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Abstract
Objectives-To determine whether (3 carotene is

therapeutically equivalent to retinyl palmitate in
the formulation currently recommended by the
World Health Organisation.
Design-Randomised blind equivalence trial.
Setting-Rural area in Senegal.
Subjects-Children aged 2-15 years suffering from

vitamin A deficiency as defined by abnormal results
on eye cytology were randomly allocated treatment
with retinyl palmitate (n=256) and (3 carotene
(n=254).
Main outcome measure-Reversion to normal

results on eye cytology as defined by the reappear-
ance of goblet cells and normalisation of the
epithelial cells.
Results-Seven weeks after the supplement was

given the percentages were 51.2% (124/242) children
taking retinyl palmitate and 50.0% (123/246) of those
taking ( carotene, who had reverted to normal eye
cytology, a difference of 12% (95Gb confidence
interval 0.8% to 1.6%). According to an equivalence
testing procedure, the two treatments were statistic-
ally equivalent; the null hypothesis of non-equiva-
lence was rejected (one tailed p value =0.03).

Conclusions-(3 Carotene supplementation seems
to be a promising candidate for the alleviation of
vitamin A deficiency. It could be given either as high
dose capsule or through increased dietary intake.
The challenge now is to improve dietary intake of
vitamin A in programmes that are effective and
sustainable at the community level.

Introduction
Up to 40 million children worldwide are estimated to

suffer from vitamin A deficiency, which is associated
with increased morbidity and mortality and leads to
blindness.` These observations prompted the World
Health Organisation to recommend appropriate pre-
vention strategies-' based on oral administration of a
large dose of vitamin A in the form of retinyl esters,
particularly retinyl palmitate, to combat vitamin A
deficiency and xerophthalmia. A dose of 200000 IU
retinyl palmitate to children over 1 year old is most
widely used and has generally been regarded as a safe
and potentially effective intervention according to
biochemical,6 cytological,7 and clinical indicators.8
Prevention strategies differ only in the frequency of
oral administration: every 3-6 months for periodic
administration; immediately on diagnosis, the follow-
ing day, and four weeks later for treating xero-
phthalmia.

In developing countries, animal products that
provide retinyl esters are too expensive for most
families to consume regularly in large quantities.
Vegetables and fruit, which are cheap and good sources
of vitamin A in the form of ( carotene, are grown
almost everywhere but are not consumed in adequate
amounts.' (3 Carotene is also considered to be virtually
non-toxic (unlike retinyl esters, for which toxicity has
been reported) and its metabolism differs from that of
retinyl palmitate.' II

It has recently been suggested that vitamin A
deficiency can be treated with a rich natural source
of carotenoids.12 In a preliminary study, Brazilian
children were fed buriti palm fruit as a supplement in
their normal diet. This fruit provides about 40% of a
child's daily vitamin A requirement.'3 After 20 days
there was reversion of the clinical and subclinical signs
of vitamin A deficiency in the study group.'2 Small
daily doses of ( carotene therefore show promise as
a means of alleviating vitamin A deficiency. Since
( carotene is the principal source of vitamin A in
developing countries and is non-toxic, we compared
retinyl palmitate and (3 carotene for treatment of
vitamin A deficiency.
We conducted a randomised blind equivalence trial

among 510 vitamin A deficient Senegalese children to
test the equivalence'"" between the effects of a large
oral dose of either retinyl palminate or (3 carotene in
correcting vitamin A deficiency as defined by abnormal
results on eye cytology."819 As no published reports
describe the use of a single large dose of ( carotene,
the objective of our study was to determine whether
( carotene was therapeutically equivalent to retinyl
palmitate at the present formulation (200 000 IU)
recommended by the World Health Organisation.'

Subjects and methods
SUBJECTS

The study was conducted between February and
April 1991 among Senegalese children aged 2-15 years
from 30 rural villages of the community of Malicounda
in the Thies region. Previous surveys have been carried
out in this community where vitamin A deficiency
is present among preschool and also school age
children.20 Children were divided into two age groups
according to the World Health Organisation criteria
for assessing vitamin A deficiency.' All children from
these randomly selected villages20 were recorded by
trained community workers and were enrolled in the
survey, giving a total number of 1488 subjects. Civil
status and ophthalmic and anthropometric data were
recorded for each child.
To be eligible for the equivalence trial, children had

to be resident in the Malicounda rural community,
2-15 years old, with or without eye infections, and
suffering from xerophthalmia or cytological signs of
vitamin A deficiency as defined by abnormal results of
impression cytology.'9 Of the 1488 who were enrolled,
510 children met our eligibility criteria and were
included in the trial. The 510 children were randomly
assigned to either retinyl palmitate or ( carotene
treatment groups by means of 510 serially numbered
labels, which had been drawn from an envelope on the
day before vitamin A supplementation and altemately
allocated to retinyl palmitate and (3 carotene treatment
groups.

