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Hypovitaminosis A
and its control BARBARA A. UNDERWOOD1

Hypovitaminosis A is considered to be the most common cause of blindness
in the developing countries but it is not possible to estimate the prevalence ofkerato-
malacia directly attributable to it. Subclinical hypovitaminosis A is not measurable
at present in human subjects, but studies in animals indicate that the possibility of
subclinical effects should not be ignored. The recommendedprocedure for identifying
the " at risk " population involves a three-part survey to evaluate dietary intake,
biochemical indices, and clinical signs. This article examines all three approaches
in some detail, but in the present state of knowledge, none of them gives a satis-
factory estimate ofvitamin A status. For community assessment, the article discusses
preliminary experience with apredictive model ofthe number ofchildren in a popula-
tion at risk of hypovitaminosis A that is based on associations noted repeatedly
between protein-energy malnutrition and certain child-rearing practices, family
economics, and morbidity. Criteria have been established for deciding on the need
for a programme of prevention and the types of programme most appropriate in
different situations are discussed. The methods ofprogramme evaluation must take
into account the stated objectives of the programme.

Hypovitaminosis A is considered the most common cause of childhood blindness
in the developing countries. Estimates based on several surveys suggest that, every year,
as many as 100 000 children are permanently blinded as a direct or indirect consequence
of vitamin A deficiency. It is also likely that hypovitaminosis A contributes significantly to
morbidity and mortality from infectious diseases, although this is difficult to prove.

The worldwide prevalence of preventable, irreversible blindness attributable to
hypovitaminosis A (keratomalacia) is, in fact, not known. Attempts to prove such an
association by retrospective evaluation of vitamin A nutrition provide minimal figures,
at best, since blind individuals, particularly in the developing countries, have elevated
mortality rates due to associated protein-energy malnutrition, decreased resistance to
disease, increased death from accidents, and neglect for social and economic reasons.

Keratomalacia and xerophthalmia are the dramatic, clinically evident symptoms and
signs of the hypovitaminosis A syndrome that affect the eye. These obvious forms of the
syndrome have attracted more attention from professionals and from the public than has
subclinical hypovitaminosis A, which undoubtedly affects a much larger population-a
group " at risk", not only of developing xerophthalmia, but also of suffering probable
health consequences other than those directly associated with the eye.

Subclinical hypovitaminosis A is not directly measurable in individuals by currently
available methods, and there are no well-documented studies in human populations that
unquestionably demonstrate health benefits, other than those associated with the eye,
derived from providing vitamin A. Strictly controlled vitamin A-depletion studies on
young growing animals, however, have identified characteristics of the hypovitaminosis A
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syndrome that extend beyond the eye, including depressed growth rate, appetite, resistance
to infection, fertility, and cellular differentiation, particularly of specialized tissues such as
testis, epithelium, and bone. All of these effects can be prevented by providing vitamin A
to deficient animals that do not necessarily demonstrate changes in the eye. Unfortunately,
the work on animals has not identified those specific extraocular cellular reactions altered
by vitamin A deprivation. Since the nonspecific clinical characteristics noted above all
can be the result of other nutrient deficits and biological variables, as well as of vitamin A
deficiency, it has not been possible to determine the specific contribution of hypovitaminosis
A to similar pathological manifestations in human populations living in uncontrolled
environments and known to be chronically undernourished with respect to several nutrients.
Nevertheless, parallels between the characteristics of vitamin A-deficient animal and human
populations are remarkable, and should not be ignored by those responsible for deciding
whether or not to institute intervention programmes for the reduction of hypovitaminosis
A, even where the prevalence of clinical signs of the syndrome is not high.

COMMUNITY ASSESSMENT

Planners and health professionals must face the problem of objectively documenting
the magnitude and seriousness of the hypovitaminosis A syndrome in their communities.
Because there currently is no practical, specific field method to assess the prevalence of
preclinical vitamin A undernutrition, the recommended procedure for identifying the
" at risk " population is a three-part survey to evaluate dietary intake, biochemical indices,
and clinical signs. Such information is available for populations in many countries."

Dietary evaluation

The population groups that most often exhibit xerophthalmia are children 6 years
old and under, and pregnant and lactating women, who need higher intakes of vitamin A
at these periods in the life cycle, but who, in many developing countries, are likely to eat
diets that are limited in vitamin A-containing foods. Community assessment of vitamin A
nutritional status might be accomplished by obtaining a dietary history of the " at risk"
populations, but retrospective assessments to provide quantitative information on vitaminA
intake are notoriously difficult to obtain, especially for young children. Prospective assess-
ments, on the other hand, are time-consuming and, unless repeated, provide a static picture
that does not necessarily reflect habitual dietary practices and seasonal fluctuations in food
availability.

Preformed vitamin A is found only in animal food products, which, for cultural,
economic, or environmental reasons, are often not consumed by the vulnerable population
groups. The food sources with vitamin A activity that are most likely to be available to
such groups are green and yellow vegetables, fruits, and leaves, which provide provitamin
A, i.e., carotenes. Conversion of dietary information on carotene intake to retinol equiva-
lents depends on appropriate food composition information. Unfortunately, available food
composition tables seldom provide specific information on the varied forms of carotenoids
in local foods; furthermore, these amounts will vary considerably depending on the stage
of maturity of the food at the time it is consumed.

a PATWARDHAN, V. N. Hypovitaminosis A and epidemiology of xerophthalmia. American journal of clinical
nutrition, 22: 1106-1118 (1969).
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Even where it is possible to assess the vitamin A nutritional status of a community by
evaluation ofthe local diet, this information is of little use without knowledge ofan adequate
intake level of the vitamin-a level sufficient to provide tissue needs while allowing a
" safe" amount to be stored in tissue reserves. (Unlike most of the vitamins, which are
water-soluble and for which there are no sizeable tissue reserves, vitamin A is fat-soluble,
and is stored in tissue, primarily in the liver.) Because the precise biochemical roles of
vitamin A have yet to be characterized, other than in the formation of visual pigment
(rhodopsin), and because a " safe " level of storage is a relatively new concept untested
in human populations, the vitamin A requirements of different age and sex groups are not
firmly established. Requirements have been estimated from a few studies on small numbers
of adult volunteers living under unusual conditions and consuming prescribed diets,
and from available information on dietary intake, blood levels of the vitamin, prevalence
of clinical signs, and levels of the vitamin in breast milk or liver specimens taken post
mortem.

