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LINTRODUCTION

The purpose of this review is to explore the relationships between vitamin A
deficiency and diarrhoea among young children. The major focus is on the implica-
tions of these relationships for policies towards the control of childhood diarrhoea
and xerophthalmia. The possible benefits of giving vitamin A to children with
diarrhoea are also considered. A recent monograph (Somwmexr, 1982) and
epidemiological overview (TIELSCH and SoMMER, 1984} on xerophthalmiz provide a
comprehensive background to this, more focused, review, The benefits and risks of
vitamin A supplementation for pregnant and lactating women are not addressed
here, but have been comprehensively reviewed by Unnrrwoon and WALLINGFORD
(1980). This review is a part of a series of reviews on interventions for the contro} of
diarrhoea among children under 5 years of age in developing countries (FEACHEM,
1986).

2, THE FREQUENCY OF XEROPHTHALMIA IN DEVELOPING COUNTRIES

Information about the person- and place-specific incidence and prevalence rates
and sequelae of xerophthalmia'is scarce. Global and regional gross estimates are
used in the promotional literature (for instance, 10 million new childhood
xerophthalmia cases per year world-wide with over 500 000 resulting in blindness;
PATH, 1985) but these estimates derive from extrapolation from limited community
data and are of limited value in the rigorous analysis of the impacts of interventions.

Table 1 shows the WHO classification scheme for the various forms of
xerophthalmia. This classification is now widely adopted and will be used in this
review. The categories nightblindness (XN), conjunctival xerosis (X1AY and Bitot's
spots (X1B) are sometimes grouped under the term “mild xerophthalmia”; corneal
xerosis (X2) and corneal ulceration (X3A/B) are sometimes described as “active
corneal xerophthalmia”; and XN, X1B and X3A/B are somctimes referred to as
“active xerophthalmia™. In practice, X1A may be excluded from surveys of mild
xerophthalmia because its poor diagnostic specificity makes it an inadequate
measure of vitamin A deficiency. .

Table 1 also shows the prevalence criteria for determining whether xerophthalmia
and vitamin A deficiency are a significant public health probiem in a given country or
area. On the basis of these criteria, a list of countries, from all parts of the developing
world where vitamin A deficiency is a significant public bealth problem, has been
cotnpiled. The list is growing as new survey data become available. The low level of
the prevalence rate criteriz shown in Table 1 1% suggestive of the problems of
targeting appropriate prophylactic measures.

The most commonly reported frequency data are prevalence rates of either mild
xerophthalmia (XN, X1A or X1B) or active corneal xerophthalmia (X2 or X3) in
pre-school aged children. Prevalence rates for mild. xerophthalmia in pre-school
aged children are seldom over 10%, and the range of 5-10% represents the worst end
of the spectrum of frequency (TiELSCcH and SomMMER, 1984), Prevalence rates of well
under 1% for mild xerophthalmia among pre-school aged children are reported from
marny countries. Marked seasonal varations in prevalence rates have been reported
(SivHA and Bang, 1976). Typically, prevalence rates of active corneal xerophthalmia
are well below 0.5% among pre-school aged children. Most surveys report that mild
xerophthalmia is significantly more common in boys than in girls (CoHEN et af.,
1985},

The most detailed measurements of incidence and prevalence rates are those
reported from Indonesia by SoMMER et af. (1981). The incidence rate of active corneal
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Table 1.
Classification of forms of xerophthalmia and criteria for designation of a significant
public health problem.*

Prevalence rates among
preschool children

Classification  Clinical description indicating significant
code public health problem
XN Nightblindnecss =1%
X1lA Conjunctival xerosis -
Xig Bitot's spots =0.5%
X2 Corncal xcrosis 9
X3A Corneat glceration/keratomalacia
involving less than 1/3 of the
corneal surface > =0.01%
X3B Corneal nleeration/keratomalacia
involving =1/3 of the
corneal surface

x5 Corneal sear =0.05%
XF Xerophthalmic fundus -
Biochemical

criterion: Plasma vitamin A =504
=0.35 pmol/l (10 pg/dD

*From WHO (1982)

xerophthaimia (X2 or X3) in children aged 06 years in 6 villages in West Java was
0.5/100 each year. The incidence rate of mild xerophthalmia among the same
children was 9/100 each year, with a spontaneous cure rate of about 50% (TiELSCH
and Sommrr, 1984). Combining thisinformation with the fact that about ene-third of
the mild xerophthalmia cases in this study had a history of previous mild
xerophthalmia, SomMer (1932} estimated that some 36% of these children
expericnce mild xerophthalmia between birth and 6 years ol age. The prevalence
rates of active corneal xerophthalmia in pre-school aged children were 0.12% in
West Java and 0.06% nationwide, In the sume age group, a more recent survey in
Sumatra (SommEr et al., 1986) found a prevalence rate of active xerophthalmia (XN,
X1B or X3) of around 2%.

The only comparable data from Africa are those reported from the Lower Shire
Valley in Malawi by Tirrscneral. (1986). A total of 5441 children under 6 years of ape
living in 71 viltages were surveyed. The prevalence rate of all signs of active
xerophthalmia (XN, X1A, X1B, X2, or X3) was 3.9%. Prevalence rates rose with
age 1o a maximuem of 8.2% among those aged 48-71 months.

