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Abstract: Inadequate vitamin A (VA) nutrition continues to be a major problem worldwide, and many
interventions being implemented to improve VA status in various populations need to be evaluated. The
interpretation of results after an intervention depends greatly on the method selected to assess VA status.
To evaluate the effect of an intervention on VA status, researchers in Cameroon, India, Indonesia, Mexico,
Senegal and Zambia have used serum retinol as an indicator, and have not always found improvement in
response to supplementation. One problem is that homeostatic control of serum retinol may mask positive
effects of treatment in that changes in concentration are observed only when status is either moderately
to severely depleted or excessive. Because VA is stored mainly in the liver, measurements of hepatic
VA stores are the “gold standard” for assessing VA status. Dose response tests such as the relative dose
response (RDR) and the modified relative dose response (MRDR), allow a qualitative assessment of VA
liver stores. On the other hand, the use of the vitamin A-labeled isotope dilution (VALID) technique,
(using C or *H-labeled retinyl acetate) serves as an indirect method to quantitatively estimate total body
and liver VA stores. Countries including Cameroon, China, Ghana, Mexico, Thailand and Zambia are
now applying the VALID method to sensitively assess changes in VA status during interventions, or to
estimate a population’s dietary requirement for VA. Transition to the use of more sensitive biochemical
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indicators of VA status such as the VALID technique is needed to effectively assess interventions in
populations where mild to moderate VA deficiency is more prevalent than severe deficiency.

Key words: Vitamin A status, children, lactating women, stable isotope dilution, labeled retinol, Camero-
on, China, Ghana, India, Indonesia, Mexico, Senegal, Thailand, Zambia

Introduction

Vitamin A deficiency (VAD) continues to be a major
nutritional problem in the developing world. Clinical
manifestations of VAD include anemia, reduced im-
mune function, xerophthalmia, and ultimately blind-
ness and death [1, 2]. Even a marginal-subclinical
deficiency of VA can adversely affect health [3]. Ac-
cording to estimates by the World Health Organiza-
tion (WHO), about 190 million children <5 years and
19.1 million pregnant women have a low serum retinol
(SR) concentration (<0.7 umol/L) [1]. To reduce the
burden of VAD in developing countries, different
strategies have been implemented by governmental
and non-governmental organizations to improve VA
status. Programs include supplementation, food forti-
fication, biofortification and education, with particu-
lar focus on children <5y and pregnant and lactating
women. In this manuscript, we will discuss interna-
tional experience with assessment of interventions
to improve VA status in Cameroon, China, Ghana,
India, Indonesia, Mexico, Senegal, Thailand and Zam-
bia, based on experiences related by participants in
the International Atomic Energy Agency meeting
“Applying Vitamin A Isotope Dilution Techniques
to Benefit Human Nutrition” (St. John’s Research

Institute, Bangalore, India; 7—9 October, 2013). This
meeting emphasized the transition toward the use of
vitamin A-labeled isotope dilution (VALID) methods
to measure VA total body stores (TBS).

The need for an accurate assessment of the efficacy
and effectiveness of interventions to improve VA sta-
tus in the above-listed countries, especially in the most
vulnerable groups, including preschool-age children
and pregnant and lactating women, is emphasized by
data (Table I) which rate the public health significance
of VAD using the prevalence of low SR concentration
(<0.7 pmol/L) as an indicator.

These data clearly indicate that VAD is a significant
public health problem in children under 5 years old as
well as pregnant and lactating women in these coun-
tries. As discussed below, interventions have been
designed to reduce VAD in each of these countries,
but the outcome has not always been satisfactory.
To some extent, this finding may be attributable to
the biochemical indicator chosen to assess the effect
of the intervention on VA status. The strengths and
limitations of different indicators to assess VA status
are briefly summarized in Table II, and will be further
considered with country-specific experiences dealing
with VA interventions, assessments, and strategies to
improve VA status in women and children.