Field work was conducted by a team consisting of a
paediatrician, a nutritionist, an ophthalmologist, and
two fieldworkers. The study was approved by the
ethics committees of the Organisme de Recherche
en Nutrition et en Alimentation Africaines and
the Malicounda Developpement Sahel and by the

BMJ VOLUME 307 30 OCTOBER 1993

Institut National de la
Sante et de la Recherche
Medicale (INSERM),
94 276 Le Kremlin-Bicetre
Cedex, France
C Carlier, research project
coordinator
O Amedee-Manesme,
physician

D6partement de
biostatistique et
d'informatique medicale,
Hopital Cochin, 75 674
Paris Cedex, France
J Coste, statistician

Organisme de Recherche
sur l'Alimentation et la
Nutrition Africaine
(ORANA), BP 2089 Dakar,
Senegal
M Etchepare, physician

Laboratoire de Biochimie,
Secteur chromatographie,
31 059 Toulouse, France
B Peiquet, pharmacist

Correspondence to:
Dr C Carlier, INSERM U56,
99 Avenue du General
de Gaulle, 78 600 Maisons-
Laffitte, France.

BMY 1993;307:1 106-10

1106

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.307.6912.1106 on 30 O
ctober 1993. D

ow
nloaded from

 

http://www.bmj.com/


Senegalese Ministry of Health. Verbal informed
consent was obtained from the parents at the time of
enrolment as most were illiterate.

TREATMENT

The currently recommended method for vitamin A
supplementation is oral administration of a large dose
of preformed vitamin A capsules (200 000 IU retinyl
palmitate).5 The nutritional relation between pre-
formed vitamin A and carotenoids was calculated as
(3carotene is absorbed less well than retinyl esters (10%
v 60% of intestinal absorption) from the intestine.522
The bioavailability of ( carotene is not as good as that
of retinyl esters (1 IU of preformed vitamin A= 3 IU of
3 carotene)."3 Thus 200 000 IU preformed vitamin
A are equivalent to 1 200 000 IU of provitamin A
carotenoids. Consequently, the 510 eligible children
received a single oral dose of either one capsule
containing 200 000 IU of retinyl palmitate or six
capsules simultaneously giving a total of 1 200 000 IU
a carotene.
The ingestion of the six a carotene capsules required

was not always easy with children 2-3 years old, even
when the capsules were given with strawberry jam
or orange juice. Therefore the ingestion of retinyl
palmitate or ( carotene capsules for this single treat-
ment was supervised by the medical team, ensuring
100% compliance.

FOLLOW UP

The study was divided into two parts. The first
examination, carried out in February 1991, included
the examination of the 1488 children and the selection
according to the previously defined inclusion criteria of
the children eligible for the trial. Doses of either retinyl
palmitate or (3 carotene were administered orally once
the 510 subjects had been selected. The second exami-
nation was carried out in April 1991, seven weeks after
supplementation, on only the eligible children. Seven
weeks is the time required after administration of
retinyl palmitate for cytological improvement of the
eye, including the reappearance of goblet cells.7 The
first and second examinations were performed during
the dry season, just before the gathering and consump-
tion of mangoes, which could have affected vitamin A
status: mangoes are a rich source of carotenoids (100 g
is estimated to contain 2100 IU vitamin A).23

MEASURES AND ASSESSMENT CRITERIA

The sex and age of each of the 1488 children
were recorded. Ocular examinations for vitamin A
deficiency were based on clinical and cytological
criteria. All eye examinations (n= 488) for xeroph-
thalmia5 were carried out by a well trained ophthal-
mologist in normal daylight with a portable slit lamp
(Kowa SL 5).
None of the 1488 children showed signs of xeroph-