Few adequate data on the progression of various forms of xerophthalmia to
spontancous cure or 10 vanous degrges of chronic visual impairment, have been
tocated. There are obvious ethical obstacles to the collection of data of this type.
SoMMER ef @l (1981) estimate that one-third to one-half of active corneal
xerophthalmia cases result in bilateral blindness,
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3. THE INTERRELATIONSHIPS ' AMONG VITAMIN A DEFICIENCY,
XEROPHTHALMIA, MORTALITY AND DIARRHOEA

Inn understanding the interrelationships between these conditions 3 types of infor-
mation are relevant, First are the well-cstablished causal relationships that derive
from an accumulation of laboratory, clinical, and epidemiological evidence, $econd
are certain associations observed during epidemiological studies in developing coun-
trics. Third are hypotheses about mechanisms for causality that come from clinical
studies and work with laboratory animals,

Vitamin A deficieney results primarily from inadequate dietary intake of vitamin
A, Vitamin A deficiency is the cause of xerophthalmia, This review coneentrates on
the evidence linking vitamin A deficiency with risk of disease or death from diar-
thoea, and pays special attention to community-based epidemiological studies.

Animal studies are an important background to the epidemiological discussions in
this review. Such studies have been reviewed elsewhere (McLAREN, 1980; SOMMER,
1982). In summary, they show that adequacy of vitamin A, intake is a determinant of
growth, survival, resistence to infection, maintenance of epithelial integrity, and
both humoral and cell-mediated immune competence, in a wide variety of labaratory
animals, including many small mammals and fowl. Evidence of these relationships in
humans is scarcer.

3.1 I diarrhoea a risk factor for xerophthalmia? :

There is ¢lear evidence in the literature of decreased vitamin A absorption associ-
ated with various infections; especially diarrhoeas, intestinal helminthiases, and
respiratory infections. This literature is not reviewed here but is reviewed in part by
WesT and Somumer (1984). In addition, infections may decrease vitamin A intake
owing to anorexia. In children whose dietary vitamin A intake is low and whose body
stores are marginal, it is plausible that repeated respiratory or intestinal infections
may precipitate vitamin A deficiency and xerophthalmia (see, for instance,
Sivakumar and Renpy, 1972).

It is widely believed, therefore, that diarrhoea, especially repeated and prolonged
diarrhoes, 15 a risk factor for vitamin A deficiency and xerophthalmia in children
whose liver stores are low. Two types of evidence would help to confirm this belief;
first data from observational studies showing that children with more frequent or
prolonged diarrhoea have greater risk of xerophthalmia and, second, data from
intervention studies showing that a reduction in diarrhoea incidence or duration. is
followed by a reduction in xerophthalmia, Firm evidence of either type has not, thus
tar, been published.

A, high proportion (100% and 869, respectively) of children in Bangladesh with
xerophthalmia had diarrboea in the month preceding the survey (Conen et al. , 1985)
or the month preceding the onset of the eye lesions (KHan et af., 1984). Control data
were not reported and the authors appear to reach premature conclusions concern-
ing the causative role of diarrhoea in xerophthalmia, Cohen et al. state “diarrhoea is,
therefore, an important precipitant of severe lesions immediately threatening sight”,
and both sets of authors conclude that diarrhoea control might substantially reduce
xerophthalmia. In a case-control study in Nepal, cases of xerophthalmia were
matched with controls by age, sex, season and village, but not by socio-economic
confounders (BRILLIANT et al., 1985). Cases were nearly 30 times more likely than
controls to have had diarrhoca in the previous month. ‘

These studies in Bangladesh and Nepal, like several others including that of
PatwarDHAN (1969), report an association in person and time between diarrhoea
and xerophthalmia that could also be explained by confounding or by vitamin A
deficiency being a cause of diarrhoea (TiELsSCH and SoMMER, 1984). In support of
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confounding, Cohen ef af. found that both wealth and maternal education were
independently and significantly associated with reduced risk of xerophthalmia. In
Malawi, poorly educated and poorer families were more likely to have children with
active xerophthalmia (TieLscH ef al., 1986), and these socio-economic factors are
likely to exert an independent influence on the risk of diarrhoca.

StoLL ef al. {1983) found that diarrhoca patients (children aged 1-10 years in
Dhaka, Bangladesh) with night blindness were significantly more likely to have
protonged and dyscnteric disease (caused especially by Shigella and Entamaoeba
histolytica) than similar patients without night blindness. 5toll et al. conclude that
these findings are more consistent with diarrhoca as a risk factor for xerophthalmia
than vice versa. Confounding is, however, also suggested by the findings of Stoll er
al_, since the diarrhoca patients with night blindness were significantly more likely to
be <R0% of reference weight-for-height than similar patients without night
blindness.

