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Summary 

A Consultants' Meeting was convened by the IAEA from 30 November to 2 
December 1994, and made recommendations on the objectives and strategies of 
a new Coordinated Research Programme (CRP), "Helping to Eliminate Vitamin A 
Deficiency Disorders Using Nuclear and Related Techniques ". The objectives of the 
CRP will be to i) develop and/or modify isotopic and related techniques for 
measuring whole body retinol stores and carotenoid bioavailability and 
bioconversion which can be transferred to food-based vitamin A intervention 
programmes in developing countries; ii) evaluate and improve the sensitivity of 
commonly used biological, ecological, and dietary indicators of vitamin A status in 
human populations; iii) formulate model protocols which incorporate isotopic and 
related techniques in evaluations of intervention programmes, in collaboration with 
expert nutrition groups (eg., WHO, FAO, UNICEF, Ml, USAID, etc.). Priority will 
be given to proposals which aim to improve or validate the deuterated retinol 
dilution method for measuring retinol stores, particularly during pregnancy or during 
the complementary feeding in young children, and which propose to develop 
appropriate methods for measuring absorption and the bioavailability of provitamin 
A carotenoids. The production of uniformly-labelled carotenoids is o* particular 
interest but proposals which use extrinsic labels as well as non-isotopic methods 
will also be considered. The studies should be conducted in developing countries 
through collaborations via 'twinning' relationships between scientists of developing 
and industrialized countries. 
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1. BACKGROUND AND RATIONALE FOR THE CRP 

1.1. Vitamin A deficiency 

Vitamin A deficiency (VAD) is responsible for blindness or some form of 
clinical eye signs in approximately 3 million children under five years of age. In 
addition to its essential role in vision, vitamin A is a critical factor in cell 
differentiation and disease resistance. WHO estimates that approximate^ 230 
million children in the world have deficient vitamin A body stores and have at least 
a 20 percent increased risk of death from infection due to subclinical VAD. The 
relative risk of transmission of the human immunodeficiency virus appears to be 
approximately fourfold greater in mothers with serum vitamin A concentrations less 
than 0.7 /ymol/l, compared with those with serum concentrations greater than 1.4 
//mol/l [ 1 ] . Additional work to compare blood vitamin A concentration with vitamin 
A status as measured by other indicators, and to learn whether vitamin A 
deficiency increases transmission or whether subclinical infection depresses vitamin 
A concentration, is needed. Nevertheless, the finding has important implications. 
The World Declaration on Nutrition [2] affirmed the goal to virtually eliminate VAD 
and all its consequences in young children before the end of the decade. The mid 
decade goal is to achieve significant increases in dietary intake of vitamin A or its 
precursors in children under 24 months of age through breast-feeding, dietary 
diversity, fortified products or supplements, and public health measures. 

It is generally recommended that increasing dietary intake of provitamin A 
carotenoids from fruit and vegetable sources of provitamin A carotenoids will 
improve vitamin A status, particularly in vitamin A deficient populations. 
Unfortunately, evaluations of such dietary interventions using available indicators 
have not consistently demonstrated that increased intake of provitamin A 
carotenoids improves vitamin A status in vitamin A deficient populations. 
Programme experiences, however, have shown that night blindness responds to 
increased dietary intake of provitamin A carotenoids [3 - 7]. Given the incidence 
and consequences of VAD, if dietary interventions are ineffective, there would be 
dramatic implications for nutrition, agriculture, and food policy around the world. 
However, there are two major methodological problems that could underestimate 
the efficacy of an intervention, those being the insensitivity of indicators of vitamin 
A status and the limited reliability of carotenoid intake data. 

2.2. Goals of consultants' meeting 

In view of the unique and important information which isotopic and related 
methods can potentially provide, (discussed in Sections 3, 4, and 5 of this report), 
a Consultants' Meeting was convened by the IAEA in Vienna from 30 November 
to 2 December 1994 to advise the IAEA on the following, in relation to developing 
country situations: 

1. What technical advances are needed to further develop and/or validate 
isotopic methods for measuring vitamin A status in humans? 
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2. If the technical advances can be made with the isotopic techniques, 
what studies would be needed to use data from the isotopic techniques 
as a basis for improving the sensitivity and reliability of cut-off points of 
commonly used biological indicators of subclinical vitamin A status?, i.e., 
what population group(s)?; what are the relevant physiological data 
which should be collected concomitantly with performing the isotope 
studies? 

3. Should a generic protocol be developed as part of the CRP which would 
measure retinol stores by isotopic methods and/or carotenoid 
bioavailability as well as collect data needed to define vitamin A status 
according to biological indicators in Annex 1 ? 

4. What are the comparative advantages of isotopic and non-isotopic 
methods in measuring provitamin A carotenoid bioavailability in 
developing countries? 