Table I: Prevalence of VAD (serum retinol <0.7 pmol/L) and public health significance according to the World Health Organization

Children <5y Pregnant women
Prevalence Public Health Problem Prevalence Public Health Problem

Cameroon 38.8 Severe 17.9 Moderate
China 9.3 Mild 22.8 Severe
Ghana 75.8 Severe 18.1 Moderate
India 62 Severe 16.4 Moderate
Indonesia 19.6 Moderate 17.1 Moderate
Mexico 26.8 Severe 1.9 No
Senegal 37 Severe 19.4 Moderate
Thailand 15.7 Moderate 1.7 No
Zambia 54.1 Severe 14 Moderate

Notes: Adapted from [1]; assessment data were collected from 1995 to 2005.
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Table 1I: Strengths and limitations of different biochemical indicators to assess VA status.
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Biochemical Range of aso- Response to Interventions Limitations

Indicator of VA ciation with liver

status VA stores]

Serum retinol Deficient to Most commonly used indicator in Under homeostatic control.
moderate field studies. Negatively affected by subclinical

Breastmilk retinol

Dose response
tests (RDR and
MRDR)

VALID technique

Liver sample

Deficient to
moderate

Deficient to
adequate

Deficient to
sub-toxic

Deficient to
toxic

Not optimal to assess interventions
with marginal VA status or
inflammation.

Easy to obtain.

Sensitive with interventions for
VAD women and infants.

Not affected by inflammation.

Sensitive with interventions for
severe to marginal VAD.

Easy to implement in field studies.
Provides a qualitative estimate of
liver stores.

RDR has been validated against
liver stores.

MRDR strongly correlates with
RDR.

ensitive with interventions across
a full range of VA status.

2H or 13C labeled retinol can be
used as markers.

Can be implemented in field studies.

Provides a quantitative estimate
of total body VA pool size and
VA liver stores.

Enables estimation of VA dietary
requirement.

Gold standard to assess VA status.
Sensitive responder to assess
interventions.

infection, inflammation, inadequate
intakes of protein, energy or zinc,
which are required for retinol bin-
ding protein synthesis.

Milk composition depends on stage
of lactation (i.e. colostrum, transiti-
onal milk and mature milk).
Results may differ between casual
vs. full sampling techniques.

May reflect recent dietary VA
intake and not VA status.

Analysis needs saponification of re-
tinyl esters and thus special analytic
considerations.

RDR requires two blood collections
on the same day.

MRDR requires only one blood
draw but uses 3,4-didehydroretinyl
acetate (not commercially available
and difficult to synthesize).
Effective dose may depend on the
subject’s nutritional status.

Parasite infections (e.g., ascariasis
or giardiasis) may complicate inter-
pretation of results.

High-cost equipment to analyze the
isotopic enrichment ratio.
Validation for the use of VALID
technique in pregnant and lactating
women is needed.

Lack of Information on the effects
of inflammation and malnutrition
and/or toxicity, in the interpretation
of the VALID technique.

Not feasible for field work

VA is distributed in different areas
of the liver and to know the concen-
tration only one sample may not be
representative

Notes: Table constructed from references: [4—10]. 'Adapted from [4].

Cameroon

In 1980, a study based on SR and carotenoid concen-
trations showed that the VA requirement of Cam-
eroonians was being met [11]. Nevertheless, further
studies showed that clinical signs of VAD were evident
in the population and represented a moderate public
health problem according to WHO criteria [12, 13].
The National Survey on Vitamin A Deficiency and

Anemia showed that almost 40 % of children <5 years
old were VA deficient based on low SR concentration
[14]. This represents a severe public health problem,
although it may be an overestimate because inflam-
mation, which is known to lower circulating retinol
concentration, was not assessed [14].