A case-control study of children under 14 years of age in slum arcas of Dhaka,
Bangladesh {Stanron er al., 1986) showed an associution between protracted diar-
thoea {more than 14 days of diarrhoea in the past month) and prevalest mild
xerophthalmia (night blindness with or without conjunctival xerosis and/or Bitot’s
spots). This association (odds ratio 4, (.05 </ <().1) was controtled for gender, age
and aumber of children in the family, following the exploration of a range of
potential confounding variables. These results are presented in the context of a study
of risk factors for mild xerophthalmia, but the reverse hypothesis (mild
xerophithalmia as a risk factor for protracted diarrhoea) is also plausible,

This association between diarchoea and xerophthalmia was oot found i a hospi-
tal-based study in Bangladesh (Brown eral_, 1979), or in community studies in Cebu,
Philippines (Soron e al., 1978) and Malawi (Tikwscn et al. 1986). The most detailed
atternpt to unravel this relationship is the study in West Java reported by SoMMer ot
al. {1984). Their findings are more suggestive of xerophthalmia as a risk factor for
diarrhoea than of diarrhoca as a risk factor for xerophthalmia or of both being cansed
by underlying poverty-related confounding factors, No evidence of the sceond type,
from intervention studies which examined the effect on xerophthalmis of controlling
diarthoea, bas been Jocated,

3.2 Ts vitamin A deficiency a risk factgr for diarrhoea?

Clinical and laboratory studies suggest that vitamin A deficiency may increase the
risk of bactenial colonization of the respiratory, gastrointestinal, and genitourinary
tracts und may also interfere with immune competence. These findings suggest the
hypothesis that vitamin A deficiency may predispose 1o illness and death from
certain infectious diseases. Once again, both observational and intervention studies
might throw light on this hypothesis,

A prospective study of 4600 children, aged (-6 years at entry, -was conducled in 6
villages in West Java, Indonesia, during 1977-78 (SommER ef e, | 1983}, Children were
examined at 3-maonthly intervals for 18 months. The mortality vate was 4 times higher
amaong children with mild xcrophthalmia (night blindness and/or Bitot's spots) at the
cxamination before their death, than among those without, The risk of death
increased with the severity of eye disease, being 3 times higher for those with night
blindness only, 7 times higher for those with Bitot's spots only, and 9 times higher for
those with both conditions, The relative tisks of mortality by sevenity of mild
xerophthalmia remained broadly similar when the data were controlled for respira-
tory infection, age, and weight-for-height. DinLov et al. {1983) suggested that this
association hetween mild xerophthalmia and mortality might have been caused by
the retationship of stunting (low height-for-age) with both of these vaniables. They
point out that the use of wasting (low weight-for-height) by Sommer et @f. to control
for the confounding effects of nutritional status may have been inappropriate since
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“wasting is not associated with mild vitamin A deficiency”. SommEer (1984) replied
with arguments to show that the difference in height-for-age between the mildly
xerophthalmic and non-xerophthalmic children could not have accounted for a
difference in relative risk of mortality of greater than 3.

The same Javanese data set as reported by SoMMER ¢f ¢f. (1983) was analysed to
explore the association between mild vitamin A deficiency and risk of diarrhoea and
respiratory disease (SoMMER et af., 1984). Children (0~6 years) with mild
xerophthalmia (night blindness and/or Bitot’s spots) at the start and end of the
3-month interval batween examinations were 3 times more likely to report diarrhoca
during the I month preceding the second examination than children with no
xerophthalmia at the start or end of the 3-month interval, This relationship was
maintained when the data were stratified by weight-for-height. Among non-
xerophthalmic children, the risk of diarrhoea was independent of nutritional status.
Among mildly xerophthalmic children, diarrhoea incidence rates were 30% greater
amang those less than 0% of standard weight-for-height than among others. Diar-
rhoea rates among weli-nourished, mildly-xerophthalmic children were significantly
higher than among poorly nourished children with normal eyes, although it should be
noted that few study subjects were severely malnourished (<4% of children had
weight-for-height <80% of standard). No other observational studies that bear
directly on this hypothesis have been located.

Relevant intervention studies are those which controlled vitamin A deficiency znd
measured the impact on diarrhoea. One such study has been located (Sivaa, 1976),
in which oral administration of 100 000 [U of vitamin A every 4 months to children in
rural West Bengal failed to produce a detectable reduction in diarrhoca rates. (A full
report of this study has not been seen by the reviewer and it may be that sample sizes
were too small to detect the expected impact on diarrhoea rates. )}

An intervention study of great interest, although one that did not measure diar-
rhoea morbidity or mortality as outcome variables, is the randomized, controlled,
community trial on the effect of vitamin A supplementation on childhood mortality
in Sumatra (SoMMER ¢f al., 1986). Overall mortality rates among children aged 12-71
months were 34% lower in the 229 villages receiving vitamin A supplementation (2
capsules of 200 000 [U per year) than in the 221 control villages. The impact on
mortality rates for specific ages varied markedly: from an apparent excess of mor-
tality in the supplemented villages among children aged 3647 months, to a decre-
ment of 72% among children aged 60-71 months. Diarrhoea, or other causc-specific
mortality rates were not separately reported. Differences in overall mortality rates
between supplemented and control villages in the first 2 years of life, the period when
diarrhoea mortality rates are highest in other studies, were 17% for infants (a group
not targeted for supplementation but 82% of whom, nonetheless, received at least
one vitamin A capsule) and 15% for children aged 12-23 months.