5. What are the comparative advantages of intrinsic and extrinsic isotopic 
labels of carotenoids for use in developing countries? 

6. What methods are appropriate for evaluating carotenoid absorption and 
bioavailability and bioconversion to provitamin A carotenoids during 
food-based intervention programmes in developing countries? 

The meeting was attended by the experts listed in Annex 2. The Agenda is 
given in Annex 3. 

2. METHODOLOGICAL CONSTRAINTS IN ASSESSING VITAMIN A STATUS 
AND THE IMPACT OF INTERVENTIONS 

2 . 1 . Vitamin A status 

Historically, clinical signs of xerophthalmia, sometimes supported by evidence 
of very deficient dietary retinol intake and deficient serum rctinol concentrations, 
were used to identify VAD. In fact, VAD includes "tissue concentrations low 
enough to have adverse health consequences even though clinical xerophthalmia 
may not be evident". Therefore, the WHO recommends a set of biochemical, 
histological, and functional indicators for evaluating the severity of subclinical VAD, 
reproduced in Annex 1. 

Despite advances made in setting standards for collecting and interpreting 
data, there are still spme persistent problems. The first of these pertains to the 
assessment of vitamin A status. The best way to assess human vitamin A status 
without direct sampling of the liver is with isotopic tracers, but these methods 
have been applied in very few human studies. Plasma retinol concentration is not 
a good indicator of vitamin A status because it is 'buffered'. When hepatic 
concentrations are around the critical point of depletion (about 20 //g/g liver), 
plasma retinol concentration is highly variable and not closely correlated with 
hepatic concentrations. The relative dose response (RDR) and the modified RDR 



(MRDR) are tests used to identify subjects with low hepatic stores of vitamin A. 
The tests are based on the fact that vitamin A deficient persons' livers accumulate 
free retinol binding protein (apo-RBP). Vitamin A (administered as a test dose) 
binds to hepatic apo-RBP to produce holo-RBP (RBP bound to retinol) which is then 
transported from the liver to the plasma. Large increases in plasma concentrations 
of holo-RBP occur if apo-RBP is excessive as is the case in vitamin A deficient 
persons. The RDR and MRDR are indirect but are practical and probably closer 
measures of hepatic concentrations than is plasma retinol concentration. What is 
lacking is a reference against which to evaluate these indicators. Comparison 
against measured body stores could potentially increase the sensitivity in 
interpretation of these indicators. 

2.2. Carotenoid intake 

The second major problem pertains to the reliability of data on dietary intake 
of provitamin A carotenoids. Dietary diversity to increase provitamin A carotenoid 
intake could be expected to increase the whole body retinol pool size and blood 
concentrations of vitamin A and S-carotene. In fact, B-carotene and/or plasma 
vitamin A concentrations may not improve. It is unclear whether the failure is a 
failure in detection, a failure of the intervention, or is due to changes in tissue 
distribution. Furthermore, the relationship of the response to body fat is unclear. 
There may also be interactions with other nutrient deficiencies which coexist and 
blunt the response. 

Most interventions have calculated retinol intake as the sum of preformed 
vitamin A plus the equivalent intake from carotenoids where the latter is from food 
tabics, which assume 12 //g of mixed carotenoids, or 6 fjg of S-carotene are 
equivalent to 1 fjg of retinol. The provitamin A carotenoids, in particular, are 
influenced by a range of dietary and physiological factors which moderate their 
absorption and cleavage. Raw foods tend to have lower digestibility, while cooking 
helps to disrupt the physical structure of the plant and denature associated protein: 
this helps the absorption of carotenoids. Simple dietary manipulations such as 
altering the mix of foods consumed or changing cooking procedures may have 
significant effects on absorption and ultimately on VAD. Products of fat hydrolysis 
increase the solubility of carotenoids in the gut lumen and stimulate bile secretions, 
which also enhances absorption. Decreased transit time during diarrhoea is likely 
to reduce absorption. Selective solubility during micelle formation may result in the 
competitive exclusion of carotenoids of differing solubility. This may account for 
the reduced absorption of B-carotene in the presence of large amounts of other 
carotenoids such as canthaxanthin. And lastly, the actual biological activity of 
provitamin A carotenoids is highly variable. Factors such as the onas listed above 
may be the reason why in some populations, where there would appear to be no 
shortage of provitamin A carotenoids in the diet, vitamin A status is still low. 