Inresponse, in 2002, the government of Cameroon
launched a bi-annual VA supplementation program
(200,000 IU; 60 mg) for children aged 6—59 months to
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improve VA status. Unfortunately, there was no clini-
cal or subclinical evaluation of the program. However,
in 2009 a national survey was done in preparation for
a large-scale food fortification program (mandatory
fortification of oil) and indicators of VA status and in-
flammation were assessed before the fortification was
begun. Adjusted results showed that 35 % of children
under 5 years had VAD, which thus remains a severe
public health problem [15]. These results suggest that
the efforts through the national supplementation pro-
gram have not been sufficient to improve VA status
in the population’s children. However, a limitation
to this conclusion is that the assessment of VA status
was based on the determination of SR concentration,
which is not an optimal indicator to assess the response
to an intervention [4].

Because SR is homeostatically controlled and VA
assessment is difficult in settings where infectious dis-
eases are common [4], a more suitable biomarker was
sought. Therefore, Cameroon is establishing the VAL-
ID technique for the determination of VA status at the
Institute of Medical Research and Medicinal Plants
Studies. A pilot study is currently being conducted to
assess the effectiveness of the VA supplementation pro-
gram for children <5y using the VALID technique to
quantitatively assess the impact of supplementation on
the VA TBS of Cameroonian preschool age children.

China

The 2002 National Survey on Nutrition and Health
Status of the Chinese Population showed that the
prevalence of VAD (SR <0.7 umol/L) among chil-
dren 3-12 years old was 9.3 % (3.0 % and 11.2% in
the urban and rural areas respectively); the prevalence
of marginal VAD (SR 0.7-1.05 umol/L) was 45.1 %
(29.0 % and 49.6 % for the urban and rural areas re-
spectively) [16, 17]. Based on these assessments using
SR, children in rural communities were at greater
risk of VAD than in urban communities but overall,
VAD represented a mild public health problem for
the children of China (Table I).

In China, the VALID technique has been used
in several reports of VA status assessment. These
included an intervention study in preschool children
to evaluate the use of green and yellow vegetables
to maintain VA TBS [18]. A methodological report
showed that serum deuterium enrichment in school
children 3 days after the isotope dose correlated well
with enrichment after the usual 21 day equilibration
time, which supports a potential simplification of the

VALID technique in field settings [19]. The VALID
technique has also been used to determine the con-
version factor of pure B-carotene in oil to retinol in
Chinese adults (conversion of 9.1:1 by weight) [20,
21], and to assess the conversion of B-carotene in oil,
in golden rice and in spinach (conversion of 2.3, 2.0
and 7.5 to 1 respectively), in Chinese schoolchildren
[22]. More recently, the VALID technique has been
employed to assess the dietary requirements of VA
for healthy children and adults [23]. Wang et al. [24]
determined the amount of dietary VA required to
maintain constant VA TBS in 104 Chinese adults
(52 men and 52 women); the results suggested aver-
age requirements of 472 pg/day for Chinese women
and 561 pg/day for men. Another study by Zeng
et al. [25] assessed the VA intakes of well-nourished
Chinese children associated with liver retinol stores
between 0.07-1.05 umol/g as determined by the
VALID technique; results suggested that VA intakes
of 450 pg/day for children 4 -6 years and 550 pg/day
for children 7-9 years were adequate to maintain
these desired liver stores. These last two studies in
China, using the VALID technique to assess the VA
status and to estimate the VA requirements of dif-
ferent population groups, are consistent with similar
applications in Bangladesh and the United States
[26, 27].

Ghana

In 2012, Ghana’s government invested over 20 % of
its budget on education, primary health care, poverty-
focused agriculture, rural water, feeder roads and rural
electrification [28]. Many basic needs are unfulfilled
in this country; nonetheless, efforts to improve Gha-
naians’ health are being supported by international
researchers and NGO’s.