Threeletters to the Lancer (CosteLLo, 1986: Gray, 1986;: MarTinez ef al. |, 1986) cast
serious doubt on the conclusion reached by Sommer et al. (1986) that “supplements
given to vitamin A deficient populations may decrease mortality by as much .as
349", Causes for concern included the lack of data on baseline mortality rates;
atypical age structure and age-specific mortality rates suggestive of measurement
error; the higher baseline prevalences of xerophthaimia, diarrhoea, stunting and
wasting in the control compared with supplemented villages; a lack of placebo and of
blinding; and certain shortcomings in analysis. A reply to these criticisns was
published (SoMwmer and WesT, 1986), Conen (1986) and Gorarax (1986) published
further critiques, again casting serious doubt on the claim that the vitamin A
supplementation per'se caused a 349 decrease in mortality rate.

- 3.3 Modelling the interrelationships
This limited information can be used to construct models of the interrelationships
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among vitamin A deficiency, xerophthalmia, mortality, and diarrhoea. First, a
conservative model, Model 1, which docs not accept that any causzal relationship has
heen demanstrated in either direction between vitamin A deficiency and diarrhoea.
Madel 1 can be porirayed as follows:

tnadequate — ——— ——m
vitamin A |=——te V"f?’"f“” A || Xarophthalmia
intake deficiency 7
- s
- -
Unspecified - s
poverty- P Y
related - d
factors - - Va
P o
; Death from
Diarrhoea — diarthoes

Unbroken lines indicate putative causal relationships with arrows showing a direc-
tion from cause to effect. Broken lines indicate observed associations which result
from the effect of other variables in the model and are not causal in nature. Thus, in
Model 1, the observed association between xerophthalmia and increased risk of
diarthoca and diarrhoea death is due entirely to the confounding influence of the
poverty-related factors in the model. This model, therefore, predicts that reducing
xerophthalmia by vitamin A supplementation will cause no change in diarrhoea rates
and that reducing diarrhoea (by latrine construction, for instance) will cause no
change in the prevalence of xerophthalmia,

Second, a model can be proposed that accepts either that diarrhoea predisposes to
vitamin A deficiency, or vice versa, or both. This can be called Model 2 and is
portrayed thus:

Vitarmin A
deficiency

/ Xerophthalmia
. N
/s R
~,

4
s ™

\ / \\

~

7 /!
\ / " Death
: eath from -
——— i

Broken and unbroken lines have the same meanings as before. Sommer er al. {1983,
1984) found that the associations between mild xerophthalmia and both diarrhoca
and death held good when the data were stratified for nutritional status, a variable
likely to be highly correlated with the unspecified poverty-related factors in Model 1,
This suggests that,| at least in some circumstances, Model 2 may be covrect, Model 2
predicts that either vitamin A supplementation will reduce dizrrhoea and death, or
that diarrhoea control will reduce xerophthalmia, or both, depending on which of the
arrows with 7 actually applies. The major reduction in mortality rate, some of which
may have been due to a reduction in diarrhoea mortality, said to have been caused by
vitamin A supplementation in Sumatra (SoMMEeR ef al. | 1986) suggests that the arrow
from vitamin A deficiency to diarrhoea may be operative in this community.
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On the basis of all the fragmentary evidence, this reviewer believes that the best
working model at this time is the combination of Medel 1 and Model 2, dubbed
Model 3 and depicted below:

_Ml”n_s;aequata T—
vitammin A |——w|  Vitamin A [ o rophthalmia
intake deficiency T
. -,
-
,-"‘"f 4
Unspecifiad - e
povarty- - 4
related i
factors 4
Death from

Diarrhoea P — ]

diarrhoea

The relative contribution of the various causal pathways is unknown but is of
considerable practical importance in determining the likely impact of specific inter-
ventions. The vitamin A supplementation trial in Sumatra was said to have reduced
mortality in children aged 1-5 years by 34% (SoMMER ef al., 1986).' This reduction
suggests that vitamin A deficiency in the community is the “cause” of one-third of
deaths in this age group and, possibly, of a similar proportion of diarrhoea deaths.
This finding is at odds with much of the conventional wisdom on the acticlogy of
childhood death in developing countries. A second generation of vitamin A supple-
mentation trials is being planned to determine whether the results obtained in
Sumatra can be replicated in other communitics,

4. POLICY IMPLICATIONS

The policy implications of the foregoing may be addressed by posing and attempt-
ing to answer 3 questions,

4.1 Will the control of vitamin A deficiency reduce diarrhoea morbidity or mortality
rates?

If vitamin A deficiency predisposes to diarrhoca, the answer is “yes”, if not, the
answer is “no”. The observational studies of SOMMER ¢f al. {1983, 1984) suggest that
vitamin A deficiency, as expressed by mild xerophthalmia, predisposes to increased
diarrhoca incidence (relative risk: 3) and increased mortality from all causes (relative
risk: 4), among pre-school aged children in West Java. Two intervention studies have
further explored this relationship. Sivna (1976) found that vitamin A supplecmenta-
tion did not reduce diarrhoea rates in West Bengal, but this study was not designed
primarily to detect such animpact and sample sizes may bave been too small. SoMMER
et al. {1986) claim that vitamin A supplementation decreased mortality from all
causes by 349 among children aged 1«5 years in Sumatra. This reported impact is
strikingly high and merits further discussion.