Information on the requirements of children is especially scarce. For obvious ethical
reasons, no one would intentionally deprive children of vitamin A in order to determine
the precise level needed in the diet to prevent clinical symptoms or to establish different
levels in storage tissue. Correlation studies, however, do suggest that, on a per kilogram
basis, requirements are highest during periods of rapid development, and decline to minimal
levels when growth subsides." In addition, in child populations where hypovitaminosis A
and xerophthalmia are endemic, repeated episodes of diarrhoeal, respiratory, and infectious
disease are common; studies in germ-free animals have clearly demonstrated that the
amount of vitamin A required to meet metabolic needs is increased by disease.

Because of the difficulties of obtaining precise quantitative records of vitamin A intake,
particularly for preschool children, of converting available dietary information to retinol
equivalents, and of determining critical intake levels of the vitamin, dietary surveys alone,
then, do not provide the information necessary for community assessment of hypovitami-
nosis A.

Biochemical assessment

The level ofvitaminA stored in the liver is the best indicator known of relative vitaminA
status, but, of course, cannot be assayed directly in human populations. Blood levels of
the vitamin are easily assayed, but provide little direct information about relative vitamin A
status, since they are controlled by a regulatory mechanism that causes circulating levels
to remain relatively constant between the extremes of liver depletion or saturation.

The mechanism that regulates circulating levels of vitamin A is at present incompletely
understood. The availability of retinol from endogenous and/or exogenous sources, of
retinol-binding protein (RBP), and of adequate proteins in general are known to be im-
portant factors. Several studies indicate that plasma vitamin A levels are lowered in children
retarded in growth from causes other than inadequate vitamin A or protein intakes, or
who are subjected to biological or other types of stress. Plasma levels of the vitamin are
raised in response to cyclic variations in endogenous steroid hormones, oral contraceptive
agents, and renal failure.

While blood levels are of limited value in assessing preclinical hypovitaminosis A in

a WHO Technical Report Series, No. 362, 1967 (Requirements of vitamin A, thiamin, riboflavin and niacin:
report of a Joint FAO/WHO Expert Group).
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individuals, plasma vitamin A distribution curves for populations are useful as one part
of a community assessment of vitamin A status. Distribution curves describing well-
nourished human populations approach a Gaussian curve, with blood levels between 200 and
600 ,ug/litre. This curve is shifted somewhat to the left in younger age groups and by some

acute and chronic dietary, environmental, and physiological stresses; in such instances,
circulating levels of vitamin A may fall to between 150 and 300 ,ug/litre, and remain re-

latively refractory until the stress is alleviated. In a given setting, the most likely cause

for the distribution curves for young children and for adults (determined separately) to be
skewed to the left is inadequate vitamin A nutrition.

Almost all vitamin A in the circulation is found as retinol bound to a specific retinol-
binding protein (holo-RBP) which, in turn, is bound to tryptophan-rich prealbumin in a

trimolecular complex. Of the total circulating RBP, normally about 80% is holo-RBP.
The remaining portion of total RBP, a small (MW 41 000) protein synthesized in the liver,
and, according to available evidence, not elsewhere, has received little study. It may

represent native apo-RBP secreted from the liver unbound, or partially degraded RBP
generated after release of retinol to tissue-binding proteins. Normally, a very small portion
of retinyl ester circulates in the lipoprotein complex and contributes to total plasma
vitamin A. It is generally believed that only holo-RBP, and not retinyl esters in the lipo-
protein complex, is physiologically available to tissues.

The ratio of holo-RBP to total RBP is lower in acute protein-energy malnutrition,
and elevated in acute renal disease. It may be altered in milder forms of protein-energy
malnutrition and in other disease states as well. There have been few population-based
studies relating protein nutrition to blood levels of total RBP, total vitamin A, and
holo-RBP to determine how they co-vary in relation to nutritional status in populations
at risk" of hypovitaminosis A.
Some investigators have proposed that plasma RBP be used as a parameter for the

assessment of vitamin A status. Total RBP can be measured easily by an immunoassay
technique using commercially available kits, or by immunoassay procedures developed
in individual laboratories. Such measurements, however, do not differentiate among the
various forms of RBP. To assay holo-RBP directly requires specialized instruments that
are not currently available in most laboratories in developing countries, or chromatographic
techniques not readily adapted to the volume of samples generated in nutrition surveys and
beyond the capabilities of most laboratories involved in community assessment. Because of
these limitations, and because so little is known about RBP metabolism in human popula-
tions, and how it is affected by physiological and environmental variables, carefully designed
population-based studies are needed to evaluate whether there is any advantage in deter-
mining RBP instead of vitamin A in the community assessment of relative vitamin A
nutrition.

Because circulating levels of vitamin A give only limited information about the relative
vitamin A status of a community, and the usefulness of plasma RBP levels as a parameter
for assessment purposes is still insufficiently tested in human populations, other biological
measures specific to vitamin A status and not susceptible to confounding influences have
been sought, with little success to date. Specific coenzyme roles, like those of several of the
water-soluble vitamins, that would permit development of an activity-based assay have
not been identified for vitamin A, nor have any urinary metabolites that quantitatively
relate to vitamin A status (neither the vitamin nor RBP normally appear in urine). Recently,
approaches based on a specific macroglobulin in blood, and the relative response to an
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oral dose of vitamin A, have been suggested, but applicability to human populations is
still untested.

In short, currently available biochemical procedures acceptable for human population
studies are inadequate for community assessment of the relative level of vitamin A nutrition
and preclinical hypovitaminosis A. The use of plasma vitamin A distribution curves, the
most informative way to display serum values, depends on the assumption that the primary,
though not exclusive, cause of the curve being shifted to the left is inadequate vitamin A
nutrition; the validity of this assumption must be certified by dietary evidence of an inad-
equate intake of the vitamin. Certainly, a more specific biochemical measure of relative
vitamin A nutrition is needed.

