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 Abstract 
 Dietary reference intervals relate to the distribution of dietary requirement for a particular nutrient as defi ned by the dis-
tribution of physiological requirement for that nutrient. These have more commonly been called Dietary Reference Values 
(DRV) or Dietary Reference Intakes (DRI), amongst other names. The North American DRI for vitamin D are the most 
current dietary reference intervals and arguably arising from the most comprehensive evaluation and report on vitamin D 
nutrition to date. These are a family of nutrient reference values, including the Estimated Average Requirement (EAR), 
the Recommended Dietary Allowance (RDA), the Adequate Intake, and Tolerable Upper Intake Level. In particular, 
the EAR is used for planning and assessing diets of populations; it also serves as the basis for calculating the RDA, a value 
intended to meet the needs of nearly all people. The DRVs for vitamin D in the UK and the European Community 
have been in existence for almost two decades, and both are currently under review. The present paper briefl y overviews 
these three sets of dietary reference intervals as case studies to highlight both the similarities as well as possible differences 
that may exist between reference intervals for vitamin D in different countries/regions. In addition, it highlights the scien-
tifi c basis upon which these are based, which may explain some of the differences. Finally, it also overviews how the dietary 
reference intervals for vitamin D may be applied, and especially in terms of assessing the adequacy of vitamin D intake in 
populations.  
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  Introduction 

 Dietary reference intervals relate to the distribution 
of dietary requirement for a particular nutrient as 
defi ned by the distribution of physiological require-
ment for that nutrient, and have been more com-
monly called Dietary Reference Values (DRV) or 
Dietary Reference Intakes (DRI), amongst other 
names. The North American DRI for vitamin D [1] 
are the most current dietary reference intervals and 
arguably arising from the most comprehensive evalu-
ation and report on vitamin D nutrition to date. The 
DRV for vitamin D in the UK [2] and in the EU [3] 
have been in existence for almost two decades, and 
both are currently under review. A brief overview of 
these three sets of dietary reference intervals as case 
studies show both the similarities as well as possible 
differences that may exist between reference intervals 
for vitamin D in different countries/regions. In addi-
tion, this review will highlight the scientifi c basis 
upon which these are based, which may explain some 
of the differences. Finally, it will overview how DRV/

DRI for vitamin D may be applied and especially in 
terms of assessing the adequacy of vitamin D intake 
in populations.   

 Brief overview of Dietary Reference Intervals 

 In the UK, nutrient requirement values have evolved 
from singular reference fi gures such as Recom-
mended Intakes in 1969 [4] and Recommended 
Daily Amounts in 1979 [5] to an interval of intakes 
(DRV) in 1991, which were based as far as possible 
on its assessment of the distribution of requirements 
for each nutrient [2]. In 1993, the Scientifi c Com-
mittee for Food (SCF) established DRV for nutrient 
and energy intakes for the European Community 
(EC) [3]. 

 Although information is usually inadequate to 
calculate the precise distribution of requirements in 
a group of individuals for a nutrient, it has been 
assumed to be normally distributed [2,3]. This gives 
a notional Average Requirement (AR) or Estimated 
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Average Requirement (EAR) (about half of a group 
of people will usually need more than this value, and 
half less) with the inter-individual variability around 
this (Figure 1). For example, in the UK and the EC 
the Reference Nutrient Intake (RNI) and Population 
Reference Intake (PRI), respectively, was a point on 
the distribution that is two notional standard devia-
tions above the EAR (Figure 1), representing an 
amount that is enough, or more than enough, for 
virtually all ( ∼ 97.5 %) people in a population group 
[2,3]. A point on the distribution that is two notional 
standard deviations below the EAR, referred to as 
the Lower Reference Nutrient Intake (LRNI) in the 
UK and Lowest Threshold Intake (LTI) in the EC 
(Figure 1), represents the lowest intakes which will 
meet the needs of some individuals in the group (i.e., 
those who have low needs). Intakes below this refer-
ence value are almost certainly inadequate for almost 
all individuals [2,3]. While this 3 benchmark DRV 
was the generalised situation for nutrients and energy, 
in the case of vitamin D only a RNI and PRI were 
established in the UK (1991) and EC (1993) DRVs, 
respectively, and at that only for certain age groups 
(see below). These relatively dated dietary reference 
intervals for vitamin D are at present being re-eval-
uated (see later). 