thalmia. Other eye diseases, including inflammatory
trachoma and conjunctivitis, were also diagnosed
during the ophthalmic examination.24 The impres-
sion cytology method was performed as previously
described on both eyes of the 1488 children and on
the 510 eligible children seven weeks after vitamin
A supplementation.'8 19 Each subject was scored
according to the reading from the eye closest to normal.
A normal cytological result was characterised by sheets
of small epithelial cells and the presence of goblet cells.
An abnormal cytological result was defined as either
few or absent goblet cells and enlarged or keratinised
epithelial cells. The impression cytology with transfer
test is reproducible and is fairly sensitive in relation to
serum retinol concentrations whose threshold was set
at 0 35 pumol/l in accordance with the prevailing World
Health Organisation criteria.'9 Since serum retinol
concentrations are affected by nutritional status and

the collection of samples raises ethical difficulties and
technical problems, we decided according to the
required sample size for this clinical trial to use a
simple, non-invasive, and cheap test such as impres-
sion cytology with transfer, which is rapidly gaining
wide acceptance and validity.25

Success of the treatment was indicated by normal
results on eye cytology. All readings were taken by a
single worker using a microscope without knowledge
of the subject's treatment group to ensure a blind
protocol.
The children's height was measured to the nearest

centimetre with a calibrated board. Weight was deter-
mined to the nearest 0-1 kg with a bathroom scale
(SECA, Hamburg, Germany) that was calibrated at the
beginning of each session with a standard weight. All of
the 1488 children were measured standing unshod and
dressed (the children were lightly clothed owing to the
climate). Standard deviation scores for height for age,
weight for height, and weight for age were calculated
according to the guidelines of the World Health
Organisation: the cut off point for undernutrition is
2 SD below the median.26

STATISTICAL METHODS

Many problems in which the true proportions of two
populations are to be compared are drawn up in terms
of a classic statistical procedure testing the null
hypothesis of their equality. This formulation is in-
appropriate for experiments that aim to show that two
treatments are equivalent rather than different. Conse-
quently, a new testing procedure for such an equiva-
lence trial has been proposed by Dunnett and Gent in
which showing equivalence is the primary objective. '4
Many authors have developed this methodology for
trials.' '-"

Hypothesis testing
Testing equivalence of two groups requires making

an explicit statement of the hypothesis to be tested (the
null hypothesis, H.). Fundamentally, the idea is to
"reverse" the role ofH0 and H1. That is, the hypothesis
of equivalence is formulated as the alternative (H1), so
that the rejection ofHo supports that notion.

Let P,P and P car be the true proportions of
children who reverted to normality after a massive
oral dose of retinyl palmitate or (3 carotene, respec-
tively. The null hypothesis (Ho of non-equivalence is
accordingly PRP - Pcar! 58, and thus the alternative
H1 is PRp-PPcar<5, where 8 is the maximum
difference between the effects of the treatments that
could be considered to be clinically acceptable.
The problem was formulated as a one sided test since

we were interested in whether or not the proportion of
children treated with ( carotene who reverted to
normality (Pocar) was smaller than that with retinyl
palmitate (PRP). We decided to choose 8=10% such
that if Pcar fell in the interval [PR- 10%, 1] the
( carotene treatment would be considered at least
equivalent to retinyl palmitate.

Sample size requirement
The number of children required in this trial to show

that ( carotene was equivalent in efficacy to retinyl
palmitate was calculated with the formula proposed by
Makuch and Simon27:

n= [zaz] x2P*R,p (a-P*Rp)
[8]2

-where z, is the value of the standard normal
distribution corresponding to a significant level of cx
(1-65 for a one sided test at the 0 05 level) and zp is the
value of the standard normal distribution correspond-
ing to the desired level of power (0-84 for a power of
80%); P*RP is the assumed percentage of children who
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revert to normality after a large oral dose of retinyl
palmitate (45% according to a previous intervention
survey conducted in Senegal by the same team28); 8
is the maximum allowable difference between the
percentages of children who reverted to normality after
a massive oral dose of retinyl palmitate or P carotene if
they were equivalent (5= 100%); and n is the required
number of children for each group (n= 310). Accord-
ing to the formula, a sample of 620 vitamin A deficient
children (two groups of 310) was necessary for this
trial.

