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ABSTRACT

An ongoing challenge to our ability to address the role of food and nutrition in health promotion and disease prevention is how to design and
implement context-specific interventions and guidance that are safe, efficacious, and avoid unintended consequences. The integration to effective
implementation (I-to-I) concept is intended to address the complexities of the global health context through engagement of the continuum of
stakeholders involved in the generation, translation, and implementation of evidence to public health guidance/programs. The I-to-I approach
was developed under the auspices of the Micronutrient Forum and has been previously applied to the question of safety and effectiveness of
interventions to prevent and treat nutritional iron deficiency. The present article applies the I-to-I approach to questions regarding the safety and
utility of large-dose vitamin A supplementation programs, and presents the authors’ perspective on key aspects of the topic, including coverage
of the basic and applied biology of vitamin A nutrition and assessment, clinical implications, and an overview of the extant data with regard to
both the justification for and utility of available intervention strategies. The article includes some practical considerations based on specific country
experiences regarding the challenges of implementing vitamin A–related programs. This is followed by an overview of some challenges associated
with engagement of the enabling communities that play a critical role in the implementation of these types of public health interventions. The
article concludes with suggestions for potential approaches to move this important agenda forward. Adv Nutr 2020;11:185–199.
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Introduction
The “integration to effective implementation” (I-to-I) con-
cept has been previously introduced by the Micronutrient
Forum (1). Briefly stated, the I-to-I approach is an effort
to promote global health by providing a comprehensive
framework to address: 1) the range of components of the
“nutritional ecology” (Figure 1), and 2) the need to engage
the multiple stakeholders involved in the continuum of effort
toward the development and implementation of evidence-
informed programs, policies, and standards of care. The

application of the I-to-I approach would also help address
concerns that arise about the safety and/or efficacy of a
particular public health intervention resulting from new
knowledge, accumulated experience, or changing/evolving
conditions in the ecosystem.

With regard to nutrition-specific interventions (2), it is
essential to recognize what triggers are associated with these
interventions, such as the overall status of a given nutrient
in the population, including micronutrient supplementation
to address inadequate dietary intake, the biological variables
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FIGURE 1 Nutrition ecology: program implementation and service delivery need to be continually reconciled with the new evidence
generated throughout the continuum of effort and the biological and resource context “on the ground.”

affected by specific deficiencies, and physiological interac-
tions among numerous processes. These processes include
ingestion, digestion, metabolism, utilization, and integration
into key biological systems resulting in functional outcomes,
for example, growth, immunocompetence, response to thera-
peutics, development, and neurological function. Nutritional
status and the processes by which it is achieved have a
reciprocal relation with the health of the patient and with
the target populations served by public health interventions
and standards of care. The complexity of the intersection
of nutrition and the global health context is outlined in
Figure 2.

Not only is the interaction between infectious and
noncommunicable diseases (NCDs) well recognized (3, 4),
but also the emerging understanding of the roles of early life
nutrition and of the microbiome in mediating this interaction
is now critical for better understanding the complexity of
global health. An additional consideration is the growing
appreciation of the inflammatory process as both a mediator
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of nutrition, and at least of equal importance, its impact on
the interpretation of many of the biomarkers used to assess
nutritional status (4, 5).

Considering the complexity of this nutritional ecology,
it becomes clear that the approach to addressing malnu-
trition (i.e., undernutrition/overweight-obesity, representing
a double burden of malnutrition) is more than a matter
of having “too much” or “too little” of 1 or several
macronutrients/micronutrients (micronutrient deficiencies
adding a further triple burden of malnutrition) or en-
ergy/nutrient density in the diet. As we learn more about
these interrelations, we will need to improve our processes
for translating new data/knowledge in a timely fashion to
develop safe (do no harm) and efficacious interventions that
achieve positive health outcomes, are culturally, economi-
cally, and environmentally sustainable, and avoid unintended
consequences. The I-to-I approach is intended to facilitate
the dialogue amongst the relevant stakeholders to achieve
these goals.

An evolving view of this continuum includes a number
of components involved in efforts to develop and implement
public health interventions. This view also recognizes that
the process is not linear but circular, involving a continued
process of generating and interpreting new data inputs and
outcomes. These elements are listed in Table 1.

I-to-I case study II: vitamin A supplementation
programs
In the first application of the “I-to-I” approach, the concerns
about the safety and efficacy of interventions to prevent and
treat iron deficiency were addressed (1). These concerns
arose as a result of documented adverse outcomes in the
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FIGURE 2 The global nutrition and health context. Adapted from reference 1 with permission.

context of infections, such as malaria, the challenges of
assessing iron status in the presence of inflammation, and
lack of clarity with regard to the safety and efficacy of
the various available options for preventing and treating
iron deficiency. The implications of these concerns were
addressed in terms of not only new scientific knowledge, but
also the impact on those involved in trying to address this
major health concern from local/country to global levels.

The present article summarizes the second effort to apply
the I-to-I model to another high priority public health
issue, that of the safety and efficacy of interventions to
prevent vitamin A deficiency (VAD). This article is based
on the presentations and subsequent deliberations of the
coauthors initiated at a symposium sponsored by the Mi-
cronutrient Forum and conducted at the 2017 International

Congress of Nutrition meeting in Buenos Aires. The article
is organized into several components covering the core
areas of: vitamin A biology, clinical considerations, current
program/intervention options, and issues pertaining to the
engagement of the enabling communities needed to imple-
ment and support such programs. The article also includes
perspectives provided by individual country experiences
with specific regard to vitamin A.

Current Status of Knowledge
Estimates of VAD
Current estimates of the prevalence of VAD at the country
level are limited or missing in most low- and middle-income
countries (LMICs) (6). However, data from the WHO indi-

TABLE 1 Components of the nutrition enterprise covered by the I-to-I approach1

Basic biomedical/clinical/plant/environmental/animal science research
To understand the nature and mechanism of problems related to the many aspects of human growth and development

Knowledge translation
Best practices in clinical assessment and surveillance to identify problems in individuals and populations

Interventions
Sustainable, culturally relevant, and biologically based nutrition-specific and nutrition-sensitive interventions and programs

Implementation (both rolling-out and scaling-up)
Must involve a range of stakeholders at local/community, national, and global levels

Monitoring and evaluation of programs/policies
Timely and responsive change as needed. Data collection to give feedback at critical points throughout a continuum that includes research, translation,
intervention development/revision, etc.

Data inputs/outputs
Creation of a critical interconnecting and continuous loop to enable responsiveness to changes anywhere along the chain, allowing for the
correcting/avoiding of unintended consequences

1I-to-I, integration to implementation.
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cate that the global prevalence of night blindness (a biological
indicator associated with clinical VAD) includes 5.17 million
preschool-age children and 9.75 million pregnant women.
Based on a serum retinol concentration <0.7 μmol/L, it is
estimated that 190 million preschool-age children could be
affected, as well as 19.1 million pregnant women (7).

The root cause of VAD is insufficient intake, but vitamin
A status can also be impacted by acute and chronic
inflammation associated most prominently with infectious
disease; status can be further compromised by increased
utilization and excretion. Consequently, complementary
efforts to improve vitamin A status should include actions
directed to the prevention and control of infectious diseases.
In a virtuous biological cycle, improving vitamin A status will
also reduce the number of deaths from infectious diseases in
children in LMICs (8–10).

With specific regard to intake, the safest and most
sustainable intervention for improving vitamin A status
is improved dietary diversity and related food-based ap-
proaches to provide better access to sources of vitamin
A. Unfortunately, there are often challenges to improving
vitamin A status through improved food/nutrient security
and dietary diversity, thereby necessitating other interven-
tion options, most prominently fortification of staple foods.
For example, fortification of sugar, oils and margarine, and
wheat flour has been successfully implemented in many
countries that have government-regulated programs (11–13).
Another variation of this approach is the use of biofortified
foods like orange-fleshed sweet potatoes or maize providing
provitamin A carotenoids. Because biofortification involves
the provision of provitamin A to the diet, consideration needs
to be given to associated changes related to bioavailability and
bioconversion (14–16).

In countries or regions where improved dietary access
or fortification are either not viable/effective options or do
not guarantee full coverage for at-risk populations, vitamin
A supplementation (VAS) has proven to be a useful option.
VAS is recommended by the WHO (17) and includes the
periodic (semiannual) delivery of 2 doses of 200,000 IU of
vitamin A to preschool-age children (1 to <5 y of age) and
1 dose of 100,000 IU of vitamin A to infants 6–11 mo old
(18). Global coverage peaked at 76% in 2009, but by 2016 only
64% of children in need received the recommended 2 doses
of annual vitamin A—a drop by more than a half in countries
with the highest under-5 mortality rates (19).