Clinical assessment

The end of the spectrum of hypovitaminosis A has been reached when clinical symptoms
and signs of xerophthalmia occur. By then, tissue reserves have been depleted, and blood
levels have dropped below those needed to provide for the metabolic requirements of the
eye, where vitamin A is necessary for the formation of visual pigment (rhodopsin) and the
normal maintenance of differentiation of epithelial tissues. The clinical manifestations of
vitamin A deficiency are first, a decreased generation of rhodopsin, resulting in night blind-
ness or impaired vision in dim light, and second, xerosis. Prolonged lack of rhodopsin, a
structural component of the rod cell and essential in the biochemical reaction that initiates
the nerve impulse that results in vision, can result in degeneration of the retina, and,
ultimately, in irreversible blindness. Prolonged arrest in the maintenance of different
epithelial cell types, primarily goblet cells, and consequently of the mucous secretions they
produce that are so important to maintaining a moist cornea, can also contribute to
irreversible blindness.

There is limited detailed information on the progression of histological changes in the
conjunctiva and the cornea that accompany vitamin A deficiency, and on how, in human
populations, these are influenced by additional dietary, physiological, and environmental
factors. Protein malnutrition, localized and systemic infections, excessive exposure to
ultraviolet light, and airborne pollutants, for example, may contribute to clinical abnor-
malities.

Unfortunately, no objective means are currently available to measure rhodopsin
levels in young children under field survey conditions.a In young children, night blindness
is most frequently caused by vitamin A deficiency; in adults, its cause is less specific.
Assessment of impaired adaptation to the dark, the earliest clinical symptom of vitamin A
deficiency, in young children now relies on the mother's response to questioning. If enough
time is allowed, a well-trained interviewer can obtain reasonably accurate assessments of
night blindness in children; the time required, and the training and standardization of
interviewers, however, preclude such assessment in most large clinical surveys. For this
reason, WHO has suggested that information on night blindness be considered secondary
to prevalence data on other signs of xerophthalmia in community assessments of hypo-
vitaminosis A. Nevertheless, it is important that a means of assessing night blindness be
developed that would be adaptable to field survey procedures.

Clinical symptoms other than those occurring in the eye are nonspecific, and are not
recommended for use in community assessment surveys. Skin changes and abnormalities

a FISHER, K. D. ET AL. Dark adaptation and night vision. Federation proceedings, 29: 1605-1638 (1970).
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Table 1. Xerophthalmia classification a

XIA Conjunctival xerosis

Xl B Bitot's spot with conjunctival xerosis

X2 Corneal xerosis

X3A Comeal ulceration with xerosis

X3B Keratomalacia

XN Night blindness

XF Xerophthalmia fundus

XS Corneal scars

XB Bitot's spot

a From WHO Technical Report Series, No. 590, 1976 (Vitamin A deficiency and
xerophthalmia: report of a Joint WHO/USAID Meeting).

in taste and smell thresholds are reported in studies of intentionally vitamin A-depleted
adults, but are not sufficiently specific for use in assessing relative vitamin A status under
field conditions.

New methods, using vital stains to detect early xerosis, may improve the assessment
of xerophthalmia based on clinical signs; these procedures need additional field testing to
determine their specificity for relative vitamin A nutrition in human populations.

Community assessment of the prevalence of xerophthalmia has received renewed
emphasis in recent years. A classification system has been agreed upon (Table 1) and is
presented in detail in the report of a Joint WHO/USAID meeting,a which includes a series
of colour photographs of the signs of xerophthalmia. Additional colour photographs
are included in a recent field guide b and slides are available for purchase through Helen
Keller International, Inc., New York. This effort to standardize the clinical assessment of
xerophthalmia should, when supplemented by dietary and biochemical information,
provide a basis for cross-cultural and regional comparisons which could be helpful in
examining the possible etiologies of the disease, and perhaps in explaining the regional
differences observed in the expression of specific clinical signs (e.g., Bitot's spots are com-
monly part of the xerophthalmia syndrome in Asia, but not in Haiti, where the basic diet
is notably different).

An alternative approach to community assessment for programme planners

Neither dietary, biochemical, nor clinical parameters in isolation provide an adequate
means ofestimating the magnitude ofthe hypovitaminosis A problem in human populations.
Evaluated in concert, they do provide a basis for the purposes of programme planning
and the ranking of hypovitaminosis A relative to other health needs, but this three-part
approach is expensive in time, money, and manpower, and still provides little precise
information on relative vitamin A nutrition.

Health planners, however, who must assess the hypovitaminosis A problem in their
communities for the purpose of deciding whether or not to institute an intervention pro-

a WHO Technical Report Series, No. 590, 1976 (Vitamin A deficiency and xerophthalmia: report of a Joint
WHO/USAID Meeting).

b SOMMER, A. Field guide. to detection and control of xerophthalmia. Geneva, World Health Organization, 1978.
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gramme, certainly do not require the same level of precision as the physician responsible
for the care of an individual. An alternative approach to community assessment of hypo-
vitaminosis A for use by planners might be based on the recognition of certain common
factors in the physical, social, and economic environment that usually accompany the
hypovitaminosis A syndrome, which could then be used to estimate indirectly the size
of the vulnerable population. This " at risk" concept, as applied to health problems
of child populations, has been reviewed recently.a. b

We have attempted to use this concept to develop a predictive model of the number
of those " at risk " of hypovitaminosis A in a child population.c The model is based on
associations noted repeatedly between protein-energy malnutrition, as measured by
weight deficit, and certain child-feeding practices, family economics, and morbidity, and
cannot be used without knowledge of local customs in child and maternal feeding, especially
of foods with unusually high vitamin A activity, and of prevailing local conditions. The
predictive model approach deserves further exploration, and requires field validation
before its usefulness to planners can be judged.