{Subsequent dose-relared analyses of these data suggest thal the true impact of vitamin A
supplementation on mortality was even greater than 34% (Saommer, personal communcation).
This finding must be viewed in the light of the reservations concerring this study expressed by
GoraLan (1930) and others (see page RG).
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Kerpphthalmia is caused hy vitamin A deficiency and therefore children with
xerophthalmia have, or have had, vitamin A deficiency. The relationship between
xerophthalmia and serum vitamin A levels in children is not closely defined but some
zencral associations are discernible, Above a serum vitamin A level of 20 pe/dt,
xerophthalmia is uncommont and it becomes increasingly common as serunt ¢on-
centrations of vitamin A fall below this figure (Sommer, 1982). Active corneal
xerophthalmia 1s found mostly in children with serum vitamin A levels below 15
pgfdl, However, there are many children with low serum ¢oncentrations of vitamin
A who do not manifest signs of clinical xerophthalmia. [n the study in West Java,
Sommer (1982) found that over 9% of children had serum vitamin A concentrations
below 10 wg/dl, but the prevalenee rate of Bitot's spots was only 0.8%.

[n most surveys, the prevalence rate of vitamin A deficiency can only be estimated
by the prevalence rate of xerophthalmia. The latter, however, may be much lower
than the former, Tt is possible that there arc many children with increased suscep-
tibtlity to infection {due to damage to the epithelium and/or impairment of immune
competence) caused by vitamin A deficiency who do not have xerophthalmia. Lf this
is triee, any estimation of the impacts of vitamin A supplementation on morbidity or
maortality based on the prevalence rates of xerophthalmia will underestimate,
perhaps greatly, such impacts.

With these thoughts in mind we may examine the 34% mortality reduction claimed
by SomMmer et al. (1986). Suppose, first, that the prevalence rate of exposure to the
risk factor i well cstimated by the prevalence rate of active xerophthalmia, The
prevalence rates of active xerophthalmia (XN, X1B, X3) were 1.9% and 2,3% at the
baseling survey and declined 1o 0.3% and 1,29 at the repeat survey 1 year later, in
the supplemented and control villages respectively. Assuming thit the prevalence
changes occurred instantaneously following the baseline survey (a conservative
assumption for this purpose because it overestimates the difference in the prevalence
rates of xerophthalmia between the supplemented and control villages) then, dering
the year of mortality rate measurement, the control villuges had an excess prevalence
of xerophthalmia of 0.9% (1.2% - 0.3%) compared with the supplemented villages.
(Assuming that the xerophthalmia prevalence declined lincarly through time
between the baseline and the repeat surveys, the average excess rate of
xerophthalmia in the control community is only 0.65%.) Then a 34% reduction in
mortality rate due to a reduction in the prevalence rate of exposure from 1.2% to
0.3% implies a relative risk of death among children with active xerophthalmia of 70,
This relative risk is atmost 17 times higher than that found in West Java (Sommrr &t
al., 1983). Suppose, second, that the relative risk of death is really 4, as found in West
Java. A 34% reduction in mortality rate would be achieved if the prevalence of
exposure to the risk factor in the control villages, as indicated by the prevalence rate
of active xerophthalmia at the repeat survey, was in fact 18%, not 1.2%.. Under this
latter set of assumptions there are 1.2% of children with active xerophthalmia and a
relative risk of death of 4, together with, either a further 179 of children with the
same relative risk of death due to vitamin A deficiency but lacking eye signs, or a
further proportion of more than 17% of children with milder vitamin A deficieney,
ne eye signs and retative risk of death of less than 4 but more than 1.

These caleulations illustrate the possibility that the prevalence rate of children
exposed to some imereased risk of death due to vitamin A deficiency is greater than
either the point or period prevalence rates of xerophthalmia. Tn other words, there
may be children at increased risk of death due to vitamin A deficiency who are
entirely undetectable by ophthalmic survey.

The report on the Sumatra mortality study (SoMMER ¢f af., 1986) gives no indica-
tion of cause of death in supplemented and control villages. For all ¢hildren in the
Sumatra study (ages 1-5 years), the mortality rate was 34% lower in the villages
receiving vitamin A supplementation, but there were great, and uncxplained varia-
tions with age. The difference was greatest (729 lower) in the sixth year of lile when
diarrhoca mortality rates are very low in most communities. Differences were 17%
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and 15% in the first 2 years of life, respectively, when diarrhoea mortality rates are at
their peak. Proportional mortality due to diarrhoea remains high throughout child-
hood, however, being responsible for about one-third of all deaths. It is likely,
therefore, that there was a major difference in diarrhoea mortality rates between the
supplemented and control villages.

