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NOTE : Cette pr6sentation a 6t6 prepar~e 'a partir d'informations 
recentes sur I'efficacit6 de diverses activites de distribution de 
complements vitaminiques, qui ont et6 publiies depuis !a parution en
1988 du guide du groupe de travail de I'OMS/UNICEF/IVACG. VITAL 
transmet ses remerciements aux Dr. John McKigney, Jose Mora,
Hernando Flores et, en particulier, Barbara Underwood pour leur 
analyse technique et leurs commentaires. 

VITAL est un programme de I'office de la Nutrition de I'Agence du 
gouvernement americain pour le d~veloppement international. 



2 QUAND LES COMPLEMENTS SONT-ILS NECESSAIRES ? 

* ALIMENTS RICHES EN VITAMINE A 

- non cultiv~s ou 

- trop coOteux ou -4 carences vitaminiques A -- mortalit6, morbidit6, ccit 

- pas dans les habitudes 
alimentaires 

La distribution de compl6ments vitaminiques est consideree comme une 
intervention de court terme mise en oeuvre Iorsqu'il est urgent d'agir 
pour proteger un groupe expose au risque de carence vitaminique A. 
Pour veiller ' ce que I'etat en vitamine A d'importants groupes de 
population se maintienne a un niveau normal, il est essentiel de 
prendre des mesures plus complbtes qui mettent plus longtemps ' 
donner des resultats. IIs'agit de I'enrichissement, de I'6ducation en 
nutrition, de la culture de potagers et de la conservation des aliments, 
autant d'activit~s qui visent ' accroitre le contenu en vitamine A des 
rations alimentaires. 

Dans plusieurs regions du monde, les aliments riches en vitamine A ne 
sont pas cultiv~s par les populations rurales, sont trop coeteux pour la 
plupart des families urbaines ou ne sont que rarement consommes par 
les femmes enceintes, celles qui allaitent, ou les jeunes enfants. 
Lorsque la ration alimentaire pr~sente des carences en vitamine A et 
que les enfants sont expos6s ' des maladies infectieuses graves et 
frrquentes, les carences vitaminiques A peuvent accuser une grande 
acuitY. Les enfants courent alors de plus gros risques de morbidit6 et 
de mortalit6, de x6rophtalmie et, partant, de c6cite. Les compl'ments 
itaminiques A,autrement dit, la distribution periodique de fortes doses 
ie vitamine A ' des personnes accusant des carences sont une 
ntervention efficace et immediate. 



3 EFFET SUR LA MORTALITE JUVENILE 
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Les 6tudes ont d~montre une reduction spectaculaire de la mortalit6 
dans les regions a forte prevalence des carences en vitamine A. Dans 
la plupart des etudes une dose de 200 000 UI 6tait administree tous les 
4 a 6 mois &des enfants de 1 6 ans. Dans bon nombre d'entre elles, 
on administrait une dose de 100 000 UI a des nourrissons de 6 A 12
mois. Dans I'une des 6tudes, les sujets recevaient une faible dose 
journalire, et dans une autre, de fables doses hebdomadaires
simulant la consommation nutritionneile. Dans i'ensemble, les diverses 
etudes realis~es dans les pays ci-dessus montrent que les interventions 
de vitamine A ont permis une r6duction de 23 %de la mortalite infantile 
et juvenile. 



4 EFFET SUR LA ROUGEOLE 

- Groupe t~moin Vitamine A 
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Des etudes ont d6montr6 que m me dans les r6gions ou' la prevalence 
des carences vitaminiques A n'est pas etendue, les complications et la 
mortalit6 causees par la rougeole aiguL peuvent etre reduites. Les 
compl6ments vitaminiques pour les cas de rougeole sont aujourd'hui 
consid6r6s comme un e16ment fondamental du traitement de la 
rougeole dans le monde entier. Le dosage recommand6 de vitamine A 
pour les enfants d'un anou plus souffrant de rougeole est de 200 000 
UI d~s le diagnostic et de 200 000 Ul le lendemain. Le dosage 
recommand6 pour les nourrissons de 6 2 11 mois et ceux pesant moins 
de 8 kilos est de 100 000 Ut dbs le diagnostic et de 100 000 Ui le 
lendemain. 



5 STRATEGIE DE DISTRIBUTION 

TOUTE REGIONS REGIONS A HAUT RISQUE 

* QUI ? XEROPHTALMIE, DIARRHEE
 
CHRONIQUE, ROUGEOLE,

MALNUTRITION PROTEINO- ENFANTS DE 6-72 MOIS
ENERGETIQUE FEMMES POST-PARTUM 

< 4 SEMAINES 

* QUOI ? TRAITEMENT PREVENTION+TRAJTEMENT 

* COMMENT ? SERVICES DE SANTE SERVICES DE SANTE 
COMMUNAUTAIRES 

Xrophtalmie = Signe oculaire de carencu en vitamine A. 

Le choix de la strategie de distribution d6pend de la pr6valence des 
carences et des ressources disponibles. Toutes les r6gions couvertes 
par le programme de vitamine A devront, au minimum, inclure la
distribution de compl6ments comme pratique courante dans le
traitement de la x6rophtalmie, de la rougeole, de la malnutrition
prot6ino-6nerg6tique et de la diarrh6e persistante. Ce faisant, on pourra
r~duire immediatement les de's, les complications et la c6cite, autant 
de consLquences courantes de la maladie. 

En outre, les pays et les districts qui souffrent d'une forte prevalence
de carences et qui disposent d'une infrastructure et des ressources
necessaires pour entreprendre la distribution de complements
vitaminiques A au moins tous les six mois, peuvent commencer une 
operation de distribution de compl6ments comme mesure Acourt terme 
en attendant que des solutions plus durables, telles que 1'6ducation en
nutrition, la culture de potagers et le s~chage solaire, commencent ' 
donner des r6sultats. 



6 	 DANS TOUTES LES REGIONS 

Complements pour le traitement des troubles suivants: 

QUI ? QUOI ?
 
0 XEROPHTALMIE • 3 DOSES
 

* 	 ROUGEOLE ° 2 DOSES 

* 	 MALNUTRITION PROTEINO-ENERGETIQUE/ * 1 DOSE 
DIARRHEE CHRONIQUE 

COMMENT ? 

* 	 HOPITAUX MALADIES INFECTIEUSES • HOPITAUX/DISPENSAIRES 
OPHTALMOLOGIQUES 

HOPITAUX/DISPENSAIRES PEDIATRIQUES • CENTRES/AGENTS DE SANTE 

SERVICES CHARGES DE LA MALNUTRITION 

Quelle que soit la porte des carences vitaminiques A,des protocoles 
de traitement devront 6tre inclus dans le traitement courant de la 
xerophtalmie, de la rougeole, de la malnutrition prot6ino-6nergetique et 
de la diarrhee persistante dans tout le pays et dans toutes les regions. 



7 DANS LES REGIONS A FORTE PREVALENCE 

Compl6ments pour la prevention 

QUI ? QUOI ?
 

0 	 ENFANTS : 6-72 MOIS • 1 DOSE tous les 4-6 mois 

0 	 MERES POST-PARTUM: <4 SEMAINES • 1 DOSE 

COMMENT? 

• 	 ACTIVITES DE VACCINATION • GROUPES DE FEMMES 

* 	 ACCOUCHEUSES TRADITIONNELLES • ECOLES 

* 	 A chaque contact avec un enfant malade (malnutrition prot~ino-dnerg~tique, 
diarrh6e, etc.) il devrait y avoir un intervalle d'un mois entre doses. 

Dans les regions &forte pr6valence, les protocoles de traitement et de
pr6vention devront tre inclus parmi les autres services -notamment de 
sant6 - retenus comme supports de distribution. 

S'agissant des protocoles de pr6vention, tous les enfants de 6-72 mois 
et toutes les femmes post-partum, ind6pendamment de leur 6tat en
vitamine A, devront 6tre inclus dans le programme. Ce type de
distribution est dite "universelle" ; elle est d6terminante pour assurer au 
moins un taux de couverture de 65 %. Un certain nombre d'autres 
canaux de distribution peuvent 6tre utilis~s. L'un des plus courants est 
celui du Programme elargi de vaccination (PEV) car il offre une 
couverture 6levee dans la plupart des pays, ainsi qu'un systeme de
livraison, formation et supervision bien d6velopp& Bien su~r le dosage
de la vitamine A est bien plus simple que celui de la vaccination et il 
n'est pas n~cessaire de disposer d'une chalne de froid. Dans un certain
nombre de pays, les taux de couverture de vaccination ont connu une
augmentation sensible lorsque la vaccination 6tait accompagn~c
d'activit6s de distribution de vitamine A. Dans la r6gion du projet HOPE 
au Guatemala, la demande de services d'accoucheuses traditionnelles 
a augment6 lorsque ces dernieres ont commenc6 ' distribuer de ia 
vitamine A aux femmes ayant accouch& 



8 DEFINIR LES REGIONS A HAUT RISQUE 

* DONNEES DE PREVALENCE * UTILISATION DES FACTEURS 
DE RISQUE 

- Enquetes auprbs des - Retard de croissance, regions 
m6nages arides des zones 6cologiques, 

camps de refugi~s, groupes ' 
faible revenu 

- Registres des dispensaires 

Comme il est difficile de mettre au point et de maintenir des 
programmes & large couverture permettant d'intervenir aupres des 
jeunes enfants et des femmes post-partum de manibre courante au 
moins tous les 6 mois, beaucoup de pays ont limite la distribution 
universelle aux r6gions Ahaut risque. La d6finition des r6gions ; forte 
prevalence est une premiere 6tape essentielle dans la planification de 
programmes universels de distribution de compl6ments. Si l'on ne 
dispose pas de donnes sur la prevalence ou que ces dernieres ne 
sont pas suffisamment bien ventil~es et ne permettent pas de delimiter 
certaines zones en particulier, les facteurs de risque de carence 
vitaminique A peuvent servir &d6finir des priorites et &cibler. Dans 
certains pays et certaines regions, des groupes de population donnes 
courent plus de risques que d'autres. Durant cette 6tape, il importe de 
d~finir les sous-groupes de population pouvant 6tre expos6s A un 
risque 6lev6. Par ailleurs il convient 6galement de d6finir tout profil 
saisonnier de p~nurie alimentaire ou de forte morbidit6 pouvant exister. 
La distribution de complements peut alors btre programmee avant les 
saisons en question. 

La malnutrition (retard de croissance et 6maciation) est souvent lie A 
une carence de vitamine A.Par exemple, dans le cas de l'Ouganda, on 
a confirm6 que les retards de croissance constituaient un facteur de 
risque dans le district de Kamuli. Comme il n'existe pas de donnees 
nationales sur la prevalence des carences de vitamine A, on pourrait 
recenser les regions ' haut risque en Ouganda ' partir de la 
prevalence 6lev6e des retards de croissance. La faible couverture de 



8 (suite) 

vaccination pourrait egalement constituer autre critere de ciblageun 
des activit~s de distribution universelle, et ce pour deux raisons : tout 
d'abord, les regions a faible couverture pr~sentent probablement des 
risques 6leves de carences vitaminiques A (car les infections 
frequentes 6puisent les r6serves de vitamine A) et par ailleurs la 
participation accrue grace 'a la vitamine A peut avoir des retomb6es 
positives en contribuant &accroltre les taux de vaccination. 