CRITERIA FOR DECIDING ON A PROGRAMME OF PREVENTION

The criteria selected by health planners in deciding whether or not to institute an inter-
vention programme to reduce the incidence of hypovitaminosis A will depend on the
immediate objectives of such a programme, and the way in which these objectives relate to
national health, food, and nutritional goals. The immediate objective might be: (1) to
control xerophthalmia and eliminate related blindness as a public health problem, (2) to
improve the vitamin A nutrition of populations at high risk of developing xerophthalmia,
or (3) to improve the vitamin A nutrition of the population at large. The objective ap-
propriate for a given situation will be determined by the seriousness and magnitude of the
hypovitaminosis A problem, the manpower and economic resources available for an
intervention programme, the level of organization and development of a supportive
technology and infrastructure, and the political climate.

With obvious clinical signs

Where data from prevalence surveys of xerophthalmia are available, the Report of a
WHO/USAID Meeting d and the IVACG guidelines e suggest that a significant health
problem exists when the criteria listed in Table 2 are met. These criteria pertain to the
prevention of xerophthalmia and its blinding sequelae. Clearly, when prevalence data meet
these criteria, an appropriate public-supported intervention programme is urgently needed.

Surveys of the prevalence of xerophthalmia have not been conducted in many high-risk
areas, and planners legitimately question the use of limited resources for this purpose before

a SOMMER, A. Field guide to detection and control ofxerophthalmia. Geneva, World Health Organization, 1978.
b INTERNATIONAL UNION OF NuTRITION SCIENCES. Guidelines on the at-risk concept and the health and nutrition

of young children. American journal of clinical nutrition, 30: 242-254 (1977).
C WOOLLEY, P. 0. ET AL. Developing a predictive model for vitamin A deficiency blindness. New York, Helen

Keller International, Inc., 1976.
d WHO Technical Report Series, No. 590, 1976 (Vitamin A deficiency and xerophthalmia: report of a Joint

WHO/USAID Meeting).
e INTERNATIONAL VITAMIN A CONSULTATIVE GROUP (IVACG). Guidelines for the eradication of vitamin A

deficiency and xerophthalmia. New York, The Nutrition Foundation, Inc., (1977).
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Table 2. Criteria for determining whether hypovitaminosis A is a
significant public health problem a

Criteria Percentageof population

Bitot's spot with conjunctival xerosis > 2.0

Corneal xerosis + corneal ulceration with xerosis + keratomalacia > 0.01

Corneal scars > 0.1

Plasma vitamin A <100 Mg/litre > 5.0

a From WHO Technical Report Series, No. 590, 1976, and INTERNATIONAL
VITAMIN A CONSULTATIVE GROUP (IVACG). Guidelines for the eradication of
vitamin A deficiency and xerophthalmia. New York, The Nutrition Foundation,
Inc., 1977.

programme decisions are made. Such surveys must be conducted repeatedly over an
extended period, because the prevalence of clinical signs of xerophthalmia fluctuates
seasonally, and a single survey may miss the peak occurrence and underestimate the
magnitude of the problem. Where prevalence data are not available, therefore, a person
knowledgeable in both the clinical aspects and the broader context of the hypovitaminosis A
syndrome should be asked to make a preliminary investigation of the local situation as
outlined in the IVACG guidelines and in Sommer's field guide a, before public programmes
are initiated.

In some countries, xerophthalmia as a public health problem might be highly localized
and associated with peculiarities of geography or cultural practices that limit the growth
or consumption of vitamin A-rich foods. Often such regions are isolated and underdevel-
oped, and the population has little access to adequate health services. A careful examination
of regional statistics on health and agriculture, and a thoughtful analysis of regional
differences as these relate to the ecological context associated with the hypovitaminosis A
syndrome, can pinpoint those areas deserving a site visit by a specialist. Evidence of
xerophthalmia in preschool children revealed by a visit to a high-risk area should warrant
consideration of a targeted intervention programme even in the absence of a prevalence
survey.

With few clinical signs

For social and economic reasons, the decision to intervene is unquestioned when a
high prevalence of clinical signs is apparent: the human loss to individuals and their
families is clear, and lifetime maintenance of individuals blinded or with impaired vision
is a high cost for a society to bear, especially when it is preventable by comparatively low-
cost programmes. In the absence of observable evidence of impaired vision, however,
the decision to initiate an intervention programme is largely a political one; although a
large segment of the population might be in a preclinical state of hypovitaminosis A, it
is difficult to demonstrate just how their health might benefit from an intervention pro-
gramme.

a SOMMER, A. Field guide to the detection and control of xerophthalmia. Geneva, World Health Organization,
1978.
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Table 3. Relative levels of vitamin A nutrition and suggested criteria for assessment in young children a

Dietary intake In liver In plasma Clinical signsRelafvesatus (retinol equivalents, (mg/kg) (,pg/litre)go/day)

Typical, well nourished > 750 50-100 300-600

Adequate 400 20 200

Possibly decreased:
growth;
appetite;
resistance to infection; and
fertility

Critical 200 10 100 Xerophthalmia
(clinical horizon) night blindness; xerosis-conjunctiva

(Bitots spots); xerosis-cornea; and
corneal ulceration

Keratomalacia

a The level of vitamin A in breast milk of adequately nourished mothers is above 500 pg/litre. A concentration of under
200 pg/litre is reported for undernourished mothers.

When the objective is to improve vitamin A nutrition in the population at large, even
where the incidence of xerophthalmia is not high, criteria for programme decision should be
based on generalized indicators of chronic inadequate vitamin A intake, such as dietary
information, distribution curves for plasma vitamin A in specific age groups, and vitamin A
levels in breast milk and in livers obtained post mortem from subjects dying of causes other
than chronic disease. For reasons discussed above, the critical cut-off points for these
parameters are arbitrary. In most cases, guidelines can be drawn only from comparisons
with values in populations known to be healthy and without evidence of serious under-
consumption of vitamin A. Table 3 suggests " adequate " and " critical " levels for dietary
intake and some biochemical indices. These cut-off values should not be taken as absolute;
they are based on limited studies ofhuman requirements for vitamin A. In the range between
the adequate and critical levels the clinical signs indicated in the table, which may be due
partly to inadequate vitamin A nutrition, may be seen. A suggested guideline for planners
whose objective is to improve vitamin A nutrition in the population at high risk of devel-
oping xerophthalmia is a level of 5-10% of the population with values at the " critical "
level for more than one parameter; when the objective is to improve the vitamin A nutrition
of the population at large, a programme is warranted when a " significant " percentage
of the population has less than " adequate " values.