 In 2010, European Food Safety Authority (EFSA) 
issued an opinion on the general principles for devel-
opment and application of DRV which suggested 
that similarly to the earlier SCF Report in 1993, the 
EFSA panel proposed to again derive PRI, AR and 
LTI [6]. In addition, the panel also proposed to 
derive an Adequate Intake (AI) when a PRI cannot 
be established for a nutrient because an AR cannot 
be determined [6]. An AI is the average observed 
daily level of intake by a population group (or groups) 
of apparently healthy people that is assumed to be 
adequate. The panel indicated that they will not 
address the Tolerable Upper Intake Level (UL; the 
maximum level of total chronic daily intake of a 
nutrient (from all sources) judged to be unlikely to 
pose a risk of adverse health effects to humans) as 
this has been assessed previously by EFSA [7]. 

 The North American DRI framework of refer-
ence values (established in the mid 1990s and replac-
ing the Recommended Dietary Allowances (RDA) in 
the US and Reference Nutrient Intakes in Canada), 
similar to the EFSA proposed DRV equivalents, 
include an EAR, RDA and AI (if necessary), but also 
an UL [1]. They do not, however, include a LRNI/
LTI equivalent [1].   

 Selection of criteria to establish nutrient 
adequacy: vitamin D 

 In defi ning nutrient requirement the selection of cri-
teria to establish nutrient adequacy is an important 
step. Differences in dietary reference intervals for 

vitamin D (see below and Table I], relate, at least 
in part, to their underpinning specifi c criteria of 
nutrient adequacy. The difference in choice of crite-
ria used for vitamin D DRV and DRI is itself a con-
struct of the level of evidence within the hierarchy of 
criteria available over two decades ago (for DRV) 
compared to that available subsequently and espe-
cially in recent years (for DRI). All agencies briefed 
with establishing dietary requirements for vitamin D 
have used serum/plasma 25(OH)D as the biochemi-
cal indicator of vitamin D exposure/status [1 –   3,8,9]. 
This is not surprising as it has been shown to be a 
robust indicator of vitamin D exposure [10], albeit it 
has some potential limitations [11]. Up until recently 
many, if not all, of these agencies have used a serum 
25(OH)D cut-off of  ∼ 25 –   30 nmol/L as the lower 
threshold for vitamin D status (largely on the basis 
of rickets and osteomalacia) [1 –   3,8,9]. For example, 
the UK DRV panel indicated that prolonged defi -
ciency of vitamin D in children results in rickets, 
which occur in the plasma 25(OH)D concentration 
interval from not detectable to  ∼ 20 nmol/L (8 ng/
mL) [2]. In adults, hypovitaminosis D as presented 
as osteomalacia occurs at plasma 25(OH)D concen-
trations less than 10 nmol/L (4 ng/mL) [2], however 
more recent data suggests a much higher serum 
25(OH)D concentration [12] which has lead to con-
siderable debate following publication of the recent 
North American DRI [1]. The SCF in 1993 also 
highlighted rickets and osteomalacia as well as alter-
ations in metabolism of calcium, bone and muscle as 
signs of vitamin D defi ciency and suggests that sub-
clinical signs of vitamin D defi ciency have been 
found in some healthy adults with serum 25(OH)D 
concentrations below 25 nmol/L (10 ng/mL) [3]. 

 In North America, the DRI panel for calcium and 
related nutrients in 1997 only specifi ed an AI (and 
UL) value for vitamin D as there was insuffi cient 
evidence to set EAR and thus RDA values [9]. The 

   Figure 1 . Dietary reference intervals for vitamin D, assuming the 
requirement has a normal distribution. LRNI, lower reference 
nutrient intake; EAR, estimated average requirement; RNI, lower 
reference nutrient intake; RDA, recommended dietary allowance. 
Modifi ed from (6).  

Sc
an

d 
J 

C
lin

 L
ab

 I
nv

es
t D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
71

.2
12

.5
9.

15
0 

on
 0

4/
30

/1
2

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



138   K. D. Cashman   

AI for vitamin D was set on the basis of intakes nec-
essary to achieve  “ normal ”  intervals of serum 25(OH)
D concentrations, with a lower concentration of 30 
nmol/L [9]. Following a ten-year period of review of 
the process of the DRI development in North Amer-
ica, documented across several reports [13 –   15], the 
Institute of Medicine (IOM) committee approached 
the task of revising DRIs for calcium and vitamin D 
using the risk assessment framework commonly 
applied to setting UL [15]. 