Returning to the question posed at the head of this section, the answer is that we do
not know but that the balance of evidence points towards a “yes” answer, at lcast for
diarrhoca mortality, Further studies are urgently needed to define the magnitude of
any reductions in diarrhosa morbidity or mortality rates that can be achieved
through vitamin A supplementation. Such studies should pay special attention to
investigating excess risk of diarrhoca due to vitamin A deficiency in children without
eye signs and should seek to develop measures? of such deficiency states which can be
used in community surveys.

4,2 Will the contred of diarrhoea reduce the prevalence of xerophthalmia?

If diarrhoea precipitates xerophthalmia the answer is “yes”, if not, the answer is
“no*. Studies on malabsorption of vitamin A due to intestinal infections and
epidemiological evidence reviewed in seetion 3.1, suggest “perhaps™. The evidence
is weak, however, and further observational studies are required.

The priority to be attached to such studies may be low for the following reasons.
First, diarrhoeal disease control is being pursued vigorously for other reasons and the

- discovery that it may also have benefits to the prevention of vitamin A deficiency
may not greatly affect current policies or investment levels. Second, the prevention
of vitamin A deficiency will surely rest on the 3 currently established approaches of
vitamin A supplemnentation, food fortification, and community education coupled
with self-sufficiency in foods rich in vitamin A. Diarrhoea control will never be a
primary strategy for the prevention of vitamin A deficiency. Xerophthalmia has been
successfully controlled by periodic massive dosing with vitamin A | in the absence of
any diarrhoea control measures {VUAYARAGHAVAN et al., 1984).

4.3 Will the administration of vitamin A to children with diarrhoea reduce the
prevalence of vitamin A deficiency or assist in the treatment or control of
xerophthakmia or diarrhoea?

The 3 methods for preventing vitamin A deficiency that are normally advocated
are the periodic distribution of massive oral doses of vitamin A, {200 000 IU every
46 months is normally recommended), the fortification of staple foods (such as
sugar) with vitamin A, and nutrition education to encourage adequate consumption
of locally-available foods which are rich in vitamin A. Periodic massive dosing has
been successful when coverage is high (=65%) and has been comprehensively
reviewed by WEST and SoMMeR (1984},

The most commonly artieulated objection to giving vitamin A to children with
diarrhoes is that it will be poorly absorbed. Mast of the literature shows that, indeed,
absorption is considerably reduced during diarrhoca, perhaps to levels of only 30%
of a large dose (Nacek, 1979; WEST and SoMMER, 1984). Absorption of both water-

*A debate concerning appropriate measures of vitumin A deficiency is underway. Serum retinol
levels are still widely used (see Table 1), but are homeostatically maintained at the expense of liver
stores and thus bear no elear relationship (o vitarmin A status excepl in extreme deficiency siates,
The relative dose response (RDR) test has atracted attention recently, but ity interpretation end
application in epiderniological investigations remain uncertain (FLores ot al., 1983). Con-
junctivel impresyion cytodogy is under evaluation (Sosmir et al. |, [985; Wrirpesn et al., 1986),
but would appear to be toa sephisticated for large-scale survey work.
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miscible and oil-soluble vitamin A is impaired, but the former is better absorbed than
the latter, The practicat question is whether, despite lowered absorption, a sufficient
proportion of oral vitamin A is absorbed during diarrhoea to prevent or correct
vitamin A deficiency. For companison, an oral dese of 200 000 IU given to children
without diarrhoea appears to prevent mild xerophthalmia for 46 months (WesT and
Sommer, 1984).

SomMer et al. (1980) successfully treated xerophthalmia in children with acute
diarrhoea by oil-soluble, oral vitamin A (200 000 IU on each of 2 consecutive days).
This regimen was as effective as intramuscular administration.® Morra e af. (1943)
produccd significant increases in mean serum vitamin A, and improvement or cure of
xerophthalmia, in children with acute diarrhoea and dehydration by giving 7500
IU/kg of water-miscible vitamin A by mouth. Repoy e af. (1986) found that over
70% of 100 000 1L of oral, water-miscible vitamin A given in oral rehydration safts
(ORS) or water to children with acute diarrhoea was absorbed, Serum vitamin A
levels rose significantly, This evidence suggests that, despite lowered absorption,
clinically significant amounts of oral vitamin A can be absorbed during acute
diarrhoca.

Assuming this to be correct, one may consider the 4 possible reasons for
administering vitamin A to children with diarrhova: to contribute to the community-
wide control of vitamin A deficiency; 1o avert subsequent xerophthalmia in the
children under treatment; to influence the course of the current diarrhoea episode;
or to reduce the risk of subsequent diarrhoes in the ¢hildren under treatment, The
possible effect on vitamin A deficiency and xerophthalmia will be considered first,
Most children have diarrhoea cach year and many children have several episodes. A
praportion of these episodes, especially the more severe episodes, receive treatment
from a health worker. In high risk arcas, perhaps 30-40%% of children will experience
xerophthalmia before 6 years of age. It is nut known whether these children are also
those most likely to expetience severe diarthoea or dysentery, and thus be likely to
receive treatment from a health worker. Given the close interrelationships among
the poverty-related determinants of nutritional deficiencies and infections, it is likely
that children at special risk of xerophthalmia are also at special risk of diarrhoea and
dysentery, the latter group being somewhat larger than the former. In an ideal
situation in which all episodes of severe diarrhoca and dysentery in children are being
ireated by a health worker, if vitamin A were given at the time of treatment it would
probably reach most children at risk of xerophthalmia and many other ¢hildren
besides.