9 CALENDRIER DE PREVENTION 

(Applicable uniquement aux r6gions ; haut risque) 

Enfants 12-72 mois 	 200 000 UI tous les 4-6 mois 

Enfants 6-11 mois 100 000 UI tous les 4-6 mois 
pesant moins de 8 kg 

Mbres qui allaitent 	 200 000 UI AI'accouchement ou 
durant les quatres semaines 
post-partum 

* Les enfants de moins de 6 mois qui ne sont pas nourris aux sein 
devrait recevoir 50 000 UI tous les 4 &6 mois. 

Comme la vitamine A est emmagasinee dans le foie puis liber~e 
progressivement selon les besoins, il n'est pas n6cessaire de 
consommer des complements de fagon journalibre. Le calendrier 
ci-dessus est recommand6 par I'OMS/IVACG pour la prevention dans 
les r~gions ou les groupes ' risque de carence en vitamine A. II 
convient de noter que les femmes en age de procreer ne devraient pas 
consommer de fortes doses de vitamine A compte tenu du risque que 
cela represente pour le foetus. IIest une exception a cette r~gle qui 
consiste a donner une forte dose aux meres juste apres 
I'accouchement ou pendant les quatre premieres semaines post-partum 
Iorsque la probabilit6 de grossesse est quasiment nulle. En outre, les 
nourrissons de 6-11 mois ou ceux qui pbsent moins de 8 kg ne doivent 
recevoir que la moiti6 de la dose. En g6neral les nourrissons de moins 
de 6 mois ne presentent pas de signes de carences en vitamine A,en 
principe parce que le lait maternel en offre suffisamment. Cependant, 
dans les communautes oui I'allaitement maternel n'est pas r~pandu 
durant les 6 premiers mois de vie, les nourrissons de moins de 6 mois 
devraient participer au programme et ne recevoir qu'un quart de la 
dose. 



10 CALENDRIER DE TRAITEMENT 

(Applicable A toutes les r6gions quel que soit le risque de carence vitaminique A) 

* 3 DOSES XEROPHTALMIE 
* 2 DOSES ROUGEOLE 
* 1 DOSE MALNUTRITION PROTEINO-ENERGETIQUE/ 

DIARRHEE > 14 JOURS 

POUR LES ENFANTS DE 12-72 MOIS ET LES ADULTES, EXCEPTION FAITE
 
DES FEMMES EN AGE DE PROCREER
 

1ERE DOSE : DES LE DIAGNOSTIC 200 000 UI*
 
2E DOSE : LE LENDEMAIN 200 000 UI*
 
3E DOSE : 4 SEMAINES PLUS TARD 200 000 UI*, SI POSSIBLE
 

* Demi-dose ou 100 000 Ut pour les nourrissons de 6-11 mois ou pesant moins de 8 kg. 
Un quart de la dose, soit 50 000 U! pour les nourrissons de 0 A 6 mois. 

L'OMS/IVACG ont recommand6 un calendrier de traitement pour les
enfants souffrant de carences vitaminiques A et les adultes pr6sentant
des signes oculaires (ou x6rophtalmie). Ce calendrier consiste A
administrer une dose des 1'tablissement du diagnostic,
administrer une autre le lendemain et 

. en 
' fournir une troisibme dose de

200 000 UI au bout de quatre semaines s'il est possible d'avoir un 
contact 'ace moment lI. Tous les cas de rougeole devraient recevoir 
au moins les deux premibres doses ; par ailleurs, mieux vaut une dose
qu'aucune. Tous les cas de diarrh~e pr~sentant des sympt6mes
pendant plus de 14 jours devraient recevoir la premibre dose. Exclure
cependant ceux qui ont regu une dose durant le dernier mois. 



11 UTILISATION DES CAPSULES 

NOMBRE DE GOUTTES PAR CAPSULE = 6 A 8 

CHAQUE CAPSULE = 200 000 UI, SOIT UNE DOSE 

POUR LES PETITS ENFANTS, OUVRIR LA 
CAPSULE ET VERSER LA MOITIE DES GOUTTES 
DIRECTEMENT DANS LA BOUCHE, CE QUI 
EQUIVAUT A 100 000 UI OU UN QUART DU 
NOMBRE DE GOUTTES, CE QUI EQUIVAUT A 
50 000 UI. 

...On peut galement utiliser des flacons avec des complements 
liquides et des distributeurs... 

La distribution de complements vitaminiques peut s'adapter & de 
nombreux programmes de soins de sant6 primaires car elle pr~sente 
plusieurs avantages : les complements peuvent btre facilement 
administr6s par voie orale et aucune piqere n'est n~cessaire, les 
produits n'ont pas besoin d'&tre refriger6s et leur dur~e de vie est 
relativement longue (2ans si le flacon n'a pas 6te ouvert ou 6 mois s'il 
I'a 6t6). IIconvient de noter que la capsule de ge'latine peut durcir ' 
I'air, les recipients doivent donc tre bien fermes. 

Le nombre de gouttes dans une capsule de vitamine A varie de 6 , 8. 
Lorsque chaque lot de capsule est deba!l, il faut calculer le nombre de 
gouttes en ouvrant une capsule et en la vidant de son contenu. Chaque 
capsule contient 200 000 Ul. Pour les petits enfants, ouvrir la capsule 
et ne donner que la moiti6 des gouttes, en les plagant directement dans 
la bouche. Cela quivaut c 100 000 UI. On peut egalement administrer 
de la sorte le complement aux nourrissons et aux jeunes enfants trop 
malades pour avaler une capsule. 

Chez les enfants plus Ags, placer la capsule sur la langue et verifier 
que 'enfant I'avale. Chez les nourrissons et les enfants malades, ouvrir 
la capsule et la vider de son contenu dans la bouche de I'enfant avec 
la main droite en tenant sa tate avec I'autre main. 



12 	 INTEGRATION 

* 	 DEFINITION ET DIFFUSION DE PROTOCOLES ET 
DIRECTIVES 

0 	 DEFINITION DE COUVERTURES CIBLES 

* 	 AFFECTATION DE RESPONSABILITES 
FOURNITURES, FORMATION 

* 	 ESTIMATION ET ACQUISITION DES FOURNITURES 

* 	 CONCEPTION ET MISE EN OEUVRE DE LA 
FORMATION 

* 	 SURVEILLANCE ET EVALUATION 

La distribution de complements vitaminiques A est difficile a maintenir 
comme programme vertical independant. Elle doit par consequent 6tre 
integree ' d'autres activit~s. Une fois que les syst~mes de distribution 
et les programmes ont t6 d6finis, un certain nombre de mesures 
doivent 6tre mises en oeuvre pour assurer I'int6gration. Ces mesures 
sont 6num~r6es ci-dessus et elles sont toutes essentielles. C'est ainsi 
qu'il ne suffit pas de definir un m6canisme de distribution appropri6
parmi les programmes existants sans s'assurer de I'existence d'un 
systbme de formation et d'une m6thode fiable d'approvsionnement 
regulier. 



13 PLAN DE FORMATION 

OBJECTIFS 

Motivation du personnel 

Amelioration des connaissances 

D~veloppement des aptitudes 

MESURES 

1 : Combien de personnes ? 
2 "Ou et comment ? 
3 :Qui sera responsable ? 
4 : De quelles ressources dolt-on disposer ? 

Les trois objectifs principaux de la formation sont la motivation du 
personnel, I'am~lioration de ses connaissances et le developpement de 
ses aptitudes dans la realisation de son travail. 
Dans un premier temps, il faut definir les categories de personnel qui 
participeront ' la distribution de vitamine A, c. la supervision ou ' la 
gestion. La description de leur fonction et des protocoles devra etre 
revis6e et une formation sp6ciale devra 6tre assuree. En outre, des 
cursus appropri6s devront etre mis au point pour les facultes de 
m-decine et les 6coles d'infirmibres en tenant compte des derni~res 
connaissances sur la vitamine A. 



14 	 APPROVISIONNEMENT 

* 	 AJOUTER LA VITAMINE A A LA LISTE DE MEDICAMENTS 
ESSENTIELS 

0 	 IL CONVIENT D'ESTIMER LES QUANTITES NECESSAIRES 

* 	 S'APPROVISIONNER ET STOCKER 

* 	 APPROVISIONNER LES POINTS DE DISTRIBUTION ET LES 
REALIMENTER 

L'une des causes les plus courantes d'6chec dans les programmes de 
distribution est I'interruption du flux d'approvisionnement. Meme apres
le d~marrage du programme, il est n~cessaire d'assurer un suivi 
syst~matique et de veiller &ce que les points de distribution soient 
effectivement ravitaills. Les mesures 6noncees ci-dessus sont 
n~cessaires pour veiller Aune bonne distribution. Mais sans systeme
fiable de rcapprovisionnement, le flux de distribution peut s'interrompre 
apres un ou deux cycles. M~me une fois que le programme aura 
d~marr6, les ravitaillements devront tre soigneusement surveill's et 
les points de distribution effectivement reapprovisionnes. 



15 SURVEILLANCE ET EVALUATION 

* COUVERTURE 

- % D'ENFANTS ET DE MERES RECEVANT DES DOSES 
- % DE CAS TRAITES 

* APPROVISIONNEMENT 

NOMBRE REQU ET STOCK RESIDUEL EN LE 
COMPARANT AVEC LA POPULATION A COUVRIR 

% DE SITES DE DISTRIBUTION CONSTAMMENT 
RAVITAILLES PENDANT CHAQUE PERIODE DE 12 
MOIS 

FORMATION 

- % DU PERSONNEL DE DISTRIBUTION FORME 
- % DE RESPONSABLES FORMES 
- % D'INDIVIDUS FORMES PAR RAPPORT AU % PROJETE 

Pour assurer une bonne couverture de distribution de vitamine A, il faut 
notamment tenir ; jour un registre simple mais complet des principaux 
indicateurs et faire reguliirement le point ces resultats des 6valuations 
avec tous les principaux agents concern~s. La liste ci-dessus en donne 
certains exemples. 



16 EDUCATION EN NUTRITION 

...PEUT ACCROITRE LES EFFETS DE LA DISTRIBUTION DE 
COMPLEMENTS DE LA MANIERE SUIVANTE... 

PROMOTION DE LA PARTICIPATION AU 
PROGRAMME DE DISTRIBUTION DE 
COMPLEMENTS 

ENCOURAGE UNE AMELIORATION DES 
PRATIQUES ALIMENTAIRES 

Les activites de distribution de complments peuvent donner davantage
de resultats avec un travail 6ducation en nutrition, en informant les 
communautes de I'irnportance de la participation et en encourageant
I'adoption de pratiques alirentaires meilleures afin d'accroltre la 
consommation d'aliments riches en vitamine A disponibles localement. 
La promotion des aliments locaux est d'autant plus importante dans les 
regions ou' I'approvisionnement en vitamine A peut tre interrompu de 
temps ' autres. Des 6tudes ont en outre d~montre qu&. I'efficacit6 de 
la distribution de complements deux fois par an peut tre 
considerablement accrue par une am6lioration de la ration alimentaire. 



17 MISE AU POINT D'UN PROGRAMME 

DETERMINER LA PREVALENCE ET LA REPARTITION DES 
CARENCES 

RECENSER LES LACUNES QUI POURRAIENT EXISTER DANS 
LA COUVERTURE DES PROGRAMMES EXISTANTS DE 
VITAMINE A 

RECENSER ILA POPULATION CIBLE A COUVRIR 

DEFINIR LES CANAUX DE DISTRIBUTION ET AFFECTER LES 
RESPONSABILITES 

Les mesures ci-dessus doivent &tre prises pour la planification d'un 
programme de distribution de vitamine A (nouveau ou e1argi). 