 The risk assessment framework used by the DRI 
committee on vitamin D and calcium, outlined in 
more detail elsewhere [1,11], is organized across four 
steps, summarised below: 

 Step 1:  Hazard identifi cation . In the decade or more 
since the 1997 DRI for vitamin D [9], the research 
output in the fi eld of vitamin D increased exponen-
tially, yielding a considerable body of data to inform 
the 2010 DRI consensus committee in its delibera-
tions. The extensive data evaluation and analysis 
undertaken by the DRI committee as part of Step 1 
of the framework, was facilitated greatly by the out-
comes of two Agency for Healthcare Research and 
Quality (AHRQ) Systematic Evidence-Based Reviews 
(SEBR) from the Ottawa [16] and Tufts [17] evi-
dence-based practice centres, commissioned by sev-
eral US and Canadian federal government agencies. 
The committee used these SEBR to identify, describe 
and rate potential indicators (including clinical out-
comes, biomarkers of effect, functional outcomes 
and biomarkers of exposure) to be used in develop-
ing the DRIs for vitamin D and calcium and to select 
the critical indicators [1]. While there has been an 
increasing body of data on the relationship between 
vitamin D status and a wide range of non-skeletal 

health outcomes, the DRI committee concluded that 
many of the studies of non-skeletal health effects pro-
vided often mixed and inconclusive results which led 
the committee to question their reliability [1]. The 
DRI committee instead prioritized bone health 
outcomes as the basis for establishing the new DRI 
values for vitamin D (and calcium) [1]. 

  Step 2 : Hazard characterization. This step of the 
framework is concerned with specifi cation of the 
DRIs on the basis of clarifying the relationship of 
the nutrient exposure and the reference level of the 
critical indicator(s), taking into consideration gen-
der, life stage and vulnerable groups [1]. Taking indi-
cators of bone health, including rickets and 
osteomalacia, bone mineral density and calcium 
absorption, for which there was suffi cient evidence 
to provide a reasonable and supportable basis for 
DRI development, the committee integrated data 
from these indicators (rather than use of only one 
bone indicator such as rickets or osteomalacia, as in 
previous DRI [9]). The committee identifi ed the 
concentrations of serum 25(OH)D within different 
age groups at which risk of adverse outcomes in these 
bone parameters increases. For children and adoles-
cents, risk increased occurred within the serum 
25(OH)D interval of 30 to 50 nmol/L, which lead 
the committee to select 40 nmol/L (from the middle 
of the interval) as a serum 25(OH)D concentration 
that would meet median requirements (above which 
approximately half the population might meet its 
vitamin D requirement and below which half might 
not; and thus referred to as an EAR-like value) [1]. 
In order to estimate the serum 25(OH)D concentra-
tion that would meet the requirement of nearly all 
(i.e. 97.5 %) of the population, two coeffi cients of 

   Table I . Dietary reference intervals for vitamin D (amounts in  μ g/d).  

 Age group  UK RNI [2]  †  EC PRI [3] 

 North American [1] 

 EAR  RDA  UL 

0 –   6 months 8.5 10 –   25 – 10  ‡  25
7 –   12 months 7  §  10 –   25 – 10  ‡  37.5
1 –   3 years 7  §  10 10 15 62.5
4 –   6 years 0 *   §   (to 5 y) 0 –   10 10 15 75
7 –   8 years 0 * 0 –   10 10 15 75
9 –   10 years 0 * 0 –   10 10 15 100
11 –   17 years 0 * 0 –   15 10 15 100
18 –   64 years 0 * 0 –   10 10 15 100
65  �  years 10  §  10 10  15 (20 for 

