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ABSTRACT

The DRI values for vitamin A were last reviewed and defined in 2001. At the time, there was very sparse data that could be used to set the DRI

values for pregnancy, lactation, and infancy. In the subsequent 20 y since the last formal review, a number of findings relevant to the adequacy

indicator of visual dark adaptation in pregnancy, the usual vitamin A content of breast milk across lactation stages, and vitamin A metabolism in

women and children have been published. Furthermore, identification of genetic variables affecting the bioconversion of provitamin A carotenoids

to vitamin A have provided an improved explanation for interindividual variability in responses to provitamin A carotenoids. The purpose of this

collection of articles, introduced herein, is to review and apply recent findings about vitamin A status, address current gaps in knowledge, and

suggest avenues for future research needed to refine the DRI values for pregnancy, lactation, and early life.
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Introduction

The DRI values for vitamin A are now nearly 20 y old (1). A new body
of research since the time of the last review suggests that there may be
sufficient new data to justify a new review and, possibly, a revision of
these values. In June 2019 at the Carotenoids and Vitamin A Research
Interactive Group (CARIG) Symposium of the American Society for
Nutrition, several presentations addressed new human studies (2-6), as
well as data from experimental research (7-12), that appear germane
to an evaluation of the DRI values for vitamin A, especially for preg-
nant women, infants, and children. Our purpose herein is, firstly, to set
the stage for the papers that follow in this collection, and secondly, to
provide our own review of the DRI values for vitamin A—the purposes
they serve; the evidence on which our current DRI values for vitamin A
are based; newer research that helps in understanding the relation be-
tween dietary provitamin A carotenoids and vitamin A; and, finally, our
thoughts on why it may be time to revisit the DRI values for vitamin A
for infants, children, and pregnant and lactating women.

Why DRI values? The DRI values are important to the USA and
Canada, and are considered internationally when other nations develop
their own nutrient reference values. The development of the DRI values
represent a collaborative, exhaustive review process conducted between
the USA and Canada (13) and overseen by the Institute of Medicine,
IOM (which became the National Academy of Medicine in 2015). The

fundamental framework is described under “Introduction to Dietary
Reference Intakes,” chapter 1 of the report on “Dietary Reference In-
takes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper,
Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and
Zinc” (1), to which we will refer extensively in this article. The devel-
opment of the DRI values follows a systematic process, starting with a
thorough review of published literature that is available at the time of the
DRI committee’s review. Further information about the current process
to establish DRI values can be found in chapter 2 of (14).

As the purpose is to establish dietary reference values, studies that
have examined the relation of diet to health outcomes, known as indica-
tors of nutrient adequacy and indicators of nutrient excess, are the most
valuable in setting DRI values. Randomized controlled trials are taken
as the “highest” level of evidence, whereas other types of data are also
considered. Each nutrient or group of nutrients is reviewed by a group
of experts (study committee) that deliberates in complete independence
from the US and Canadian governments and other study sponsors. The
DRI values are meant to address the nutrient requirements and recom-
mended dietary intakes of the “general population,” (i.e. they do not ad-
dress special medical needs). The quantitative values established in the
DRI review and recommendation process become reference values for
a wide range of purposes, and must be considered in formulating other
recommendations of public health importance in the USA. As some ex-
amples, the DRI values are used as measures of adequacy for USDA
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programs including School Lunch; for military feeding programs which,
of relevance, increasingly involve females in the military; for Women,
Infants, and Children (WIC) programs, and others [Table 2-2 in ref-
erence (14) provides a comprehensive listing of uses]. DRI values are
also used by public health researchers and workers to evaluate the ad-
equacy of nutrient intakes by a population. Further, health profession-
als use the values for planning appropriate diets. For these reasons, it
is truly important to have meaningful and accurate criteria for the as-
sessment of nutrient adequacy. Furthermore, the US Dietary Guidelines
are based on DRI values as fundamental underpinnings of nutrient re-
quirements (15). Moreover, and especially relevant to the new 2020 US
Dietary Guidelines, greater attention is being focused on the life span
from birth to 24 mo, and to women of reproductive age (13). Thus, ac-
curate nutrient adequacy information specific to these age groups is es-
pecially timely. The purpose of this collection is to present some recent
research on vitamin A and carotenoids that may be important in in-
forming the DRI process going forward. We wish to provide a critical
analysis of what we know, what is missing and still needs to be deter-
mined, and where there are promising new directions for research, with
the overarching goal of being able in the future to better define or even
redefine the requirement for vitamin A and carotenoids during the crit-
ical life stages of pregnancy, infancy, and childhood.