The controversy
Numerous options exist to address VAD as a public health
issue including food-based interventions (e.g., dietary diver-
sification, fortification, biofortification, or various modes of
dietary supplementation). As will be discussed below many
of these options have shown efficacy in particular contexts.
Nevertheless, on a global scale, 6-monthly supplementation
with high-dose vitamin A capsules to young children (usually
aged <6 y) has been shown to be efficacious and remains
the main approach (20). According to UNICEF, the use of
this approach peaked in 2009 at 78% (∼290 million children)

in 27 priority countries (19). In 2016, 89% of governments
had a policy, strategy, or plan of action on VAS (21). In sub-
Saharan Africa only 10 countries (down from 27 in 2009)
had active programs. A similar downward trend in coverage
has been reported globally, where coverage is now only 64%
in priority countries (19). As a public health intervention,
questions have been raised about the sustainability of these
supplementation programs and whether the decline in use
is associated with diminished effectiveness as the health and
nutrition profiles of countries change. In addition, reliance on
donors and cooperating partners for the financing of supple-
mentation is of further concern. As a consequence, assistance
to countries for different complementary approaches, in-
cluding fortification, dietary diversification, biofortification,
and multimicronutrient powders, is now gaining increased
attention (22–24). It is against this backdrop that questions
have been raised about the evidence used to justify the use of
high-dose VAS.

The justification for high-dose VAS is less about serving as
a sustainable method to improve vitamin A status and more
about reducing mortality due to such infectious diseases as
measles and acute diarrhea in vitamin A–deficient young
children (25, 26), presumably via still poorly understood
interactions with other immunomodulatory interventions,
including bacille Calmette–Guérin (BCG) and diphtheria-
tetanus-pertussis (DTP) vaccines (27). Recent questions have
been raised as a result of 2 core factors: 1) vitamin A
status improves only transitorily (1–3 mo) in children with
low dietary intake following high-dose VAS (28), and 2)
evidence suggests that vitamin A might not be as effective as
previously thought in reducing child mortality (27, 29, 30). A
recent Cochrane review supported the efficacy of VAS (31),
but the controversy regarding efficacy persists. In addition,
concerns have been raised about the sustainability of VAS
programs. These questions have led some to recommend
shifting the current policy supporting VAS toward a range
of other interventions, including food-based approaches
(e.g., fortification) or regular low-dose supplementation or
even total cessation of current high-dose VAS (32, 33).
Other bodies have argued strongly against the last, until
affected countries show impact on under-5 mortality rates
(8, 34).

Currently, >80 countries worldwide have universal VAS
programs that deliver high-dose vitamin A to children aged
6–59 mo on a biannual basis. The Global Alliance for
Vitamin A (GAVA) recommends that countries should only
consider scaling down this intervention when it is no longer
considered a public health problem, that is, when there is
evidence from ≥2 nationally representative cross-sectional
surveys showing that VAD prevalence (serum retinol <0.7
μmol/L) is <5% (35). More recent (2019) guidance suggests
that scaling back VAS can occur when VAD prevalence is
<10% and dietary intake data indicate adequate vitamin A
intake (36).

The objective of this article is to provide a perspective on
the need for a comprehensive approach to address vitamin A
insufficiency, considering basic biology, clinical/population
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FIGURE 3 Major forms of vitamin A, provitamin A carotenoids, and vitamin A metabolism. αC, α-carotene; βC, β-carotene. Reproduced
from reference 37 with permission.

assessment, and different interventions, and how these can
be translated to appropriate programs and policies using the
I-to-I approach.

The following sections summarize:
� Basic vitamin A biology and assessment
� Clinical perspectives
� Relative strengths and weaknesses of vitamin A inter-

ventions
� Country perspectives: implications of the current

concern/debate on national efforts to prevent VAD
� Context and perspectives from enabling agencies

Basics in vitamin A biology and assessment
An overview of the major forms of vitamin A, provitamin
A carotenoids, and vitamin A metabolism is depicted in
Figure 3 (37). The primary form found in vitamin A

supplements is retinyl palmitate, which, when given at high
doses, results in increased fecal excretion to avoid “over-
whelming the system” (38). The most common provitamin
A carotenoids in the human diet include α- and β-carotene
and β-cryptoxanthin. Carotenoids from food are not as
bioavailable as those from supplements, and therefore the
Institute of Medicine recommends that a bioefficacy factor of
12 μg β-carotene equivalents from a mixed diet be equivalent
to 1 μg of retinol in dietary calculations of generally healthy
individuals (39).

Vitamin A in the human body is found predominantly
in the liver. A variety of biomarkers exist to assess vitamin
A status (37). The 2 most common biomarkers available
for population surveys include serum retinol concentrations
and the modified relative dose response (MRDR) test. Both
require only a single blood sample, which is desirable for field
surveys. Furthermore, analysis only requires HPLC, which
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is usually available in countries that choose to use these
biochemical markers. Each measure has different merits
compared with other available biomarkers for vitamin A
concentrations in the body:

� Serum retinol, the most commonly used biomarker, is
a static index of vitamin A that is homeostatically con-
trolled and does not respond substantially to vitamin A
supplementation unless the subject is severely vitamin
A deficient.

� The MRDR test reflects liver stores and responds to
low storage concentrations of retinol in the liver. The
MRDR value is almost invariably negative when liver
reserves are high (38).

The MRDR test gives more discrimination than serum
retinol concentrations alone, showing that it has greater
potential to yield more statistical power on fewer subjects
and a better definition of the actual vitamin A status of
the population (38). Demonstrating this, in 2 studies, one
in Zambia (40) and another in Indonesia (41), no change
in serum retinol was reported in response to vitamin A
interventions but MRDR values, reflective of liver stores,
did respond in both trials. Of additional interest was that
in the Zambian cohort, both groups of children (traditional
unfortified white maize compared with carotenoid-enhanced
maize) lost liver stores over the course of the intervention,
demonstrated by an increase in MRDR values. In the study
in Indonesia, the MRDR test could distinguish between
children who had received a high-dose supplement and those
who had not, even though serum retinol concentrations were
not different between the groups (42).

The most commonly accepted tenets of vitamin A
homeostasis are that: 1) total body vitamin A stores regulate
vitamin A homeostasis (43); 2) vitamin A status indirectly
regulates bioconversion of provitamin A carotenoids to
retinol (44–46); and 3) bioconversion in the intestine is
regulated through diet-responsive regulatory mechanisms
(47). However, it is important to note that the role
and extent to which liver stores regulate provitamin A
carotenoid absorption and/or bioconversion have also not
been thoroughly determined in humans (47). Of interest is
a report in which Zambian children with hypervitaminosis
A, diagnosed using stable retinol isotope dilution, had
high serum carotenoid concentrations (48). The children
in this cohort also demonstrated hypercarotenodermia dur-
ing the mango season, presumably associated with high
carotenoid intake (49). The authors surmised that these
results indicate that even in the face of high liver stores
and presumptive hypervitaminosis A, carotenoid absorption
still occurred and these carotenoids were stored intact in
tissues.

The current uncertainty on the appropriate retinyl palmi-
tate supplementation dose is being examined through studies
on the basic biology of vitamin A homeostasis after high-
dose supplementation using animal models. Animal studies
with the lactating sow–nursing piglet dyad have revealed
interesting results concerning response to different levels

of supplementation. Offspring of sows that had received
the human equivalent of either 200,000 IU or 400,000 IU
had the same liver retinol reserves at time of kill (50). In
piglets receiving graded doses of retinyl ester, liver vitamin
A reserves were only 5% higher in piglets receiving 100,000
IU than in those receiving 50,000 IU. Liver retinol responded
dose dependently, but serum retinol concentrations did not
differ (51). MRDR values were much higher in the piglets
from sows that had been on a vitamin A-depleted diet for
longer. In a comprehensive study that evaluated newborn
supplementation in a piglet model, 0, 25,000, 50,000, and
200,000 IU of retinyl palmitate were administered at birth.
Liver retinol reserves did not differ between 25,000 and
50,000 IU and 50,000 and 200,000 IU at most time points,
with much lower retention of the 200,000 IU dose (21).
Another finding revealed that growth of piglets in the
newborn study was interrupted when they received the
vitamin A supplements compared with the placebo group.
In a study in vervet monkeys, weight was also negatively
impacted with higher vitamin A status (52). The studies in
both pigs and monkeys provide evidence not only to support
the importance of monitoring liver stores (through MRDR
rather than only circulating concentrations of retinol) (51)
but also of potential adverse effects on growth of high-dose
vitamin A (21) or lifetime exposure to vitamin A fortification
in their feed (52).