  70  �  years)
100

Pregnancy 10  §  10 10 15 100
Lactation 10  §  10 10 15 100

   RNI, reference nutrient intake; PRI, population reference intake; RDA, recommended 
dietary allowance; EAR, estimated average requirement; UL, tolerable upper intake 
level.   
 To convert vitamin D intakes from  μ g/d to IU/d, multiply by 40.   
  * Certain at-risk individuals or groups may require dietary vitamin D supplement. 
  † May require supplementation of the diet.   
    ‡  Set as Adequate Intake.  
   §  The Chief Medical Offi cers of the four UK Departments of Health suggest that these 
 ‘ at risk ’  groups should take a daily vitamin D supplement [20].     
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variation (30 %) were added to the 40 nmol/L to 
yield 50 nmol/L, and referred to as an RDA-like 
value. For adults, the committee felt that it was not 
possible to estimate the concentration of serum 
25(OH)D at which 50 % of the population is at 
increased risk of osteomalacia, instead the evidence 
suggested that most adults are covered by a serum 
25(OH)D concentration of 50 nmol/L and this was 
used as the RDA-like value, and a value of 40 nmol/L 
was estimated as the EAR-like value [1]. Thus, over-
all serum 25(OH)D concentrations of 40 and 50 
nmol/L, which refl ect exposure to vitamin D from a 
combination of sun-derived endogenous synthesis 
and diet, were used to specify EAR and RDA values, 
respectively, for vitamin D intakes in all age and gen-
der subgroups in the population above 1 y, assuming 
minimal ultraviolet blue (UVB) sunlight exposure 
(see below). Furthermore, the committee also indi-
cated that a serum 25(OH)D concentration below 
30 nmol/L (the lower end of the requirement range) 
was consistent with risk of vitamin D defi ciency 
[1]. 

 Step 3:  Intake assessment . This step of the framework 
compares the EAR and UL values specifi ed in Step 
2 to habitual population intake data [1]. 

 Step 4:  Risk characterization . This is essentially the 
reporting step of the framework where the committee 
details each aspect of the approach used, outcomes, 
decisions, special concerns and uncertainties relevant 
to risk managers and regulatory bodies charged with 
public health policy and scientists [1]. Risk manage-
ment agencies implement the DRIs.   

 Dietary reference intervals for vitamin D 

 The DRV and DRI values for vitamin D in the UK/
EC and North America, respectively, are shown in 
Table I. For any one age-group, the dietary refer-
ence intervals for vitamin D can vary from no 
dietary reference interval value, to a specifi c value, 
to an intake interval. The UK and EC DRV for 
vitamin D established around two decades ago [2,3] 
had a very different approach in relation to the 
impact of UVB sunshine exposure on vitamin D 
status and thus dietary requirements compared to 
the more recent North American DRI [1]. In par-
ticular, the UK DRV panel suggested that in rela-
tion to adults aged 18 –   65 years of age as the plasma 
25(OH)D concentration normally well exceeded 
the 10 nmol/L [4 ng/mL] cut-off for osteomalacia 
(due to exposure of skin to UVB sunshine), no 
dietary intake was necessary for individuals living a 
normal life-style [2], for whom the panel set no 
DRVs (Table I]. Likewise for children aged 4 –   17 y. 
For those confi ned indoors, the panel agreed an 
RNI of 10  μ g/d for vitamin D [2]. The panel estab-
lished RNI values (between 7 and 10  μ g/d) for some 

population groups [2] (Table I]. The Asian com-
munity was also identifi ed as one at risk of low vita-
min D status, and which may require supplementary 
vitamin D [2]. These DRV were re-evaluated in 
1998 [18], but were unchanged. In 2010, UK Sci-
entifi c Advisory Committee on Nutrition (SACN) 
agreed to review the data on vitamin D because a 
substantial amount of evidence has subsequently 
become available even since their position state-
ment  ‘ Update on Vitamin D ’  in 2007 [19] which 
concluded that there was insuffi cient evidence, at 
that time, to amend the existing vitamin D DRV. 
This exercise is ongoing at present and thus, the UK 
DRV may, or may not, change over the next two 
years or so. Very recently the Chief Medical Offi cers 
of the four Departments of Health in the UK, con-
cerned that some of the UK population may be 
at risk of vitamin D defi ciency, issued advice on 
supplements for at risk groups [20] (see Table I). 