The State of Science in 2001

Vitamin A plays many roles in the body. However, the DRI process re-
lies on identification of 1 or more indicators that can be used to define
nutrient adequacy or nutrient excess. Often, when one looks for such
indicators, it is difficult to identify markers or processes that are suffi-
ciently specific to a single nutrient to be useful for DRI development.
This is not unusual for most micronutrients, as multiple vitamins and
minerals often participate together in biochemical pathways, and thus
their deficiency or excess states may exhibit similar characteristics. As
an example, vitamin A is required for cell differentiation and growth,
but impaired growth is not specific to vitamin A. Thus, identifying a
useful indicator, especially a clinical one, for vitamin A for setting DRI
values is in itself a difficult process. Fortunately, there is a physiologi-
cal process that is nearly specific to vitamin A, namely, the formation
of rhodopsin in the rods of the retina, which is responsible for vision
in dim light. Thus, impaired visual dark adaptation, commonly called
“night blindness,” is a physiological indicator that can be used to answer
a DRI-relevant question, “How much vitamin A is necessary to prevent
impaired dark adaptation?”

However, although a reasonably good indicator of vitamin A suffi-
ciency was available at the time of the 2001 DRI report, the number and
scope of studies that had used this indicator was very limited. It may
not be widely appreciated how little information was available to the
DRI committee at that time, on which to make recommendations for
DRI values (Table 1). As noted, fortunately, vitamin A studies had been
conducted that had examined a relatively specific indicator of vitamin A
deficiency, but these studies had included only a very small number of
adult men and women. Published reports were available of studies that
had been conducted in the USA or UK in the 1940s and 1950s, which
had used a paradigm of depletion-repletion in which subjects were first
fed controlled diets lacking in vitamin A until they reached a point at

TABLE 1 Current RDA values for vitamin A expressed in
Retinol Activity Equivalents for infants, children, adults, and
women during pregnancy and lactation

Age Male Female Pregnancy Lactation
0-6 mo' 400 400

7-12 mo' 500 500

1-3y 300 300

4-8y 400 400

9-13y 600 600

14-18y 900 700 750 1200
19-50y 900 700 770 1300
514y 900 700

1Adequate Intake, equivalent to the mean intake of vitamin A in healthy, breastfed
infants. RDAs for vitamin A are given as retinol activity equivalents to account for
the different bioactivities of retinol and provitamin A carotenoids, all of which are
converted by the body into retinol. One RAE is equivalent to 1 ug retinol, 2 g
supplemental g-carotene, 12 g dietary g-carotene, or 24 pg dietary a-carotene
or B-cryptoxanthin. Based upon (16). RAE, retinol activity equivalents.

which they exhibited ocular manifestations of vitamin A deficiency and
thus were considered vitamin A-depleted. These manifestations, which
are due to a relative lack of 11-cis-retinal required for rhodopsin for-
mation, included either impaired dark adaptation (changes in visual
threshold after exposure to bright light) or an altered dark adaptom-
etry (electroretinogram) response. Both of these responses can be mea-
sured quantitatively and are considered specific enough to vitamin A to
be useful as indicators of low vitamin A status. As was tabulated in the
2001 report [Table 4.4 in reference (1)], data were available from 4 stud-
ies, conducted from ~1940 to 1974, each having just 1 to 6 subjects and
comprising a grand total of 13 subjects. Of these subjects, the descrip-
tions of the sex and age were complete for only 8 of them. Two subjects,
interestingly, were simply described as “medical students,” with neither
sex nor age given! Each person exhibited abnormal dark adaptation at
the beginning of the repletion period, and in just a few days after the
beginning of repletion with escalating doses of vitamin A, the abnor-
mal dark adaptation was corrected. By identifying the lowest doses of
vitamin A that resulted in correction, it was possible for the DRI com-
mittee to estimate values for the Estimated Average Requirement (EAR)
for the population. In the DRI framework (17), the EAR represents the
intake at which the biological requirement of 50% of the healthy pop-
ulation (in a specific age-sex group) is attained. Citing the 2001 report,
“The data by Sauberlich et al. (1974) were given greater consideration be-
cause 1) the actual amount (jug) of vitamin A and B-carotene consumed
was cited, 2) varied amounts of vitamin A or B-carotene were consumed
by each individual, and 3) a greater sample size was employed (6 versus
2 subjects).” In the 2001 report, 2 studies of dark adaptometry in chil-
dren were also cited, but as neither of these studies had included dietary
data they could not be used to determine the EAR. Another approach
used in the 2001 report was referred to as the factorial (computational)
model. It utilized estimates of vitamin A intake that would be just suffi-
cient to attain liver vitamin A stores at a concentration considered suf-
ficient to maintain a steady concentration of plasma retinol. Data were
available from a small number of studies conducted in the 1970s and 1
study from 1997 that provided limited but relevant data on retinol ab-
sorption and indicators of vitamin A storage in the liver. From these 2
approaches, which are explained in the chapter on vitamin A in the 2001
publication, EAR values for vitamin A were developed for adults. Then,
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using these values, the corresponding RDA was determined by adding
to the EAR twice the CV, estimated at 15%, in order to raise the value
to an RDA that is expected to cover the requirement for vitamin A for
97-98% of the population.