In conclusion, the mantra of “more is better” clearly does
not apply to intervention programs designed to improve
vitamin A status. The most commonly used biomarker for
assessing vitamin A status, serum retinol, does not fully
reflect vitamin A biology due to homeostasis, particularly in
terms of predicting potential liver stores and toxicity. The
MRDR test and other tools can be more effective at predicting
unintended consequences of vitamin A interventions. More
research is needed to expand our understanding of vitamin A
homeostasis, including the regulation of carotenoid absorp-
tion and bioconversion to retinol and how the body responds
to high liver stores of vitamin A in terms of feedback on
catabolic pathways. Vitamin A and its precursors represent
a complex biological system that impacts, and is impacted
by, other biological systems integral to normal growth
and function. In the absence of a fuller understanding of
these interrelations, a balanced approach based on available
evidence is needed to assess and to inform the process for
making decisions about the current tools for preventing and
treating VAD in low-resource settings.

Clinical perspective
Regarding how best to address questions about vitamin
A treatment options, the core questions for clinicians are
focused on how to assess vitamin A status, particularly in the
context of the patient’s overall health status, how to interpret
those results, and what to do next? The answers are rarely
straightforward. These challenges are illustrated by the case
of a 2-y-old child being managed as an outpatient for severe
acute malnutrition with fortified ready-to-eat therapeutic
food (RUTF) who presents to clinic with diarrhea and poor
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TABLE 2 Profile of VAS programs1

• Of 82 countries implementing VAS, 77 had coverage data
• 54 were running in parallel with ≥1 other vitamin A intervention:

� 41 also had mass fortification (vegetable oils, sugar, margarine, wheat flour)
� 21 had biofortification (sweet potato, maize); 17 of which also had vitamin A fortification
� 21 implemented micronutrient powders; of which 12 also had fortification or biofortification

• Of these 54, 27 had no data or data were older than 10 y
• Vitamin A assessment under micronutrient survey including program coverage should be done every 10 y

1Data from reference 19 (UNICEF, 2018). VAS, vitamin A supplementation.

appetite. Two weeks prior to this visit, a measles campaign
with high-dose VAS took place in the child’s village. Here are
3 options:

a) Provide high-dose VAS and admit to malnutrition treat-
ment center?

b) Admit for treatment of malnutrition, but do not admin-
ister vitamin A, because the child is already receiving the
daily recommended intake?

c) Provide oral rehydration and zinc and send home?

It can be argued that the child in the case study described
should not continue to be managed as an outpatient,
because she or he has an acute illness with poor appetite.
Only children with severe acute malnutrition who have no
apparent problems with appetite and are otherwise clinically
well should be treated as outpatients. In the case of the
outpatient child, the choice of oral rehydration therapy plus
zinc could be inappropriate. As for the use of a high-
dose VAS, because the child is already receiving vitamin
A via the fortified RUTF being used to treat their severe
acute malnutrition, providing a further high-dose VAS might
not be the first choice of action, although the provider
would want to confirm whether the child actually received
the supplement. If intake was impaired due to the illness
(diarrhea), then VAS could also be given. It can then be
argued that admission for the illness, but no additional VAS,
would be the best course of action (53). The bottom line in
this decision-making process is that context matters.

An estimated 30% of children are vitamin A deficient
globally based on serum retinol, contributing to 2% of
childhood deaths (8). In response, WHO currently has
10 guidelines specific to VAS in various target groups,
including neonates and young children (18, 54), pregnant
and postpartum women (55), and individuals with clinical ill-
ness, including severe acute malnutrition, human immuno-
deficiency virus, and respiratory infections (56, 57). The goals
of VAS are broadly to:

� Decrease night blindness and xerophthalmia.
� Reduce child mortality (by 12–24%, as above) likely by

reducing case fatality of measles, diarrhea, and other
infections.

� Improve vitamin A nutrition, although as described
above, any improvement in status is short-lived, so
other ongoing dietary and public health measures are
likely to be needed.

VAS of preschool children is one of the most widely used
public health interventions, implemented in >80 countries
worldwide with an estimated current median coverage of
70% (58). Despite the clinical importance of addressing VAD,
there are critical gaps in the population vitamin A status data
that are needed to appropriately target interventions. In a
recent review of 82 countries with VAS programs, two-thirds
had no VAD data, or data that were >10 y old (59). Fifty-one
VAS programs were implemented in parallel with ≥1 other
vitamin A intervention, and of these, 27 countries either had
no VAD data or data collected in 2005 or earlier, as shown
in Table 2. To inform clinical and public health programs
and policy, more accurate estimates of vitamin A status are
needed.

However, as noted above, the availability of field-friendly
and valid biomarkers for VAD remains a gap (22). An
added complexity are the implications of the acute-phase
response for interpreting biomarkers of vitamin A status,
because both serum retinol and retinol-binding protein
(RBP) are negative acute-phase reactants (i.e., concentrations
decrease in the presence of inflammation), thereby creating
the potential for overestimating VAD if not adjusted for
inflammation (22, 50). Data from the Biomarkers Reflecting
Inflammation and Nutritional Determinants of Anemia
(BRINDA) project attest to the implications of inflammation
for vitamin A assessment (60). In an analysis of 20 surveys
of preschool children from Asia, sub-Saharan Africa, and
North, Central, and South America, both retinol and RBP
concentrations were significantly negatively correlated with
C-reactive protein and α1-acid glycoprotein concentrations,
and adjusting for this effect decreased the estimated preva-
lence of VAD by a median of 13.1 to 16.4 percentage points
(for retinol compared with RBP, respectively) (61). Using
unadjusted retinol and RBP concentrations, 14 countries had
an estimated VAD prevalence of >20%, considered a severe
public health problem by the WHO. However, after adjusting
for inflammation using the BRINDA approach, the public
health significance of VAD dropped from severe to mild in
7 surveys and from severe to moderate in 4 surveys (61).
These data demonstrate the importance of accounting for
inflammation when assessing the population prevalence of
VAD.

Clinical considerations need to be integrated into public
health programs tackling VAD. These might include preven-
tion and treatment of general malnutrition, prevention and
treatment of infections, and supplementation of individuals
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with vitamin A when warranted. With regard to the use of
VAS, as noted above, context matters and care should be
taken to address all contingencies regarding vitamin A status
including the potential for toxicity which, although rare, does
happen (62–64).

Relative strengths and weaknesses of vitamin A
interventions: evidence base and lessons learned
This section focuses on the application of current knowledge
of interventions to address VAD. As noted above, the analyses
presented by Mason et al. (32) have stimulated considerable
debate about the current justification used in defense of high-
dose VAS, that is, that these interventions both improve
vitamin A status over time and reduce child mortality.
An analysis of the extant data reveals both the slowing
trends in reduction of VAD (as assessed with serum retinol
concentrations and the WHO cutoff point of 0.7 μmol/L)
and a relatively flat trend in child survival provided by VAS
programs, as well as a relative disconnect from trends in child
mortality. To put this argument in perspective, based on these
analyses VAS is not expected to reduce VAD prevalence, yet
it nevertheless is promoted as a child survival intervention.

Contrasting with the position of Mason et al., an earlier
Cochrane systematic review covering 43 randomized clinical
trials involving 215,633 children had shown a 24% reduction
in all-cause mortality in children aged <5 y receiving high-
dose supplementation using commercially produced vitamin
A capsules (65). Caveats raised by Mason et al. (32) regarding
total reduction in all-cause mortality include the observation
from data analyses of the original Aceh Trial that the most
pronounced reductions in mortality were in children 2 mo
postdose, with rates stalling afterwards. This might indicate
a critical window for the efficacy of VAS compared with
other intervention options. It was also suggested that if
the data from the Deworming and Enhanced Vitamin A
Supplementation Trial (29) were added to the Cochrane
data, the effect would be cut in half to a 12% reduction
in all-cause mortality. It should be noted that although
this is a significant reduction in the currently accepted
effect size, a 12% reduction in mortality still represents a
significant public health outcome that provides justification
for the continuation of WHO guidance with regard to
VAS (17).