Statistical tests
We used the normal approximation of the distribu-

tion of the observed difference PRp-Pp«car under the
null hypothesis to construct the large sample test
statistic. '4

[PRP-P13car 5]
z=

[Variance (PRp-P13car)]X
We also investigated the percentage of children who

reverted to normality in the two treatment groups
for age, sex, nutritional status, and ocular infection,
which are prognostic factors for the condition studied.
Classic tests of interaction were used to assess
whether the factors affected the observed difference in
treatment.29

Results
A total of 620 vitamin A deficient children were

required for this trial. Due to practical conditions of
work in the fields (the approach of the mango season),
we stopped enrolment at 510 vitamin A deficient
children from a total of 1488 children examined. This
sample size of 510 resulted in a loss of power of 7%,
according to Makuch and Simon's formula where za=
1-65 for ox=5% and z3= 0-61 for a power of 73%.f7

BASELINE CHARACTERISTICS

The 510 vitamin A deficient children were randomly
allocated to either the retinyl palmitate group (n= 256)
or the E carotene group (n= 254). The two groups were
nearly identical in terms of the potential confounding
variables of sex, age, nutritional status, and ocular
infections at baseline examination (table I). Approxi-
mately a third of the vitamin A deficient children
were classified by anthropometry as undernourished
(< 2 SD below the median). Stunting affected a some-
what larger proportion of the children than wasting,
indicating that prolonged malnutrition was more
common than acute malnutrition. Roughly half of
the vitamin A deficient children also suffered from

TABLE I-Baseline characteristics of children with vitamin A deficiency
as defined by abnormal eye cytology

No (%) given supplement

Retinyl palmitate ,B Carotene
Characteristics (n- 256) (n- 254)

Sex:
Boys 135 (52 7) 130(51-2)
Girls 121 (47 3) 124 (48-8)

Age (years):
2-6 165 (64 4) 166 (65 3)
7-15 91 (35 6) 88 (33 7)

Nutritional state*:
Stunted 69 (27 0) 64 (25 2)
Wasted 9 (3 5) 9 (3-5)
Stunted-wasted 6 (2-3) 5 (2 0)
Normal 172 (67 2) 176 (69 3)

Eye infections:t 133 (51-9) 144 (567)
Inflammatory trachoma 117 132
Conjunctivitis 34 28

*Stunted: height for age <(mean- 2 SD), weight for height > (mean
-2SD).
Wasted: height for age > (mean - 2 SD), weight for height < (mean- 2 SD).
Stunted-wasted: height for age <(mean- 2 SD), weight for height
< (mean- 2 SD).
Normal: height for age > (mean- 2 SD), weight for height > (mean - 2 SD).
tSome children had both infections.

TABLE II-Reversion to normnal cytology after seven weeks

Retinyl palmitate ji Carotene

No (%) who No (%) who
No of reverted to No of reverted to

children normality children normality

Total 242 124 (51) 246 123 (50)
Sex*
Boys 129 69 (54) 127 66 (52)
Girls 113 55 (49) 119 57 (48)

Age (years)*
2-6 158 69 (44) 163 75 (46)
7-15 84 55 (66) 83 48 (58)

Nutritional state:*
Undernourishedt 78 39 (50) 77 36 (47)
Normal 164 85 (52) 169 87 (52)

Eye infections:*
Preseni4 127 51 (40) 142 57 (40)
Absent 115 73 (64) 104 66 (64)

*p Values for interaction test > 0-20.
tHeight for age or weight for height, or both, < 2 SD below reference mean.

lInflammatory trachoma or conjunctivitis.

ocular infections. Inflammatory trachoma (49% of the
subjects) was more frequent than conjunctivitis (12%).
These infections were similarly distributed in the two
treatment groups (table I).

CYTOLOGICAL RESPONSE

After seven weeks, 488 children were available for
re-examination (95% in the retinyl palmitate group and
97% in the f carotene group). Seventeen subjects did
not present at the second examination and were thus
lost to follow up. Impression cytology with transfer
could not be performed on five further subjects at week
7 because of the child's non-acceptance.
The vitamin A status of both supplemented groups

had improved. In the retinyl palmitate group 51-2% of
children were normal after seven weeks and 50% were
normal in the P carotene group, a difference of 1-2%
(95% confidence interval 0-8% to 1-6%).
According to the equivalence testing procedure

previously described, z= -1-94 and one tailed p=0-03.
The null hypothesis of non-equivalence was thus
rejected. Therefore 3 carotene was therapeutically
equivalent to retinyl palmitate with respect to the
cytological response to vitamin A supplementation.
Furthermore, the groups did not differ in potential
prognostic factors: sex, age, nutritional status, and
ocular infections (table II). All p values for interaction
tests were above 0-20.

SIDE EFFECTS

Large doses of either I carotene or retinyl palmitate
were well tolerated. No complaints or complications
such as headache, nausea, or vomiting, which often
occur after large doses of retinyl palmitate, were
reported during the survey.