Regarding Women, Pregnant Women, Children, and Infants;
What was Known in 2001?

Women

Citing the report, “Using this method, there was insufficient evidence to
support setting a different EAR for men and for women, as there were
too few women studied.” Indeed, there were 2 (unless the 2 medical
students were female).

Pregnancy and lactation

The situation at the time of the last DRI values for vitamin A was similar,
“Direct studies of the requirement for vitamin A during pregnancy are
lacking” (1). However, estimates were included of the amount of vitamin
A needed for transfer to the fetus. For pregnant women, considered for
3 different age groups, estimates of the EAR and specification of the
RDA were based on values for nonpregnant women of the same age
group to which were added estimates of fetal accumulation of vitamin A
and the efficiency of vitamin A absorption by the woman. Fetal vitamin
A accumulation was estimated from the liver vitamin A measurement of
10 stillborn Thai infants carried to term by mothers who were reported
to be generally healthy (18). The result yielded an estimate of how much
additional vitamin A per day would be necessary for maintenance.

For lactation, estimates were available for the amount of vitamin A
transferred daily to the infant in breast milk. The latter estimates might
be the most reliable in that actual determinations of milk volume trans-
ferred per day were available, as were measurements of milk vitamin
A concentration, although the range of values observed for the 9 sub-
jects were relatively wide. Nevertheless, some direct analytical data were
available to inform this DRI decision. In this manner, 400 ug/d was
added to the EAR value that was determined for nonlactating females.

Infants

The approach to micronutrient DRI values for infants has been based
on a standard paradigm, which is to estimate an Adequate Intake (AI)
based on a standard volume of milk consumed per day as consumed by
infants aged 0-6 and 7-12 mo, and on milk vitamin A concentration.
A review of literature on milk vitamin A in healthy women showed that
there is considerable variation, but nevertheless it could be estimated
that: “...human milk-fed infants consume on average 400 p1g/d of vita-
min A in the first 6 mo of life.”

Additionally, as milk is known to contain carotenoids, they too were
considered. Interestingly, the 2001 report refers to an earlier DRI re-
port: “The carotenoid content of human milk has been summarized
in Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium, and
Carotenoids (19). Because the bioconversion of carotenoids in milk and
in infants is not known, the contribution of carotenoids in human milk
to meeting the vitamin A requirement of infants was not considered.”
Therefore, the AI values for vitamin A for infants in the 2001 report
on micronutrients are based only on preformed retinol. It seems likely

CURRENT DEVELOPMENTS IN NUTRITION

Updating vitamin ADRIs 3

Consumed Absorbed Bioconverted

Dietary or
supplemental
vitamin A (1 ug)

ey, Rettinol s Retinol (1 ug)

Supplemental e [3-carotene

R-carotene (2 ug)

) Retinol (1 pg)

Dietary
R—carotene (12 pg)

———)  (-carotene ) Retinol (]_ ug)

Dietary

a—carotene or )y, 0L-CATOtENE OF ey, Retinol (1 pig)
R-cryptoxanthin (24 ug) R-cryptoxanthin

FIGURE 1 Schematic of the bioavailability of carotenoids to
vitamin A as published in (1).

they may underestimate what infants actually consume, if provitamin A
carotenoids were to be included.