2.3. Competitive effects of physiological factors 

The third major problem is accounting for factors which affect adversely 
carotenoid absorption and/or vitamin A status. Lipid malabsorption, micelle 
formation, mucosal cell degeneration, general malnutrition, dietary fat intake, 
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intestinal parasites, or other concurrent infection, may blunt improvements in 
vitamin A status secondary to a 'good' intervention. However, the relative impact 
of these variables is very difficult to assess using available indicators. Intestinal 
parasites, other concurrent infection, lipid malabsorption, the status of key related 
nutrients such as zinc or protein and changes in morbidity are often not assessed 
in field studies. The absence of this kind of data makes it impossible to know with 
certainty whether a dietary intervention failure occurred as a direct result of the 
diet's composition, or whether the failure was a secondary effect of physiological 
factors which impair carotenoid absorption or bioconversion or otherwise affect 
vitamin A status. 

3. TRACER METHODOLOGIES AND MATHEMATICAL MODELLING FOR 
MEASUREMENT OF RETINOL STORES 

3.1.Assessment of vitamin A status by isotope dilution analysis 

The hepatic concentration of vitamin A is the best indicator of vitamin A 
status. It has been estimated that > 90% of total body vitamin A is stored in the 
liver in well-nourished individuals [81. The commonly used indirect methods for 
assessing vitamin A status include serum retinol concentration, RDR and MRDR 
tests, and conjunctival impression cytology. None of the indirect methods provide 
a quantitative estimate of tota' body stores of vitamin A, which are in turn needed 
to evaluate the extent of VAD. The stable isotope dilution technique using a 
deuterated labelled vitamin A should theoretically provide a quantitative estimate 
of body stores of vitamin A, which could be used as the 'gold standard' for 
validating other indirect methods of assessment. 

Isotope dilution analysis of vitamin A status was pioneered by Bausch and 
Rietz [9] in studies which used both 3 H- and 2H-labelled vitamin A, in a variety of 
species including one human subject. Among the important contributions of this 
work is that it determined when equilibration of the test dose occurred in rats. 
Equilibration was defined as the time when the specific activity of plasma and liver 
were equal, which was in 3 to 4 days in the rat. They also calculated that the 
efficiency of storage cf a test dose of vitamin A in rats with various body stores 
of vitamin A was 50%. From this, they derived an equation for predicting hepatic 
stores of vitamin A. 

0.50 x test dose (dpm) 
Hepatic vitamin A = 

equilibration specific radioactivity of plasma vit A 

The comparison of the observed hepatic stores and the stores calculated as 
just shown in the equation in 140 rats was well-correlated (r = 0.98). 

The isotope dilution approach was validated in humans in a study directed by 
J.Olson [reported in reference 10] and is illustrated in Figure 1. 
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Fig. 1: Relationship between calculated and measured amounts of vitamin A (umol/g wet wti 
in the livers of 11 generally healthy human adults. The solid line is the line of identity 
(Furretal, 1989) 

Hepatic biopsies were obtained at the time of surgery for direct measurement 
of vitamin A concentration (consideration is needed of the fact that hepatic 
distribution of retinol is not uniform throughout the liver). The measured plasma 
2H4-retinol was related to plasma and hepatic retinol concentrations and a 
prediction equation was developed. This equation includes factors for assumed 
efficiency of absorption of oral vitamin A, ratio of plasma to liver specific activities 
[11], assumptions that plasma and hepatic retinol do not fully equilibrate due to 
continuous exogenous supply of retinol, and of some catabolic loss of the labelled 
vitamin A tracer. A 'pseudoeouilibration' between hepatic and plasma retinol is 
assumed to occur in humans between 14 and 26 days. A correction factor is 
added to adjust the isotopic ratio for irreversible utilization of the dose during the 
equilibration period. Fractional catabolic rates of either 0.005/day [8] or of 1/140 
= .0071/d [10] are used. The latter is based on a biological half-life of 140d for 
vitamin A. The importance of the difference remains a subject for discussion in the 
CRP. 

Hepatic retinol = 0.50 x dose x [0.65 x e ^ 1 4 0 ^ " x ((retinol:2H4-retinol)-1)J 

Modifications of the isotope dilution technique were developed from a study 
in which tritiated retinol was administered to rats with varying hepatic stores of 
vitamin A. The fraction of the dose in plasma determined at various time points 
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and the hepatic concentration were determined at day 8. From these data, non
linear regression analysis was performed and a prediction equation was developed 
(Figure 2): 
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Fig. 2' Prediction of liver vitamin A from plasma retinol kinetics shown are observed values 
/squares) and predicted data (lines) for liver total retinol vs. the fraction of an oral dose of 
(3H) retinol in plasma at 3 d. The inset shows data for liver levels < 1250 nmol. The 
prediction equation was liver vitamin A (nmol) = 58577 x exp (-2715 x FDJ + 1810 x exp(-
127 x FDJ where FDP = fraction of the dose in plasma. (Adams and Green, 1994) 

The principle of the isotope dilution technique is that, following administration 
of a deuterated tracer dose and equilibration of the dose with the body vitamin A, 
the ratio of labelled to unlabelled retinol is used to calctlate pool size by tracer 
dilution principles. 

