>40°N <49.5°N) during the winter, where
sun exposure is widely regarded as insufficient for
providing vitamin D synthesis in the winter. How-
ever, the achieved 25(OH)D concentration was
approximately 25 % higher at these lower northern
latitudes than at the more northern latitudes, raising
questions about whether sun exposure is as minimal
between 40°N and 49.5°N during the winter as
assumed.

Cashman and colleagues [15] report from a sys-
tematic review and meta-regression a linear relation-
ship with total intakes <35 ug/d but a curvilinear
relationship when intakes >35 ug/d are included.
Both the IOM [1] and Cashman and colleagues [15]
find no effect of age on the dose-response relation-
ship. Cashman and colleagues [15] also report higher
achieved 25(OH)D level by 8 %, at the lower lati-
tudes in the winter. The difference in the curvilinear
relationship including higher intakes and the linear
relationship restriced to intakes = 35 pug/day exempli-
fies our need to understand the effect of low and high
intake on the metabolism and distribution of vitamin
D as discussed above. A recent study in postmeno-
pausal women reports a curvilinear (quadratic) rela-
tionship of achieved 25(OHD) concentrations with
dietary intakes from 10 to 120 pg/d [16]. Neither the
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IOM nor the meta- analysis included pregnant or
lactating women, but a recent study [17] reports a
curvilinear relationship of circulating vitamin D with
25(0OH)D concentrations in pregnant women sup-
plemented with 10 to 100 pg/d. We need to under-
stand the metabolism and dose-response relationships
of exposure to achieved 25(OH)D concentrations at
low and high vitamin D intakes described above.
Exemplifying the need to understand the metabolism
is the recent finding that the initial 24,25(0OH),D to
25(OH)D concentrations predict the response of
25(0OH)D to supplemental vitamin D intake [18],
suggesting that catabolism is an important factor in
the response to vitamin D. How habitual vitamin D
exposure and wusual 25(OH)D concentrations
affect catabolism needs to be understood in order to
model and interpret the dietary exposure-response
relationships.

We need to clarify the influence of age, body
weight and body composition on the variability of the
response of 25(OH)D concentrations to intake/expo-
sure [1,3]. In addition, the impact of body stores on
the response of 25(OH)D concentrations to intake
exposure also needs to be clarified. The NIH Round-
table noted the need to assess whether different
fortificant delivery systems and food production
methods affect bioavailability, bioequivalence and
safety of vitamin D [3]. Both the IOM Committee
and NIH Roundtable described the need to under-
stand whether there is a level of sun exposure that poses
minimal UVB risk for cancer and enables sufficient
vitamin D production [1,3].

Standardization of 25(OH)D measurement
remains a critical need [1,3]. Use of the Standard Ref-
erence Material from the National Institute of Stan-
dards and Technology would ensure comparability of
25(0OH)D measures across studies and to facilitate
synthesis and meta-analysis of results across studies.
Recent studies continue to document the variable
performance among different assay methodologies
[19-21]. Although immunoassay methods correlate
with LC-MS methods, systematic negative and posi-
tive biases are reported [19-21]. Further, immunoas-
says are affected by DBP concentration [21].The lack
of standardization of the measurement of 25(OH)D
concentrations reduces the internal validity of studies
of vitamin D and, thus, the strength of the evidence
for vitamin D’s role in human health.

In summary, the dose-response relationships of
standardized measures of serum 25(OH)D needs to
be understood in response to low and high doses of
total vitamin D considering confounding factors
including catabolic rates.

Interactions with genotype and other
nutrients

Emerging evidence highlights the potential inter-
action of relevant genetic polymorphisms in key

genes with vitamin D exposure to impact bioavail-
ability, transport, distribution in body pools,
metabolism and action of vitamin D [1,3]. How
these interactions impact vitamin D’s role in
human health is critical to understand. The IOM
Committee [1] noted the need to eclucidate the
effect of genetic variation among racial/ethnic
groups. Evidence supports the impact of polymor-
phisms in DBP/GC, VDR, 25-hydroxylase, 24-hy-
droxylase and 7-dehydrocholesterol reductase (or
near it) on variability in serum 25(OH)D concen-
trations [22-26]. As an example, the 25-hydroxy-
lase (CYP 2R1) SNP RS12794714-AA allele
associates with a 15.7 % lower serum 25(OH)D
concentration than the GG allele [24]. Emerging
evidence also associates these relevant genetic
polymorphisms with health outcomes [27-32].

Relative to pregnancy, the IOM Committee [1]
highlights our need to understand the interaction
of these genetic polymorphisms and epigenetic
regulation of vitamin D on developmental out-
comes. We [4] noted the need to understand genetic
variants in the vitamin D metabolic pathway,
particularly in Vdr, la-hydroxylase and 24-
hydroxylase relative to their impact on risk to the
maternal and fetal outcomes and interaction with
maternal vitamin D status. Such interactions are
reported for VDR polymorphisms for birth weight
and size [30-31], lo-hydroxylase and 24-hydrox-
ylase and the risk of gestational diabetes [32].
Further, the possibility for genotypic interaction in
the paracrine action of vitamin D exists because of
the juxtaposition of the fetal genotype in the pla-
cental trophoblasts with the maternal genotype in
the decidual tissue [33] with the same exposure to
serum 25(OH)D in maternal blood that bathes
both tissues.