In terms of efficacy, programs employing frequent low-
dose vitamin A, mimicking food channel delivery, have been
most effective in reducing the impact of VAD and elevating
serum retinol (20, 39). This evidence raised the option of a
potential mix of vitamin A interventions in the areas where
VAD is still a public health concern. Regional differences
in global trends in VAD, highlighted in a report by Stevens
et al. (9), show that whereas the overall prevalence of VAD
over the period 1991–2013 was reduced from 39% to 29%,
the greatest shifts were occurring in Southeast Asia/Oceania.
However, as illustrated in Figure 4, the highest prevalence of
VAD in 6–59-mo-old children continues to be in South Asia
(44%) and sub-Saharan Africa (48%). With specific regard to

child mortality rates attributable to VAD, there was an overall
decline to 1.7% but virtually all (>95%) of those deaths
occurred in Southeast Asia and sub-Saharan Africa (8).

To obtain a clearer picture of global VAD, it is important
to see where VAS programs are, and then review their
impact on VAD. A recent study by Wirth et al. (6) reported
that in two-thirds of the countries currently engaged in
VAS programs, either alone or in parallel with 1 other
intervention, the data on vitamin A status were either absent
or >10 y old. This warrants a call for an update of VAD
data for programmatic decision. Table 2 highlights some
of the key features of countries currently employing VAS
programs.

To guide decisions on country programs, there is a need
to address the other critical piece of the program evaluation
puzzle—how should vitamin A be assessed by monitoring
both prevalence and intervention impact of vitamin A
status? Based on a review of the changing vitamin A global
landscape, Klemm et al. (66) have drawn several conclusions:

� VAS alone is not a viable sustainable approach to
maintain or improve vitamin A status.

� Other interventions are required to be included with
VAS to achieve adequacy.

� Decisions on what and how to intervene will depend
on:

◦ habitual diet surveys that can address such questions
as when “lean seasons” in vitamin A security occur,
and the timing of peak infectious disease burden;

◦ tracking coverage of interventions and including all
sources contributing to vitamin A intake;

◦ monitoring potential for excess, as well as excessive
stores;

◦ validation with biochemical indicators with biomark-
ers that include serum retinol, RBP, breastmilk
retinol, retinyl ester, or retinol isotope dilution
assay.

� There is a need for vitamin A program assessment
guidelines to support decision-making processes at
country level with regard to when, what, and how to
intervene to improve vitamin A status.

In conclusion, sustainable improvement of vitamin A
status is most likely to be attained via enhanced dietary
intake through food-based approaches. Given the existing
recommendations and recent questions, an overarching
question is whether countries should continue to supplement
or not, and if not, how would this decision be made
by countries? The GAVA Technical Consultation in 2012
recommended that countries should consider scaling back
on universal VAS programs when survey data confirm a
threshold of verified subclinical VAD prevalence of <5%
(based on the WHO VAD public health cutoff for low
serum retinol) (58). These questions might be addressed
by considering the key data gaps of inadequate up-to-
date VAD prevalence, a guide of vitamin A assessment
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FIGURE 4 Global prevalence of vitamin A deficiency in children aged 6–59 mo. Reproduced from reference 9 with permission.

methodologies for both intake (to monitor coverage, ade-
quacy, and excess) and status through the most appropriate
biomarkers, and to derive possible algorithms to assist
countries in making decisions on the mix of vitamin A
interventions (67).

Country perspectives: implications of the current
concern/debate on national efforts to prevent VAD
The experience of countries involved in national programs
to address VAD provides a valuable perspective for the
issues confronting public health agencies engaged in such
efforts. Experiences of 2 countries, Guatemala and Zambia,
illustrate the challenges and provide insights about the value
of 4 broad elements comprising this enterprise, including: 1)
basic, clinical, and population-based research; 2) translation
of that research into safe and effective interventions; 3)
development, implementation, and evaluation of targeted
programs; and 4) stakeholder support of the roll-out, scale-
up, evaluation, and sustainability.

The value of these 2 case studies is that they demon-
strate different approaches to the public health problem
of VAD—the historically important fortification of sugar
from Guatemala (68, 69) and the integrated Zambian
approach (70). These examples also demonstrate the value
of cross-fertilization of national programs across continents.
The sugar fortification component in Zambia was directly
influenced by the Guatemalan program, initiated in the late
1960s, sharing expertise to launch the Zambia fortification of

sugar with vitamin A, which has been mandatory in Zambia
since 1998 (largely supported by the United States Agency for
International Aid) (71). Both experiences demonstrated the
implications of the current concerns and resulting debate on
national efforts to efficiently prevent VAD in their countries.

During the 1960s, VAD was recognized as a public
health problem in Guatemala and other Central American
countries, as a consequence of a monotonous cereal-based
diet poor in both animal and vegetable sources of vitamin A.
Results of national nutrition surveys carried out in the mid-
1960s in Central America showed 42–69% of families with
vitamin A consumption <25% adequacy, severely affecting
children aged 0–9 y, particularly in rural areas (72). In
Guatemala, white sugar was identified as a food vehicle
largely consumed by most of the population (including
most at-risk groups), and although it had never before been
fortified with vitamin A, the groundwork leading to its
fortification was successfully undertaken by scientists at the
Institute of Nutrition of Central America and Panama, and
the national fortification program was started in 1965 (69).
A longitudinal evaluation demonstrated the effectiveness of
the strategy (73), and follow-up biochemical assessments
based on national health and micronutrient surveys showed
a decline of VAD from 26.0% to 15.8% in children aged 0–59
mo during the following 30-y period (1965–1995). The level
of vitamin A fortification in sugar has remained the same
since the program was initially launched (15 mg/kg at the
production site), whereas sugar consumption has increased
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from 20–40 g/d in 1976 to ∼100 g/d in 2005. Since the
early 2000s, Guatemala also has had a national policy to
provide VAS to children aged 6–59 mo, linked to their
immunization schedule. VAS coverage varies by year and age
group: between 2011 and 2015, children aged 6–12 mo had
coverage of 50–74%, whereas for children aged 1–2 y it was
27–40%, and for children aged 2–5 y coverage was in the
range of 14–21%. In response to these situations, the Ministry
of Health now supplements only children aged 6–24 mo, and
the level of fortificant added to sugar is being revised (74,
75). In 2010, the prevalence of low serum retinol values in
children aged 6–59 mo was 0.3% (76), and the country is now
considered free of VAD. Having monitoring and surveillance
systems in place has been an important component in the
sustainability and success of the program (72).

In Zambia, VAD has been addressed as a problem of
public health significance, leading to different approaches
that include vitamin A capsule supplementation targeting
since 1990 children aged 6–59 mo, mandatory fortification
of sugar with vitamin A targeting the general population
since 1998, and biofortification of maize and orange-fleshed
sweet potato with provitamin A carotenoids for the general
population in selected areas of the country since 2007 (14,
63). To support these interventions, the country has laid
emphasis on nutrition education programs encouraging the
population to demand vitamin A–related services and adopt-
ing behavior change after public communication around diet
diversification with a focus on promotion of foods rich in
vitamin A (71). Overlap of different strategies has led to
high vitamin A status in some areas and population groups
(49). Furthermore, the latest national nutrition survey was
conducted in 2003, so there are no recent data to document
vitamin A status in the population.

As illustrated, both countries have used various strategies
to address VAD. For example, both have implemented
high-dose supplementation programs for children and even,
more recently, micronutrient powder provision, on top of
the ongoing large-scale food fortification, but with variable
coverage of the various approaches. This has led to some
inefficiencies, as well as concerns about overdosing and
even toxicity, especially as more commercial foods have
been increasingly fortified voluntarily (77). The debates on
these questions have several implications for both research
and policy. The experiences in both countries highlight the
importance of ongoing monitoring activities that provide
information on the quality and coverage of the program and
epidemiological surveillance. Guatemala has been examining
in detail actual coverage levels of supplementation and fortifi-
cation activities, confirming that universal sugar fortification
with vitamin A has been a sustainable cost-effective strategy
in drastically reducing VAD and has overcome several
attempts to interrupt the program (69, 78–80). However,
Guatemala is currently more concerned with the possibility
of excess vitamin A intakes as the availability increases from
various sources, and is looking at adjusting the amount
of fortificant (and so reducing the needed intake of the
vehicle) in the light of sugar’s role in NCDs and emerging

obesity, especially in women of reproductive age in the
country. At the same time, in Zambia there is currently no
consensus on doing this, because questions remain on how
to assess the contribution of VAS to morbidity and mortality
reduction among children, how to control risks of excess
intakes, how to track the delivery of interventions such as the
availability of vitamin A from the successful biofortification
in Zambia (81, 82), and how best to design and implement
an integrated monitoring and evaluation system (63, 83). As
in other countries, concern has been raised in Zambia as to
whether to continue with vitamin A capsule supplementation
among children aged <5 y in light of questions about the
impact of this intervention on morbidity and mortality
among children. Both countries’ programs demonstrate
valuable lessons and the need for continuing monitoring and
modification of programs for sustainability and effectiveness,
as well as for providing information to guide public policies.
Published reviews have highlighted that coverage, utilization,
and compliance are all neglected areas of evaluation in
fortification programs (12, 84).