Discussion
Vitamin A deficiency is well known to be a major

problem among children of preschool age, and school
age children also suffer from deficiency,20 though
policymakers rarely consider this group despite the
consequences. This randomised blind equivalence trial
showed that ,B carotene corrects vitamin A deficiency to
the same extent as does retinyl palmitate, as shown by
eye cytology. There was no evidence of a difference
between the treatments according to factors (sex, age,
nutritional status, and ocular infections) potentially
affecting the outcome. Eye infections (inflammatory
trachoma and conjunctivitis) described as confounding
factors for the impression cytology with transfer test'9
were common (55%). The reasons for these cytological
changes, which are due to Chlamydia trachomatis or to
an insufficient supply of vitamin A to the eye, are still
unclear. However, we have previously shown that
ocular inflammation led to moderate changes in the
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validity data of impression cytology with transfer
calculated according to a serum retinol cut off at
0 35 pumolIl, and that the test was even more sensitive
when only the sample of children with eye infections
was considered.19 After seven weeks, there was no
evidence of difference between the treatments in
children with or without eye infections, suggesting that
(3 carotene has the same therapeutic effect as retinyl
palmitate in children with trachoma or conjunctivitis.
Our findings are consistent with the preliminary

survey conducted in Brazil in which 44 vitamin A
deficient children were given buriti palm fruit supple-
ments and showed replenishment of their hepatic
reserves and partial or complete regression of clinical
signs."2 Several studies have also reported that
Indonesian or African children with xerophthalmia
consume foods rich in provitamin A less frequently
than do clinically normal children.3"32
As both treatments had similar effects the 488

children could be considered as a whole. Seven weeks
after vitamin A supplementation only 51% had normal
findings on cytology, a figure similar to the 45% in a
previous study.28 These results contrast with studies
conducted in areas of endemic vitamin A deficiency in
India33 34 and in Indonesia,35 where almost all children
with abnormal cytology reverted to normal after retinyl
palmitate treatment. The disparity with the African
and Asian studies may be due to protein malnutrition.
Vitamin A circulates on demand from the hepatic
reserves to peripheral tissues by means of specific
carrier proteins: retinol binding protein and trans-
thyretin.36 The two proteins are synthesised by the
liver and are sensitive to acute variations in protein-
energy status. If the diet is low in protein, vitamin A is
not released from the liver and its transport is impaired
owing to insufficient hepatic biosynthesis of the retinol
binding protein and the transthyretin. Therefore, the
satisfactory supply of vitamin A to peripheral targets
(such as the eye) depends on the hepatic synthesis
particularly of retinol binding protein and also trans-
thyretin. This hepatic synthesis is inadequate in
populations with mainly cereal diets poor in essential
amino acids,3' as in these villages of Senegal, where
little fish and less meat are eaten. The transthyretin is
widely implicated in the inflammatory reaction and
its serum levels may therefore be considered as a
nutritional index only in the absence of inflammation.38
In our experience, however, the prognostic value of the
transthyretin was not modified by the synthesis of
defence factors involved in infectious diseases.39 Mean
serum retinol binding protein and transthyretin con-
centrations did not increase after vitamin A treatment
in children in Senegal, who have only cereal diets.28
Our study was conducted in a Senegalese area where

vitamin A deficiency is common.20 Food rich in vitamin
A-meat, dairy products, and fish-is rarely con-
sumed, and most dietary vitamin A is derived from
vegetables rich in carotenoids. The main source is
mango, which is available only during the harvest
season (May to September) and is the most popular
fruit for many Senegalese.' The cytological changes
(reversion to normality) assessed in this trial can thus
be attributed only to massive oral doses of retinyl
palmitate or ( carotene. Other natural vitamin A
supplies or environmental factors were not con-
founding factors since the study was conducted before
the mango season and vitamin A deficient children
were randomly ascribed to either the retinyl palmitate
or (3 carotene treatment groups.
We applied stringent criteria for success, which has

not always been the case in other studies.'2 The
randomised blind procedure and the complete com-
pliance ensured by the medical team giving the vitamin
A capsules ought to have reduced inaccuracy. Children
were selected and followed up on the same cytological

criterion for vitamin A deficiency as impression cyto-
logy with transfer is an easy method to perform in the
field in comparison to blood sampling and analyses
and is also reproducible (intraobserver variation is low
and results are independent of the site of sampling
the conjunctival cells of the eye).4' Because of the
time required for screening 1488 children in the field
with impression cytology with transfer (this has not
previously been done with such large numbers) and the
approach of mango season, we stopped our enrolment
when a sample size of 510 vitamin A deficient children
was obtained. This sample size led to a loss of power
of7% compared with the optimal sample of 620 but did
not change the outcome of this survey, although we
decided to run a small risk of 5% of rejecting the null
hypothesis of non-equivalence when it was actually
true. Only 4% of subjects were lost to follow up; they
were almost equally distributed between the two
treatment groups and would not therefore be expected
to influence the outcome.