TYPES OF INTERVENTION PROGRAMME

Intervention programmes to decrease the prevalence of hypovitaminosis A are designed
to increase the intake of the vitamin directly, or to increase the efficiency of utilization
by decreasing factors that elevate vitamin A requirements. Both the report of the WHO/
USAID meeting a and the IVACG Guidelines b discuss in detail some strategies available

a WHO Technical Report Series, No. 590, 1976 (Vitamin A deficiency and xerophthalmia: report of a Joint
WHO/USAID Meeting).

b INTERNATIONAL VITAMIN A CONSULTAnVE GROUP (IVACG). Guidelines for the eradication of vitamin A
deficiency and xerophthalmia. New York, The Nutrition Foundation, Inc., 1977.
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Table 4. Suggested intervention strategies for reduction of hypovitaminosis A a

H-a-High (active)
M-a-Medium (active)
L-p-Low (passive)

N-None D-Difficult S-Simple

Time to Achieve
Benefits

Very short (days)

Short (months)

Long (years)

Medium
(months/years)

Long (years)

Medium (years)

Long (years)

Foc

al~~~~~a
. \~

s

t I-t-rI1-r-TI TI TI

Single or multi-
nutrient limited

Single (vitamin A)
or multi-nutrients

Multi-nutrients

Multi-nutrients

Multi-nutrients

H

M

H

M

M

Program dependent V

Program dependent V

H

L

L-p

N

H

L

M H-al H

L

L

H

H

H-al MI M H

M IM-al V

V

V

V V

V

H

H

H

a From INTERNATIONAL VITAMIN A CONSULTATIVE GROUP (IVACG). Guidelines for the eradication of vitamin A
deficiency and xerophthalmia. New York, The Nutrition Foundation, Inc., 1977.

for intervention programmes. The characteristics of some possible intervention programmes
are given in Table 4.

In most instances, a combination of interventions is needed to achieve short- and long-
range national objectives with maximum coverage of the " at risk " groups. The intervention
programme most suited to a particular population can only be determined following a
carefully conducted analysis of the social, economic, and ecological causes of the problem,
and the human, economic, and technical resources available for modifying the situation.
Where resources permit, combined approaches should be implemented; where they are
limited, an analysis of the situation will reveal which intervention strategy is most likely
to provide critical coverage of the broadest spectrum of high-risk groups within the pre-
vailing etiological context and resource constraints. Such an analysis should consider
evidence of the magnitude and seriousness of the vitamin A deficiency problem, the local
availability or potential availability of foods rich in vitamin A or provitamin A, the socio-
economic level of the high-risk groups relative to the cost of vitamin A-active and other
foods, cultural practices of child-feeding, including those when a child is sick, and the
association of vitamin A deficiency with malnutrition and other characteristics of a deprived
environment with a high incidence of disease.

KEY
H-High
M-Medium
L-Low

V-Variable

Strategy

Massive
dosing

Nutrification

Macro-
horticultural
approach

Micro-
horticultural
approach

Nutrition
Education

Public
Health

Socio-
economic
Change

Population
Coverage

Individually
targeted

General popu-
lation or tar-
geted segment

General popu-
lation or tar-
geted segment

General popu-
lation or tar-
geted segment

General popu-
lation or tar-
geted segment

General popu-
lation or tar-
geted segment

General popu-
lation or tar-
geted segment

H

M

H

H

L

M

M

M

V

V

D

S

M

D

D

D

M

H

V

V

T
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Table 5. Treatment schedule for xerophthalmia a

Time Dose of retinol palmitate (mg) Form

immediately on diagnosis 55 (100 000 IU) water-miscible preparation, intramuscular

second day 55 (100 000 IU) oil solution, oral

<1 year old 55 (100 000 IU) oil solution, oral

> 1 year old 110 (200 000 IU) oil solution, oral

a From INTERNATIONAL VITAMIN A CONSULTATIVE GROUP (IVACG). Guidelines for the eradication of vitamin A
deficiency and xerophthalmia, New York, The Nutrition Foundation, Inc., 1977.

Short-term intervention

Where the prevalence of clinical signs and blood values meet the criteria noted in
Table 2, a programme is urgently needed to increase the intake of vitamin A. Where it is
not logistically possible to assure a continuous increased intake of the vitamin from food
sources, a programme to provide a massive dose (capsules containing 55-110 mg of retinol
palmitate-100 000-200 000 IU-are recommended) to children from 6 months to 6 years
old, at least twice a year, should be considered as a short-term approach to meet an acute
need. This type of intervention has reduced the prevalence of xerophthalmia in several
countries where it has been tried.

Where limited resources do not permit a broad coverage programme for preschool
children, a targeted distribution to seriously malnourished children and those with acute
infections is an alternative. For example, institutions, outpatient clinics, and community
health programmes in high-risk areas should be supplied with high-dose capsules; it
should be their policy that children with second or third degree weight deficit and/or
an acute infection, such as diarrhoea, measles, whooping cough, otitis media, malaria, etc.,
receive a capsule, whether of not they exhibit signs of xerophthalmia.

Safeguards are needed, especially in programmes that rely on auxiliary or paramedical
personnel for delivery, against the misuse of high-dose capsules by chronic overdosing.
(A distinction should be made between chronic and acute vitamin A toxicity: chronic
toxicity is caused by continued ingestion of a high dose of the vitamin for several days
or weeks, and can involve cellular damage; acute toxic symptoms, e.g., nausea, vomiting,
headache, and diarrhoea, occasionally occur following a single administration of high-dose
capsules (110-165 mg or 200000-300000 IU), but these symptoms are transient and
cause no permanent damage to tissues-they may, however, preclude continued voluntary
participation in a massive-dose prophylactic programme. Double dosage with an interval
of at least a few days between doses is unlikely to cause lasting or even transient toxicity
in most recipients because of the tremendous storage capacity of the liver.