Children

At the time of the preparation of the 2001 DRI report on vitamin A,
no direct studies had been conducted in the age groups from 1 to 18 y.
Indeed, the 2001 report states: “No data are available to estimate an aver-
age requirement for children and adolescents. A computational method
is used that includes an allowance for adequate liver vitamin A stores to
set the Estimated Average Requirement (EAR)... The EAR for children
and adolescents is extrapolated from adults by using metabolic body
weight” (i.e. body weight to the 2/3 power). Thus, it can be seen that in
the absence of direct dose-response data to establish an EAR, the ap-
proach used was simply to scale the values that were determined from
the study of adult men, downwards, by a scaling factor based on body
weight.

A further comment about carotenoids may be of interest. The 2001
report on DRIs for vitamin A included consideration of carotenoids
with regard to their conversion to retinol, taking into account types and
physical forms of provitamin A carotenoids present in the diet. This re-
port published new “conversion” or “equivalency factors” (1), retinol
activity equivalency ratios (RAEs) (Figure 1) based on newer data on
the bioavailability of, e.g. 8-carotene in oily solution compared with
B-carotene contained within food matrices, and of the provitamin A
carotenoids «-carotene and 3-cryptoxanthin in foods, as compared with
3-carotene also in foods. Thus, a significant advance was made at this
time regarding the bioequivalency of various food-based carotenoids.
These factors could then be used along with tables of carotenoid con-
tents of foods to compute RAEs for the carotenoids of various forms
in the diet. However, it is also interesting to note that carotenoids were
considered independently of vitamin A in another DRI report, being
included as a chapter in the 2000 report on nutrients with antioxidant
properties: Dietary Reference Intakes for Vitamin C, Vitamin E, Se-
lenium, and Carotenoids (19). In this context, carotenoids were con-
sidered for their antioxidant potential and no DRI values specific for
carotenoids were set then, or have been set since then. Neither were
data on, for example, the carotenoid content of human milk considered
in the context of this report, and there was essentially no focus in the
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2000 publication on carotenoid nutrition in the context of pregnancy
and lactation, or for infants and children.

In sum, this historical briefing is meant to provide some context re-
garding the limitations of information on which the DRI values cur-
rently in use are based, and thereby lead the way to considering what
had been learned since that time that may be relevant for the develop-
ment of DRI values for vitamin A in the future.

Looking Forward: What has Changed, and Why Might it be
Time for New Vitamin A DRI Values?

Since the 2001 report, a number of advances have been made to ad-
dress the effects of dietary vitamin A on the indicator of dark adaptation,
usual vitamin A and carotenoid intake by infants from breast milk, and
the accretion and maintenance of vitamin A stores in pregnancy, lac-
tation, and childhood. Of direct relevance to vitamin A requirements
in pregnancy, several studies have been published on the relation be-
tween dietary intake of vitamin A and provitamin A carotenoids with
visual dark adaptation in pregnant Nepali as well as Ethiopian women
(20-24). In children, a cluster-randomized trial on the effect of provita-
min A carotenoid-containing maize on night blindness was published
(25), since the 2001 report (1), a significant addition to the literature
where there previously were no publications. There is also now a much
greater body of literature on the vitamin A and carotenoid content of
human milk, across different populations and across different lactation
stages [e.g. (2, 3, 26)], since the 2001 report (1), which may have the
potential to expand upon the previous sample size of 9 subjects. Several
more advances are described and applied in the following 3 articles in
this special collection of articles published by Current Developments in
Nutrition (CDN), and thus they will be mentioned just briefly here.
One very significant advance has been the use of stable isotope
methodologies applied to human studies, including in women and chil-
dren, as well as the use of isotopic tracer studies in animal models, which
can provide information relevant to the DRI process. Such methods al-
low for estimation of tissue stores that cannot be assessed directly in hu-
mans, or only under very limited circumstances. These tracer methods
allow the determination of actual micronutrient turnover rates, so that
it is now possible to estimate a vitamin A requirement based on how
much of the nutrient is required for balance, as opposed to depend-
ing on a physical indicator such as dark adaptation to assess nutrient
adequacy. Secondly, advances have also been made in assessing vita-
min A intake such that country-specific datasets have improved, and
more information is available on average intakes by infants, children,
adolescents, women, and others. Additionally, new experimental stud-
ies in animal models have resulted in a deeper understanding of retinol
metabolism in the neonate, for example by showing that a much larger
portion of chylomicron vitamin A is taken up by extrahepatic tissues
in the neonate compared with the adult, and that supplementation with
vitamin A alters turnover rates significantly (11). Such studies have also
shown that storage tissues such as the liver and Iung do not hold on to
the vitamin A provided in a high-dose supplement for more than a few
days, whereas in contrast, vitamin A provided to the mother for transfer
in milk results in a more gradual but longer-sustained increase in tissue
vitamin A, and thus accumulation over a longer period of time (12). The
results also suggest that neonates grow well and are able to maintain a