The deuterated retinol dilution method is currently being used in a 
collaborative project between the University of California at Davis and the 
International Centre for Diarrhoeal Disease Research, Bangladesh, |13] to estimate 
hepatic reserves of vitamin A in adult volunteers and to test the responsiveness of 
the measure of estimated liver stores ('whole body stores') to a dietary 
supplementation with different levels of preformed vitamin A. 

3.2. Mathematical modelling 

Mathematical modelling (both compartmental and non-compartmental) of 
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vitamin A kinetics in the rat provides a guide for study of human vitamin A 
metabolism (14]. These kinetic studies in rats have determined: i) sizes of body 
tissue pools of vitamin A and rates of transfer of vitamin A between tissues; ii) 
effect of vitamin A status on disposal rate of vitamin A; iii) the rapid turnover and 
recycling of vitamin A between tissues. When applied to assessment of vitamin 
A status in humans, simple modelling techniques are expected to improve 
interpretation of isotope dilution data and the sensitivity of the MRDR. It can be 
expected that practical models can be developed using the isotope dilution 
technique to define the relationship between hepatic stores of vitamin A and the 
dose-response assays of vitamin A status (RDR, MRDR), thus improving the 
interpretation of the latter methods. In particular, models need to be developed for 
pregnant and lactating women, as well as for infants and children. 

4. CAROTENOID ABSORPTION, BIOAVAILABILITY, AND BYCONVERSION 

4 .1 . Non-isotopic methods 

Of the several hundred carotenoid pigments in plants, only a few can be 
cleaved to yield retinaldehyde. These include B, a, and p-carotene and a and Q>-
cryptaxanthin. fc-carotene has the highest provitamin A activity. In Europe and the 
USA, approximately 25-35%, and in developing countries approximately 80%, of 
dietary vitamin A is derived from these carotenoids. Historically, the carotene 
content of foods was ob+ained either by measuring the total absorption of an 
extract at a specified wavelength, quantified against S-carotene, or by crude 
column chromatography. These methods can give reasonable estimates where IX-
carotene predominates but the presence of carotenoids and their isomers, which 
do not yield retinaldehyde, can lead to overestimations of vitamin A activity. 
Recently, much more sensitive high performance liquid chromatography tHPLC) 
methods have been developed for these purposes. 

A method was developed at the Institute of Food Research in Norwich, U.K. 
which allows good separation and quantification of a range of dietary carotenoids. 
The Norwich group has extracted carotenoids from a large number of fruits and 
vegetables in the UK. The chromatographic profile of carotenoids in a food mix 
was presented as a basis of discussion at the consultants' meeting. 

HPLC would be useful for the analysis of blood, tissues, breast milk, and 
cellular concentrations of carotenoids and retinol. The relative proportions of pro-
and non-provitamin A carotenoids in biological material may provide a crude 
indicator of the degree of provitamin A cleavage in an individual and, hence, 
vitamin A status. Countries where the major source of vitamin A in the diet comes 
from the provitamin A carotenoids could benefit from adopting such analytical 
techniques to make full assessments of carotenoid intake and associated levels of 
circulating carotenoids and retinol. Although the procedures used in the UK are 
fairly 'high tech', adaptations could be made to make the method more universally 
appropriate. 

A non-provitamin A carotenoid may serve as a surrogate marker for fc-
carotene absorption. Although the different carotenoids are located at different 
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sites within the plant cell, a useful approach would be to measure blood lutein 
levels as a crude indicator of carotenoid absorbability from a food item or mixed 
diet. Lutein, being a non-provitamin A carotenoid would obviously not be cleaved 
to retinaldehyde and is gf ^rally found in foods which also contain B- and a-
carotene. Other non-provitamin A carotenoids may also be useful in the same 
way. The carotenoid chosen would depend on the foods consumed. 

In addition, the balance between pro- and non-provitamin A carotenoids in 
blood or breast milk may (alongside other indices) provide an indication of vitamin 
A status, since cne would expect IS-carotene cleavage to be directly associated 
with vitamin A status while the non-provitamin A carotcnoids would be largely 
unaffected. 

4.2. Isotopic methods 

4 .2 .1 . Studies using deuterated tracers 

Retino! pool size should increase as a function of increased dietary intake, 
and/or bioavailability, and/or bioconversion of provitamin A carotenoids. Therefore, 
the 2H 4-retinyl acetate method for measuring retinol pool sizes should be useful in 
assessments of carotenoid bioavailability and bioconversion. 