 The SCF suggest that the vitamin D requirement 
was considered in their 1993 report as that necessary 
to maintain circulating 25(OH)D concentrations in 
the  ‘ desirable ’  interval of 25 –   100 nmol/L (10 –   40 ng/
mL) [3]. They suggest that healthy adults who do not 
exposure themselves to sunshine, or live in countries 
with only a short season of useful ultraviolet (UV) 
radiation, may have serum 25(OH)D concentrations 
as low as 15 –   20 nmol/L (6 –   8 ng/mL) [3]. Of note, 
the SCF suggested that a problem in trying to agree 
a dietary requirement for vitamin D is that many indi-
viduals maintain their circulating 25(OH)D concen-
trations in the desirable interval by endogenous 
synthesis of vitamin D (upon exposure of skin to 
UVB sunlight), and so need none in the diet, whereas 
those that do not produce suffi cient vitamin D by 
endogenous synthesis need some dietary supply [3]. 
Furthermore, they suggest there will thus be consid-
erable variation between different geographical 
regions in Europe (latitude, climate and air pollution) 
and perhaps between social and ethnic groups in a 
given geographical region (calcium and phosphate 
intake, exposure to sunlight) [3]. The SCF specifi ed 
a PRI for some population groups which may have 
diffi culty in obtaining their needs by endogenous syn-
thesis, and supplementation may be prudent in these 
groups [3]. For other groups, an interval of values up 
from zero indicates that all members of the group 
should be able to produce adequate vitamin D for 
themselves by exposure to (UVB) sunlight, and most 
will, with no need for a dietary supply (Table I). The 
higher end of the interval is the estimated dietary 
requirement of an individual with minimal endoge-
nous synthesis. As mentioned above, these EC DRV 
are under review by EFSA and may, or may not, 
change over the next two years or so. It should be 
noted also that dietary reference intervals for vitamin 
D in a number of individual European member states/
regions (as well as elsewhere in the globe) are being 
re-evaluated at this time. 
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140   K. D. Cashman   

 The current North American DRI are based on 
an assumption of minimal UVB sunshine exposure 
[1]. This is a precautionary approach and it is 
accepted that DRI are over-estimates of dietary 
requirement during summer time when most indi-
viduals will have some UVB sun exposure. For indi-
viduals aged 1 y and older the DRI committee choose 
serum 25(OH)D concentrations of 40 and 50 nmol/L 
as the EAR-like and RDA-like values respectively. 
These served as the target serum concentrations 
upon which to base an EAR and RDA for dietary 
vitamin D, respectively [1]. In terms of translating 
the serum 25(OH)D concentration targets into the 
EAR and RDA, the DRI committee used data from 
nine vitamin D intervention studies of individuals 
aged 6 to  �    60 y performed at northern latitudes in 
Europe ( �    49.5  o N) and Antarctica (78  o S) during 
their respective winter seasons to establish regression 
equations of the simulated response of serum 25(OH)
D concentration to total vitamin D intake. The EAR 
and RDA for vitamin D of 10 and 15  μ g/d (20  μ g/d 
for those  �    70 y), respectively, were derived from this 
regression analysis to approximate conditions of 
minimal UVB sun exposure [1] (Table I). The esti-
mates from this regression analysis were mean values 
as the committee did not have suffi cient data on vari-
ability of response to estimate vitamin D intakes that 
would keep 97.5 % of individuals above the serum 
25(OH)D threshold. This was a move away from the 
conventional approach of defi ning the dietary EAR 
and adding two SDs to estimate to RDA (Figure 1). 
Insuffi cient data in infants permitted the committee 
to set an AI value (10  μ g/d of vitamin D) for those 
aged less than 1 year. 

 The DRI UL values for vitamin D range from 
25 –   75  μ g/d for children of different ages, to 100  μ g/d 
for adolescents and adults, including pregnant and 
lactating women [1] (Table I). These were based on 
evidence of risk of hypercalcemia. These UL (except 
for those aged 0 –   12 months) are higher than the UL 
specifi ed by an EFSA panel in 2006: 25  μ g/d for 
children (0 –   10 years) and 50  μ g/d for those aged 
11  �  years [7].   

 Application of dietary reference intervals 
 for vitamin D 

 There are a number of general considerations under-
pinning the establishment of DRV/DRI which need 
to be borne in mind when considering potential 
applications of dietary reference intervals:   

•  DRV apply to groups of healthy people and are 
not necessarily appropriate for those with differ-
ent needs arising from disease [1,2,3].   

•  DRV for any one nutrient presuppose that require-
ments for energy and all other nutrients are 
met [1,2,3]. For example, despite the strong 

interactions between vitamin D and calcium, the 
DRV/DRI for vitamin D are set on the assump-
tion that requirements for calcium are met and 
vice versa.   