VITAMIN A AND PUBLIC HEALTH

Since ( carotene supplementation had a therapeutic-
ally similar effect to retinyl palmitate for vitamin A
deficient children, the study has important public
health implications in the struggle against vitamin A
deficiency. (3 Carotene has advantages over retinyl
palmitate in terms of toxicity, its availability in develop-
ing countries, and cost effectiveness.

Firstly, several studies have reported that large
doses of retinyl palmitate can induce signs of raised
intracranial tension such as bulging fontanelle, restless-
ness, fever, and vomiting in children and potential
teratogenicity in pregnant women." There has been no
report of toxic symptoms resulting from excessive
intake of carotene. The only known consequence is
yellow pigmentation of the skin. Therefore ( carotene
could be given to pregnant and lactating women to
increase their body stores and the vitamin A content of
milk since ( carotene is safer than retinyl palmitate and
has no risk of teratogenicity. However, no side effects
of retinyl palmitate were reported during our trial.

Secondly, ( carotene is widely found in coloured
fruits and vegetables, which are indeed the principal
source of vitamin A. These products are widely
available and less expensive than animal products
in developing countries. Nutritional education and
appropriate preservation technologies leading to
increased consumption of carotenoids should be finan-
cially more advantageous than the consumption of
retinyl esters, which are derived from animal products.
Considering capsule supplementation, it is presently
not possible to compare the cost of the two treatments
because a capsule form of (3 carotene has never been
used to treat vitamin A deficiency.'2 The price would
depend on the quantity of capsules produced. In our
study the cost per treatment was US$0 78 for 1 200 000
IU of ( carotene and US$0 02 for 200 000 IU of retinyl
palmitate.
The objective of our study was to determine whether

single oral doses of ( carotene were therapeutically
equivalent of retinyl palmitate. ( Carotene and retinyl
palmitate capsules were given as a single treatment
since the timing of vitamin A supplementation should
take account of seasonal factors, such as the mango
season. Therefore, further investigations are required
to optimise the practical and financial constraints-
altering the dose of ( carotene, the type of prepara-
tion and packaging, and the route and frequency of
administration.5 42

CONCLUSION

Vitamin A deficiency can be treated with a "magic
pill"-the administration of large oral doses of (3
carotene at the intervals defined by the World Health
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Clinical implications

* Vitamin A deficiency, resulting in blindness,
is a public health problem in developing
countries
* Prevention strategy is generally based on oral
administration of a large dose of retinyl palmi-
tate associated with risk of toxicity
* A randomised blind equivalence trial con-
ducted on 510 vitamin A deficient Senegalese
children shows that 1B carotene is equivalent to
retinyl palmitate
* d Carotene, virtually non-toxic, could be used
as substitute for retinyl palmitate in large dose
capsule
* The challenge is to improve dietary intake
through vegetables which are widely available
and the major source of carotenoids

Organisation for retinyl palmitate5 is thus a good
method for vitamin A prophylaxis. Obviously, the best
approach would be to encourage increased dietary
intake of vitamin A through the consumption of
carotenoid rich, coloured fruit and vegetables, which
are the major sources of vitamin A in developing
countries. d Carotene is non-toxic and as effective as
retinyl palmitate. Additionally, there is growing evi-
dence that 3 carotene enhances the immune response.43
Consequently, d carotene could be used as a substitute
for retinyl palmitate to address the problems of not
only blindness but also mortality and morbidity,
although there are as yet no surveys to assess impact on
survival. Many foods rich in d carotene available in
developing countries are not offered to children. The
challenge now is to improve the dietary intake of
vitamin A in programmes that are effective and
sustainable at the community level to struggle against
blindness and to improve child survival.
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ORANA Institute in Senegal. We thank Dr P Boutier and
the Arkopharma company for a carotene capsules.