As shown in Table I, Ghana is a country in which
VAD is asevere public health problem [1]. One of the
strategies used to reduce child morbidity and mortal-
ity is VA supplementation, which has been provided
twice a year since 1997 during national immunization
campaigns. According to the Ghana Demographic
and Health Survey (2008), more than half (56 %) of
children age 6-59 months were given a VA supple-
ment in the six months prior to the survey, and 81 %
of children age 6—35 months ate fruits and vegetables
rich in VA within 24 hours prior to the survey [29], un-
fortunately VA status was not assessed biochemically,
thus no prevalence on low serum retinol concentration
is available from that survey. Ghana, as well as many
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other developing countries, relies on carotenoids as
a source of VA. Takyi [30], in a 1999 double blind
controlled study in preschool children from north-
ern Ghana, showed that intake of dark green leafy
vegetables with added fat significantly increased the
proportion of children with adequate VA status from
28.2 to 48.2 %. Although an important percentage of
participant children reached the cut-off for normality,
mean SR concentration did not significantly change
after feeding, confirming that SR is not especially sen-
sitive to assess interventions.

Results are not yet available for a study from the
Kintampo Health Research Centre to assess the ef-
fect of fortification of home based complementary
foods with or without VA on VA stores using the
VALID technique among children in Ghana. As with
all of the international projects being mentioned, the
collected samples were transported for mass spec-
troscopy analysis in the United States. Improving the
user-friendliness of the VALID techniques in the field,
by facilitating sample collection and transfer, or the
local analyses of samples, is desirable for further ap-
plication of the VALID method in Ghana and other
countries that need more information on the VA sta-
tus of the population to improve and target programs
to fight VAD.

India

India has one of the highest rates of VAD in the
world. Each year, VAD is associated with the deaths
of 330,000 children in India [31]. Therefore, in 1970
the government of India launched the National Pro-
phylaxis Programme against Nutritional Blindness
due to VAD, which provides a high-dose VA supple-
ment for children 9-59 months old [32]. Although VA
status has improved in the past few decades, results of
the Micronutrient Deficiencies Survey conducted in
2002-2003 by the National Nutrition Monitoring Bu-
reau, indicated that 62 % of preschoolers in India were
VA deficient, having SR concentrations lower than
0.7 umol/L [33, 34]. The same study showed that VA
supplementation coverage was low among children
(30 %), and this could in part explain why sub-clinical
VAD is still highly prevalent in Indian preschoolers.

Given that supplementation alone has not been ef-
fective in eradicating VAD as a public health problem
in India, additional interventions have been investi-
gated for complementing government strategies to
improve VA status, primarily using SR for evalua-
tion. A study by Basu et al. [35] assessed the effect

of VA megadose supplementation (209 pmol) to
mothers soon after delivery and results showed that
breast milk retinol significantly increased from 3.85
to 12.08 pmol/L and this was maintained for up to
four months; this also increased the SR concentrations
of the breastfed babies for up to five months.

Additional strategies to reduce VAD among Indian
children and adolescents have commonly involved
multiple micronutrient supplementation. In a study
without a control treatment group, micronutrient-
fortified biscuits containing 600 pg VA consumed on
work days for 8 wk reduced the prevalence of low SR in
adolescents [36]. In a placebo-controlled multinutrient
supplement study that included 375 ug VA adminis-
tered for 8 months to dewormed 6—10 year old school
children with mean baseline SR 0f 1.03-1.10 umol/L,
the prevalence of low SR significantly decreased in
both supplemented and control groups. In the same
study, SR concentrations increased from baseline
only in the supplemented group, but final SR con-
centrations did not significantly differ from the control
group [37]. In a cluster randomized, controlled study
by Varma et al. [38], there were unfortunate base-
line differences between groups in SR, but not VAD
prevalence, and no change was observed in either SR
or VAD prevalence after an intervention with iron
and VA (500 ug) premix. In a randomized controlled
trial of children aged 5-18y with mean SR close to
0.7 umol/L, a micronutrient fortified salt including
VA reduced the prevalence of VAD in children 5-18
years from 57 % to 16 %, based on SR <0.7 umol/L
[39]. Similar beneficial results were obtained in a sub-
sequent study by the same group, in which school chil-
dren with mean SR close to 0.7 pmol/L had improved
SR and lower prevalence of VAD from consumption
of a micronutrient fortified salt including vitamin A,
in comparison to a group receiving nutrition education
only or an untreated control group [40].