Context and perspectives on program implementation
As noted, there are vitamin A programs in about ∼80
countries but there are significant differences in the imple-
mentation, coverage, and impact (19). Given the alternative,
but often complementary, possible interventions for helping
address VAD, when new research, new epidemiological data,
or other drivers, such as funding, dictate a change in public
health intervention, care must be taken to ensure that the
replacement interventions represent an improvement (i.e.,
an ineffective program should not be replaced with another
of lower performance). The goal should remain to provide
vitamin A adequacy through diverse diets including fortified
foods. Somewhat similar to the experience in Guatemala
and Zambia above, Madagascar was faced with a need to
explore other vitamin A intervention options (85). The
intervention, micronutrient powders in a marketplace-based
approach, was problematic due to product batches of poor
quality causing issues around acceptability. However, the
presence of the existing program has fostered an improved
understanding of micronutrient nutrition, including vitamin
A, in the home that appears to have had a secondary impact of
improving dietary diversity and presumably child nutritional
status.

It is also the case that interventions that are extremely
successful in some settings might not be in others. For
example, reports from a study in Kenya (86, 87) describe
the factors contributing to a dramatic drop in uptake of
weekly micronutrient sachets (containing vitamin A) from
nearly 100% to 30% (stabilizing between 45% and 52%
with increased social marketing efforts). The intervention
was delivered at a refugee camp and was unsuccessful in
terms of addressing VAD (as well as other key nutrients
targeted). Among the factors contributing to this failure of
an intervention that had been successful in other settings
was the lack of consideration of the context, in this case
the challenging setting of a refugee camp. These and other
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experiences call for strengthened implementation science in
nutrition using a wide range of methods to identify and
address implementation bottlenecks (88), which can help
successful program scale-up, as illustrated in Figure 5.

Linking effective coverage estimates with an adapted
Lives Saved Tool (LiST) method has been found to permit
estimation of the effects of combinations of vitamin A
programs (beyond VAS programs only) on child mortality
to aid program planning and management (23). Serious
program monitoring and evaluation are necessary to confirm
predicted outcomes. Key elements that need to be adhered to
by the implementing community for success should include:

� Vitamin A status assessment using tools that are less
affected by inflammation, for example, MRDR, isotope
dilution.

� Surveillance assessing vitamin A exposure including:
total intake, coverage of VAS, type of intervention
[e.g., micronutrient powders, lipid nutrition supple-
ments, (bio)fortified foods], and, when appropriate
and available, issues such as the form, content, and
bioavailability estimates.

� Innovative survey designs and point-of-care status
assessment to modify existing programs:

◦ subnational data at community or district level;
◦ confirming that where VAD prevalence is rare,

VAS should be scaled back, not least for cost-
effectiveness of programs;

◦ where VAS exits, other targeted interventions can be
added but need to be closely monitored.

� Increased use and application of existing and emerging
tools:

◦ Fortification Assessment Coverage Toolkit (89);
◦ modeling tools to optimize national micronutrient

intervention strategies such as using the LiST for
micronutrients (23).

Discussion
This article can be summarized broadly as demonstrating a
clear need for more adequate and improved prevalence data
at the country level to inform and strengthen program/policy
and interventions. Clearly, improved and contemporary data
are also essential when countries are planning when and
how best to transition from one type of program to another
combination of interventions. At a global level, reliable,
comparable data allow an updated view of vitamin A status
around the world, and technical agencies such as the WHO
will lead in taking the steps to help ensure this need is
met. The recent global report from UNICEF (19) showed,
amongst other disturbing figures, that only 64% of children
in need (as defined in the WHO e-Library of Evidence
for Nutrition Actions guidance) (90) are actually receiving
vitamin A supplementation, which means >140 million
children who are likely vitamin A deficient are missing out.
An improved capacity to strengthen monitoring to identify
these unreached children would also contribute to building

knowledge on the most effective platforms for reaching at-
risk children aged 6–59 mo.

Among other challenges, concern exists about the respon-
siveness, or lack thereof, of serum retinol as a biomarker,
and the lack of reliability of RBP as a surrogate biomarker
of vitamin A status (37, 60). More information is needed to
document if MRDR with a cutoff, which seems to be a more
sensitive indicator of response to interventions, is sufficient
for monitoring. Although there are many different kits for
RBP available, limitations continue to exist with regard
to standardization. It has been reported that in southern
Thailand, MRDR has been used to monitor response to
a targeted supplementation program (E Udomkesmalee,
unpublished results, 2016). The results of analysis of surveil-
lance indicated a population response and reinforced the
value of a combination of assessment methods to determine
need and response to avoid unintended consequences and to
support decisions about what, when, and how to intervene.
It is important to reinforce the notion that it is possible to
deploy multiple biomarkers, for example, serum retinol, RBP,
and MRDR, as well as biomarkers of inflammation to assess
vitamin A in the field.

Early studies of vitamin A interventions assessed all-
cause mortality and provided evidence that these interven-
tions were effective in preventing child deaths from some
infectious diseases, namely, acute diarrhea and measles. The
current reputed lack of response in all-cause mortality (32)
might be because the most significant effects are limited to
severe forms of infection. As these studies suggest, the lack of
response might be associated with a changing global health
landscape, with reductions in prevalence of these severe
infections, especially measles (91). Although this then begs
the question, “How much is VAS actually contributing to that
specific aspect of the global health landscape?” in countries
with continued high rates of mortality, there should be a
“high bar” for making decisions to change VAS programs.

In addition to the concern about efficacy are concerns
about the safety of VAS, particularly in specific vulnerable
groups, for example, infants and young children (92, 93).
Concerns have also been raised about multiple sources of
vitamin A increasingly available, and the previous practice
of “piggybacking” VAS onto child immunization programs,
because it was proposed that VAS had a potentially harmful
effect when provided with inactivated vaccines (such as
DTP), whereas it provided beneficial effects when combined
with live vaccines (such as measles) (92, 94), but evidence
suggests that these do not seem to be significant issues (93).
The use of multiple programs does, however, remain a partly
unresolved issue (95), which emphasizes the importance
of monitoring and the need for both effective surveillance
and a targeted research agenda. This is perhaps especially
so because, based on the emerging science, governments,
implementation, and nongovernmental agencies are being
encouraged to move away from siloed, single nutrition-
focused interventions to deployment of more integrated
approaches using nutrition-specific and nutrition-sensitive
programs.
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FIGURE 5 The 5 domains whose characteristics, capacities, dynamics, and fit affect implementation quality. NGO, nongovernmental
organization. Adapted from reference 88 with permission.

Conclusions
The clinical impact and public health implications of VAD
present a complicated set of challenges for biology, assess-
ment, and public health surveillance and policy. The reliance
on biomarkers of questionable utility, and the use of the
resulting data to make decisions about standards of care and
public health interventions are potentially problematic in
terms of both safety and efficacy. Moreover, using sentinel,
albeit nonspecific, indicators such as mortality—because
they can be affected by a myriad of nonnutrition factors—is
problematic, particularly in LMICs. Among the many factors
contributing to poor vitamin A status are the negative impact
of infectious diseases on appetite, increased excretion, and
increased metabolism (20). The effects that VAS can have on
modulating the immune system have been summarized (4).
Of critical importance in this context is that these effects can
be sensitive to the amount and timing of the VAS dose, and
can be influenced by sex and proximity to other interventions
such as live (e.g., measles vaccine) or nonlive vaccines (like
the DTP vaccine) (27).

With specific reference to nutritional assessment, the
increasing appreciation of the need to account for the
presence of inflammation and its impact on interpretation of
biomarkers of vitamin A status will need to be incorporated
into assessments at clinical and population levels (61).

Although dietary insufficiency of vitamin A is more likely
in areas of general endemic food/nutrition insecurity, it must
also be recognized that the health context of these settings
is becoming increasingly complex with often unabated
prevalence of infectious diseases and increasing prevalence
of NCDs, all colliding at individual and population levels.
This complexity, increasingly exacerbated by climate change,
demands vigilance in terms of both assessment and interven-
tions.

Although there will likely need to be a scaling-up of
interventions to complement VAS programs, depending
on continuing or emerging needs, poor access of disad-
vantaged populations will also affect the likely availability
of supplements—food supplements such as micronutrient
powders and lipid-based therapeutic and supplementary
foods—as well as vitamin A–fortified oils and foods. Social
and cultural factors and low-capacity health and public
health nutrition systems add yet another group of factors that
have perhaps not been adequately factored in the design of
past programs.