18 MISE AU POINT D'UN PROGRAMME (suite) 

METTRE AU POINT UN SYSTEME D'APPROVISIONNEMENT 

DEFINIR LES BESOINS EN FORMATION 

FORMULER ET APPLIQUER DES NORMES TECHNIQUES 

EVALUER ET MODIFIER LE PROGRAMME 

On trouvera ci-dessus d'autres mesures de planification et de mise en 
oeuvre. La distribution de compl6ments & fortes doses est l'une des
strat6gies d'am6lioration de I'tat en vitamine A. Elle peut b6n6ficier
des effets complementaires des autres, ' savoir I'enrichissement,
I'am~lioration de la ration alimentaire et la lutte contre les maladies
infectieuses. Dans unela plupart des cas, ilfaudra proc6der ' 
combinaison de plusieurs strategies. Les compl~ments vitaminiques
peuvent 6tre introduits parallblement ' des am6liorations durables et
permanentes des solutions aux problemes, ainsi que I'on envisage de
le faire en Ouganda. Dans d'autres cas, I'enrichissement peut
constituer la base du programme de iutte contre les carences
vitaminiques A, avec comme corollaires des petites programmes
clairement cibles de complements et d'amelioration de la ration
alimentaire dans des communautes specifiques, ainsi que cela se fait 
au Guatemala. 

Par-dela. rutilisation universelle des compl~ments de vitamine A dans
le cadre de la lutte contre la x6rophtalmie, la rougeole, la malnutrition
proteino-6nerg~tique et la diarrh6e persistante, le r6le et I'ampleur des
activites de compl6ments vitaminiques A dans un ensemble complet
d'interventions dependra des besoins et des ressources des groupes
vises. 



SUPPLEMENT DISTRIBUTION PROGRAMS 

Introduction 
In several areas of the world, where children are at high risk of vitamin A deficiency, vitamin A
supplementation - that is, the periodic administration of the vitamin to deficient persons - is an effective,
immediate intervention to prevent morbidity, mortality and blindness. Supplements are considered a
short-term measure which is initiated when urgent and immediate action is deemed necessary to protect 
groups at risk of vitamin A deficiency. 

The choice of strategy for distribution will depend upon 	the prevalence of deficiency and resources
available. At a minimum, all areas 	within the vitamin A program will need to integrate vitamin Asupplementation as a routine practice in case maragement of xerophthalmia, measles, PEM and prolonged
diarrhea. The purpose of this slide/overhead presentation is to provide a basic set of guidelines for the 
development of a supplf-nent distril'ution program. 

The enclosed material can be used as part of a formal training course or an informal refresher/orientation
session for field workers, managers or policy makers interested in obtaining an overview of the 
components of vitamin A supplement distribution. It is suitable for both, health professionals and
para-professionals. Slides or overheads can be made from the charts; photographic material can be added 
or replaced. 

The presentation contains an overview 	 options availableof the 	program for distributing vitamin
supplements, treatment and prevention protocols, and steps needed to implement a supplement program. 

A 

Material in this presentation is based on recent information on the effectiveness of various
supplementation activities which has become available since the publication of the 
WHO/UNICEF/IVACG Task Force guide in 1988. 

The contents of this package are: 
0 Charts: Printouts of 18 slides which can be used as hand-c-its, overheads or 

converted to slides for presentations at meetings, training courses or conferences. 

* 	 Text: Text for each of the slides 

* 	 Effectiveness of Vitamin A Supplementation in the C ntrol of Young Child Morbidity
and Mortality in Developing Countries by G.H. Beaton et al, University of Toronto, 
1992. 

* 	 Other Publications: 

- Vitamin A supplementation in northern Ghana: effects on clinic attendances,
hospital admissions, and child mortality by Dr. David Ross et al, The Lancet, July 3, 
1993, Vol. 342 at 7. 
- High Dose Vitamin A Supplementation of Breast-feeding Indonesian Mothers: 
Effects on the Vitamin A Status of Mother and Infant by Rebecca J.Stoltzfus et al, 
Journal of Nutrition, Vol. 123 at 666. 
- Cost of vitamin A supplementation: the opportunity for integration with
immunization in Ghana by Dyna C. Arhin et al, Health Policy and Planning; 8(4):339­
348.
 
- Efficacy of vitamin A in reducing preschool child mortality in Nepal by Keith West,
 
et al, The Lancet, July 13, 1991, Vol. 338, No. 8759 at 67.
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Supplement Distribution Programs
 



When Are Supplements Needed"? 

* Vitamin A Rich Foods 

- Not grown, or
 
- Too expensive, or
 

Vitamin A 
 Mortality 
- Not part of food deficiency Morbidity 

habits Blindness 
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Strategies for Distribution 

All Areas High Risk Areas 

* 	 Who? Xerophthalmia, Children 6-72 mths
Measles, PEM, Postpartum women < 4 wks 
Chronic Diarrhea 

* What? 	 Treatment Prevention + Treatment 

* How? Health Services 	 Community-Based Health 
Services 

Xerophthalmia= Eye signs of vitamin A deficiency. 
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In All Areas
 
Include supplements in the treatment of the following conditions: 
Who? What? 

* PEM/Chronic Diarrhea * 1 Dose 
* Measles How? * 2 Doses 
* Xerophthalmia * 3 Doses 

- Infectious - Ophthalmologic
disease hospitals hospitalsiclinics 

- Pediatric - Health centers/
hospitals/clinics workers 

- Malnutrition
 
wards
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In High Prevalence Areas 

Use Supplements for Prevention 

Who? What? 
* Children: 6-72 months * 1 Dose: every 4-6 months 
* Postpartum Mothers: < 4 weeks 0 1 Dose 

How?
 
- Immunization activities - Women's groups 
- Traditional birth attendants - Schools
 
- At every conta t with a sick child
 

(Diarrhea, etc.), there should be a
 
one month interval between dosing.
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Identifying Areas of High Ris 

* Prevalence data 

- Household surveys 
- Clinical records 

* Using risk factors: 
-	 Stunting, ecological zones, 

arid regions, refugee camps, 
low income groups 



Prevention Schedule
 

(Applicable in high risk areas only) 

* Children 12-72 months 200,000 IU 
every 4-6 months 

* Infants 6-11 months 100,000 lu 
old and who weigh every 4-6 months 
less than 8 kg 

* Lactating mothers 200,000 IU once 
at delivery or during 
the following 4 weeks 

•Infants below 6 months who are not breastfed should 
receive 50,000 IU every 4-6 months 
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Treatment Schedule 
(Applicable in all areas regardless of 

vitamin A deficiency risk) 
3 Doses: Xerophthalmia 
2 Doses: Measles 
I Dose: PEM/Diarrhea > 14 days 

For children 12-72 months old and adults, except 
women of childbearing age 

1st Dose: Immediately on diagnosis 200,000 IU* 

2nd Dose: The following day 200,00G IU* 

3rd Dose: 4 weeks later 200,000 IU*, if possible 

* Half dose or 100,000 IUfor infants 6-11 months or less than 8 kg
Quarter dose or 50,000 IUfor infants 0-6 months of age. 



Using Capsules 

* Number of drops per capsule = 6 to 8 
* Each capsule = 200,000 IU, one dose 

For small infants, cut open and squeeze out half 
the number of drops directly into child's mouth. 
This equals 100,000 IUor one-fourth the number 

of drops, which equals 50,000 IU. 

bottles with liquid supplements and dispensers 
NN can also be used.... 
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Integration 

* Develop and issue protocols and directives 

* Set coverage targets 

* Assign responsibilities appropriately 

* Estimate and procure supplies 

* Design and conduct training 

0 Monitor and evaluate 
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Training Plan 

Objectives: 
* Motivating staff
 
* Improving knowledge 
* Developing skills
 

Step 1: How many people?
 
Step 2: Where and when conducted?
 
Step 3: Who will take responsibility?
 
Step 4: What resources needed?
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Procurement and Supplies 

* Add vitamin A to essential drugs list 

* Estimate amounts needed 

0 Procure and store supplies 

*. Supply distribution points initially
and re-supply 

Q­



Monitoring and Evaluation
 

* 	 Coverage
 
- % Children and mothers dosed
 
-
 % Cases treated 

* 	 Supplies
 
- Numbers received & balances compared
 

with eligible population
 
-	 % distribution sites with uninterrupted 

supplies for each 12 month period 

* Training 
- % distribution staff trained 
- % supervisors trained 
- % trained compared with plans 
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Nutrition Education 

* 	 Promote participation in supplements 
program 

* 	 Encourage improvements in dietary
habits 

"J3 
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Program Development 

Steps 

* Establish prevalence and distribution of
deficiency 

* 	 Identify gaps in existing program coverage
for vitamin A 

* 	 Determine who and how many are in the 
target population for supplements 

* Identify channels of distribution and assign
responsibility 

(A 
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Program Development (continued) 

Steps 
* 	 Develop a procurement and supply 

system for supplements 

* 	 Determine training needs 

* 	 Formulate and implement technical 
norms 

* 	 Evaluate and modify program 
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Quand Les Compiements
Sont-Ils Necessaires? 

* Aliments Riches en Vitamine A 

- Non cultives ou 

- Trop co~teux ou 
- Pas dans les 

habitudes 
alimentaires 

Carences 
Vitaminiques 

A 

Mortalite 
Morbidite 
Cecite 
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Effet Sur La Rougeole 

S14Vitamine 

0(J 
C010 

16 

12 

l 

Groupe temoin 

A 

0 4" 
_1 

0 
1932 

Angleterre 
1987 

Tanzanie 
1990 

Afrique du Sud 



5 

Strategie de Distribution 

* Qui? 

* Quoi? 

* Comment? 

Toutes R~gion 

Xerophtalmie, 
Diarrhee Chronique,
Rougeole, 
Malnutrition 
Proteino-6nergetique 

Traitement 

Services 
de Sante' 

Regions ' Haut Risque 

Enfants de 6-72 Mois 
Femmes Post-Partum 
< 4 Semaines 

Prevention+Traitement 

Services de Sante
 
Communautaires
 

Xdrophtalmie= Signe oculaire de carence en vitamine A.
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Dans Toutes Les Regions 
Complements pour le traitement des troubles suivants: 
Qui? Quoi? 