The SR concentration was sensitive as a biochemi-
cal indicator in some, but not all of these studies, and
inconsistently provided evidence of a reduction in
the prevalence of VAD with interventions. When
moderate to severe VAD is present in the popula-
tion at baseline, it is possible to observe a significant
increase in SR concentration. However, SR results
are not consistently sensitive, and do not indicate
whether VA status is marginal, adequate or perhaps
excessive after long-term interventions. For instance,
the fortified salt studies [39, 40] provided approxi-
mately 100 % of the recommended allowance of VA
for these children from fortified salt alone; although
such levels of fortification benefited those with VAD,
SR concentrations do not serve as a reliable indicator
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of possible excessive VA status when such doses are
provided to those with adequate V A status. Although
SR results continue to indicate sub-clinical VAD in
India (Table I), the universal approach of megadose
VA supplementation has been questioned [41], with
reference to substantial decreases in clinical VAD as
well as possible difficulties interpreting low SR, which
can also result from infectious inflammation or from
deficiencies of other nutrients such as protein, iron,
or zinc involved in metabolism and transport of the
vitamin (Table II).

Indonesia

The frequency of clinical signs of VAD has decreased
in Indonesia. However based on SR concentration,
VAD remains a moderate public health problem for
children under 5 years and among pregnant women [1].

Since 1975, efforts have been made to reduce VAD
in children, infants and post-partum women through
high-dose supplementation twice a year in children
under 5 years, reaching a coverage of about 86 % of
the targeted population [42]. Supplements of VA are
also administered to women for two days immediately
postpartum. In combination with these high-dose VA
supplementation programs, in 2012 the government
released the Indonesia National Standard for forti-
fication of cooking oil, which is not mandatory for
industries.

The assessment of VA status in Indonesia has in-
cluded the use of different methods and their provi-
sional cutoff points, such as SR (<0.7 umol/L), RDR
(>20%), MRDR (>0.06 ratio) and conjunctival im-
pression cytology (abnormality in one eye). Tanumi-
hardjo et al. [43] compared VA assessment methods
in Indonesian preschool-age children from two differ-
ent villages with no clinical eye signs of VAD. In the
study, there was a good agreement between abnormal
conjunctival impression cytology and MRDR (51 %
and 48 %, respectively), but interpretation of RDR
results was difficult because it provided normal re-
sults even when SR was severely low (<0.35 pmol/L).
In a second study that used a higher dose of retinol
(3.5, rather than 1.57 pmol) for the RDR test, good
agreement was obtained between RDR and MRDR
results (11 % and 12 %, respectively). These indicators
gave concordant group results but did not necessarily
identify the same individuals at risk [43].

A different study assessed the VA status of lactat-
ing (n=64) and non-lactating (n=14) non-pregnant
Indonesian women, using the MRDR test; results 5 h

after the 3,4-didehydroretinyl acetate was adminis-
tered showed that 70 % of lactating women and 7 %
of non-lactating women had inadequate VA stores
(MRDR >0.06) and only 7 % of the variability could
be attributed to differences in body weight [44].

In 2009, Rosmalina et al. [45] reported the change
in VA status of breastfeeding mothers, with two in-
terventions (i.e., postpartum VA supplementation, or
use of VA-fortified cooking oil), in a 2X2 factorial de-
sign. Mothers who received the fortified oil consumed
about 575 pg VA/day (i.e., 23 g of fortified cooking
oil/day) for 80 d. The two interventions, separately or
combined, significantly prevented a reduction in SR
concentration experienced by the group that did not
receive either intervention. VA-liver reserves in this
study were evaluated using the MRDR, a qualitative
indicator of low liver VA stores [46], and did not fur-
ther differentiate significantly between the treatments.