The debate over whether it is time to consider transi-
tioning from supplementation to other intervention options
in some national settings is timely. Concerns have been
raised about availability of vitamin A capsules in many
countries. UNICEF recently reported a declining coverage
in certain settings. The knowledge that more physiological
doses through diet and fortification will offer sustainable
adequate vitamin A status suggests that, at the very least,
nutrition education about the most appropriate and sustain-
able sources of vitamin A will need to be context specific,
reflecting the health and nutrition status of the target groups.
Dietary approaches will be contingent upon a sufficient and
varied food supply, including liver, eggs, dairy products,
green leafy vegetables, and fruits, as well as fortification and
biofortification (depending on the national situation).

Both nutrition-specific and nutrition-sensitive interven-
tions such as horticultural approaches including homestead
gardening, need to be promoted in complementarity with
one another. Social and cultural approaches to reduce gender
inequity and strengthen both general and specific education
will be critical. The impact of climate change is likely to
be negative both in terms of food systems and health,
and will require a proactive response (96). An important
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first step is to update current knowledge of the vitamin
A status in countries, and perhaps especially those with
supplementation programs. At the very least, the I-to-I
approach encourages identification of the many factors
involved and promotes a multisectoral approach. Ultimately,
improved equity will be the most sustainable, if challenging,
underpinning to improved health and nutrition.

The implementation of the I-to-I approach recognizes
the need for, and value of, input from numerous sources of
data that represent the efforts of each of the key stakeholder
communities. Conceptually this approach makes sense. In so
doing, we stand a better chance of not only assessing safety
and efficacy in the moment, but also avoiding unintended
consequences in the future.

Acknowledgments
We acknowledge the support received from the Secretariat
(Homero Martinez, Susanne Ure, Nancy Pinel) of the
Micronutrient Forum in organizing the symposium on
which this article is based. The authors’ responsibilities
were as follows—DJR, ID-H, HM: were involved in the
conceptualization, planning, drafting, and editing of the
manuscript; SAT, PSS, EU, CM, DIM, MM, KK: contributed
to specific sections and editing of the manuscript; and all
authors: read and approved the final manuscript.

References
1. Raiten D, Neufeld L, De-Regil L, Pasricha S, Darnton-Hill I, Hurrell

R, Murray-Kolb L, Nair K, Werwafwa T, Kupka R, et al. Integration to
Implementation and the Micronutrient Forum: a coordinated approach
for global nutrition. Case study application: safety and effectiveness of
iron interventions. Adv Nutr 2016;7:135–48.

2. Ruel M, Alderman H, the Maternal and Child Nutrition Study Group.
Nutrition-sensitive interventions and programmes: how can they help
to accelerate progress in improving maternal and child nutrition? Lancet
2013;382:536–51.

3. Waterlow J. Nutrition and infection. Nutrition Bull 1975;3(2):98–104.
4. Raiten DJ, Ashour F, Ross C, Meydani S, Dawson H, Stephensen

C, Brabin B, Suchdev P, van Ommen B, The INSPIRE Consultative
Group. Inflammation and nutritional science for programs/policies
and interpretation of research evidence (INSPIRE). J Nutr
2015;145(5):1039S–1108S.

5. Suchdev P, Namaste SML, Aaron GJ, Raiten D, Brown K, Flores-
Ayala R, on behalf of the BRINDA Working Group. Overview of the
Biomarkers Reflecting Inflammation and Nutritional Determinants of
Anemia (BRINDA) project. Adv Nutr 2016;7:349–56.

6. Wirth J, Petry N, Tanumihardjo S, Rogers L, McLean E, Greig A, Garrett
G, Klemm R, Rohner F. Vitamin A supplementation programs and
country-level evidence of vitamin A deficiency. Nutrients 2017;9(3):90.
doi:10.3390/nu9030190.

7. World Health Organization. Global prevalence of vitamin A deficiency
in populations at risk 1995–2005. Geneva: WHO; 2005.

8. Bhutta ZA, SK. Premature abandonment of global vitamin A
supplementation programmes is not prudent! Int J Epidemiol
2015;44(1):297–9.

9. Stevens GA, Bennet JE, Hennocq Q, Lu Y, De-Regil LM, Rogers L,
Danaei G, Li G, Flaxman SR, Oehrle SP, et al. Trends and mortality
effects of vitamin A deficiency in children in 138 low-income and
middle-income countries between 1991 and 2013: a pooled analysis of
population-based surveys. Lance Glob Health 2015;3(9):e528–36.

10. Comisión Nacional para la Fortificación, Enriquecimiento y/o
Equiparación de Alimentos. Consolidado de legislación para
fortificación de alimentos. Guatemala: CONAFOR; 2010.

11. Ministerio de Salud Pública y Asistencia Social (NSPAS). Guatemala:
encuesta nacional de micronutrientes 2009–2010, ENMICRON.
Guatemala City, Guatemala: Ministerio de Salud Pública y Asistencia
Social; 2012.

12. Osendarp SJM, Martinez H, Garrett GS, Neufeld LM, De-Regil LM,
Vossenaar M, Darnton-Hill I. Food fortification in low- and middle-
income countries: a review of programs, trends, challenges and
evidence-gaps. Food Nutr Bull 2018;39(2):315–31.

13. Klemm R, West K, Palmer A, Johnson Q, Randall P, Ranum
P, Northrop-Clewes C. Vitamin A fortification of wheat flour:
considerations and current recommendations. Food Nutr Bull
2010;31:S47–61.

14. Tanumihardjo S, Ball A, Kaliwile C, Pixley KV. The research and
implementation continuum of biofortified sweet potato and maize in
Africa. Ann N Y Acad Sci 2017;1390: 88–103.

15. Bouis HE, Saltzman A. Improving nutrition through biofortification: a
review of evidence from HarvestPlus, 2003 through 2016. What about?
Global Food Security 2017;12:49–58.

16. Van Loo-Bouwman CA, Naber TH, Schaafsma G. A review of vitamin
A equivalency of β-carotene in various food matrices for human
consumption. Br J Nutr 2014 111(12):2153–66.

17. World Health Organization. Vitamin A supplementation. Geneva:
WHO; 2017.

18. World Health Organization. Guideline: vitamin A supplementation in
infants and children 6–59 months of age. Geneva, Switzerland: WHO;
2011.

19. UNICEF. Coverage at a crossroads: new directions for VA
supplementation programmes. New York: UNICEF; 2018.

20. Palmer A, Darnton-Hill I, West KW, Jr. Vitamin A deficiency. In: de Pee
S, Taren D, Bloem MW, editors. Nutrition and health in a developing
world. 3rd ed: Humana Press; 2017, p. 181–234.

21. Gannon BM, Davis CR, Nair N, Grahn M, Tanumihardjo SA. Single
high-dose vitamin A supplementation to neonatal piglets results in a
transient dose response in extrahepatic organs and sustained increases
in liver stores. J Nutr 2017;147(5):798–806.

22. Engle-Stone R, Stewart CP, Vosti SA, Adams KP. Preventative nutrition
interventions. Tewdsbury, MA: Copenhagen Consensus Center;
2017.

23. Engle-Stone R, Perkins A, Clermont A, Walker N, Haskell MJ, Vosti SA,
Brown KH. Estimating lives saved by achieving dietary micronutrient
adequacy, with a focus on vitamin A intervention programs in
Cameroon. J Nutr 2017;147(11):2194S–203S.

24. Faber M, Berti C, Smuts M. Prevention and control of micronutrient
deficiencies in developing countries: current perspectives. Nutr Diet
Suppl 2014;6:41–57.

25. Beaton G, Martorell R, Aronson K, Edmonston B, McCabe G, Ross
A, Harvey B. Effectiveness of vitamin A supplementation in the
control of young child morbidity and mortality in developing countries.
Geneva, Switzerland: Administrative Committee on Coordination,
Subcommittee on Nutrition (ACC/SCN); 1993.

26. Imdad A, Herzer K, Mayo-Wilson E, Yakoob M, Bhutta Z. Vitamin
A supplementation for preventing morbidity and mortality in
children from 6 months to 5 years of age. Cochrane Database
Syst Rev 2010;8(12):CD008524. doi:10.1002/14651858.CD008524.
pub2.

27. Benn CS, Aaby P, Arts RJ, Jensen KJ, Netea MG, Fisker AB. An enigma:
why vitamin A supplementation does not always reduce mortality even
though vitamin A deficiency is associated with increased mortality. Int
J Epidemiol 2015;44(3):906–18.