Some evidence suggests that the recommended 6-month interval between massive
dosage with 110 mg (200 000 IU) of retinol palmitate is too long for the maintenance
of an adequate level of vitamin A nutrition, and that a 3- or 4-month interval between
doses might be more effective in preventing hypovitaminosis A in young children. Pro-
gramme costs are increased, of course, by shortened delivery schedules.

The treatment schedule recommended by WHO when xerophthalmia is diagnosed
(Table 5), although based on the best currently available information, is in need of sub-
stantiation. For example, the recommendation that a water-miscible preparation containing
55 mg (100 000 IU) of retinol palmitate be given intramuscularly (IM) is based on the
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assumption that diarrhoea and vomiting, which decrease absorption of the dose, frequently
accompany the xerophthalmia syndrome. Children with concurrent protein-energy mal-
nutrition and infections often do have these complications. Nevertheless, substantial
amounts of a high-potency oral dose are absorbed, even when gastrointestinal upset
occurs, and such an oral dose should be given, particularly if the IM preparation, which
is in short commercial supply, is not available. Moreover, confirmation is required of the
assumption that the watermiscible IM preparation, which enters the blood rapidly from
the injection site, is taken up by the liver, processed, and secreted bound to RBP in the
form physiologically available to tissue-binding sites (holo-RBP) more rapidly than an
oral dose. The oral preparations are readily obtained, and oral delivery has many inherent
physiological safeguards that intramuscular delivery does not have, particularly under
field conditions with auxiliary personnel as the providers.

The target of most intervention programmes has been the child of preschool age.
Presumably, infants of mothers of low socioeconomic status do not obtain sufficient
vitamin A from breast milk to build up substantial liver stores of the vitamin, and sup-
plementary and postweaning diets fed to children of poor families generally contain
inadequate sources of vitamin A. The quantity in breast milk can be increased to a limited
extent by a dietary supplement of vitamin A to the mother. Where outreach programmes to
lactating women exist, vitamin A supplementation as a single or periodic massive dose
could improve the intake of infants, and thus extend the protection period after weaning.

To reduce programme costs, the delivery of high-potency capsules to high-risk groups
without evident xerophthalmia may be coupled with other provider-recipient health
programmes; this was done successfully in El Salvador with a nationwide immunization
programme for preschool children. A similar programme is currently planned in Afghanis-
tan. The argument that immunizations frequently cause transient fevers that could decrease
utilization of vitamin A is unlikely to be a practical consideration, and should not deter
such programmes, where they are appropriate; however, the massive-dose approach to
preventing hypovitaminosis A requires repeated deliveries at least every 6 months, whereas
immunization programmes do not.

Another possibility for targeted intervention to increase vitamin A nutrition is to
couple the programme with existing supplementary feeding programmes for underweight
children. These may provide a delivery system for periodic high-dosing augmented by
daily consumption of vitamin A-fortified foods.

The massive-dose approach to preventing hypovitaminosis A is appropriate as a short
range measure in a national programme for populations with a high prevalence of xeroph-
thalmia. It is costly because it demands a person-to-person delivery system repeated at
least twice a year. Coverage of the vulnerable population by such a programme is usually
high on the first round, but participation drops steadily on subsequent rounds; decreased
participation increases operating costs. This has been well documented in India, where
the approach was first tried. In addition, the direct supplier-recipient programme often
fails to reach those most at risk of irreversible consequences from hypovitaminosis A,
i.e., sick children who are not brought from their homes to central locations to participate
in public programmes.

Long-term intervention

Fortification of a food commonly consumed by the vulnerable population can be an
effective, comparatively low-cost, long-range approach to improving vitamin A nutrition.
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It is attractive because it does not depend on the active cooperation of the public, and is
complementary to other means of intervention. So far, the emphasis has been placed on
finding a centrally processed food suitable for fortification on a national scale. In many
developing countries, no single, centrally processed food is widely available to the child
population in rural areas. Before abandoning the fortification alternative, however, planners
should consider the feasibility of decentralized village-level fortification of an appropriate
food or foods suitable for the various regions of a country. In Guatemala and some other
Latin American countries, all centrally processed sugar is, by law, fortified with vitamin A;
sugar is known to permeate the diet of most of the population, and preliminary results
suggest that vitamin A nutrition in these areas is improving. In several South-East Asian
countries, monosodium glutamate (MSG) is widely consumed by even the poorest; a pilot
programme in the Philippines recently demonstrated that fortification ofMSG with vitamin
A effectively decreased the prevalence of clinical signs of xerophthalmia, and raised blood
levels of vitamin A.

It is unlikely that toxic levels of vitamin A intake would occur from a well-conceived
fortification programme. Some periodic monitoring of centralized operations is needed,
however, and is an indispensable component of any decentralized fortification scheme.

An increased consumption of food sources of vitamin A is the long-range approach
to improved vitamin A nutrition. Because animal sources are beyond the economic reach
of most " at risk" populations, horticultural schemes to increase the availability of green
and yellow vegetables and green leaves are the most practical alternative. As little as
15-80 g daily of greens of high carotene content (a handful) fed to young children can
maintain adequate blood levels of vitamin A and prevent deficiency signs. This quantity
can be grown in a very small area of ground either at home or communally-at school,
for example.

There are many cultivated and natural sources of low cost green and yellow leaves and
vegetables that grow under a variety of environmental conditions. Their beta carotene
content varies widely but as a general rule, the deeper the colour the higher the carotene
value. These food sources of carotenoids have the additional advantage that they are
also sources of other nutrients that are often also in short dietary supply, especially other
vitamins, such as riboflavin, and minerals, such as calcium, iron, and trace elements.
Carotenes are less efficiently absorbed than is preformed vitamin A, and some fat in the diet
facilitates their absorption. The diets of young children in many regions are low in fat
but most contain sufficient to insure the absorption of carotene. In many cases leaves are
abundantly available in communities where vitamin A deficit prevails, but they are not
eaten because of their image as a poor man's or animal's food. Seldom are strong cultural
taboos associated with their underutilization and, therefore, well-conceived promotional
programmes could in time alter utilization patterns, particularly with respect to child diets.
This fact emphasizes the need to link horticultural and educational interventions.