normal concentration of plasma retinol in the face of much lower hep-
atic reserves of vitamin A, as compared with adult animals (11). These
data suggest that strategies delivering vitamin A directly to the nurs-
ing mother may be most effective in producing a sustained response to
supplemental vitamin A in the neonate. Such data also imply that one
cannot accurately calculate the vitamin A EAR for children using adult
data, and thus data directly from studies in children are essential.

Advances in Understanding the Metabolism of Carotenoids
in the Intestine

Another major step forward since the time of the 2 DRI reports cited
above has been a new understanding of how carotenoids, especially f3-
carotene, are processed in the intestine. Advances have been made at
the genetic-molecular level in understanding some of the root causes
for variation in carotenoid utilization, specifically the identification,
cloning, and molecular analysis of 2 carotenoid cleavage genes, f-
carotene-15, 15’-oxygenase 1 (BCO1) and carotene 9,10" oxygenase 2
(BCO2) (27, 28). We now have glimpses of how BCO1 gene variants
within the coding and noncoding regions may affect either the efficiency
or catalytic conversion (cleavage) or the expression, or both, of these en-
zymes (29, 30). Population differences have been suggested (29) in terms
of allelic frequency of BCO1 and other genes related to carotenoid and
vitamin A metabolism. Thus, these methods can be applied more widely
in human studies, as illustrated in (31-33). In the case of f3-carotene,
it has long been known that cleavage in the small intestine is a major
source of vitamin A, certainly for all herbivores and for many omni-
vores whose diets are largely plant-based. For humans, it is well known
that the majority of persons living in middle- and low-income countries
obtain a larger proportion of their vitamin A intake in the form of provi-
tamin A carotenoid precursors, as compared with preformed retinol.
Prior to the 2001 DRI report on vitamin A, studies in humans had al-
ready revealed wide person-to-person variability in the bioconversion
of 3-carotene to vitamin A (34, 35), which had been inferred from mon-
itoring the appearance of retinol or retinyl esters in plasma a few hours
after subjects in various studies had been given rather large oral doses
of §3-carotene. From these studies the concept of “responders” (those
persons who showed a bump-up in plasma retinol after 3-carotene dos-
ing) and nonresponders (those for whom no increase was apparent) was
already present in the literature. A few years after the 2001 report, ad-
ditional information was obtained from stable isotope kinetic studies
conducted in a group of older subjects in Boston which traced the con-
version of deuterated 3-carotene into deuterated retinol (36); the results
of this study not only confirmed and quantified wide subject-to-subject
differences in the efficiency of conversion of f3-carotene to retinol, but
also suggested that there can be a slow postintestinal conversion of a
small fraction of the f3-carotene that was absorbed intact from the in-
testine. Thus, the notion of variability was already on the minds of in-
vestigators in the early 2000s, but a detailed understanding of “why” was
lacking.