* 	 Xe'rophtalmie * 	 3 Doses 
* 	 Rougeole 0 	 2 Doses 
* 	 Malnutrition Proteino-Energetique/ * 1 Dose 

Diarrhee Chronique 

Comment? 
- Hopitaux maladies - Hopitaux/

infectieuses dispensaires
•, 	 ophtalmologiques- Hopitaux/ 

dispensaires Centres/agents
pediatriques 

-de sants 

- Services charges w w
 
de la malnutrition A
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Dans Les Regions A Forte Prevalence 

SCompiernents pour la prevention 

Qui? Quoi? 
* Enfants: 6-72 mois 0 1 Dose: tous les 4-6 mois 
* Meres post-partum: <4 semaines 0 1 Dose 

Comment? 
- Activitds de vaccination - Groupes de femmes 
- Accoucheuses traditionnelles - Ecoles

C- A chaque contact avec un enfant malade (malnutrition
proteino-6nerg6tique, diarrhee, etc.) il devrait y avoir un
intervalle d'un mois entre doses. 
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D"efinir Les Regions A Haut Risque 

* Donnees de prevalence 
- Enquetes aupres des menages 
- Registres des dispensaires 

* Utilisation des facteurs de risque 
- Retard de croissance, regions arides 

des zones ecologiques, camps de 
refugies, groupes a faible revenu 



Calendrier De Pr6vention
 

(Applicable uniquement 	aux regions a haut risque) 

* 	 Enfants 12-72 mois 200 000 UI
 
tous les 4-6 mois
 

* 	 Enfants 6-11 mois ou 100 000 UI
 
pesant moins de 8 kg tous les 4-6 mois
 

* 	 Meres qui allaitent 200 000 UI h 
I'accouchement ou 
durant les quatres 
semaines post-partum 

*Les enfants de moins de 6 mois qui ne sont pas nourris aux sein
 
devraient recevoir 50 000 UI tous les 4 a 6 mois
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Calendrier De Traitement 

3 Doses: 

2 Doses: 

1 Dose: 


(Applicable a toutes les regions quel que
soit le risque de carence vitaminique A) 

Xerophtalmie 
Rougeole
 
Malnutrition Protdino-Energetique/Diarrhee > 
14 jours 

Pour les enfants de 12.72 mois et les adultes,
exception faite des femmes en age de procreer 

1ere Dose: Des le diagnostic 200 000 Ul* 

2e Dose: Le lendemain 200 000 Ul* 

3e Dose: 4 semaines plus tard 200 000 UI*, si possible 

* Demi-dose ou 100 000 UI pour les nourrissons de 6-11 mois ou pesant moins de 8 kg.
Un quart de la dose, soit 50 000 UI pour les nourrissons de 0 A6 mois 



Utilisation Des Capsules
 

* Nombre de gouttes par capsule = 6 a 8 
* Chaque capsule = 200 000 Ui, soit une dose 

Pour les petits enfants, ouvrir la capsule et verser
 
la moitie des gouttes directement dans la bouche,
 

ce qui equivaut ' 100 000 UI ou un quart du
 
nombre de gouttes, ce qui equivaut ' 50 000 UI.
 

... On peut egalement utiliser des flacons avec des
 
complements liquides et des distributeurs ...
 



12 Integration 

0 Definition et diffusion de protocoles et directives 

* Definition de couvertures cibles 

* Affectation de responsabilites: fournitures, formation 

* Estimation et acquisition des fournitures 

* Conception et mise en oeuvre de la formation 

* Surveillance et evaluation 
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Plan De Formation
 

Objectifs: 
* Motivation du personnel 
* Amelioration des connaissances 
* Developpement des aptitudes 

Mesures 
1: Combien de personnes? 
2: Ou' et comment? 
3: Qui sera responsable? 
4: De quelles ressources doit-on disposer? 
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Approvisionnement 

* 	 Ajouter la vitamine A a ia liste de 
medicaments essentiels 

* 	 IIconvient d'estimer les quantites
necessaires 

* 	 S'approvisionner et stocker 

* Approvisionner les points de
\ distribution et les realimenter 
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Surveillance Et Evaluation 

* Couverture 
- % D'enfants et de meres recevant des doses 
- % De cas traites 

* Approvisionnement 
- Nombre requ et stock residuel en le comparant 

avec la population a couvrir 
- % De sites de distribution constamment ravitailles 

pendant chaque periode de 12 mois 

* Formation 
- % Du personnel de distribution forme 
- % De responsables formes 
- % D'individus formes par rapport au % projete 
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Education En Nutrition 

Peut accroitre les effets de la 
distribution de complements de la 
maniere suivante 

*) 	 Promotion de la participation au 
programme de distribution de 
complements 

*) 	 Encourage une amelioration des 
pratiques alimentaires 



17 

Mise au Point D'un Programme 

Etapes 

9 	 Determiner la prevalence et la repartition
des carences 

* Recenser les lacunes qui pourraient
exister dans ia couverture des 
programmes existants de vitamine A 

* Recenser ia population cible ' couvrir 

(, 	 0 Defipir les canaux de distribution et
affecter les responsabilites 
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Mise au Point D'un Programme (suite) 

Etapes
 
* 	 Mettre au point un systeme 

d'approvisionnement 

* Definir les besoins en formation 

* 	 Formuler et appfiquer des normes 
techniques 

Jr 	 0 Evaluer et modifier le programme 
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i.Cua'ndo son necesarios los suplementos? 

* 	 Alimentos ricos en vitamina A 
- No se cultivan, o 

- Son muy caros, oCarencia de Mortalidad 

Noforman pare vitamina A MorbilidadrteCeguera an-p Nofor 

de los habitos
 
alimentarios
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Repercusi6n sobre la mortalidad infantil
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-Repercusio'n sobre el sarampi0:r 
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Estrategias para la distribuci6n
 

* ;Quie"n? 


*Que? 

; OC6mo? 

Todas 

las regiones 


Xeroftalmia,
sarampi6n, DPE, 
diarrea cr6nica 

Tratamiento 

Servicios de 
salud 

Regiones de 
alto riesgo 

Nifios de 6-72 meses 
mujeres en las primeras
4 semanas despues del parto 

Prevencion + tratamiento 

Servicios de salud 
comunitarios 

Xeroftalmia= Sintomas oculares de carencia de vitamina A.
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En todas las regiones 
Incluir suplementos en el tratamiento 
de las siguientes enfermedades:.,Qui n? 

* DPE/Diarrea cr6nica 0 1 dosis 
* Sarampi6n ;C6mo? 0 2 dosis 
* Xeroftalmia 0 3 dosis 

- Hospitales de - Hospitales/serviciosenfermedades Oftalmol6gicos
infecciosas 

- Centros/Trabajadores- Hospitales/ de salud 
Clinicas 
pediatricas 

-Salas de 
desnutridos 



En las regiones de gran prevalencia 

Usar suplementos para prevenci6n 

;Quien? 	 ;Que. 
* 	 Nifios: 6-72 meses 0 	 1 dosis: cada 4-6 meses 

* 	 Madres en el puerperio: 0 1 dosis
 
menos de 4 semanas
 

;,Como? 
- Actividades de inmunizacion - Grupos de mujeres
 
- Parteras tradicionales - Escuelas
 
- En todos los contactos
 

con un nifio enfermo
 
(diarrea, etc.), debe proporcionarse un intervalo
 
de un mes entre dosis
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Identificaci6n de las regiones de alto riesgo 

* Datos de prevalencia 
- Encuestas en domicilios 

particulares 

- Historias clinicas 

* Utilizaci6n de los factores 
de riesgo: 

I3 
C 

- Desnutrici6n, zonas ecol6gicas,
regiones aridas, campos de 
refugiados, grupos de bajos
ingresos. 
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Esquema de prevencio'n 

(Corresponde a las regiones de alto riesgo utnicamente) 

* Niros de 12-72 meses 200.000 Ul 
cada 4-6 meses 

* Nifios de 6-11 meses 	 100.000 Ul 
o que pesan menos cada 4-6 meses 
de 8 kg 

* 	 Madres en lactancia 200.000 U! 
una vez despues del parto 
o dentro de las 
siguientes 4 semanas 

ULos nilios menores de 6 meses que se amamantan 
deben recibir 50.000 UI cada 4-6 meses. 
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Esquema de tratamiento 
(Corresponde a todas las regiones, independientemente 

del riesgo de deficiencia de vitamina A) 
* 3 dosis: xeroftalmia 
* 2 dosis: sarampion 
* 1 dosis: PEM/diarrea > 14 dfas 

Para los nilos de 12-72 meses y adultos, con excepcion de 
las mujeres en edad reproductiva 

Ira. dosis: al diagn6stico 200.000 UI* 

2da. dosis: al dia siguiente 200.000 UI* 

3ra. dosis: 4 semanas mas tarde: 200.000 Ul*,
si es posible. 

• Media dosis 6 100.000 UI para los niios de 6-11 meses o que pesan menos de 8 kg. 
Un cuarto de dosis 6 50.000 UI para los niflos de 0-6 meses de edad. 



El uso de capsulas
 

Cantidad de gotas en una capsula = 6 a 8 gotas 

Cada capsula = una dosis de 200.000 UI. 

Para los nifios mas pequefios, abrir la capsula y 
extraer la mitad del ni'mero de gotas directamente 
sobre la boca del nifio. Esto equivsle a una dosis de 
100.000 Ul. Un cuarto de la cantidad de gotas, lo que 
equivale a 50.000 UI. 

... tambien se pueden utilizar frascos con suplementos 
lquidos y dosificadores... 
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Integracion 

* Preparar y publicar esquemas e instrucciones 

* Establecer objectivos de cobertura 

* Asignar responsabilidades en la forma adecuada 

* Estimar cantidades y adquirir ia vitamina 

* Preparar y realizar cursos de capacitacion 

* Controlar y evaluar 
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Plan de adiestramiento 

Objectivos: 
* Motivar al personal 
* Mejorar los conocimientos 
* Capacitar 

Pasos 
1: iCuantas personas? 
2: ZDbnde y cuando se Ileva a cabo? 
3: iQuien estara a cargo?

i4: &Cua"ntos recursos son necesarios? 
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Aquisici6n y suministro de suplementos 

* 	 Agregar vitamina A a la lista de 

medicamentos esenciales 

* 	 Estimar las cantidades necesarias 

* 	 Adquirir y almacenar los suministros 

* 	 Abastecer inicialmeute los puntos de 
distribuci6n y reabastecerlos. 

0 



Supervisin y evaluaci5n 

* Cobertura 
- % de nifios y madres que recibieron dosis 
- % casos tratados 

* Suministros 
-Cantidades recibidas y saldos en 

comparaci6n con la poblaci6n elegible 
- % de lugares de distribuci6n con suministros 

ininterrumpidos para cada periodo de 12 meses 

* Capacitacion 
- % de personal de distribucion capacitado 
- % de supervisores capacitados 
- % de personas capacitadas en comparacion 

con los planes 
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Educaci6n sobre nutrici6n 

... puede aumentar el impacto de los
 
suplementos de la siguiente manera...
 

* Fomenta la participacion en los
 
programas de suplementos
 

* 	 Estimula mejoras de los habitos 
alimentarios 

-33 
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Desarrollo del programa 

Pasos:
 

* 
 Determinar la prevalencia y distribucion de la 
deficiencia 

* 	 Identificar la discontinuidad en la cobertura de los 
programas existentes para la vitamina A 

0 	 Determinar que personas y cudntas conforman ia 
poblaci6n objectivo para la distribuci6n de 
suplementos 

* 	 Identificar los canales de distribucion y asignar las 
funcionesC13 



Desarrollo del programa (continuaci6n)
 

Pasos: 

* 	 Desarrollar un sistema de adquisici6n
 
y abastecimiento de los suplementos
 

* 	 Determinar las necesidades de
 
capacitacion
 

* 	 Formular y poner en practica las
 
normas tecnicas
 

* 	 Evaluar y modificar el programa 



REDUCED MORTALITY AMONG CHILDREN IN SOUTHERN INDIA RECEIVING A SMALL
 
WEEKLY DOSE OF VITAMIN A
 

LAXMI RAHMATHULLAH. M.B.. B.S.. D.T.P.H.. BARBARA A. UNDERWOOD, Pt.D.. 
RAVILLA D. TIIULASIRAJ, \1.B.A.. Roy C. 