Mexico

VAD in Mexico is a severe subclinical public health
problem, as assessed by SR concentration [1]. Data
from the National Nutrition Survey in 1999, showed
that moderate and severe VAD was present in 27 % of
children 0-6 years old and 2 % of children 0—4 years
old [47]. Efforts to reduce the burden of VAD include
the administration of VA supplements to children
6-59 months (60 mg) during national health cam-
paigns since 1993. Although data are not available
on the VA supplementation coverage rate in Mexico,
itis estimated that 50—79 % of the population receives
two doses annually [42]. Robles et al. [48] assessed the
effect of supplementation on the VA status (as SR) of
Mexican children, and showed that supplementation
provided an immediate improvement in VA status
but its effectiveness was of limited duration. In this
population, VAD frequently coexists with parasite
infections such as Giardia lamblia, Entamoeba histo-
Iytica and Ascaris lumbricoides, which occur mainly
through contaminated food or water. In a study of
Mexican schoolchildren infected with Giardia lam-
blia, treatment of the parasitic infection improved
their VA liver reserves (assessed by MRDR), but not
their SR, possibly because most of the children did
not have clearly inadequate liver VA stores (MRDR
>0.06) [49].

Another approach used to reduce VAD in Mexico
is the distribution of VA-fortified milk for sectors
of the population with low socioeconomic status or
limited access to food. VA-fortified milk is included
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in the national school breakfast program, which has
been shown to improve iron and zinc but not VA
status [50]. In addition, a Mexican food aid program
(Liconsa fortified milk, produced by a company sub-
sidized by the Federal government) has been in ef-
fect since 2001 for high-risk sectors of the population.
This fortified milk program has been statistically as-
sociated with a decrease in the prevalence of ane-
mia in Mexican children [51], and a dietary analysis
of preschoolers’ VA intake showed that half of the
daily recommended intake of VA comes from such
industrial fortification [52]. Recently, a randomized
controlled clinical trial assessed the effectiveness of
the daily intake of 250 mL of VA-fortified Liconsa
milk (196 retinol equivalents/day) for 3 months in 24
preschool-age children with marginal VAD (SR >0.35
and <1.05 umol/L), using the VALID technique [53]
before and after the intervention [54]. The V A-forti-
fied milk increased SR, TBS and liver VA stores by a
difference of 0.35 pmol/L, 0.05 mmol and 0.08 pmol/g
of liver, respectively between the intervention and
control groups, P<0.05 [54]. However, the SR data
were difficult to interpret, as mean SR did not change
in the treatment group, but decreased in the control
group (data not shown). Use of the VALID technique
enabled quantitative assessment of the change in VA
stores, and indicated that liver VA stores were within
a range considered adequate but not excessive (0.1
to 1.0 umol/g) [4], even in the control group, whose
stores did not change from baseline. This provides
meaningful data for monitoring the intervention.

Senegal

In Senegal deficiencies of micronutrients such asiron,
iodine and VA are widespread and have physiological
and economic consequences. In order to ameliorate
VAD and reduce childhood mortality, the Senegalese
government has focused on bi-annual VA supplemen-
tation for children 659 months. Additionally, breast-
feeding promotion, production and consumption of
micronutrient rich foods and more recently a VA oil
fortification program, are available as complementary
strategies.

The VA status of vulnerable groups has improved
in recent years. The estimated prevalence of VAD
(based on SR <0.7 umol/L) was 37 % in young chil-
dren and 19.4 % in pregnant women, from a 2005
survey (Table I) [1]. Before the food fortification
program was launched, another national represen-
tative baseline survey was conducted in 2010, using

SR as the biochemical indicator. This national study
showed that only 1.9 % of childbearing age women had
moderate VAD (<0.7 umol/L) and 14.2 % had mar-
ginal VA nutrition (0.7-1.05 pmol/L) [55]. Among
children aged 12-59 months, 17.2% were VAD
(0.35-0.7 umol/L) [56]. Therefore according to the
WHO definition, VAD was a public health problem
among children aged 12—-59 months, but not among
women [1]. Further studies need to be performed,
using more sensitive indicators such as the MRDR
test or VALID technique, given that VA liver stores
or TBS were not measured.