It is now appreciated that genetic polymorphisms may be impor-
tant factors in the metabolism of f3-carotene. From studies in the last
decade, it is well understood that the major cleavage enzyme (BCO1)
is actually a dioxygenase (37), and that BCO1 cleaves f3-carotene at its
central 15,15 double bond, thus forming retinal that subsequently ei-
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CM/— secretion

FIGURE 2 Schematic of intestinal -carotene metabolism and its feedback regulation by retinoic acid. An enterocyte is illustrated. Newer
information since the time of the 2001 report on vitamin A has identified brush border-associated transporters involved in carotene
uptake, SCARB1; a mechanism for the enzymatic cleavage of -carotene by BCO1; and a feedback mechanism involving the
intestine-specific transcription factor, ISX, which is activated by RA, an active downstream product of vitamin A and S-carotene
metabolism. When the RA concentration rises and the expression of the ISX gene is induced, then ISX protein serves to repress the
transcription of the SCARB1 and BCO1 genes, thereby reducing the efficiency of cleavage of B-carotene. See refs (38-43) and text for
discussion. Abbreviations: BCO1, B-carotene oxygenase 1; CM, chylomicron; ISX, intestine-specific transcription factor; RA, retinoic acid;
RARE, retinoic acid receptor response element; SCARB1, scavenger receptor class B type 1.

ther is reduced to retinol and then esterified for transport in chylomi-
crons as retinyl esters, or, in a minor pathway, oxidized to generate
retinoic acid (RA) in the enterocyte. It has also been shown that the
BCOLI has a number of common, single nucleotide polymorphisms
(SNPs), some of which lie in the protein-coding region of the gene
and thus directly affect the amino acid sequence of the enzyme (29),
whereas other SNPs lie outside the coding region but may still play
a regulatory role (30, 38). Moreover, the prevalence of different SNP
genotypes differs across human populations, which may potentially ex-
plain why some populations may respond to dietary interventions dif-
ferently than other populations. In a study testing in vitro expressed
versions of the BCOI protein that differed in 2 specific amino acid
residues, the SNPs affected the BCO1 in vitro enzyme kinetics, suggest-
ing that these polymorphisms in the BCO1 gene could influence the effi-
ciency of 3-carotene cleavage in vivo (17). However, at present there has
been no systematic examination of the implications of various BCO1
SNPs across human populations. Thus, there is fertile ground for fu-
ture studies to understand population- and individual-level differences
in carotenoid metabolism. Furthermore, newer studies have identified a
second BCO gene, BCO2, that is capable of cleaving carotenoids at dou-
ble bond positions other than the central 15,15" double bond (39), and
therefore can form an array of carotenoid metabolites that were not rec-
ognized at all in 2001. Although less is known about BCO2 as compared
with BCOL, it too should be ready for investigation in more detail at the
population level, in combination with metabolic studies on carotenoid
bioavailability from different food sources and at different life
stages.

Several studies since the last vitamin A DRI report have further re-
vealed that $3-carotene metabolism in the intestine is subject to an el-
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egant molecular feedback mechanism that is capable of “sensing” RA,
a minor yet crucial product of 3-carotene and retinol metabolism. In
this mechanism, RA binds to its nuclear receptor, the retinoic acid re-
ceptor (RAR), in the small intestine and thereby functions as a tran-
scriptional inducer of the expression of the intestine-specific homeobox
gene, ISX, which in turn is a transcriptional repressor for BCO1 (38,
40). Thus, as more RA is produced, more ISX protein is expressed and
consequently the expression of BCO1 is reduced. The ISX-mediated
feedback mechanism with RA as a crucial signal provides a way to
control the efficiency of 3-carotene utilization, such as could be im-
portant when dietary 3-carotene is highly abundant over long periods
of time. In fact, it may help to explain the well-known lack of toxic-
ity of 3-carotene. Moreover, ISX has been shown to not only repress
the BCOI gene, but also the gene encoding the SCARBI, scavenger
receptor class B type 1, an apical plasma membrane-associated trans-
porter through which f3-carotene enters the enterocyte (41-43). This
suggests that the uptake of carotenoids into the absorptive cells as well
as their intracellular conversion within are both sensitive to RA as the
downstream product of the carotenoid cleavage reaction (Figure 2).
The molecular details elucidated to date have come only from stud-
ies in genetically modified mice tested with extremely high intakes of
B-carotene (38, 40). However, future human studies using moderate
carotenoid doses could possibly reveal results concerning regulation
that would be important for future DRI development. As the homol-
ogy of these genes (BCO1, ISX, SCARB1) between mice and humans is
high, the results from animal studies suggest that there is still much to
be learned about the utilization of the various precursor forms of vita-
min A in humans. Furthermore, the existence of this feedback loop sug-
gests the potential for dose-response interactions between preformed
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vitamin A, due to its conversion to RA, and the bioavailability of dietary
carotenoids.