4.2.2. Studies using 13C-labelled tracers 

Isotopically labelled carotenoids, whether biosynthesized or chemically 
synthesized, could be used to answer questions about absorption and cleavage 
efficiency. 

The chemically synthesized product has the advantage of being labelled on 
specific carbon atoms and could therefore be used with other labelled material (eg. 
retinol). Assessments of the bioavailability of carotenoids and their conversion to 
retinol using chemically prepared 13C-labelled S-carotene and 13C-labelled retinol 
would enable the metabolism of G-carotene to be related to that of retinol. 

The biosynthesized material is randomly labelled. The 'biosyr.thesis 
technique' may be more appropriate for transfer to laboratories in developing 
countries as it is a relatively simple system to set up and the cost is low. The label 
introduced through biosynthesis could be used either as an intrinsic label or 
extracted and used as an extrinsic label. Growing and feeding algae may be a 
good first step, given background work already underway in algae (Spirulina) both 
as a food for human consumption and as a source of intrinsically labelled 
biosynthesized material in studies of human metabolism. 

The marine algae (Dunaliella salina) produces large amounts of S-carotene 
(both cis- and trans-) when grown under stressful conditions in intense light. The 
Institute of Food Research in Norwich has developed a bioreactor to grow the algae 
in a controlled gaseous atmosphere. Feeding labelled C0 2 toward the end of 
growth produces labelled fc-carotene. Thf B-carotene produced thus far has about 
40% 1 3 C, but incorporation efficiency is only about 4%. The 5-litre bicreactor 
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produces about 140 mg of B-carotene in 25 days. 

The isolated material could be used in the CRP to study the physiological 
factors influencing absorption and cleavage and to determine the metabolic fate of 
carotenoids. However, to determine the release and absorption of carotenoids 
from foods as consumed, intrinsic labels would obviously be needed. 

5. IMMUNE RESPONSE TESTS AND VITAMIN A STATUS 

Several immune response tests are potentially useful as early indicators of 
responsiveness of vitamin A status to various interventions: 

Ex vivo T lymphocyte proliferation tests in which the incorporation of tritiated 
thymidine is used as a measure of cell proliferation in response to a mitogen such 
as phytohaemoglutinin; 

Ex vivo natural killer cell activity which can be assessed using chromium-51 
labelled lymphocytes. The amount of 5 1Cr released by these target cells, after 
incubation with the natural killer cells, is used as a measure of cytotoxic activity. 

Additional relatively simple non-isotopic methods such as whole blood and 
differential cell counts are available. 

6. THE IAEA'S NEW COORDINATED RESEARCH PROGRAMME (CRP) 

It is most likely that isotopic methods for measuring retinol pool size and 
carotenoid absorption, bioavailability, and bioconversion can provide technical 
information needed to improve the efficacy of intervention programmes designed 
to eliminate VAD and its consequences in vitamin A deficient populations in 
developing countries. It is further expected that the foreseen CRP can make 
substantial contributions to the development and validation of these methods. 

Therefore, one major interest of the CRP will be the development of the 
deuterated retinol dilution method for measuring vitamin A status in vitamin A 
deficient populations in deve'oping countries. Two areas which need work are the 
mathematical modelling of ihe deuterated retinol data, particularly in pregnant 
women and in young children, and establishing that the method is sufficiently 
sensitive to changes in pool size. 

Another main interest will be the measurement of carotenoid bioavailability 
and bioconversion, studied by the use of intrinsically labelled plant sources, or 
extrinsic carotenoid labels, or by non-isotopic methods such as marker carotenoids 
in plasma as indicators of carotenoid absorption. From the discussions, it is clear 
that each method has some unique advantages, but there are important 
unanswered questions about their relative benefits under the conditions in which 
they are needed. Therefore, the CRP will address this issue. 

As discussed in further detail below, the physiological topic of priority interest 
within the CRP will be related to maintenance of vitamin A stores in the young 
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child. However, whether this will be approached through the mother, ie., through 
maintenance of maternal stores during pregnancy and lactation and of breast milk 
concentrations through dietary means or supplements to the mother, or, whether 
it will focus on the composition of the complementary foods given the child, is a 
decision that will be taken to reflect the CRP participants' own interests and those 
of the other relevant international organizations. In any case, the issues relative 
to the development of the retinol dilution method, and to those for assessing 
carotenoid absorption and bioavailability, would be applicable to either mother-
based or child-based studies. 

Molecular biology may provide some additional tools for assessment of 
vitamin A status. Isotopes will also be useful in these assessment methods. It is 
recommended that the CRP participants give consideration to possible inclusion of 
molecular biology techniques in assessments of vitamin A status. 