The NIH Roundtable [3] described our need to
understand the influence of calcium and phosphate
on regulation of vitamin D activation and catabolism
through parathyroid hormone and fibroblast growth
factor 23. Specifically, research needs to identify the
pathways that regulate vitamin D activation and
catabolism in order to understand these interactions
on its metabolism.

Emerging evidence also suggests other possible
nutrient interactions with vitamin D. First, retinoic
acid upregulates megalin, cubulin and DBP endo-
cytosis in a mammary cancer cell line [34], second,
recent evidence [35] documents the absorption of
vitamin D by the two intestinal receptors involved
in cholesterol absorption—scavenger receptor Bl
and Nieman Pick C1 Like 1 receptor—and its
reduction by both cholesterol and the drug,
ezetimibe. Thus, vitamin A status could affect vita-
min D distribution and tissue uptake in specific
tissues whereas dietary cholesterol and the widely-
used drug ezetimibe could affect dietary vitamin
D’s bioavailability.
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In summary, the interaction of relevant genetic
polymorphisms in key genes, dietary calcium and phos-
phate and potentially cholesterol and the drug,ezetimibe,
with vitamin D exposure needs to be determined on
the bioavailability, transport, distribution in body pools,
metabolism and action of vitamin D as well as on bone
and non-bone health outcomes.

Adverse effects

Frank toxicity with vitamin D occurs with very high
intakes >250 pg/d [1], but emerging evidence of
U-shaped risk curves exists for higher serum
25(OH)D concentrations within what is widely
considered ‘physiologic’ and a variety of health out-
comes including all-cause mortality, selected can-
cers, CVD, falls and fractures at high exposures [1],
Based on this emerging evidence, the IOM DRI
Committee found that serum 25(OH)D concentra-
tions >125-150 nmol/LL associate with increased
adverse risk of these outcomes [1]. Since 2010 addi-
tional evidence of U-shaped risk has been reported
for SGA [36], fetal femur length [37], developmen-
tal programming of schizophrenia [38] and eczema
[39], biomarkers of inflammation such as CRP [40].
and frailty in older women [41]. Adequate consid-
eration is needed for potential confounders such as
recent weight loss, supplement-taking individuals
with chronic illness etc. We need to assess the rela-
tionship of higher exposure to vitamin D with
adverse health outcomes. Typical analyses may not
detect U-shaped pattern with standard parametric
multivariate modeling using linear or logistic analy-
ses. Researchers need to consider alternative
analyses such as non-parametric or spline-analyses
to evaluate the relationship of vitamin D
exposure/25(OH)D concentrations with health
outcomes. Given the ethical concerns, innovative
methods are needed to identify and assess these
adverse outcomes [1], especially for non-bone
health outcomes [3].

The data are limited on the safety of long-term high
serum 25(OH)D concentrations achieved through
supplementation, so we need to understand the long-
term effects of high dose intakes of vitamin D with
health outcomes [1,3]. Particularly challenging will be
assessing the long-term adverse outcomes of develop-
mental programming of high maternal 25(OH)D con-
centrations during pregnancy because confounding
factors during pregnancy may persist postnatally. Rig-
orous studies in relevant animal models could inform
our understanding of the long term impact of high
level exposure to vitamin D across the life cycle. Also
important to understand is the interrelationship
between dietary calcium and vitamin D toxicity [3].

We also need to understand the biological basis
for U-shaped risk relationships. The NIH Roundta-
ble also noted our need to understand the metabolic
fate and dynamics of high doses of vitamin D and
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whether these dynamics are problematic in the long-
term [2]. Three mechanisms have been proposed.
Tuohimaa and colleagues propose excessive catabolism
of tissue-generated 1,25(OH)2D by 24-hydroxylase
induced by high 25(OH)D concentrations [42].
Vieth [43] proposes that cyclic seasonal slow declines
in 25(OH)D create an imbalance in the local produc-
tion and degradation of 1,25(OH),D resulting in
sub-optimal 1,25(OH),D tissue concentrations and
adverse outcomes. Alternatively, McGrath and col-
leagues [22] propose that optimal serum 25(OH)D
concentrations to reduce chronic disease vary by geno-
types positing that both low-dose and high-dose respon-
dents in the same population sample can lead to the
observed U-shaped risk responses. As noted above,
plausible evidence does suggest that SNP’s in DBP
(GC),VDR, lo-hydroxylase (CYP 27B1), 24 hydrox-
ylase (CYP 2R) and near 7 dehydrocholesterol
reductase associate with serum 25(OH)D concentra-
tions. Such genotype-nutrient interactions could not
just affect the requirement for vitamin D as noted
previously but could also affect the susceptibility to
adverse outcomes at higher exposures.