In a sample of mother/infant pairs at 6 mo post-
partum (n=34), SR detected 8.8% VAD among
mothers and 15 % among infants [57]. However, a
qualitative assessment of liver stores using the MRDR
test showed that 73.5 % of the infants had low liver
stores. Liver stores were significantly higher in infants
whose mothers were VA supplemented post-partum,
compared with infants of non-supplemented mothers
(P=0.009), although neither maternal plasma retinol
nor milk retinol concentrations differed between the
two groups of mothers. In lactating women, breast
milk retinol concentration can serve as a useful indi-
cator of VA status [12] and additionally provides in-
formation on the infants’ VA intake; in this study VA
intake from breast milk was adequate compared to
current recommendations (~375 pg/d); nevertheless,
MRDR >0.06, suggestive of low liver concentrations,
was observed in 53.8 % and 95 % of infants from the
supplemented and non-supplemented mothers, re-
spectively [57]. Quantitative assessments of VA stores
in Senegalese children are desirable to help evaluate
the impact of interventions such as the national VA
fortification of cooking oil and the national program
of VA supplementation.

Thailand

Thailand is a transition country, with a decreasing
prevalence of undernutrition and a rapidly rising prev-
alence of overnutrition. Although significant progress
has been made over the past two decades in terms of
policy and programmatic development, VAD is still
a problem of public health concern amongst sectors
of the Thai population [1].

While micronutrient malnutrition (zinc, iron, iodine
and VA) still exists in a mild to moderate degree in
Thailand, there are no national high-dose VA supple-
mentation or food fortification programs, except for
universal salt iodization. Thailand’s strategy is to tar-
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getinterventions, such as high-dose VA supplementa-
tion and food fortification, to those who need it the
most and thus improve the health of the population
while more efficiently using economic resources. High
dose VA capsules have been provided when clinical
signs of VAD were detected. When clinical signs dis-
appeared, the supplementation program was stopped
and dietary intake of VA foods was promoted [58].

In Thailand, as in many other Asian countries,
multiple micronutrient deficiencies commonly coex-
ist and rice, one of the leading staple foods, contains
little Fe, Zn, or VA. Therefore, rice was evaluated
as a potential food for fortification to reduce defi-
ciencies of these micronutrients in the Thai popula-
tion. A randomized controlled trial was conducted to
evaluate the impact on VA status of triple-fortified
rice (9 mg Zn, 10 mg Fe, and 890 png VA as retinyl
palmitate in 140 g cooked rice) consumed 5 days per
week for 2 months by school-age children from Sa-
tun (south Thailand) whose SR was >0.7 umol/L)
[59]. Eating fortified rice did not affect SR concentra-
tion, but significantly increased the children’s liver
VA stores, using the VALID method, without any
change in the control group. The prevalence of VAD
(based on liver VA of <0.07 pmol/g) was reduced by
about half in the treated children, in contrast to the
controls, a difference which was not detectable with
SR. Future research plans in Thailand include the
use of the VALID technique to assess the efficacy of
fortified rice to improve breast milk retinol and VA
liver reserves in lactating women.

Zambia

VAD is highly prevalent in Africa especially Sub-
Saharan Africa, with the underlying cause being diets
that are chronically insufficient in VA [1]. Addition-
ally, VAD coexists with a high prevalence of infec-
tion, which may impair VA status [60] or at least the
evaluation of VA status with SR [61-63].