6 .1 . Objectives 

1. To develop and validate the deuterated retinol dilution method for measuring 
whole body retinol stores so that the method can be applied in food-based 
intervention programmes for people at risk of VAD in developing countries; 

2. To apply isotopic dilution data on retinol stores to improve the precision of 
existing indicators of vitamin A status; 

3. To develop and/or modify (as needed) appropriate isotopic methods for 
measuring carotenoid absorption, bioavailability, and byconversion; 

4. To formjlate recommendations and/or model protocols for using isotopic and 
related methods in planning and evaluating food-based intervention 
programmes for populations in developing countries at risk of VAD. 

6.2. Strategies 

6 .2 .1 . Deuterated retinol dilution method 

Validations will be performed of the deuterated retinol dilution method for 
measuring whole body stores. The first series of validations will be performed in 
young children during the complementary feeding period because this validation is 
needed for both of the physiological approaches (ie., whether the CRP focuses on 
the mother as the 'nutrient transporter' or specifically on maintenance of adequate 
vitamin A status of the child). Validations would also be needed in pregnant and 
lactating women if the maternal issues are included in the CRP. Ideally, the studies 
in young children should test the validity of the method to detect relatively small 
chahges in pool size such as would be expected during food-based interventions 
using provitamin A carotenoids. Fractional catabolic rates of retinol increase with 
improvements in retinol stores in rats (15]. A comparable effect in humans would 
be important and the hypothesis should be a part of the CRP. 
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6.2.2. Vitamin A status 

The sensitivity ana specificity of indicators and their cut-off points commonly 
used for assessing vitamin A status will be evaluated. This will be done by 
measuring whole body stores by the deuterated retinol dilution method in 
individuals in whom the relevant biochemical, breast milk, dose response, 
histological, and functional data needed for indicators of VAD (Annex 1) are also 
collected. The goal will be to improve the sensitivity of the indicators. 

6.2.3. Carotenoid absorption and bioconversion 

Indicators of carotenoid utilization appropriate to the dietary and nutritional 
issues of the CRP may include carotenoid absorption using concentrations 
measured by HPLC and/or concentrations of marker carotenoids labelled either 
extrinsically or intrinsically, rates of appearance of labelled carotenoids, and the 
bioconversion of the carotenoid by the appearance of the label in retinol and, 
possibly, by the expansion of the retinol pool. The CRP will define which of these 
methods for assessing carotenoid utilization is most appropriate under the field and 
dietary conditions for which they are intended. Extraction of carotenoids from the 
food structure, mass transfer to bulk phase lipids within the gut lumen, 
emulsification processes to form micelles and passage of those micelles into the 
enterocyte are crucial to absorption. The use of the HPLC method described in 
Section 4 . 1 . , as well as isotopic methods (radioisotopes in model systems of 
micelle formation and stable isotopes in human absorption studies as discussed in 
this report) will help resolve many programmatically relevant questions about the 
absorption of provitamin A carotenoids [16]. 

6.2.4. Efficiency of conversion of provitamin A carotenoids 

The efficiency of conversion of provitamin A carotenoids to retinol is assumed 
to be greater in vitamin A deficient individuals, but this hypothesis needs to be 
tested as part of the CRP. The isotopic methods are ideally suited to this purpose. 
A priority interest of the CRP would be to test the hypothesis by measuring retinol 
stores by deuterated retinol dilution and retinol bioconversion using the labelled 
carotenoid method. 

6.2.5. Human studies in developing countries and animal models 

The CRP will give a high priority to projects which are done in the context of 
food intervention protocols for VAD populations in developing countries. Methods 
should be developed to be robust under the conditions in which they are likely to 
be applied. It is desirable that individuals serve as their own controls in longitudinal 
studies rather than a control group in a cross-sectional study. It is also 
recommended to use animal models (monkey) and radiotracers where it is feasible 
to transfer these methods to developing countries. 

The study protocols should include (but not be limited to) the following: 

1. Age and nutritional status (by anthropometry) 

11 



2. Pre- and post-intervention vitamin A status using indicators in Annex 1 

3. Immune status to characterize the population, pre- and post-intervention, for 
example by total globulin, acute-phase proteins, C-reactive protein for sub
clinical infection 

4. Parasite load 

5. Iron status by RBC, Hct, Hgb. serum ferritin 

6. Zinc status by plasma zinc concentration (requires small v lumes of blood), 
by leucocyte zinc concentration {requires much more blood), or by zinc 
isotope dilution where technology is available 

7. Dietary assessment 

Dietary intake assessment should be made of the specific target group using 
portion sizes and food frequency [17] and should include meal composition 
patterns, food preparation procedures, amount of dietary fat in the food and added 
in preparation. Food tables alone are inappropriate for determining nutrient 
composition cf a diet. It is desirable to obtain analysis of the diet to determine 
major provitamin A carotenoids and retinol, as well as to determine the moisture 
content and edible portion of provitamin A sources. 