28. Palmer A, West K, Dalmiya N, Schultink W. The use and interpretation
of serum retinol distributions in evaluating the public health
impact of vitamin A programmes. Public Health Nutr 2012;15:
1201–15.

29. Awasti S, Peto R, Read S, Clark S, Pande V, Bundy D, the
DEVTA (Deworming and Enhanced Vitamin A) team. Vitamin A
supplementation every 6 months with retinol in 1 million pre-school
children in north India: DEVTA, a cluster-randomised trial. Lancet
2013;381:1469–77.

I-to-I: addressing the safety and effectiveness of VAS 197



30. Fisker A, Bale C, Rodrigues A, Balde I, Ferdandes M, Jorgensen M,
Danneskiold-Samsoe N, Hernshoj L, Rasmussen J, Christensen E,
et al. High-dose vitamin A with vaccination after 6 months of age: a
randomized trial. Pediatrics 2014;124:e739–48.

31. Imdad A, Mayo-Wilson E, Herzer K, Bhutta ZA. Vitamin A
supplementation for preventing morbidity and mortality in children
from six months to five years of age. Cochrane Database Syst Rev
2017;3:CD008524. doi:10.1002/14651858.CD008524.pub3.

32. Mason J, Greiner T, Shrimpton R, Sanders D, Yukich J. Vitamin A
policies need rethinking. Int J Epidemiol 2015;44:283–92.

33. Greiner T, Mason J, Benn CS, Sachdev HPS. Does India need a
universal high-dose vitamin A supplementation program? Indian J
Pediatr 2019;86(6):538–41.

34. West KW, Jr, Sommer A, Palmer A, Schultink W, Habicht J-P.
Commentary: vitamin A policies need rethinking. Int J Epidemiol
2015;44(1):292–4.

35. Global Alliance for Vitamin A (GAVA). Internal briefing note
on need for rethinking vitamin A policies [Internet]. Ottawa:
GAVA; November 2, 2014 [cited July 22, 2019]. Available from:
http://archive.wphna.org/wp-content/uploads/2014/12/2014-11-
GAVA-rebuttal-of-IJE-commentary-here.pdf.

36. Global Alliance for Vitamin A (GAVA). Conditions for scaling back
universal preschool vitamin A supplementation. Ottawa: GAVA; 2019.

37. Tanumihardjo S, Russell RM, Stephensen CB, Gannon BM, Craft NE,
Haskell MJ, Lietz G, Schulze K, Raiten DJ. Biomarkers of Nutrition
for Development (BOND)—vitamin A review. J Nutr 2016;146(9):
1816S–48S.

38. Tanumihardjo S. Vitamin A: biomarkers of nutrition for development.
Am J Clin Nutr 2011;94:658S–65S.

39. Institute of Medicine. Dietary reference intakes for vitamin A,
vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese,
molybdenum, nickel, silicon, vanadium and zinc. Washington, DC:
IOM; 2001.

40. Bresnahan KA, Chileshe J, Arscott S, Nuss E, Surles R, Masi C,
Kafwembe E, Tanumihardjo SA. The acute phase response affected
traditional measures of micronutrient status in rural Zambian children
during a randomized, controlled feeding trial. J Nutr 2014;144(6):
972–8.

41. Tanumihardjo SA, Permaesih D, Muherdiyantiningsih Rustan E,
Rusmil K, Fatah AC, Wilbur S, Muhilal Karyadi D, Olson JA. Vitamin
A status of Indonesian children infected with Ascaris lumbricoides
after dosing with vitamin A supplements and albendazole. J Nutr
1996;126:451–7.

42. Tanumihardjo SA, Permaesih D, Muhilal. Vitamin A status and
hemoglobin concentrations are improved in Indonesian children with
vitamin A and deworming interventions. Eur J Clin Nutr 2004;48:
1223–30

43. Green MH, Green JB. Vitamin A intake and status influence
retinol balance, utilization and dynamics in rats. J Nutr 1994;124:
2477–85.

44. Tanumihardjo SA, Palacios N, Pixley KV. Provitamin A carotenoid
bioavailability: what really matters?. Int J Vitam Nutr Res 2010;80:336–
50.

45. Ribaya-Mercado JD, Solon FS, Solon MA, Cabal-Barza MA, Perfecto
CS, Tang G, Solon JA, Fjeld CR, Russell RM. Bioconversion of
plant carotenoids to vitamin A in Filipino school-aged children
varies inversely with vitamin A status. Am J Clin Nutr 2000;72(2):
455–65.

46. Tanumihardjo SA. Food-based approaches for ensuring adequate
vitamin A nutrition. Compr Rev Food Sci Food Safety 2008;7:373–381.

47. Lietz G, Lange J, Rimbach G. Molecular and dietary regulation of
beta,beta-carotene 15,15’-monooxygenase 1 (BCMO1). Arch Biochem
Biophys 2010;502(1):8–16.

48. Mondloch S, Gannon BM, Davis CR, Chileshe J, Kaliwile C, Masi C,
Rios-Avila L, Gregory JF, 3rd, Tanumihardjo SA. High provitamin A
carotenoid serum concentrations, elevated retinyl esters, and saturated
retinol-binding protein in Zambian preschool children are consistent

with the presence of high liver vitamin A stores. Am J Clin Nutr
2015;102(2):497–504.

49. Tanumihardjo SA, Gannon BM, Kaliwile C, Chileshe J.
Hypercarotenodermia in Zambia: which children turned orange
during mango season? Eur J Clin Nutr 2015;69:1346–9.

50. Valentine AR, Tanumihardjo SA. One-time vitamin A supplementation
of lactating sows enhances hepatic retinol of offspring independent of
dose size. Am J Clin Nutr 2005;81:427–33.

51. Surles RL, Mills JP, Valentine AR, Tanumihardjo SA. One-time graded
doses of vitamin A to weanling piglets enhance hepatic retinol but
do not always prevent a deficient vitamin A status. Am J Clin Nutr
2007;86:1045–53.

52. Mondloch SJ, Tanumihardjo SA, Davis CR, van Jaarsveld PJ. Vervets
(Chlorocebus aethiops) consuming oil palm-derived carotenoids have
higher hepatic vitamin A concentrations than controls. J Am Assoc Lab
Animal Sci 2018;57:456–64.

53. World Health Organization. Vitamin A supplementation in children 6–
59 months of age with severe acute malnutrition. Geneva, Switzerland:
WHO; 2018.

54. World Health Organization. Guideline: vitamin A supplementation in
neonates. Geneva, Switzerland: WHO; 2011.

55. World Health Organization. Vitamin A supplementation during
pregnancy. Geneva, Switzerland: WHO; 2018.

56. World Health Organization. Vitamin A supplementation in children
with respiratory infections. Geneva, Switzerland: WHO; 2018.

57. World Health Organization. Vitamin A supplementation in HIV-
infected infants and children 6–59 months of age. Geneva, Switzerland:
WHO; 2018.

58. Global Alliance for Vitamin A (GAVA). Technical consultation on
guidance to vitamin A supplementation programs for children 6–59
months of age. Ottawa: GAVA; 2012.

59. Wirth J, Petry N, Tanumihardjo SA, Rogers LM, McLean E, Greig
A, Garret GS, Klemm RD, Rohner F. Vitamin A supplementation
programs and country-level evidence of vitamin A deficiency. Nutrients
2017;9(3):190.

60. Rohner F, Namaste SM, Larson LM, Addo OY, Mei Z, Suchdev
PS, Williams AM, Sakr Ashour FA, Rawat R, Raiten DJ, et al.
Adjusting soluble transferrin receptor concentrations for inflammation:
Biomarkers Reflecting Inflammation and Nutritional Determinants
of Anemia (BRINDA) project. Am J Clin Nutr 2017;106(Suppl 1):
372S–82S.

61. Larson LM, Guo J, Williams AM, Young MF, Ismaily S, Addo OY,
Thurnham D, Tanumihardjo SA, Suchdev PS, Northrop-Clewes C.
Approaches to assess vitamin A status in settings of inflammation:
Biomarkers Reflecting Inflammation and Nutritional Determinants of
Anemia (BRINDA) project. Nutrients 2018;10(8):1–11.

62. Baineni R, Gulati R, Delhi CK. Vitamin A toxicity presenting as bone
pain. Arch Dis Child 2017 102(6):556–8.

63. Tanumihardjo SA, Kaliwile C, Boy E, Dhansay MA, van Stuijvenberg
ME. Overlapping vitamin A interventions in the United States,
Guatemala, Zambia, and South Africa: case studies: excessive
intakes due to overlapping programs. Ann NY Acad Sci 2019;1446:
102–16.