RAHEEM RAHMATHULLAH. 

Abstract Background. Clinical vitamin A deficiency at-
fects millions of children worldwide, and subclinical defi-
ciency iseven more common. Supplemental vitamin A has 
been reported to reduce mortality among these children,
but the results have been questioned,

Methods. We conducted a randomized, controlled,
masked clinical trial for one year in southern India involv-
ing 15,419 preschool-age children who received either 8.7 
A.mol (8333 IU) of vitamin A and 46 flmol (20 mg)of vita-
min E (the treated group) or vitamin E alone (the control
group). Vitamin supplements were delivered weekly by
community health volunteers who al3o recorded mortality
and morbidity. Weekly contact was made with at least 88 
percent of the children in both study groups. The base-line 
characteristics of the children were similar and document-
ed a high prevalence of vitamin A deficiency and undernu-
trition. 

Results. One hundred twenty-five deaths occurred, of 
which 117 were not accidental. The risk of death in the 

ENTYW]-\ to 40 million children worldwide arc 
I estimated to have at least mild vitamin A defi-

ciencv, and nearly half' are said to reside in India.' 
Controlled field trials in an area of endemic vitamin 
A deficiencv in Indonesia revealed a reduction of 
34 percent in mortality among infants and young

children given high-dose vitamin A supplements.'

and a reduction of up to an estimated 75 percent'

after periodic mass treatment with large-dnE (209

jmol [200,000 IUJ) vitamin A. Reductions in mor- 

tality of II to 45 percent were reported after the nor-

mal marketing of vitamin A-fortified monosodium 

glutamate.' The results of these studies and an earlier 

observational trial in Indonesia; have been questioned

because of aspects of the study designs' and because 

the mortality data provided no cause-specific infor-


From theAravind Children's Hospital and Aravind Eye Hospital. Madura. 
India (L.R.. R.D.T., K.R.. R.R. G.B.); the Office oi International Pro rams(B.A.U.) and the Biometry and Epidemiology Prcwzram iR.C.M.). National Eve
Institute. Bethesda. Md. Address repnnt requests to Dr. Underwood atthe N'a.
tional Eye Institute. Bldg. JI. Rm. 6A-17. 9000 Rockvilie Pike. Bethesda. MD
20892. 

Supported by agrant from the Ford Foundation. New Delhi. India. 

MILTON. PH.D.. KALA RAMASWAMY. .\,Sc.. 
AND GANEESH BABU, B.Co. 

group treated with vitamin A was less than halt that in the
control group (relative risk, 0.46: 95 percent confidence 
nterval. 0.30 to 0.71). The risk was most reduced among

children under 3 years of age (6 to 11 months - rela!ive 
risk, 0.28; 95 percent confidence interval, 0.09 to 0.85; 12 
to 35 months - relative risk, 0.46; 95 percent confidence
interval, 0.26 to 0.81) and among those who were chron­
ically undernourished, as manifested by stunting (relative
risk, 0.11: 95 percent confidence interval, 0.03 to 0.36).
The symptom-specific risk of mortality was significantly
associated with diarrhea, convulsions, and other infection­
related symptoms.

Conclusions. The regular provision of a supplement of
vitamin A to children, at a level potentially obtainable from 
foods, in an area where vitamin A deficiency and under­
nutrition are documented public health problems contnbut­
ed substantially to children's survival; mortality was re­
duced on average by 54 percent. (N Engl J Med 1990;
323:929-35.) 

mation and were obtained retrospectively, assuming 
Compliance.' 

Clarifving the role of vitamin A deficiency in child 
health and survival and defining successful, sustain­
able control measures have broad public health, pub­
lic policy, and programmatic importance. For this rea­
son, we conducted a randomized, placebo-controlled,
masked clinical trial among 15,419 preschool-age chil­
dren using a small, weeklv dose of vitamin A (8.7
j.tmol [8333 IUJ) given directly to the children by
community health volunteers. We monitored morbid­
ity and mortality weekly for one year. The dose of 
vitamin A was meant to simulate the amount that 
could be obtained firom food. if food consumption was 
near the level recommended by international groups
(approximately I to 1.4 /mol [300 to 400 /.g] of vita­
min A dailyl).
 

METHODS 

The study was carried out in ihree drought-prone. cconomically

and environmentally deprived panthavat 
unions local-government

areas) in the Trichy district of Tamil Nadu in southern India. The
people of the area had been underserved by child-care programs,

including the national program of administering a large-dose 1209
 

Reprinted from the New England Journa I ofMedicine 
323:929-935 (October 4), 1990 



930 i'HE NEW ENGLAND 

Asmoli supplement o vitamin A ,ver'v sixmonths. A uurvev (i all 
children under Willmonths of age ilnthe stud' area revealed thaT only 
I percent had participated in this program. 

fle study "as reviewed and approved h%. fir hliani-sihebi'3S 
internal review ioards ol tie Indian L t;i;nCilof MI[edical Research 
and the Aravin Es e Hospital. linfrmed consent tis obtained from 
the leaders of the pancli.iiai unions and th'n Iriomrte tin(ividuai 
families at(ie Inie of the base-tine survev 

Survey Personnel and Procedures 

\II tile'(OmmuIiolt Ishithin tii areas selected for studs %%ere 
mavped bs hical v recruited -numerators. \ house-its-house detno-
zraphic and sot ileconimic '.ur've.' %%as tarried otut bv speciallv
tratned liical Is,,irkers. swho also oltained from rar, mit her a ii',e-
%earhistory o mortality among her preschool-ave children. House-
holds with children under t) months oi age %%ere identitied and 
assigned a census number. 
"Io medical-examination teams were formed. consistine of a 

medical officer. nurses. and child-care and social %.orkers. ['lie 
child-care and social siirkers were trained toundertake ocular ex-
amtnations. anthropometric measurements. and a morbiditv histo-
rv.['he ocular examination was checked hv tilemeiical otlicer who 
conducted tire medical examination and veried tire morbiditv his-
tori. 'lie ocular examination was repeated by tilesame trained 
ficldworkers alter six mnt s ol iter%'ention. .iii all lie iiltexes 
measured at base line were reassessed bv fle medical teains at the 
,nd of the stuidv. 

A finger-prick blood sample and a dietary history detailing tile 
f'requencv of intake of locallv available foods containiug vitamin A' 
were obtained from a randomly selected 2 percent itt the children lv 
specially trained community workers. 

At the base-rie medical examitation. all the children with symp-
toms of xerophthalmia. including night blindness, were treated with 
a large-dose combination ot vitamin A '209 -mol and vitamin E 
(46 p±moli, and they continued to le followed as part of tire study, 
fhe data were analyzed both including and excluding them. Chil-
dren with symptoms of xerophthalmia at the six-month and final 
ocular examinations were treated in a similar manner. All the chil-
dren were given the large-dose supplement during their final medi­
cal examination at the end of the study. 

The children's height ior length forthose under '24 months) was 
measured to the nearest centimeter with a calirated board. Weight 
was determined to the nearest 0.1 klgwith a hanging Saliter scale. 

The ocular examination was periormed %,ith the classification 
critena ot the World Health Organization. ' .\ history (it night 
blindness was ,tntained bv iiterviewin the Olmoter abotut the mci-
dance in her children o2mala ken. a term used in lamil Nadu to 
describe the commonly recognized svmptiim o "*-vening eves.' tie 

inability to see well in dim light. Flie same term was subsequently 

used by the communitv health volunteers to ionitor the occurrence 

of night blindness oti a weekly basis. 

Fieldworkers were aware that they were iivolved in a study to 

determine the elect on morbidity of'giving vitamins. but they were 

nottold that the study was specifically one if ttamm A or that 

mortality was an outcome variable. 

Randomization 

Because of'the varied population density i the 'Panhavalunions.we used a cluster-sampling design. From the 15.19 children identi-

lied and examined at base line. 206 clusters were formed on the 

basis of the minimal and maximal workloads that could leexpected

from the community health volunteers. [he majoritv of clusters 
consisted of 50 to 100 children t to 60 months of age. [lie clus-
tees were arranged according to population size: after a ran-
dom start. they were assigned alternatel' tothe treated or control 
groups. [ie adequacy of randomization li achieving matching
according to base-line data was checked for the fiillowing char-
acteristics: age and sex distribution, one-month history of di-
arrhea and respiratorv disease, anthropometric indexes of nit-
tritional status, xerophthalmia status. live-year retrospective history
of mortality of children under five. household economic and 
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isgienic status. a,,d serum retinol levels. .\latching was saislactorv 
.t base line for all the variables examined. 

Implementation and Management 

Communi' health volunteers were trained to dispense the sup­
piement. collect moirbiditv data, ari record mortalitv accordin to a 
tandard procedure. Ihe volunteers visited each home assigned to 
them everv,week tor 52 %t-reks. D~uring the visits they recorded ill­
nosses according toss mptoms a,,dduration antichecked for anyi
deaths. ['hey dispensed the appropriate liquid sutplement directly
itto tilemoutn ot the stud% ichild f'rotm a tahbrated. color-coded 

.iiber bottle. Cinimuntv health volutteers knew that thev were 
responsible for itspenstri from one color-crided bottle. iut they 
'.s 'reunaware o \%,halit intattltrd other than vitiamins. 

'[rainec supervisors Aere- each assigned to oversee seven or eight 
'ommunitv health volunteers. 1le supervisors were responsible for 
wreklv meetings with the volunteers to verilv the completeness oi 
tilemorbidity-data forms for the previous seek and to review their 
proper use. 'lie supervisors also ciollected the dispensers each week 
and distnbuted refilled bottles. linaddiion. tiley checked the accu­
racy of tire data gathered froni a random .5percent of the house­
holds weeklv. 

.\ block otficer met every week with the super' isorsto review the 
hirms and procedures, discuss problems, anid provide renled bottles 
,,r deliver, to the cotniunity health s ihlnteers 'lie supervisors 
,srre iniormed weekly o tileperfiirmance - illterms ot rates iot 
,ontact and accuracy Ilidata recording - iI the community health 
olunteers forwhom they were responsible. Evidenre or problems 

was sought and tie diliculties were remedied within a Ivo-week 
penod.Unannounced spot checks on htuseholds were conducted by 
tlock olicers and headquarters staff'. 

Data were yenned and then recorded ott diskettes with use of 
portable computers in the field offices. ['he diskettes were sent week­
1v to the headquarters office, where they were again checked for 
completeness and accuracy. The procedures torpersonnel and data 
management allowed close surveillance and a two-week feedback to 
the field stall regarding their performance. thus giving them ttme to 
correct any possible errors. 