Public health intervention programmes offer several advantages because most improve
the general quality of life in the community. Like the horticultural approaches, public
health measures are appropriate alternatives for prevention in situations where the prev-
alence of xerophthalmia is not high, or when coupled with other programmes that directly
increase the intake of vitamin A. Public health measures alone will not bring about an
immediate impressive change in the vitamin A status of a population; however, they can lead
to incremental improvement in vitamin A nutrition, and provide other health benefits as
well.
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All intervention programmes to reduce hypovitaminosis A should include educational
components appropriately adapted to the specific measures chosen, the characteristics
of the recipient population, and their life style. Such educational programmes should
involve the providers or implementors of the intervention programme as well as the reci-
pients; it is critical to sustained programme success that those involved know why the
programme is important.

EVALUATION OF PROGRAMME SUCCESS

Evaluation is an essential part of any intervention programme, and should be an
integral part of programme planning from its inception. Evaluation should be viewed as
a process for determining the degree to which a programme has succeeded in achieving
clearly stated objectives, and also as a tool for programme operations. Of course, baseline
information must be available against which to measure improvement. Usually, a specific
time interval is proposed for certain objectives to be achieved, and intermediate goals are
set to mark incremental progress. It is important that intervention programmes are not
prematurely abandoned if limited preliminary evaluation measures fail to show improve-
ment. Rather, this should alert programme personnel to possible flaws in the system that
could have impeded progress, so that adjustments can be made to correct them. In addition,
it is important to realize that demonstrable benefits from different types of intervention
should not be expected to accrue within the same time frame; for example, increasing
vitamin A intake by influencing food consumption patterns through educational program-
mes and horticultural approaches will not achieve substantial improvement in vitamin A
nutrition, as judged by dietary, biochemical, or clinical parameters, within the same period
as would a fortification or massive-dose intervention programme.

Programmes should be evaluated by objective measurements. However, it is important
to recognize that intervention programmes often lead to a heightened awareness of the
hypovitaminosis A problem; this might lead to increased diagnosis and reporting subsequent
to the collection of baseline data, and improved detection could be misinterpreted as a
failure of the programme. This aspect is of particular concern where hospital and clinic
records are used to monitor the prevalence of xerophthalmia.

Intervention programmes should be evaluated for both operational and biological
effectiveness. Operational effectiveness may be difficult to determine, depending on the
intervention measure or combination of measures selected, but such an evaluation is
necessary to provide a basis for the determination of programme costs relative to benefits
to the vulnerable population; these data are essential for decision-makers responsible for
the effective use of limited public funds.

Evaluation of the biological effectiveness of an intervention programme should be
based on the objective(s) of the programme. If the objective is to reduce the prevalence
ofxerophthalmia and related blindness, then clinical surveys must be a part of the evaluation
scheme. If the objective is to improve the level of vitamin A intake ofthe general population,
a reduction in the proportion below the " critical " levels shown in Table 3 is evidence of
some degree of programme success. When blood levels of the vitamin are used to measure
biological effectiveness, it is important that changes in the distribution curve be considered,
rather than mean values; an incremental improvement in the level of vitamin A nutrition
will be reflected to the greatest degree among the segment of the population originally
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most deficient, i.e., those in the left side of the distribution curve, whereas the mean or
median value for the entire population may not change significantly.

Programme success is more difficult to evaluate in populations without clinical signs
of xerophthalmia. Objective indicators of improvement in vitamin A nutrition should be
measured, but subjective measures should not be ignored. Certain kinds of intervention
programme can increase the level of community awareness, not only of the importance
of food generally and its relation to health and wellbeing, but also of alternatives for
meeting other needs using locally available resources. Though incidental to evaluation of
improved vitamin A nutrition, such community action and self-help measures may have
important social and political implications that will influence future decisions on the
continuation of vitamin A intervention programmes.

CONCLUSIONS

The ultimate goal is to eradicate hypovitaminosis A as a public health problem by
providing all members of society with access to a diet sufficient in vitamin A and in all
other nutrients that interact in vitamin A metabolism. The tentative list of 73 countries
and territories where WHO considers vitamin A deficiency to be a public health problem a
makes it evident that the goal will only be achieved following a general upgrading of the
level of development in these countries, and a more equitable distribution of the benefits
of development. Serious hypovitaminosis A seldom occurs apart from protein-energy
malnutrition, the most pervasive nutritional problem in children of developing countries.
Serious undernutrition as a public health problem does not exist where people have sufficient
money to buy foods of their choice. This is not meant to imply that money alone will
solve the problem for all people and in all areas; however, increasing the purchasing
power of the poorest 40% would certainly go far towards diminishing the problem.

Hypovitaminosis A is amenable to solution through public programmes that need not
await progress in the overall development of these countries. Where the serious, irreversible
forms ofvisual impairment are prevalent, appropriate programmes should be instituted, and
where resources are available, earnest consideration should be given to improving vitamin
A nutrition for the general population as well.

RESUME

L'hypovitaminose A et les moyens de la combattre

Dans les pays en developpement, l'hypovitaminose A est la cause la plus courante de
cecite durant l'enfance: il est probable que 100 000 enfants perdent la vue de ce fait chaque
annee. Sur la base d'e'tudes chez l'animal, il y a lieu de penser que l'hypovitaminose A
contribue aussi de fa9on significative 'a la morbidite et a la mortalite par maladies infec-
tieuses, encore que cela soit difficile a prouver dans des populations humaines non contr6lees
oii coexistent des deficits en de nombreux nutriments. Meme en l'absence de signes oculaires,

a PROTEIN-CALORIE ADVISORY GROUP. Vitamin A enrichment of donated foods (with special reference to dried
skim milk powder). PAG bulletin, 6: 1-7 (1976).
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l'hypovitaminose A reduit tres probablement le taux de croissance, l'appetit, la f6condite
et la duree de la differenciation cellulaire, sans qu'il soit possible de le demontrer de facon
definitive. II n'en demeure pas moins que I'ampleur du probleme de 1'hypovitaminose A
sera gravement sous-estimee si on ne 1'evalue qu'en fonction de la prevalence des signes
oculaires, terme final de la depletion.