Towards Reevaluation of the Vitamin A DRI Values for
Infants, Children, and Pregnant Women

In the 3 articles that follow in this collection, firstly, Gannon, Jones, and
Mehta (44) will address vitamin A requirements in pregnancy and lac-
tation, by reviewing a variety of methods and experimental approaches
that can be used to estimate the requirements for vitamin A that are
applicable during these life stages. Some of the assessment measures
discussed are of the kind that can be performed in field studies, and
others are more limited but likely to provide more precise information
on vitamin A stores, absorption, and transfer from mother to infant
in breast milk. These authors will consider placental transfer, transfer
from mother to infant during lactation, and studies of vitamin A sup-
plementation in the pregnancy and the neonatal period, and include
a discussion of public health implications of using dietary approaches
as compared with large-dose supplementation to improve vitamin A
status.

Secondly, Ford and Lopez-Teros (45) will address advances in defin-
ing vitamin A requirements in early life and childhood. In their article,
they will not only provide a review but also present new analyses that
are now possible from data obtained by using newer methods for de-
termining vitamin A storage in young children, using mostly data from
studies that have been conducted in low- and middle-income countries.
These authors have taken a novel experimental approach that makes use
of country-specific data on the intake of vitamin A as well as new esti-
mates of vitamin A (retinol) turnover derived from recent stable isotope
tracer studies in children, and other relevant data including from stud-
ies of vitamin A supplementation, to estimate how vitamin A stores ac-
cumulate in infants and children. These up-to-date approaches provide
direct estimates of whether children in these countries are likely to be
receiving sufficient vitamin A in their diet and/or supplements to build
body reserves, and what amounts of vitamin A intake may provide more
than enough for this purpose; they also provide indirect evidence of
country-to-country variability that might be related to country-specific
programs for vitamin A distribution.

Thirdly, Tan et al. (46) address the question, using an experimental
approach, of how the macronutrient content of the maternal diet can af-
fect vitamin A status in the neonate. Specifically, they probe whether the
offspring of mother rats fed a high-fat diet differ from those of control-
fed dams. Such information is more important now than ever, as rates
of maternal and child obesity have increased significantly since the last
DRI report on vitamin A in 2001.

We may also ask the question, what is still lacking? What more is
necessary or would be especially helpful to establish new DRI values for
vitamin A in the future? Each of the articles in this collection will have
some comments and suggestions for ways forward to improve upon the
current estimates used to set the DRI values for vitamin A. One type of
data that is clearly needed for DRI development is dose-response data,
since the determination of the EAR rests on having a clear understand-
ing of the distribution of requirements within a population, thus data on
outcome as a function of intake are required. In this regard, the old stud-
ies mentioned from the 1950s had the right idea—to gradually increase

intake and observe an outcome response—however, newer studies have
not always had sufficient dose variation to allow for construction of the
dose-response relations needed to estimate the EAR.

It is noteworthy that DRI values by nature depend on an understand-
ing of the underlying structure of the populations of interest, including
the variability inherent in estimates of effect (indicators). Studies must
include a sufficient number of individuals to provide the estimate of
variability needed to convert an EAR to an RDA. Previously in 2002,
a20% CV was “guesstimated,” but the number of samples was too small
to be able to consider this a very solid estimate. For more precise DRI
values, better information is needed that is age- and sex-specific, and, for
the future, that tests whether other factors like baseline micronutrient
status, race, obesity, or even habitual dietary patterns need to be con-
sidered as factors in DRI development. Furthermore, the DRI process
itself has evolved to now consider how DRI values can be useful for the
prevention of chronic diseases (14). Although more attention has been
focused on the role of nutrition in gestation and early life on long-term
health outcomes (47), this remains a relatively understudied aspect of
vitamin A nutriture. Further, there is also a need for more information
related to at-risk populations, such as the obese, prediabetic, and others
that constitute parts of the generally healthy population to which the
DRI values apply (14).

We hope that the articles in this CDN collection will raise aware-
ness of the important advances that have taken place since the last pub-
lication of DRI values for vitamin A in 2001 and carotenoids in 2000,
highlight gaps that still remain, and suggest ways that new informa-
tion could be used to create a much more solid, evidence-based foun-
dation for future new DRI values, especially for women, infants, and
children.
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