In Zambia, children between 6 months and 5 years
currently receive high-dose VA supplements (100,000
IU [30 mg] from 6—12 months; 200,000 IU [60 mg]
from 12-60 months), once every six months with a
coverage rate of 96 % [42]. Additionally, there is a
national program that provides V A-fortified sugar to
the population. A national survey conducted in 2003
indicated that about 54 % of children under 5 years of
age hadlow SR (<0.7 pmol/L) 30 days after high-dose
VA supplements were distributed [64]. This unex-
pected finding was more common with inflammation

(elevated C-reactive protein) or the presence of ma-
laria parasites in the blood. Against this background,
two different studies are being conducted to assess the
impact of an intervention on VA stores:

A double blind, placebo controlled efficacy study
is using the VALID technique to assess whether the
administration of a high-dose VA supplement has a
sustained (30-d after administration) effect on VA
TBS in children 3-S5 years of age. Additional to VA-
stores, weekly morbidity and dietary (food frequency)
data will be evaluated, to examine relationships be-
tween morbidity and usual intake of VA-containing
foods with the observed changes in VA status.

An efficacy study will determine changes in VA
TBS in response to the consumption of a biofortified
crop (orange maize) by Zambian children.

Recently a study by Bresnahan et al. [65] in Zam-
bian children 3 to 5 years of age assessed the effect
of inflammation on indicators of VA status during
a randomized controlled feeding trial. The results
showed that SR concentration significantly decreased
20-30 % during early convalescence (elevated C-re-
active protein) (P<0.05). Additionally, the MRDR
test was not affected by the acute phase response
(elevations in C-reactive protein and/or a,-acid gly-
coprotein). However, the MRDR values increased
(16 %, P<0.05) during the 3 mo study, indicating that
liver stores were being decreased, possibly reflecting
change between administrations of the semiannual
VA supplementation program.

Conclusions

This report summarizes different approaches by sev-
eral countries to ameliorate VAD, particularly in chil-
dren under 5 years old and in pregnant and lactating
women. Unfortunately, these strategies are not always
accompanied by an assessment of the intervention on
the VA status of beneficiaries, and it is most common
to use SR concentration as the biochemical indicator,
which due to homeostatic control is not very respon-
sive to interventions, especially when VAD is mild.
Furthermore, in most developing countries infections
are common, which may reduce SR, possibly inde-
pendent of VA status. Thus, the assessment of VA
status should be accompanied by measurements of
inflammation markers such as C-reactive protein and
plasma al-acid glycoprotein.

Currently, the countries discussed (Cameroon,
China, Ghana, India, Indonesia, Mexico, Senegal,
Thailand and Zambia), are looking for better ways
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to address VAD, and are applying more sensitive
techniques that enable estimation of VA-liver stores.
The VALID technique is the method of choice to
assess VA status, response to interventions and the
dietary adequacy of VA intake for different popu-
lation groups. This technique is highly sensitive,
but the equipment needed to perform the isotope
analysis such as gas chromatography/electron cap-
ture negative chemical ionization-mass spectrometry
[66], gas chromatography/combustion/isotope ratio
mass spectrometry [67], and more recently liquid
chromatography-tandem mass spectrometry [68],
are expensive. Additionally, although the improved
methodological sensitivity allows the use of smaller
stable isotope doses, labeled retinyl acetate (i.e. *H
or PC) is not inexpensive. These expenses as well as
a relatively high involvement required of the study
subjects, including multiple blood samples scheduled
for several days limits the use of the VALID technique
to assess VA status in large epidemiological studies.
However, the VALID technique can be strategically
used as the most sensitive way to answer questions
about VA status, the impact of VA interventions, and
the VA requirements of vulnerable population groups.

Further research is needed to continue to develop
available equations to estimate liver VA stores and
establish recommendations to distinguish between
mild deficiency, adequate intakes, and risk of exces-
sive intakes. This is especially true in settings where
mild VAD is more prevalent than moderate or severe
deficiency, and infectious diseases are endemic (in-
flammation). Further work is needed for interpreting
the results of the VALID technique with different
ages and physiological conditions such as pregnancy,
lactation, or obesity.
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