64. Gannon B, Kaliwile C, Arscott SA, Schmaelzle S, Chileshe J,
Kalungwana N, Mosonda M, Pixley K, Masi C, Tanumihardjo SA.
Biofortified orange maize is as efficacious as a vitamin A supplement in
Zambian children even in the presence of high liver reserves of vitamin
A: a community-based, randomized placebo-controlled trial. Am J Clin
Nutr 2014;100(6):1541–5.

65. Mayo-Wilson E, Imdad A, Herzer K, Yakoob MY, Bhutta ZA. Vitamin
A supplements for preventing mortality, illness, and blindness in
children aged under 5: systematic review and meta-analysis. BMJ
2011;343:d5094.

66. Klemm RD, Palmer AC, Greig A, Engle-Stone R, Dalmiya N.
A changing landscape for VA programs: implications for optimal
intervention packages, program monitoring, and safety. Food Nutr Bull
2016;37(Suppl. 2):S75–86.

198 Raiten et al.

http://archive.wphna.org/wp-content/uploads/2014/12/2014-11-GAVA-rebuttal-of-IJE-commentary-here.pdf


67. Global Alliance for Vitamin A (GAVA). Technical consultation on
guidance to vitamin A supplementation programs for children 6–59
months of age. Ottawa: GAVA; 2012.

68. Mazariegos M, Martínez C, Mazariegos DI, Humberto Méndez, Román
AV, Palmieri M, Tomás V. Análisis de la situación y tendencias de los
micronutrientes clave en Guatemala, con un llamado a la acción desde
las políticas públicas. Washington, DC: FANTA; 2016.

69. Mora JO, Dary O, Chincilla D, Arroyave G. Vitamin A sugar
fortification in Central America: experience and lessons learned.
Arlington, VA: MOST, the USAID Micronutrient Program; 2000.

70. Fiedler JH, Mubanga F, Siamusantu W, Musonda M, Kabwe KF, Zulu
C. Child health week in Zambia: costs, efficiency, coverage and a
reassessment of need. Health Pol Plan 2012;29(1):12–29.

71. Serlemitsos JA, Fusco H. Vitamin A fortification of sugar in Zambia
1998–2001. Arlington, VA: MOST, the USAID Micronutrient Program;
2001.

72. Martorell R, López de Romaña D. Components of successful staple food
fortification programs: lessons from Latin America. Food Nutr Bull
2017;38(3):384–404.

73. Arroyave G, Mejia L, Aguilar J. The effect of vitamin A fortification of
sugar on the serum vitamin A levels of preschool Guatemalan children:
a longitudinal evaluation. Am J Clin Nutr 1981;34(1):41–9.

74. Dary O, Martinez C, Guamuch M. Sugar fortification with vitamin A in
Guatemala: the program’s successes and pitfalls. In: Freire WB, editor.
Nutrition and an active life from knowledge to action. Washington, DC:
Pan American Health Organization; 2005, p. 43–59.

75. Tanumihardjo S, Mokhtar N, Haskell MJ, Brown KH. Assessing the
safety of vitamin A delivered through large-scale intervention programs:
workshop report on setting the research agenda. Food Nutr Bull
2016;37(Suppl):S63–74.

76. Ministerio de Salud Pública y Asistencia Social (MSPAS). Encuesta
nacional de micronutrientes 2009–2010 (ENMICRON 2009–
2010). Guatemala; Ministerio de Salud Pública y Asistencia
Social(MSPAS)/Instituto Nacional de Estadistica (INE); 2012.

77. Dwyer JT, Wiemer KL, Dary O, Keen CL, King JC, Miller KB, Philbert
MA, Tarasuk V, Taylor CL, Gaine PC, et al. Fortification and health:
challenges and opportunities. Adv Nutr 2015;6(1):124–31.

78. Dary O, Mora JO. Food fortification. J Nutr 2002;132(9 Suppl):
2927S–33S.

79. Dary O. Lessons learned with iron fortification in Central America.
Nutr Rev 2002;60(7 Pt 1):S30–3.

80. Menchú MT, Méndez H, Dary O. Encuesta Nacional de Condiciones de
Vida de Guatemala (ENCOVI 2006). Guatemala: Instituto Nacional de
Estadistica (INE); 2013.

81. Gannon B, Kaliwile C, Arscott SA, Schmaelzle S, Chileshe J,
Kalungwana N, Mosonda M, Pixley K, Masi C, Tanumihardjo SA.
Biofortified orange maize is as efficacious as a vitamin A supplement in
Zambian children even in the presence of high liver reserves of vitamin
A: a community-based, randomized placebo-controlled trial. Am J Clin
Nutr 2014;100(6):1541–50.

82. Low JW. Biofortifed crops with a visible trait: the example of
orange-fleshed sweet potato in sub-Saharan Africa. In: Preedy VR,

Srirajaskanthan R, Patel VB, editors. Handbook of food fortification and
health. From concepts to public health applications, vol. 2. New York:
Springer: Humana Press; 2013. p. 371–84.

83. Greene MD, Kabaghe G, Musonda M, Palmer AC. Poor performance of
sugar fortification: retail sugar from one Zambian community does not
meet statutory requirements for vitamin A fortification. Food Nutr Bull
2017;38(4):594–8.

84. Neufeld LM, Baker S, Garrett GS, Haddad L. Coverage and utilization in
food fortification programs: critical and neglected areas of evaluation. J
Nutr 2017;147:1015S–9S.

85. Gittelsohn J, Cristello A. Sustaining a national MNP supplementation
program: findings of the qualitative evaluation of the FORTIDOM
pilot trial in Madagascar. Sight & Life Magazine [Internet] 2014;28(2).
Available from: https://www.dsm.com/content/dam/dsm/cworld/en_
US/documents/sal-magazine-2-2014.pdf.

86. Kodish S, Rah JH, Kraemer K, de Pee S, Gittelsohn J. Understanding low
usage of micronutrient powder in the Kakuma Refugee Camp, Kenya:
findings from a qualitative study. Food Nutr Bull 2011;32(3):292–303.

87. Ndemwa P, Klotz CL, Mwaniki D, Sun K, Muniu E, Andango P, Owigar
J, Rah JH, Kraemer K, Spiegel PB, et al. Relationship of the availability of
micronutrient powder with iron status and hemoglobin among women
and children in the Kakuma Refugee Camp, Kenya. Food Nutr Bull
2011;32(3):286–91.

88. Damschroder L, Aron DC, Keith RE, Kirsh SR, Alexander JA, Lowery
JC. Fostering implementation of health services research findings into
practice: a consolidated framework for advancing implementation
science. Implement Sci 2009;4:50.

89. Friesen VM, Aaron GJ, Myatt M, Neufeld LM. Assessing coverage of
population-based and targeted fortification programs with the use of the
Fortification Assessment Coverage Toolkit (FACT): background, toolkit
development, and supplement overview. J Nutr 2017;147(5):981S–3S.

90. World Health Organization. Vitamin A supplementation. Full set of
recommendations. Geneva, Switzerland: WHO; 2011.

91. Coughlin MM, Beck AS, Bankamp B. Perspective on global measles
epidemiology and control and the role of novel vaccination strategies.
Viruses [Internet] 2017;9(1):11. doi:10.3390/v9010011 RPVPJ.

92. Benn CS, Aaby P, Balé C, Olsen J, Michaelsen KF, George E, Whittle H.
Randomized trial of effect of vitamin A supplementation on antibody
response to measles vaccine in Guinea-Bissau, west Africa. Lancet
1997;350(9071):101–5.

93. Kupka R, Nielsen J, Nyhus Dhillon C, Blankenship J, Haskell MJ, Baker
SK, Brown KH. Safety and mortality benefits of delivering vitamin A
supplementation at 6 months of age in sub-Saharan Africa. Food Nutr
Bull 2016;37(3):375–86.

94. Benn CS. Combining vitamin A and vaccines: convenience or conflict?
Dan Med J 2012;59(1):B4378.

95. Bhutta ZA, Haider BA, Cousens S, Black RE. Response to “Conflicting
evidence for neonatal vitamin A supplementation (letter)” by Benn et
al. Vaccine 2008;26(34):4304–5.

96. Raiten DJ, Aimone AM. The intersection of climate/environment, food,
nutrition and health: crisis and opportunity. Curr Opinion Biotech
2016;44:52–62.

I-to-I: addressing the safety and effectiveness of VAS 199

https://www.dsm.com/content/dam/dsm/cworld/en_US/documents/sal-magazine-2-;2014.pdf