1 United Nations Administrative Committee on Coordination, Subcommittee
on Nutrition. First report on the world nutrition situation. Geneva: United
Nations, 1987:36.

2 Sommer A, Tarwotjo I, Djunaedi E. Impact of vitamin A supplementation on
childhood mortality: a randomised controlled community trial. Lancet
1986;i:1 169-73.

3 Rahmathullah L, Underwood BA, Thulasiraj R, Milton RC, Ramaswamy K,
Rahmathullah R, et al. Reduced mortality among children in Southem India
receiving a small weekly dose of vitamin A. NEnglJMed 1990;323:929-35.

4 West KP, Sommer A. Periodic, large oral doses of vitamin A for the prevention
of vitamin A deficiency and xerophthalmia: a summary of experiences, a
report of the Intemational Vitamin A Consultative Group. Washington,
DC, IVAGC:1984.

5 World Health Organisation. Control of vitamin A deficiency and xerophthal-
mia. Report of a joint WHO/UNICEF/USAID/Helen Keller Intemational/
IVAGC meeting. WHO Tech Rep Ser 1982;672:1-70.

6 Sivakumar B, Reddy V. Absorption of orally administered labelled vitamin A
in apparently normal children. WHO, 1972. (SEA/NUT/Xenoph. Meet/6,
Regional office for South-East Asia.)

7 Natadisastra G, Wittpenn JR, West KP, Muhilal I, Sommer A. Impression
cytology for detection of vitamin A deficiency. Arch Ophthalmol 1987;105:
1224-8.

8 Semba RD, Wirasasmita S, Natadiastra G, Muhilal I, Sommer A. Response

to Bitot's spots in preschool children to vitamin A treatment. Am J
Ophthalmol 1990;llO:416-20.

9 Oomen HAPC, Grubben GJH. Tropical leaf vegetables in human nutrition.
Amsterdam: Koninklijk Instituut voor de Tropen, 1977.

10 Goodman DS. Overview of current knowledge of metabolism of vitamin A and
carotenoids. JNatl Cancer Itst 1984;73:1375-9.

11 Hathcock JN, Hattan DC, Jenkins MY, McDonald JT, Ramnathan
Sundaresan P, Wilkening VL. Evaluation of vitamin A toxicity. Am J Clin
Nutr 1990;52:183-202.

12 Mariath JGR, Lima MCC, Santos LMP. Vitamin A activity of buriti (Mauritia
vinifera mart) and its effectiveness in the treatment and prevention of
xerophthalmia. AmJClin Nutr 1989;49:849-53.

13 Olson JA. Recommended dietary intakes (RDI) of vitamin A in humans.
AmJClin Nutr 1987;45:704-16.

14 Dunnett CW, Gent M. Significance testing to establish equivalence between
treatments with special reference to data in the forn of 2x2 tables.
Biometrics 1977;33:593-602.

15 Metzler CM. Bioavailability: a problem in equivalence. Biometrics 1974;30:
309-17.

16 Blackwelder WC. Proving the null hypothesis in clinical trials. Controlled
Trials 1982;3:345-53.

17 Rodary C, Com-Nougue C. How to establish equivalence between treatments:
a one sided clinical trial in pediatric oncology. Statistics in Medicine
1989;8:593-8.

18 Carlier C, Moulia-Pelat J, Ceccon JF, Mourey MS, Fall M, N'Diaye AM, et al.
Prevalence of malnutrition and vitamin A deficiency in the Diourbel, Fatick
and Kaolack regions of Senegal. Feasibility of the impression cytology with
transfer. Am J Clin Nutr 1991;53:66-9.

19 Carlier C, Coste J, Etchepare M, Amedee-Manesme 0. Conjunctival impres-
sion cytology with transfer as a field-applicable indicator of vitamin A status
for mass screening. Int7 Epidemiol 1992;21:373-80.

20 Carlier C, Etchepare M, Ceccon JF, Amedee-Manesme 0. Assessment of the
vitamin A status of preschool and school age Senegalese children during a
cross-sectional study. IntJ Vitam NutrRes 1992;62:209-15.

21 Carlier C, Etchepare M, Ceccon JF, Amedee-Manesme 0. Annual assessment
of the vitamin A and nutritional status of children during two cross sectional
surveys. IntJ Vitam NutrRes 1992;62:216-20.