Supplements 

Liquid supplements i kindlv provided bs Hoffmann-LaRoche. 
Basel. Sw'itzcrlandi were provided in color-coded aluminum cans 
,intaming approximately I ltier 'lie appearance and taste ofeach. 
the solutions were identical. [le solution contarnime vitamin A was 
prepared to contain approximatels the fillowing: 8.7 ,.mol 18333 
IU or 2500 ..gtof vitamin A palmitate and 46 amol 120 mgj of 
vitamin E per milliliter dissolved in peanut oil. 'lie placebo solution 
contained approximately 46 /.mol120 mm of vitamin E per millili­
ter dissolved in peanut oil. 

ilestability oifthe solutions was checked iv Hoffmann-
LaRoche initially and alter I. 3.6. and 12 months of storage, at 
room temperature. 35"C, and 45°C. iii both the dispenser bottles 
and the aluminum flasks. In the flasks there was no loss of vitamin 
A and about a 10 percent loss of vitamin E.and in the bottles there 
was a loss of less than 5 percent of vitamin A after one year or less at 
room temperature and at 35°C. Stability was also checked by ran­
domlv wtthdrawing dispensers from the stud' areas halfway
through and at the end of the study. The field-laboratorv analyses.done approximately 18 to 2- months after tilesupply had been 
received in India and used under the conditions of storage prevail­
ing in the field.revealed a vtami A lossof approximately 25
 
torcinth 
percent. 
Data Monitoring 

Six months alter the weekly distribution began, a data-monitor­
ing committee reviewed the data. summarized according to dose
 
color code only. No one associated with the study was aware of the
 
color code, which was held by Hoffmann-LaRoche until the study

ended. Although differences were evident in the mortality trends of
 
the study groups after six months, they could not be associated
 

/ !r,( 
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.tnambiewUoush. with tht. incidence. severitr'. or cduration 01 moroid-
irv. The committee concluded that the stud%- should continue. 

Statistical Analysis 

Randomization according to cluster rather than accorainz to 
hild introduced a mocerate increase about 30 percenti in the 
ariance 02 the estimators ol tilerelative risk ot deatn in the treatecl 

.roup as compared with the control group. Relative risks. signin­
(.ice. an confidence Intervals were tnerefore calculated accnrolne 
o the cluster design. - I'herisk of death amoni the controls vas 

ised as the reference value for relative risk ofdeiath: a relative risk 
r)l0.5 means that the risk in tie treated troup was hallthat among 
thecontrols. or converseiv, that the risk amonc the cottrols was 
wice that in the treated croup. All aes were aoltusien to reflect age 
it the start of the intervention. %htch began on the saite late for all 

the children. 
Nutritional status was assessed with use ol tte C.-\S anthropo-

metric software package iversion 3.01 provided biv the U.S. Centers 
thrDisease Cotttrol. Vilucs more than 2 .D belhow tile relrrenice 

value were considered abnormai. 

RESULTS 

Mortality data and associmaid morbidity are report-
ed here. .\n analysis o('morbidity in the 15.119 chil-
dren is currently tinder wav. 
Contact withtheChildren 


During each of the 52 weeks of the study, at least 88 

percent of the children were contacted. There was no
 
difference in rates of contact between the treated and
 
control groups. "Thereasons or lack of contact (of 

which some children had more than one) included 


moving from the study area 1I0percent), temporary 

absence 113 percent), refusal to participate 128 per-

cent), sickness 129 percentl, and other reasons (30 

percent). Table I summarizes tie studv contact and 

compliance in terms of the number of' weeks the dose 

was missed. Nearly 42 percent of'the children received 

all tne doses. For those in the treated igroup. this was 

equivalent to more than 453 .mol (433.000 1U) of 

vitamin A. or approximately the amount available in
the commonly used large-dose supplement (209 .mol 

every six months). More than 90 percent of the chil-

dren received at least 322 u.mol 307.000 IU). which is 

equivalent to more than 70 percent of what they 

would have received in a large-dose supplement. 


Base-Line Characteristics 

Sex, age, xerophthalmia status, serum retinol level. 

and nutritional status at base line are shown in Table 

2. There were no substantial differences in these in-

dexes between the control and treated 

though the study was meant to include only children 
from 6 to 60 months of age, birth records were un-

available, and our recall records include a small num­
ber of younger (1.8 percent) and older 15.4 percent) 

The base-line prevalence of xerophthalmia was II 
percent. The risk of xerophthalmia did not differ ac-
cording to sex. except fbr a slight predominance 
among boys after three years of age. Thirtv-seven per-
cent of the serum retinol values from the randomly 
sampled subgroup (n = 280) were --0.70 gmol per 

Table 1. Doses Missed and Minimal Amount of Vita­
min A Received during 52 Weeks of Intervention. 

PERCENTOr 

%o OF CHILDREN |litMI1MLAMOUNT 
DRsEIMIS'ED N ­ 15.4151 REIsrD 

A,,nOut 

I) +I8 453 (433.0001 
1-5 387 410 1390.OOi 
h-10 6 9 36 (349.000) 
11-15 2 322 (307.000) 
16-20 2.0 279 (266.000) 
21-26 t 7 227 (216.000) 

27-31 U 7 53 1174.0001 

>31 5 0 

'The mnirunnulamountreceived wascalculated with thetollowing equu.
tion: imanlnusl numherol do s missed o 7 uamoll- min.453 Mmoi- i 
ml mutrciemurou ni rceived 

liter, and 21 percent were *ll.35 Amol per liter. The 
prevalence of vitamin A deficiencv in each of'the clini­
cal and biochemical caiteuortes thus exceeded the 
Vorld Health (Ortvantzation's criteria for a publichealth problem.'" Seven cases of active corneal in­

volvement (categor v X2. X3A. or X3B) were seen 

Table 2. Base-Line Charactenstics of the Study 
Population.
 

PEICENTAGEOF 
CHARtACTERISTIC CHILDiEN 

Sex
 
Male 52 
Fcmadc 48Age (moi" 
i5 1. 
2-il 7.1 

12-23 20.024-35 21.2 
36-47 22.14-186 
 22.4(8-71 5.4 

Xerophthalmia statusT 

XN 3.7 
XBX3A.X3B 0.05
 
xs 0.07 

Serum retinol ij.molliterl 
i0.35 21.4 
0351-0.70 16.1
0701-1.05 16.4 
>1.05 46.1 

Numnonal 3 
Sroups.t- 23
Wasted 


Stunted and wasted 18 
Normal 25Unknown 3 

'Ageat the stunotiniervention. 
hXN indicates niRhtblindis . XiB BiN&s spot.X2 comicafierosis. 

X3A cornel ulcerationor keralomilacti of less thanonethird of the 
,.,,he-, X31 cor a onethirdorsuuace. ulceration or t.r.omu.lacia o. 
mor of thecomesijsurlace, andXS corneaealc:A",wrniththeCSP o,,cwt-i Stunt.an pack , 
eddindcatesheightoraethe menminus 2 5D,wasted.themeanminus2SDand ,indicate.s heigthfor seeoeigt lorteightthe mea minus 

SD fnirsetht for height< themnmminus2SD. stunted andwasted 
menminusindicaesheightforrgese2 S; normalmeanIndicates age eiht<theaned minus2SDa dweihtforheigth for" A the mea rlfnll 

2 SD a weht for seght metrn 2Soa the ou 

. /
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(four in the control group and three in the treated 
group). Night blindness accounted for about one third 
and Bit6t's spots for about two thirds of the milder 
cases of xerophthalmia. 

Seventv-two percent of the children were classified 
by anthropometrv as undernourished idefined as 
more than 2 SD below the reterence meant. Approxi-
matelv one third of the children were stunted. 18 per-
cent stunted and wasted, and 23 percent vasted iTta-
ble 2). Stunting thus atfected a somewhat larger
proportic,'i of the children than wasting, indicating
that prolonged malnutrition wvas more common than 
acute undernutrition among the itudv children. 
The five-year history of mortality among children 

under five y'ears of age taken at base line was not 
significantly different between fatmilies of control and 
families of treated children (data not shownt. 
Mortality Outcome 


There were 125 deaths in the study population dur-
ing the 52 weeks of surveillance, for an overall mortal-
itv rate of 8.1 per 1000. Eight of these deaths. how-
ever, involved accidents unrelated to symptoms that 
could have been associated with the intake of vitamin 
A: animal bite (two deaths). drowning (three, poison-
ing (onel, and falling (two). Five of the accidental 
deaths were in the treated group and three in the con-
trol group. 

Figure I shows the cumulative deaths according to 
study group. Regardless of treatment, girls were at 
somewhat higher risk of death than boys, but not sig-
nificantly so (relative risk. 1.5 in the control group and 
1.2 in the treated group). Vitamin A significantly re-
duced the risk of death fbr both sexes, the effect being
somewhat larger for girls (relative risk. 0.41 for girls
[P<0.01] and 0.52 for boys [P<0.051). 

to 

80 1 

: 


d 40-
z 

2 / 
,. 
--

. 
0 26 52 

Week 
Figure 1. Cumulative Deaths Monitored Weekly, According to 

Study Group.

The solid line represents the group treated with vitamin A, and the 

line broken by squares the control group. Children who died in
accidents (five inthe treated group and three inthe control group)


ar6 included, 


Table 3 shows tle mortality according to ave and 
,tudv group for the 117 nonaccidental deaths. The risk 
d'death in the group receiving vitamin A was 46 per­

cent of that in the control izroup. The relative risk was 
reduced most ibr intants (relative risk. 0.28: 95 percent 
confidence interval, 0.09 to 0.85) and those 12 to 35 
months of age (relative risk. 0.46: 95 percent confi­
dence interval. 0.26 to 0.81 ): it was less than 1.0 in all 
age groups. Excluding the children who had received 
the hitgh-dose supplement at anv time or who received 
itonly at base line did not substantially change the 
age-specitic relative risks shown in Table 3. In addi­
tion, these relative risks were not significantly changed
by excluding those who did not receive the study sup­
plements for more than seven consecutive weeks 
in = 1863) or those who did no, receive the supple­
ments for more than lour weeks on fbur occasions 
(n = I I). These exclusions were designed to minimize 
any possible contibundinz due to a differential partici­pation effect or missing the supplements for a pro­
hinged period.

Among the nonaccidental deaths. 18 occurred 
among children with xerophthalmia at base iine. All 
18 occurred in children over 12 months of age (12
children in the control group and 6 in the treated 
group). The death rate among children with xe­
rophthalmia was 10.6 per 1000. as compared with 7.2 
per 1000 among the children without xerophthalmia.

Table 4 shows the symptom- and disease-specific
relative risk of death in the treated and control groups.
According to the "verbal autopsy," there were too few 
deaths specifically associated with the symptoms of 
respiratory disease and malnutrition to provide a reli­
able relative risk. Excluding these two categories of 
symptoms, the relative risk was consistently lower for 
the treated group - and significantly so, except for 
deaths associated with measles. More than 40 percent 
of the deaths were associated with diarrhea. 16 per­cent with measles, and the remainder with symptoms
 
suggesting other infections.
 

Table 5 shows the mortality according to treatment
 
group and base-line nutritional status. Data on nutri­
tional status were missing for 469 children (3 percent),
 
among whom 7 died (6 in the control group and I in

the treated group). Among the children not treated
 
with vitamin A (tile control group), the death rate of
 
those who were both stunted and wasted was 1.5 to
 
2 times higher than the death rate of those who were
either stunted or wasted, and it was 2.7 times higher
than the rate of normal children. Tus, the risk of 
death was increased by acute undernutrition superim­
posed on chronic malnutrition. But the effect of treat­
ment with vitamin A was pronounced (relative risk,
0. 11: P = 0.01; 95 percent confidence interval. 0.03 to0.36) among stunted children, whereas it was not sig­
nific a m ong stunted n w ast o no rmal 
int among wasted, stunted and wasted, or normal 

children. 
A hierarchical log-linear model was used to assess

the multivariate relation among death, treatment, age, 
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sex, and nutritional status. The siuniiicant association 
between treatment and death persisted when adjusted 
simultaneously for age, sex. and nutritional status. 