•  The reference values are expressed per person 
per day. This does not mean that those amounts 
should be taken every day; conceptually they 
represent the average intake over a period of time 
[2].   

 Mindful of the above considerations, DRV/DRI can 
be used for different purposes, which include:   

•  assessing the diets of groups [2,3]/assessing the 
risk of (in)adequacy of nutrient intake in popula-
tions [1,6]   

•  assessing the diets of individuals [2,3]/assessing 
the risk of (in)adequacy of nutrient intake in 
individuals [6]   

•  for prescribing diets or provisions of food sup-
plies [2,3]/dietary planning [1,6]   

•  for food labelling purposes [1,2,3,6]   
•  in establishing food based dietary guidelines 

[6]   

 For the purposes of this review, I will only briefl y 
refer to the fi rst potential use, as assessing the ade-
quacy of nutrient intake in populations is of relevance 
to Step 3 of the risk assessment framework. I will also 
distinguish this from use of RDV/DRI in assessing 
the adequacy of nutrient intake in individuals. The 
use of DRV/DRI in dietary planning, food labelling 
and in establishing food based dietary guidelines 
have been discussed in detail elsewhere [2,6]. In 
terms of  assessing the risk of (in)adequacy of nutrient 
intake in populations,  EFSA recently suggested in 
their 2010 opinion that the AR can be used to esti-
mate the prevalence of inadequate intakes of micro-
nutrients [6], if the distribution of nutrient intakes is 
normal, and intakes are independent from require-
ments. The percentage of the population with a 
habitual daily nutrient intake lower than the AR is 
taken as an estimate of the percentage of the popula-
tion with probable inadequate intakes. For example, 
at a median intake equal to the AR, 50 % of a popu-
lation group will have intakes that may be inadequate 
for the chosen criterion of nutritional status [6]. At 
a median intake level around the PRI, intakes are 
considered adequate for 97.5 % of the population 
group. However, as the PRI is an intake level that 
covers the requirement of 97 –   98 % of all individuals 
when requirements of the group have a normal dis-
tribution, it should therefore not be used as a cut-
point for assessing nutrient intakes of groups because 
a certain overestimation of the proportion of the 
group at risk of inadequacy would result [6]. Groups 
with mean intakes at or above the AI can be assumed 
to have a low prevalence of inadequate intakes for 
the defi ned criterion of nutritional status [6]. Higher 
intakes convey no additional health benefi t. 
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 In terms of  assessing diets of individuals , EFSA sug-
gested in their 2010 opinion that while usual nutrient 
intakes of individuals may be compared with specifi c 
DRV (even though dietary intake data alone cannot 
be used to ascertain an individual’s nutritional sta-
tus), such comparisons are of limited use because of 
inherent problems in the validity of the assessment 
of usual dietary intake in individuals [6], which is, in 
general, a sentiment supported by other agencies 
[1 –   3]. Ideally, usual intake data should be combined 
with anthropometric, biochemical (status), and clin-
ical information to provide a valid assessment of an 
individual’s nutritional status [6]. If DRV are going 
to be used for assessing diets of individuals, observed 
intakes below the LTI (if one will be set for vitamin 
D in the EFSA micronutrient DRV re-evaluation) 
have a very high probability of inadequacy; observed 
intakes of an individual below the AR very likely are 
inadequate because the probability of inadequacy is 
up to 50 %, and an intake between the AR and the 
PRI may be adequate because the probability of 
adequacy is higher than 50 % [6]. For nutrients with 
an AI (i.e. without an AR), if an individual ’ s usual 
intake equals or exceeds the AI, it can be concluded 
that the diet is almost certainly adequate. If, however, 
an individual ’ s intake falls below the AI, no quantita-
tive (or qualitative) estimate can be made of the 
probability of nutrient inadequacy. 

 The concept of the LTI/LRNI within the DRV 
framework could be extremely useful both for assess-
ing the nutrient intake of individuals and the popula-
tion as it would represent an intake below which 
metabolic integrity can not be maintained in most 
individuals [6]. 

 For nutrients for which a UL has been estab-
lished chronic intakes above the UL may be associ-
ated with increased prevalence of adverse effects in 
the population and an increased risk of adverse 
effects in individuals, and should therefore be 
avoided [6]. 