22 Brubacher GB, Weiser H. The vitamin A activity of "'carotene. Int Vitam
NutrRes 1985;55:5-15.

23 Tsou SCS, Gershon J, Simpson KL, Chichester CO. Promoting household
gardens for nutrition improvement. In: Tanphaichitri V, Dalhan V,
Suphakam V, Valyavesi A, eds. Human nutrition, better nutrition, better life.
Proceedings 4th Asian Congress of Nutrition. Banigkok: Aksomsmai Press,
1984.

24 Thylefors B, Dawson CR, Jones BR, West SK, Taylor HR A simple system
for the assessment of trachoma and its complications. Bull WWIO 1987;65:
477-83.

25 Detecting vitamin A deficiency early [editorial]. Lancet 1992;339:1514-5.
26 World Health Organisation. Measuring change in nutritional status. Geneva:

WHO, 1983.
27 Makuch R, Simon R. Sample size requirements for evaluating a conservative

therapy. Cancer Treat Rep 1978;62:1037-40.
28 Carlier C, Etchepare M, Ceccon JF, Mourey MS, Amedee-Manesme 0.

Efficacy of massive oral doses of retinyl palmitate and mangoes consumption
to correct an existing vitamin A deficiency in Senegalese children. Br J Nutr
1992;68:529-40.

29 Pocock SJ. Clinical trials: a practical approach. Chichester: John Wiley, 1983.
30 Mele L, West KP, Kusdiono JR, Pandji A, Nendrawati H, Tilden RI, et al.

Nutritional and household risk factors for xerophthalmia in Aceh, Indonesia:
a case-control study. Am J Clin Nutr 1991;53:1460-5.

31 Le Fransois P, Chevassus AS, Benefice E, Dyck JL, Maire B, Parent G, et al.
Etat vitaminique A de populations dans trois pays de l'Afrique de l'Ouest.
Bulletin de lOrganisation de Cooperation et de Coordination des Grandes
Endemies 1981;73:50-61.

32 Nathanail L, Powers HJ. Vitamin A status of young Gambian children:
biochemical evaluation and conjunctival impression cytology. Ann Trop
Paed 1992;12:67-73.

33 Natadisastra G, Wittpenn J, Muhilal I, West KP, Mele L, Sommer A.
Impression cytology: a practical index of vitamin A status. Am J Clin Nutr
1988;48:695-701.

34 Reddy V, Rao V, Reddy A, Reddy AM. Conjunctival impression cytology for
assessment of vitamin A status. AmJ7Clin Nutr 1989;50:814-7.

35 Wittpenn JR, Scheffer C, Tseng G, Sommer A. Detection of early xero-
phthalmia by impression cytology. Arch Ophthalmol 1986;104:237-9.

36 Smith FR, Goodman DS, Zaklama MS, Gabr MK, Maraghy S, Patwardhan
VS. Serum vitamin A, retinol-binding protein and prealbumin concentra-
tions in protein-calorie malnutrition. I. A functional defect in hepatic retinol
release. AmJClin Nutr 1973;26:973-81.

37 Glover J, Muhilal I. Nutritional factors affecting the biosynthesis of retinol-
binding protein in the liver and its release into the plasma. Int7 Vitamin Nutr
Res 1976;46:239-43.

38 Ramsden RB, Prince HP, Burr WA, Bradweil AR, Black EG, Evans A, et al.
The interrelationship of thyroid hormones, vitamin A and their binding
proteins following acute stress. Clin Endocrinol 1978;8:109-22.

39 Carlier C, Moulia-Pelat JP, Ceccon JF, Mourey MS, Fall M, N'Diaye AM,
et al. Prevalence of malnutrition and vitamin A deficiency in the Diourbel,
Fatick and Kaolack regions of Senegal. Controlled study. Am 7 Clin Nutr
199 1;53:74-7.

40 Rankins J, Hopkinson S, Diop M. Palatability and nutritional significance of
solar dried mangoes for Senegal. Ecology, Food and Nutrition 1989;23:131-40.

41 Thatcher RW, Darougar S, Jones B. Conjunctival impression cytology. Arch
Ophthalmol 1977;95:678-81.

42 WHO/UNICEF/IVACG task force. Vitamitn A supplements. Geneva: WHO,
1988.

43 Bendich A. 3-carotene and the immune response. Proc Nutr Soc 199 1;50:263-
74.

(Accepted 17August 1993)

1110 BMJ VOLUmE 307 30 OCTOBER 1993

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.307.6912.1106 on 30 O
ctober 1993. D

ow
nloaded from

 

http://www.bmj.com/