DISCUSSION 

The results of this community-based. masked con­
trolled field trial clearlv indicate that in an area where 
clinical vitamin A deficiency and chronic undernutri-
tion are common. ensuring a constant consumption of 
vitamin A at least equivalent to the recommended di-
etarv allowance enhanced children's survival. In 
Indonesia. somewhat similar effects among preschool-
age children ta 45 percent reduction in mortalitv) 
were reported with vitamin A-fbrtitied monosodium 
glutamate when it awas consistent part of the tbod 
supply.' 

For the one-vear tollow-up period the overall mor­
tality rate among children b to 60 months of age was 
8.1 per 1000 in our studv. comparable to the 7.8 per 
1000 for the 12- to 71-month age group reported by te 
Aceh. Indonesia. studv.- It was higuher, however, than 

Table 3. Mortality, According to Age and Study Group. 

AGEAND No. OF NO OF I'MULATE 

STUDvGrOUP CIIILDUP4 DEATHS RHOMORTALITY RATE RELATIVE 
0-1i Mo 
Control 678 14 0.021 0 28 (0.09. 0.85)t
Treated 689 4 0.00612-35 Mo 
Control 3185 52 0.016 046(0,26. 0.81t
Treated 379 24 0.008 


-a36 Mo

Control 3792 (4 0.004 ;63 (0.26. 1.50)
Treated 389 9 0.002 

Control 7655 so 0010 46 (0.29. 0.7 t
Treated 7764 37 0.005 


Age-adjusted total 
 )46b0.30. 0.7 14 

Rchlave notkor ttte[atled group. as comparitm thteconttrolarup Valesinpamnine.
,are percentc,-ndencelinuu. 


p - 05 
 :P 1 

the 5 pe." 1000 reported from an area near Hyderabad. 
India. where a placebo-controlled, blinded trial with a
high-dose supplement has also been performed.'-' 

These rates are considerably below the 20 per 1000 

reported as the national average for India.' We moni-
tored infant mortality in the study area for a one-year 

period in 1988 and 1989 and obtained a rate of 64 per1000. a figure somewhat lower than the 83 per 1000 

reported for Tamil Nadu in 1982" 
 and the 98 per 1000 

for India generally. The mortality rate among in-

fants less than 6 months old was 42 per 1000 live 

irths, and among those 6 to months old it was 22 


per 1000. We were unable to find anv reliable informa-
tion on mortalitv rates among one-to-live-vear-olds inmortality figures we report
Tamil Nadu. The lower motlt iue y eot
undoubtedly reflect ir. part the well-recognized efrect 
of the firequent contact of households with trained 
fieldworkers. " Nonetheless. because the contact was 
comparable in our two study groups, the efficacy of 

Table 4. Symptom- and Disease-Soecific Mortality. 
According to Treatment Group. 

SV'4PM OS N01 "O TIOL 111 4 FED 

Ds ;up IJaour RTtAE RisK 

-, i children 

Measles 12 7 o 58 (0.17. 1.921 
Diaftea 33 148 (0 24.1, 0.961t 
Respiratory 1 2 -

Malnutiton I 3 
other 19 1 ,31 (0 2. 0781t 
Tomdeaths 0 17 

toe tM=RdISu nkm 0atedroup, asnmpaoea m(lim ontrs.TRJP. 

p-o lim5 

vitamin A supplementation at the level of the recom­
mended dietary allowance in reducing mortality by 54 
percent remains evident: mortality rates were 10.5 per
1000 in the control vroup as compared with 4.8 per 
1000 in the treated group. 

We found an insignificant sex-related difference inthe risk of death without regard to treatment. Treat­
ment with vitamin A reduced the risk of mortality in 
both sexes, but the reduction was somewhat greater 
among girls. This finding contrasts with that reportedfrom Indonesia. in which a significant treatment effect 
of large-dose supplementation was fbund only in boys,among whom the prevalence of xerophthalmia wasalso higher. In our study, the prevalence of xeroph­
thalmia at base line was not significantly different be­tween the sexes until after three years of"age, whereas 
the effect on mortality of treatment with vitamin A was pronounced among the vounger groups.

The efficacv of our low-dose supplementation was 

considerably higher than the 34 percent reduction inmortality reported after high-dose supplementation inIndonesia as determined b% intention-to-treat analv-

Table 5. Mortality, According to NuttonalStatus.4 

NuuTnoNAL STATUS No OF No OF CLrULATIVE 

AD STUDO,GROUP (0iLoalva DEATHS MORTAutTY RATE RELAnvE Rtsxt 
Unknown 

Control 201 6 0.030 0.13 (0.01. 1.14) 
Treated 268 1 0.004

Stunted
Control 2385 27 0.011 Il.11 (0.03. 0.3614 
Treated 2418 3 0001Wasted
Control 1806 14 0.008 1)72(0.30. 1.721 
Treated 1798 10 0.006 

Stunted and wastedControl 1373 1016 i165 (0.30. 1.41)Treated 340 14 0010 

ControlNona 1890 II 0006 1)80 (0.32. 2.00)
Treated 1940 '1 0005 

"'Tecategories inTable0o1ftitional Status are de rie 
,reS a,proip05, ,op. aompared9o5nl th t,.,te i,,t tam Vaue, pltnt.
 
P-oo0.
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sis.2 but lower than the estimated 75 percent reduction 
reported with an analysis based on actual receipt of 
the capsules.' The estimate based on receipt of 
the capsules was derived from a total of only 18 
deaths over a tour-month follow-up period. As tile 
authors noted, its validity awaits %"'rtticationby 
a study that ensures consistent, periodic verification 
,)f compliance in taking the lartze-dose supplement, 
which has not been a tiature of most large-scale pro-
grams to date.," 

Vitamin A was most efticacious in children under 
three years of age, most prominently in intants. This 
finding contrasts with reports from Indonesia. In the 
Aceh study the effect of treatment was most marked 
among those 60 to 71 months old.- and in tile study 
involving vitamin A-iortified monosodium glutamate. 
mortality was reduced by I I percent among infants 
and 45 percent among preschoolers.' In the mono-
sodium glutamate study the inhants probably received 
a considerable portion of their tood breast milk.as 
and the e ect of the program would therelore he 
'xpected to be less. Fle reasons for the discrepancv 
between our results and those of the Ach study 
are less clear but may be related to the relative level 
of underlying malnutrition in the two study pop-
ulations. Our base-line prevalence of xerophthalmia 
was I I percent. as compared with about I to 2 percent 
in Indonesia. and only 25 percent of the Indian 
children had normal anthropometric features, where-
as at least 40 to 69 percent of the Indonesian chil-
dren were classified within 10 percent of the me-
dian standards of the U.S. National Center fbr Health 
Statistics. 

In accordance with many reports from developing 
countries where vitamin A deficiencv is endemic. diar-
rhea was associated with the highest number of 
deaths, followed by measles and symptoms associated 
with other infections - convulsions. jaundice, and en-
cephalitis. for example. The protective eeict of vita-
mii A was si:mficant for all these conditions except 

measles. This finding contrasts with hospital-based 

case-control reports from Africa, in which the protec-

live effect of very large doses of vitamin A was excep-

tionally high in measles.'>": Previous studies suggest 

that measles is a less severe disease in India than in 

Africa, and that factors other than vitamin A - tile 

severity of' concurrent malnutrition, for example ­
may be a more critical determinant of measles-associ-


2ated morbidity and mortality.' It may' also be that a
 
large dose of vitamin A is required to prevent a fatal 

outcome in severe measles complicated by vitamiti A
deficiencv. 

Prolonged undernutrition, as evidenced by stunt-
ing. characterized nearly one third of the children in 
our study at base line, and a continuous supply of 
vitamin A reduced the risk of dying to one-ninth that 
of the controls. The protective effect of vitamin A was 
unremarkable in children with wasting, an indicator 
of acute malnutrition, and in those with normal an-
thropometric features. Stunting reflects - in addition 

to an inadequate food supply - many characteristics 
of social deprivation that are frequentlv found in poor 
households. Our data suggest that these persistent 
ecological and physiologic insults undermine the abili­
tv of a child who is deficient n vitamin A to ward off a 
I'atal outcome when confronted by an infection. The 
programmatic implication of this is that maximal re­
ductions in mortality can be expected from vitamin A 
prophylaxis targeted to children who are chronically 
undernourished and to those with superimposed acute 
malnutrition. 

Children with xerophthalmia are reported to be at 
4 to 12 times the risk of death of neighboring chil­
dren with normal eves. and tile risk increases with 
the increasing severity of svmptoms.' 'File mortality 
rate among children with xerophthalmia in our study 
was about 50 percent higher than among children 
without the condition 17.2 vs. 10.6 per 1000). When 
we adjusted lir those who received a large dose of 
vitamin A because of xerophthalmia, the treatment 
1fect of the continued small dose persisted - dhat is. 
half as many died among those who continued to 
receive the weekly supp!ement as among those who 
did not. 

Sommer et al.2 noted that daily consumption of the 
recommended dietary allowance Was the ideal ap­
proach to vitamin A prophylaxis. but considered it to 
be impractical from a programmatic point of view and 
chose distribution of the large-dose capsule every six 
months instead. Sommer et al. subsequently com­
mented that the single most important limitation to 
achieving the maximal effect with large-dose capsules 
was inadequate contact and verification of compli­
ancei; the large-dose approach requires careful moni­
toring of distribution channels to avoid possible over­
(losing. In contrast, our approach involving frequent 
low doses showed that when the supplement is pro­
vided at a sale dosage h,"el in an easily dispensed 
form. community workers can be elleetive in attaining 
high rates of contact and verification if there ,s also 
an appropriate managerial and supervisory system. 
Importantly, the eflicacv of supplementation at the 
level of the recommended dietary allowance suggests 
that a similar effect could be achieved by an equiva­
lent supply of vitamin A from foodstuffs, an approach 
that would potentially address other nutritional defi­
ciencies as well. 
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Costs of vitamin A supplementation: the opportunity 
for integration with immunization in Ghana 
DYNA C ARHIN '12 DAVID A ROSS" AND FRANCISCA KUFOUR 2 

'London School of Hygiene and Tropical Medicine, UK, 2Planning Unit, Ministry of Health, Accra,
Ghana and 3Ghana Vitamin A Supplementation Trials (VAST), Navrongo, Ghana 

Health service information intended for the planning and/or monitoring of district health programmes
should be up to date, precise and obtained by judicious use of available resources. Employing a rapid 
assessment type of design, this study quickly and inexpensively investigated the cost implications of
integrating vitamin A supplementation with immunization. It also assessed its potential for achieving
adequate supplementation coverage. The study was conducted in the Bolgatanga-Frafra district of 
northern Ghana in 1991. The average health service cost per child for full immunization plus vitamin A 
supplementation was US$6.47. The additional cost of providing vitamin A to a fully immunized child in 
Bolgatanga-Frafra district, using a mobile clinic approach that provided integrated curative and preventive
maternal and child health care, including immunization, was US$0.02. There was no additional monetary
cost to the patient and an average additional indirect cost to the patient of two minutes in waiting time. 
The study concluded that the pattern of utilization of immunization services in the district presented an op­
portunity for achieving significant vitamin A supplementation coverage. 