6.3. Rationale for focussing on infants and complementary feeding 

Breastfed infants are supplemented during the 'complementary feeding 
period'. In terms of micronutrients, it is important to complement early enough to 
prevent the decline in infants' body stores. In industrialized countries, this is often 
accomplished by giving multivitamin and mineral drops. In less-developed 
countries, the common recommendation is to give some vegetables along with the 
staple. If the vegetable intervention is ineffective, how should the vitamin A 
supplement be incorporated into the diet? (An Indian study showed that the 
biggest positive effect on mortality reduction was from small doses every week 
(8000 IU) [18]. Furthermore, there is considerable debate over the relative efficacy 
of various dietary sources of provitamin A carotenoids in sustaining adequate 
vitamin A status in infants. 

A key focus of the CRP will be to learn whether complementary foods 
increase vitamin A status as well as supplements of equivalent activity and what 
modifications would improve provitamin A absorption and utilization leading to 
sustainable improvements in vitamin A status. In combination with the deuterated 
retinol dilution technique for measuring retinol stores, the CRP could consider at 
least one study in which intrinsically labelled carotenoid foods are produced and 
used as part of complementary feedings. The bioavailability of the provitamin A 
carotenoids in the complementary foods would then be assessed from the 
appearance of the labelled carotenoid as well as by incorporation of the label into 
retinol. Due consideration would need to be given to the physiological factors 
known to mediate vitamin A status, most of which are listed elsewhere in this 
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report. 

6.4. Rationale for focussing on the mother as the 'nutrient transport 
mechanism' 

Much more information is needed about vitamin A requirements during 
pregnancy and lactation. Pregnant women have been reported to have temporary 
nightblindness which disappears during lactation, when the requirements for 
vitamin A are supposedly higher than in pregnancy. This suggests that vitamin A 
55 used less efficiently in pregnancy and/or that the requirement is higher than 
thought. This is an area well-suited to isotopic tracer methodologies. Whether or 
not there are physiological limits to the transfer of vitamin A from mother to foetus 
is unknown. To achieve adequate intake of vitamin A in children under 2 years of 
age, it is necessary to find out whether improving maternal vitamin A status is the 
best way to protect the vitamin A status of breast-feeding infants. Additional 
information is needed about the implications of different maternal levels for the 
breastfeeding infant, and about the bioavailability of carotenoids in weaning or 
complementary roods. These would be included among the topics of priority 
interest to the CRP, with the caveat that the deuterated retinol dilution method has 
not yet been validated in pregnancy. The important questions within this topic 
include: 

1 . What is the retinol pool size before and after pregnancy in women who do not 
receive an intervention? 

2. Does a food-based intervention increase vitamin A status as well as a 
supplement? Is vitamin A status of the mother and child protected? 

3. What is the relationship of breast milk vitamin A to maternal stores? 

4 . From longitudinal assessments, what are changes in retinol pool size in infant 
and mother under defined dietary conditions? 

5. Can the composition of breast milk be changed dietarily with respect to 
carotenoids and/or retinol? 

6. What percent of carotenoids fed to the mother is transferred to the infant? 

7. For how long can vitamin A status be maintained in the infant if the breast 
milk concentration is low, of the order of 30 /yg/dl? 

8. Does feeding colostrum appreciably prolong maintenance of adequate vitamin 
A status, all other things being equal? 

6.5, Co-ordination with other on-going programmes 

Expert organizations around the world are actively seeking solutions to the 
problems of VAD. The new CRP will endeavour to coordinate with expert groups 
such as the WHO, International Union of Nutritional Sciences (IUNS), Ml, USAID 
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Office of Health and Nutrition, and FAO. Further discussions with these 
organizations are needed to ascertain the extent to which details from generic 
protocols of the CRP and of the other groups can be combined. 

6.6. Note regarding CRP title 

The title of the CRP will be changed to "Helping to Eliminate Vitamin A 
Deficiency Disorders Using Nuclear and Related Techniques." A title used 
previously in preliminary writing included the word 'eradicate' but 'eliminate' is 
consistent with terminology more commonly used in international proclamations. 
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Annex 1 

BIOLOGICAL INDICATORS OF SUBCLINICAL VITAMIN A DEFICIENCY 
IN CHILDREN 6 71 MONTHS OF AGE [19] 

Indicator 
(cut-off) 

Prevalence below cut-offs to define a public health 
problem and its level of importance 

Indicator 
(cut-off) 

Mild Moderate Severe 

FUNCTIONAL 

Night blindness 
(present at 24-71 mo) 

> 0 - < 1% > ' ' % - < 5% > 5% 

BIOCHEMICAL 

Serum retinol 
(<0.70//mol/l) 