To prevent xerophthalmia, children over 1 year, with marginal intakes and body
stores, would have to ingest not less than about 400 000 TU of vitamin A per year in
not less than 2 regularly spaced doses. It is most unlikely that this could be achieved
entirely through vitamin A administration at the time of diarrhoea treatment. First,
there will be children at risk of xerophthalmia who do not have 2 episodes of
diarrhoes per year, Second, there will he many children with diarrhoea who do not
receive treatment from a health worker; they may instcad be treated by home-
prepared oral fluids as advocated in many national diarrhoea control programmes, It
is more plausible that vitamin A administration to children with diarrhoca would act
to reinforee other vitamin A supplementation activities in the same community,

The administration of vitamin A to children with diarrhoea could thus be con-
celved as a contribution to the overall task of controlling vitamin A deficiency and its
consequences in the community. Alternatively, it could be perceived as a therapcutic
response 1o a putative, clinical consequence of severe diarrhoea; namely the pre-
cipitation of frank xerophthalmia in children with marginal body stores of vitamin A.
The evidence that such precipitation occurs is weak even in children not receiving
appropriate therapy, There is no c¢vidence that acute diarrhoca may precipitate

*Ror further discussion of this study see Navaw and RussgL (1980) and Sommer (1980),
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xerophthalmia in children receiving oral rehydration and appropriate nutritional
management (excluding specific vitamin A supplementation).

Separately from the above, the effectiveness of vitamin A admmmtmtmn durmg
childhood diarrhoea as a means of controlling diarrhosa may be considercd. A
relatively small proportion of children bave repeated episodes of severe diarrhoes,
and it is these children who are most likely to suffer from scrious nutritional
consequences or ta die. If vitamin A deficiency is a risk factor for these multiple
attacks of diarrhoea, then treating severe diarrhoea cases with vitamin A, in addition
to the conventional treatments, may reduce their subsequent risk of diarrhoea-
associated morbidity or mortality. Such treatment may also reduce the severity or
duration of the current episode. Studies 1o investigate this possibility are being
planned.

It is mot possible to advocate a clear policy towards administration of vitamin A to
children with diarthoea on the basis of current evidence, If the purpose is to
contribute to the overall reduction of vitamin A deficiency in the community, the
cost-effectiveness of administering vitamin A to children with diarrhoea, in compari-
son with gther methods of adminisiration, must be assessed in areas with different
frequencies of vitamin A deficiency and diarrhoea. Some information on the cost-
cffectiveness of other means of preventing vitamin A deficiency is available
{ArroYAVE et al., 1979; WesT and SoMMER, 1984). If, on the other hand, the purpose
is to treat a clinical consequence of diarrhoea, then the presence of this consequence
must be demonstrated, as must the efficacy and cost-effectiveness of the treatment.
Similarly, it remains to be demonstrated that children treated with vitamin A during
severe episodes of diarrhoea are protected from subsequent morbidity or mortality
relative 1o children receiving only conventional treatment.

If, for any of the above reasons, it is decided to administer vitamin A to children
with diarrhoea, the method of administration must be selected. The first option is
that health workers give a vitamin A capsule to each diarrhoea case which they treat.
This policy allows the health worker to adjust the dose in accordance with the chikd’s
age and previous vitamin A supplementation, A seoond option is to attach a capsule
of vitamin A to every packet of ORS. This policy may lead to over-dosing if many
ORS packets are needed to treat a single child (an especially serious concern for
young infants), or under-dosing if the child does not have access to, or does not need,
ORS. It does, however, make vitamin A supplementation available to children who
are treated by their mothers at home with purchased, or previously supplied, ORS
and who are not brought to a health worker, The third option is to fortify the ORS
powder with vitamin A. This option has advantages with respect to access similar to
the previous option but is, if anything, more problematical with regard to control of
the vitamin A dose.

Both the options that link the vitamin A directly to ORS, either by attaching a
capsule to the packet or by fortifying the OR3, pose special problems of targeting,
QRS is used by many people other than children and by many communities and
countrics where vitamin A deficiency is not a problem. This fact could lead to
considerable expenditure on unnecessary vitamin A supplementation; especially
since, although the ORS may be locally manufactured, most countries will import the
vitamin A. In addition, young infants and pregnant women may be placed at risk of
hypervitaminosis A if vitamin A is included with or within ORS packets.