In summary, we need to understand the bio-
logical basis for the emerging U-shaped risk curves
and evaluate their public health significance. We
also need to assess the long-term effects of high
dietary exposure through supplementation on
adverse health outcomes.

Summary

To improve our understanding of vitamin D’s role
in human health, research needs to answer ques-
tions in five areas: 1) physiology and molecular
pathways of vitamin D, 2) health outcomes related
to vitamin D, 3) exposure-response relationships,
4) interactions with genotype and other nutrients
and 5) adverse effects. The metabolism including
extra-renal activation and catabolism, distribution
and mobilization from body pools, kinetics, and
regulation of the dynamics including changes dur-
ing pregnancy and lactation and impact of dietary
intake and sources of vitamin D needs to be elu-
cidated. Rigorous, well-designed randomized clin-
ical trials need to evaluate the causal role of vitamin
D in a diverse array of non-bone health and chronic
disease outcomes across the life cycle and repro-
ductive states. Critically needed is the determina-
tion of the exposure-response, inflection and
threshold of serum 25(OH)D relative to functional
and health outcomes. The dose-response relation-
ships of standardized measures of serum 25(OH)
D needs to be understood in response to low and
high doses of total vitamin D considering con-
founding factors including catabolic rates. How do
relevant genetic polymorphisms in key genes,
dietary calcium and phosphate and potentially
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cholesterol and the drug, ezetimibe, interact with
vitamin D exposure on its bioavailability, trans-
port, distribution in body pools, metabolism and
action as well as on bone and non-bone health out-
comes? The nature and mechanisms U-shaped risk
relationships with adverse health outcomes at
higher exposure to vitamin D needs elucidated
across the life cycle and reproductive stages.

Questions and answers
H Morris, Australia

One issue, the paper on road accident victims and
the relationship between osteoid volume and 25(OH)
D has been mentioned several times during the con-
ference and it is unfortunate that the term ‘osteomal-
acia’ was used in that paper. There is no evidence of
osteomalacia in those patients. An increase in osteoid
volume can occur with an increase in bone turnover,
so an increased osteoid volume is seen in primary
and secondary hyperparathyroidism. Therefore, in
this study, the increased osteoid volume indicates not
osteomalacia, but increased bone turnover.

PP Brannon

I think that is a very important point, which is why
I note it as ‘as defined in this study’ because not
everyone would have defined it that way.

I Young, UK

As a clinical chemist, I was particularly interested in
the paper from Denis O’Reilly’s group, looking at
vitamin D following knee arthroplasty. For a lot of
other micronutrients, we are used to them being
fairly strong negative acute phase reactors and that
suggests that for vitamin D there might be a similar
effect. It seemed to me that if you were dealing with
measuring at vitamin D in an unwell population that
was potentially a very major confounder in terms of
saying whether or not people were deficient and mak-
ing recommendations around supplementation or
treatment. Many clinicians will not understand that
at all and I was wondering if you had any views on
how that should be handled. Is the evidence robust
enough for us to say it is a real problem and if it is,
how should we respond?

P Brannon

You raise a good point and for several years I have
been asking people if there is an inflammatory response
of DBP, because I think that is what we would want
to know and the O’Reilly study does not tell us. The
other question I have been asking is whether protein-
energy malnutrition influences DBP production by
the liver. Both of these are very important questions.
In countries like India, where there is sun exposure,
the population has extraordinarily low 25(OH)D

concentrations and they also have a problem with
protein-energy malnutrition. The paper hints that
there might be an inflammatory response and if that
is the case, most of the biomarkers that are influenced
by inflammation and also indicators of nutritional sta-
tus have been deemed to be of limited use unless
coupled to another biomarker which is not affected by
inflammation. We don’t know the answer.

I Young

We are used to seeing profound falls in micronutri-
ents in a short space of time as part of the acute
phase response, so when I saw the data, I was not
surprised by the magnitude or rapidity of the change,
given what we observe with other similar parameters
and it may well be protein-related, I agree.

P Brannon

That is speculation, but I wish they had measured
DBP in their patients.

I Young

What concerned me was that if we measure vitamin
D in any hospitalised population, most patients will
have some kind of acute inflammatory process, would
the results be reliable? Can it be interpreted on the
cut-offs recommended for a healthy population?

P Brannon

And it is really a question for any consensus develop-
ment evidence based process of defining clinical
guidelines, because we are going to have to distin-
guish between those patients who are in an acute
inflammatory state and those who are not.

R Vieth, Canada

Regarding the surgery paper, John Haddad, who was
an eminent DBP researcher, established that the pro-
tein has a half-life of about 72 hours and that the
binding proteins have multiple functions in the body,
one in being actin scavengers, so if there is muscle
trauma, actin will increase in the circulation, it will
be sequestered by DBP and the half-life of the DBP
in the circulation will be shortened. It would be
excellent to measure DBP following surgery.
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