> 2- < 10% > 10% - < 20% > 20% 

Breast milk retinol 
(<1.05 //mol/l) 

< 10% > 10- < 25% > 25% 

RDR (> 20%) < 20% 2; 20 - < 30% > 30% 

MRDR 
(ratio > 0.06) 

< 20% > 20 - < 30% > 30% 

+ S30DR (>20%) <20% S 20 - < 30% > 30% 

HISTOLOGICAL 

CIC/ICT3 

(abnormal) 
< 20% > 20 - < 40% > 40% 

There is a public health problem (the level of public health importance is indicated by the prevalences noted in the table 
either when: 

the prevalence in a population of at least two of the above biological indicators of vitamin A status is below the cut
off 

or when 

one biological indicator of deficiency is supported by at least four (two of which are nutrition and diet-related) of a 
composite of demographic and ecological risk factors such as: 

IMR >75/1000 live births; under-5 year MR > 100/1000 live births; 
- full immunization coverage in < 50% of infants; 

<50% prevalence of breast-feeding in 6-month-old infants; 
- median dietary intake <50% recommended safe level of intake 

among 75% of children 1-6 years of age; 
two-week period prevalence of diarrhoea z 20%; 

- measles case fatality (MCF) rate > 1 %; 
- no formal schooling for 50% of women 15-44 years of age; 

<50% of household with a safe water source. 
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Annex 3 

CONSULTANTS' MEETING ON THE NEW COORDINATED RESEARCH PROGRAMME 
ON 

HELPING TO ELIMINATE VITAMIN A DEFICIENCY DISORDERS 
USING NUCLEAR AND RELATED TECHNIQUES 

30 November - 2 December 1994, Vienna, Austria 

Agenda 

WEDNESDAY, 30 NOVEMBER, 1994 

9:30-9:40 Welcome address (C. Fjeld) 

9:40-10:00 R. Parr, Head, Section of Nutritional and Health-Related Environmental 
Studies (NAHRES) 

The Role of the IAEA in Human Nutrition Research 

10:00-10:20 Adoption of the agenda 

Background and purpose of the meeting 
C. Fjeld 

10:20-12:30 SESSION I: Controversies in vitamin A nutrition which need resolution to 
improve interventions 

Participants' presentations 
B. Underwood 

Discussion and preparation of consensus statements 

1 4 . 0 0 - 1 7 . 3 0 SESSION II: State-of-the-art of retinol measurement using tracers, 
including mathematical modelling 

Comparative advantages of isotopic versus conventional methods to 
address important uncertainties 

Participants' presentations 
H. Furr 
S. Southon 
M. Haskell 

Discussion and consensus statements on applications which are ready to 
be transferred to field studies, those which need further validation, and 
ideas for how these goals could be achieved together. 
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THURSDAY, 1 DECEMBER, 1994 

9 : 0 0 - 1 2 : 3 0 SESSION III: 

Carotenoid Issues 

* Carotenoid analysis 
* Measuring carotenoid bioconversion using tracers 

* Biosynthesis of labelled carotenoids 

Feasibility of producing intrinsically labelled foods 

* in developing countries 
* in industrialized countries for use in developing countries 
Participants' presentations 
C West 
W. Richards 
S. Southon 

Discussion and recommendations for 

* carotenoid biosynthesis, bioconversion, and metabolism protocols 
* extrinsic versus intrinsic labels 
* validation studies 
* growing intrinsically labelled plant materials 

14:00 - 17:30 SESSION IV: Methods for measuring nutrient (vitamin A) transfer in breast 
milk 

Participants' presentations 
B. Underwood 

Discussion 

* suitablility of methods to studies in infants 
* helping evaluate interventions as a goal of the CRP 
* need to assess volume intake (deuterium method?) 

Feasibility of transferring isotopic technology to developing countries 

Recommendations for centres, equipment, expertise to accomplish 
technology transfer 

Discussion and consensus statements 

* feasibility of growing intrinsically labelled plant material in LDCs 
* retinol kinetic study sites 
* nutrient transfer study sites 
* possibility of using IAEA laboratories for quality assurance or analysis 
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FRIDAY. 2 DECEMBER. 1994 

9:00-12:30 SESSION V: Discussion 

Recommendations for the new Coordinated Research Programme (CRP), 
"Eradication of vitamin A deficiency disorders using nuclear techniques" 

* objectives and priorities 
* advice on need to develop a 'physioiogy-specific' protocol (generic 

protocol?) 
* cooperation wi th other groups, eg., OMNI, Micronutrient Initiative Canada, 

IVACG. WHO, FAO, 
* training fellowships available/needed 
* sample analysis and quality assurance 

14.00-16.30 SESSION VI: nemaining discussions 
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