For the fortification of ORS with vitamin A, specific practical iSsues rémain to bo
resolved. The stability of vitamin A plus ORS in dry and hydrated forms must be
determined. The costs of adding vitamin A to ORS must be caleulated, including the
costs of any modifications in packaging necessary to safeguard the stability of the new
mixture, Protection against humidity may be especially important. Any effect on
taste must be discovered and the consequences for acceptability determined.
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5. RESEARCH NEEDS

The world-wide interest in vitamin A deficiency and infectious causcs of morbidity
and mortality, that has been generated by the Indonesian studies reviewed here, has
created a favourable international climate for the funding and conduct of more
research in this field. In designing this research it is important that clearly defined
hypotheses of public health importance are addressed, that the designs are suffi-
ciently sophisticated to account for the major confounding effects of economie,
demographic and nutritional variables, and that ethical issues are carefully con-
stdered. Regarding ethics, it is this reviewer's opinion that it is unethical to prospec-
tively follow children with any signs or symptoms of vitamin A deficiency without
giving full vitamin A therapy, Some studies revicwed here have done this, and some
studies currently being planned intend to do so. Three major research priorities, that
have emerged from this review, ar¢ briefly presented below.

5.1 Vitamin A supplementation and diarrhoea-associated childhood morbidity and
mortality

‘The study in Sumatra (SoMMER ¢f al., 1986) is, at the same time, pregnant with
public health policy implications and fraught with uncertainty about the validity of its
conelusions, Placebo-controlled, randomized trials of the impact of vitamin A sup-
plementation on diarrhoea-associated, and other cause-specific, morbidity and mor.
tality rates are, therefore, justified and necessary. Such studies might, most usefully,
congentrate on morbidity, rather than mortality impacts and might also measure the
impact on diarrhoea severity and duration and on the rates of diarrhoea cavsed by
specific major enteric pathogens. In line with the comments on ethics made above,
children with eye signs must be treated and this may be expected to reduce the
magnitude of any protective effect of vitamin A supplementation that is shown.

5.2 The asseciation hetween vitamin A status and risk of diarrhoea of varying severity
and aetiology

Because of the remaining uncertainties surrounding vitamin A deficiency as a risk
factor for diarrhoea, and the logistical and ethical problems inherent in randomized
trials of vitamin A supplementation (see section 5.1), case-control studics may be
usefully conducted, Cases could be children reporting to a clinic with diarrhoca of
known aetiology and severity. Controls could be selected from appropriately
matched children attending the same clinic for reasons not possibly connected with
vitamin A deficiency (this excludes most infections and so the selection of sick
controls may prove impossible), Preferably, controls might be sclected randomly
from appropriately matched healthy children in the community, Cases and controls
would be compared with regard to their prevalent eve signs, history of eye signs and
night blindness, and, possibly, conjunctival impression cytology. Potential con-
founding variables would be recorded, and controlled in the analysis. Such studies
require most carcful design and interpretation, especially with regard to the direction
of any postulated causal association between vitamin A deficiency and diarrhoea,

3.3 The effect on risk of subsequent diarrhoea and xerophthalmia of giving vitamin A
to children under treatment for diarrhoea

In this study, children attending hospitals or clinics for diarrhoea and tacking any
signs of vitamin A deficiency would be randomized to receive all normal diarrhoea
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therapy plus vitamin A or normal diarrhoea therapy alone. Any effect of vitamin A
on the course of the current episode of diarrhoea would be measured and the
children would be followed in the community for 2 to 3 months after discharge to
assess the impact on risk of subsequent diarrhoea and xerophthalmia.

6. CONCLUSIONS

Limited evidence suggests that vitamin A deficiency predisposes to increased risk
of diarthoea illness, and to an increased risk of death, among pre-school aged
children. It is possible that the prevalence rate of vitamin A deficiency that confers
these increased risks is higher than the prevalence rate of xerophthalmia becayse
there are children with physiologically important vitamin A deficiency but without
¢ye signs. Further studics, some of which are already planned, are urgently needed to
define the magnitude of any reductions in diarrhoea morbidity and mortality rates
that can be achieved through vitamin A supplementation in areas where vitamin A
deficiency is a significant public health problem. Such studies should pay special
attention to investigating excess risk of diarrhoea due to vitamin A deficiency in
children without eye signs and should seek to develop measures of such deficiency
states (if they exist) which can be used in community surveys.

It is plausible that, in some settings, diarrhoea may precipitate or exacerbate
xerophthalmia, although the evidence for this is weak. Studies of this relationship
may have a lower priority becanse the findings would not greatly influenee policies
towards the control of cither diarrhoea or xergphthalmia.

The evidence suggests that, despite lowered absorption, clinically. significant
amounts of vitamin A can be absorbed when administered to patients during acute
diarrhoea. There are 4 possible reasons for administering vitamin A to children with
diarrhoea; to contribute to the community-wide control of vitamin A deficiency; 1o
avert subsequent xerophthalmia in the children under treatment; to influence the
course of the current diarrhoea episode; or to reduce the risk of subsequent diar-
rhoea in the children under treatment. More evidence is required on each of thesc
possible justifications.

If, for any or all of the above reasons, it is decided to administer vitamin A to
children with diarrhoea, the method of administration must be carefully researched.
The various options have different implications for targeting, as well as for
minimizing the risk of administering over-doses or under-doses. Further, if ORS
fortification is selected as the method of administration, important practical issues
will require resolution,
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