 It is clear that with that much variability in cur-
rent DRV/DRI, assessing the risk of (in)adequacy of 
vitamin D intake in individuals or populations one 
needs to be mindful of currency of the dietary refer-
ence intervals. Benchmarking European population 
intakes against the North American EAR may be a 
wise approach until such time as the UK and EU 
DRV re-evaluation process is fi nished. Readers are 
referred to the paper by Kiely  &  Black (in this issue) 
for more detailed analysis of population intakes 
of vitamin D from select countries relative to the 
EAR [21].   

 Research requirements and conclusions 

 The DRI ’ s for vitamin D have been the subject of 
intense controversy since the IOM report was 
launched in November 2010 [22,23], which is largely 

due to the persistence of fundamental knowledge 
gaps in vitamin D. These can be identifi ed at the 
levels of exposure, metabolism, storage, status, dose-
response, function and benefi cial or adverse health 
effects in healthy individuals and in patient groups, 
as well as safe and effective application of intake 
recommendations at the population level through 
sustainable food-based approaches [11]. 

 In relation to the hazard identifi cation and char-
acterization steps of the DRV/DRI framework, the 
scarcity of information in some life-stages, particu-
larly pregnancy, infancy and adolescence, as well as 
insuffi cient experimental data in human volunteers 
for non-skeletal health indicators, were all identifi ed 
by the DRI committee as obstacles to defi ning vita-
min D requirements using any but the indices of 
bone health listed above [1]. Experimental data in 
appropriately designed studies, including random-
ized controlled trials (RCTs), are required to prog-
ress the debate and enable consideration of data 
appropriate to potentially vulnerable life-stages as 
well as clarify the putative role for vitamin D in non-
skeletal health outcomes [11]. Agencies that are cur-
rently re-evaluating dietary reference intervals for 
vitamin D over the next few years may well benefi t 
from new data that has emerged since 2010 and 
which will continue to emerge in relation to relation-
ship of health indicators to vitamin D status. Fur-
thermore, such agencies may have scope to further 
refi ne the regression analysis and models used by the 
IOM DRI committee in setting the EAR and RDA, 
as the committee highlighted that the regression 
analysis had several assumptions and/or uncertain-
ties [1]. In addition, as the IOM DRI regression 
models were developed with serum 25(OH)D con-
centration targets of 40 and 50 nmol/L in mind, tar-
get concentrations below, or indeed above, these have 
important implications for use of these regression 
models and may require different models, as high-
lighted recently [24]. This would be particularly the 
case for deriving a LRNI/TLI which might be based 
on a serum 25(OH)D concentration of  ∼ 30 nmol/L, 
a cut-off suggested by the IOM to defi ne vitamin D 
defi ciency [1] but also the value if one uses two coef-
fi cients of variation (30 %) below the IOM suggested 
EAR-like serum 25(OH)D concentration of 40 
nmol/L [1] (see Figure 1). 

 Because dermal production of vitamin D upon 
exposure to UVB radiation has such an important 
impact on vitamin D status, possibly stores, and con-
sequently on vitamin D requirements, there is an 
urgent need for further consideration and investiga-
tion on whether a minimal or threshold UVB expo-
sure level is possible to both enable subcutaneous 
vitamin D synthesis and avoid risk of skin cancer. 
Such information would greatly facilitate DRV revi-
sions, as all agencies up to now have grabbled with 
the contribution of sun to vitamin D status and its 
implications for DRV/DRI. An example of the impact 
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vitamin D level in egg from 40 to 100  μ g per egg. 
I think we can argue as to whether this is fortifi ca-
tion or not; perhaps it is bio-fortifi cation. It might 
be more value accepted than fortifi cation by addi-
tion, since it has at least gone through a biological 
process. I think we are also going to see promotion 
of irradiated mushrooms, which are very high in 
vitamin D in the form of ergocalciferol. There are 
some interesting examples of bio-fortifi cation which 
may change the nature of the food supply in the 
future.   

 K Cashman 

 There is a further diversion to bio-fortifi cation 
whether it is eggs or meat in that you can, in eggs 
and in the tissue, certainly increase the vitamin D 
amount, but you can also increase the concentration 
of 25(OH)D3. You are going to get a fi ve times higher 
response from 25(OH)D3 in food than you get from 
vitamin D. So additively you get a much bigger effect 
from some of the food delivery systems coming from 
the animal kingdom.      
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