Comme on ne dispose pas actuellement d'un moyen precis d'identifier les individus
dont les reserves de vitamine A sont sur le point d'etre epuisees sans qu'ils presentent
cependant des signes oculaires, 1'evaluation du probleme dans une collectivite devrait etre
operee au moyen des trois parametres suivants: evaluation de I'apport alimentaire quotidien
de vitamine A et de carotenes, evaluation biochimique du taux sanguin de retinol, et eva-
luation cinique des signes oculaires. Des indications supplementaires peuvent etre trouvees
dans la concentration de vitamine A dans le lait maternel des meres de milieux desherites
et dans celle relevee 'a 1'autopsie dans les tissus hepatiques. Les enquetes sur l'apport ali-
mentaire quotidien sont 'a elles seules insuffisantes en raison, d'une part, des doutes que
suscite l'exactitude des donn6es quantitatives pouvant etre obtenues sur le regime ali-
mentaire des jeunes enfants, d'autre part de la difficulte 'a determiner le niveau critique de
l'apport alimentaire quotidien, enfin du probleme que pose l'utilisation des tables de com-
position alimentaire en carotenes lorsqu'il faut convertir ceux-ci en equivalents de retinol.

Les taux seriques de retinol peuvent etre affectes par des facteurs tres varies autres que la
carence en vitamine A, comme des infections chroniques et aigues et le stress en general.
Lorsqu'elles sont etayees par des indications touchant l'apport alimentaire, les courbes
de distribution des taux seriques, etablies par groupes de population, suggerent l'existence
d'une hypovitaminose A quand elles sont deviees vers la gauche. Cette deviation de la
courbe de distribution est un indicateur plus fidele du risque d'hypovitaminose A que la
valeur moyenne du retinol dans le serum.

Lorsque les signes cliniques sont manifestes, un apport fortement deficitaire de vita-
mineA aux tissus nefait pas de doute. Ces signes ne representent cependant que le # sommet
de l'iceberg* du probleme de l'hypovitaminose A.

Les planificateurs qui tentent d'evaluer l'importance des secteurs de la population
exposes au risque d'hypovitaminose A peuvent recourir a une autre methode, qui n'a
cependant pas encore fait ses preuves: rechercher s'il existe un ensemble de facteurs phy-
siques, sociaux et economiques accompagnant generalement cette hypovitaminose. Parmi
ces facteurs on citera I'association frequente avec la malnutrition proteino-energetique,
mesuree par l'insuffisance ponderale, certaines pratiques d'alimentation des enfants, la
gene dans laquelle sont les familles ainsi que la presence de certains etats pathologiques.
En examinant les donnees de prevalence en fonction de ces facteurs, il est important de
prendre egalement en consideration les coutumes locales en matiere d'alimentation mater-
nelle et infantile, qui peuvent comporter le recours a des sources exceptionnellement riches
de vitamine A et, de ce fait, contrebalancer l'effet des facteurs associes a la carence.

I1 convient de fixer des objectifs bien precis avant d'entreprendre un programme de
prevention. Ces objectifs peuvent etre les suivants: 1) lutter contre la xerophtalmie et
eliminer en tant que probleme de sante publique la cecite qui lui est associee; 2) ameliorer
la nutrition en vitamine A des populations fortement exposees au risque de xerophtalmie;
3) am6liorer la nutrition en vitamine A de la population en g6neral. La gravite et l'ampleur
du probleme et les ressources disponibles pour le resoudre commanderont le choix de
l'objectif le plus approprie et des programmes d'intervention les plus aptes 'a 'atteindre en
touchant les plus larges couches de la population exposee. Des interventions a court terme
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telles que la fourniture periodique de fortes doses de vitamine A devraient aller de pair
avec des interventions a long terme comme l'enrichissement d'un vehicule alimentaire,
le developpement de la culture et de l'utilisation pour l'alimentation des enfants de sources
appropriees de carotenes, et des actions de sante publique visant a diminuer la morbidite.
Toutes les interventions devraient comprendre un composant educatif propre a aider les
beneficiaires 'a r6soudre le probleme par le recours aux ressources disponibles localement
tout en respectant le genre de vie et les caracteristiques culturelles des populations en cause.

Tout programme d'intervention devrait, des ses debuts, comprendre deux elements
d'evaluation: operationnel et biologique. Cela est important aux fins de la surveillance
du rapport co(ut/efficacite et de l'ajustement du programme a mi-parcours pour en ameliorer
l'efficacit6 operationnelle, celle-ci pouvant a son tour conditionner une efficacite biologique
accrue. Les previsions concernant le developpement de l'efficacite biologique etant a plus
ou moins long terme selon les differents types d'intervention, il faut eviter de porter des
jugements prematures sur l'efficacite du programme.

Si les progres du developpement socio-economique dans les regions ou sevit l'hypo-
vitaminose A contribueront largement a resoudre le probleme, il ne s'agit pas la d'une
perspective immediate pour les populations fortement exposees de nombreux pays en
developpement. Des programmes d'intervention specifiques appropries permettent de
s'attaquer directement au probleme et l'on peut en attendre des ameliorations concretes de
la sante des enfants exposes au risque de xerophtalmie. De tels programmes devraient etre
institues la otu les taux de prevalence de la maladie sont ceux qu'indique le tableau 2, et
envisages lorsque les donnees relatives 'a plus d'un des parametres qui figurent au tableau 3
indiquent que 5 a 10% de la population se trouve a un niveau critique. On ne peut d'autre
part qu'escompter des avantages de l'elevation du niveau de 1'etat nutritionnel en vita-
mine A de toute la population au-dela des valeurs indiquees comme adequates dans le
tableau 3.
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