Introduction 
Based on WHO's recommended minimum 
prevalence criteria,' xerophthalmia (which liter-
ally means 'dry eye' and applies to all the ocular 
manifestations of vitamin A deficiency) is an 
established public health problem in more than 
20 countries. These countries are mainly in the 
tropical and .abtropical regions of Asia, Africa 
and central and south America. 2 Large inter- and 
intra-country variations in the pattern of deft-
ciency exist and are a reflection of the ecological, 
economic and cultural differences between the 
areas. Consequently, control measures and out-
come expectations need to be specific to local-
ities. In communities that have significant levels 
of deficiency, the long-term aim will be to ensure 
adequate dietary vitamin A by promoting the 
production and consumption of vitamin A rich 
foods (e.g. milk products, eggs, liver) and foods 
rich in vitamin A precursors (e.g. dark green 
leafy vegetables and orange non-citrus fruits).
This will require strategies that improve relevant 
agricultural production, food storage and distri-
bution and feeding practices. The target groups
for dietary improvements are women and child-
ren, the groups most at risk of vitamin A defi-
ciency. In the short term, however, WHO 

advocates vitamin A supplementation for child­
ren, and for mothers within four weeks after 
delivery, as an initial step in the control of 
vitamin A deficiency. 3 

Five recent community trials in Asia have 
shown significant reductions in child mortality 
to result from vitamin A suppiementation. .5,6.7,8 

Although two other trials have not confirmed 
these findings,9. 0these results in conjunction with 

.the evidence from observational studies",2 .14 and 
clinical and community trials in Africa,'5 . 16.17 18 

have led to calls for vitamin A programmes to be 
used as a child survival strategy, along with other 
child survival programmes. 19.20 

To justify the claim of vitamin A supplementa­
tion programmes to scarce health resources, the 
benefits of vitamin A supplementation relative to 
the cost of provision need to be comparable to, 
or higher than, those of competing child survival 
strategies. Economic evaluation techniques such 
as cost-benefit and cost-effectiveness analysis 
can be used to evaluate these alternatives. 
Economic analysis of different strategies for the 
delivery of vitamin A (using cost-effectiveness 
analysis) can also be undertaken in specific 

(51
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operational settings to determine which ap-
proach is most cost-effective, 

Where the strategy for supplementation involves 
integration with other existing health care pro-
grammes, the relevant measure of the oppor-
tunity cost for decision making is the marginal 
cost of expanding the activities to include vita-
min A supplementation. For example, WHO's 
Expanded Programme on Immunization has pro-
posed accelerating the delivery of vitamin A sup-
plements by using immunization programmes.-" 
For countries following the current WHO 
recommended childhood immunization schedule 
for developing countries, 22 the easiest way to im-
plement this is to give vitamin A capsules with 
measles immunization at nine months. The other 
immunizations are scheduled to be given before 6 
months of age and vitamin A supplementation 
dosage regimes for babies under 6 months have 
not yet been adequ.tely tested in field trials. In 
WHO's proposals, however, it is noted that, ina 
practice, some children do not receive some of 
the other immunizations (BCG, DPT and Polio) 
until after 6 months of age. The proposal sug-
gests, therefore, that it may be possible to link 
supplementation to any of these immunizations 
when given after the child reaches 6 months of 
age. 

To decide which immunization(s), if any, should 
be linked to supplementation. and to be able to 
appraise the effectiveness of different linkages 
and different modes of integration, at least two 
types of information are necessary. Firstly, the 
percentage of target children being reached by 
the immunization programme should be as-
sessed, and, secondly, the ages of contact with 
the immunization programme for the different 
vaccines established. It will then be possible to 
determine whether a specific immunization pro-
gramme and its resulting utilization pattern 
provides the opportunity for vitamin A supple-
mentation; that is, the extent of the 'window of 
opportunity'. 

Study background and objectives 
By early 1990, the health providers in the 
Bolgatanga-Frafra District had epidemiological 
evidence suggesting vitamin A deficiency was an 
important local public health problem. In 1989 a 
study of 16 568 children under six years of age in 
Kassena-Nankana District of the Upper East 

Region estimated a xerophthalmia prevalence 
rate of just over 1%23 This confirmed earlier 
reports from this region, 4 and suggested that the 
results of the five supplementation trials in Asia 
might be relevant to this area. In addition, in­
formation specific to northern Ghana was being 
collected in a controlled trial in the Kassena-
Nankana District, which borders Bolgatanga-
Frafra District. Once the resuL of dlis trial 
become available, district health planners will 
need to deciue whether to institute routine supple­
mentation for children in the district and, if so, 
to decide how to integrate this activity with the 
current routine health services. Information on 
the resource implications of such a policy would 
be required to make this decision rationally. It 
was also judged that additional information on 
which to base the coverage projections for in­
tegrated programmes of supplementation would 
be required to assist the decision making process. 
The study reported in this paper was therefore a 
response to these local planning concerns. It was 
undertaken in March 1991 by the government 
health services in Bolgatanga-Frafra District and 
the Upper East Region, the Ghana Vitamin A 
Supplementation Trials (VAST) Project, 
Navrongo, and the Health Economics and 
Financing Programme of the London School of 
Hygiene and Tropical Medicine. 

The study had three short-term objectives. The 
first was to estimate the marginal cost of vitamin 
A supplementation to the health service and to 
the consumer, if supplementation was integrated 
with outreach child health activities, particularly 
immunization. The second short-term objective 
was to determine the percentage of children 
that would receive vitamin A supplementation 
between 6-11 and 6-23 months of age, if sup­
plementation was linked with immunizations 
received during this period. These percentages 
would therefore represent the 'window of oppor­
tunity' for delivering vitamin A supplementation 
linked with immunization in the district. The 
final short-term objective was to provide up-to­
date health service information for monitoring 
the district's immunization programmes. 

The long-term objective was to provide the cost 
data for a cost-effectiveness analysis of vitamin 
A supplementation. The cost information from 
the study will be combined with the effectiveness 
findings of the controlled trials in the Kassena­
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Nankana District to estimate the cost per death fortnightly in 14 villages, and weekly inprevented by supplementation. Bolgatanga. During these clinics, a health team 
This paper reports the findings on immunization 
coverage, the age of i-nmunization, and patient
and health service cp!.3 that relate to integration
of vitamin A supple'nentation with immuniza-
tion activities. The estimated cost per death
prevented by vitamia A supplementation will be
reported elsewhere. 

The study area 

The Bolgatanga-Frafra District is in the guinea
savannah woodland area of northern Ghana. 
The population was 237 393 in 1984 (National
Population Census) with an annual growth rate 
of 2.0%, and a density of 124.7 per km 2. Most of
the population are poor, subsistence farmers liv­ing in dispersed extended family 'compounds'.
Access to vitamin A rich foods is relatively low.Western-type health care is provided by thegovernment, Groups Outside the Government 
(GOG) and private practitioners. There is a 
government hospital (the regional hospital at
Bolgatanga), 2 health posts, 2 private clinics, I
Nutrition Rehabilitation Centre, 2 Maternal and
Child Health units, and 2 mobile clinics (one run
by the Catholic Church and the other by the
Presbyterian Church). 

Immunization of children in the district is pro-vided by the Ministry of Health facilities (the
hospital and health centres) and by the church 
health facilities, consisting ofmainly mobileclinics. In addition, annual mass campaigns had

been carried out by the Ministry of Health in the 

years preceding the study. Its mass
1990 cam-
paign continued for several months and became 
known as the 'Out-reach EPI Service'. This EPI
service only provided immunizations and the
staff had not been trained or equipped to give
curative care. 

The Presbyterian Rural Health (PRH) team has
been involved in health care activities in the
district since 1978. The health work consists of
training and supervision of village health
workers, traditional birth attendants and com-
munity health worker trainers; mobile clinics for
child health care and promotion, antenatal care
and eye care; and a latrine programme. The 
mobile clinics are conducted either monthly or 

provides curative care, growth monitoring, nutri­tion education and immunization. In addition,
capsules of vitamin A are given to children aged
6-59 months. The capsules contain 200 000 IU of
vitamin A. Children under 12 months receive
half a capsule and the older children one full cap­
sule. The minimum interval between doses is six
months and these are recorded in the child's Im­
munization/!Road to Health chart which is re­tained by the mother. The Presbyterian Mobile 
Eye Clinic also gives out vitamin A, but only totreat xerophthalmia cases, and some of thevillage health workers trained and supported by
the PRH programme also give prophylactic
vitamin A. 

Study methods 

Household survey

Two-stage sampling 
 was carried out using a
cluster sampling technique.25 The procedure
used was based on that recommended by
the EPI/WHO for assessing immunization 
coverage.26 Sixty communities were selected at
random from the 478 communities in the
District. In each selected community, inter­
viewers randomly selected the first compound 
and then advanced to the next closest compounduntil at least 7 children aged 6-23 months and atleast 19children6-59monthsweresampledforim­
munization and vitamin A histories respectively. 

The guardians of children who were identified
from their Immunization/Road-to-Health charts
 
as 
having received either a vaccination and/or a

vitamin A supplement within six months of the
 
survey, were interviewed. Information was ob­
tained about travel and waiting times, the
 
monetary costs arising from the most recent 
clinic attendance and about their knowledge of 
the local foods rich in vitamin A. They were alsoasked questions to determine whether they
associated low dietary intake of local foods rich
in vitamin A with eye problems. The interviewers 
were 10 post-secondary school students, some ofwhom had previously been involved in similar 
district studies. They all spoke the local language
and were supervised by a social scientist and a
health worker, both Ministry of Health staff 
members. 

http:coverage.26
http:technique.25
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Health services study 

Observations of the staff time use, in relation to 
immunization and vitamin A supplementation of 

duringchildren, were made by the study team 
chre nis r tageoutreach clinics by the PRH teams. 

Records on clinic attendances, immunizations 

given and the 1990 expenditure accounts of the 
PRH programme were consulted. Interviews 
with staff of the programme provided additional 
information on expenditure and the allocation of 
personnel time to different activities. The ir-
munization returns of the Ministry of Health, 
Bolgatanga District, were also obtained. 

Analysis 

Epi Info, version 5 (a public domain software 
programme developed by WHO, Geneva, and 

Centres for Disease Control, Atlanta, Georgia) 
was used to analyze the community survey data. 

In addition, life table analyses were done using 
SPSS/PC Version 4.0. The costing of PRH im-
munization and vitamin A activities was done 
using a computer spreadsheet package Quattro 
Pro Version 3.0. 

Results: coverage and the 'window of 
opportunity' 
The immunization and vitamin A suppl"-
mentation histories of 443 and 1209 children, 
respectively, were obtained. The former group 
consisted of children aged 6-23 months, 388 
(87.607o) of whom had theii immunization infor-
mation transcribed from their Immunization / 

Road-to-Health charts. Those without a valid 
chart were recorded as not having received any 
immunizations. The frequency and percentage 
coverage of BCG, 1-3 DPT, 1-3 oral polio and 
measles among children aged 12-23 months are 
shown in Table 1,without adjustments for im-
munizations given incorrectly according to the 
EPI schedule; for example measles given before 
the age of nine months. 

At the end of 23 months, the probability of hav-
ing dropped out between 1st and 2nd doses, and 
between 1st and 3rd doses of DPT was low. Full 
immunization with the EPI vaccines was delayed 
in a significant proportion of the children; 23% 
had achieved all the st.andard vaccines before the 
age of 12 months corpared with 6907 before 24 
months. Cumulative proportions of children 

Table 1. Immunizaton coverage 

Coverage in children Cumulative 
12-23 months of proportion of 

(Total =305) children vaccinated 
Vaccine before X months o 

age' 
(Total=443)
 

n 0o X= 12 X=24 

BCG 267 87.5 0.78 0.94 

DPT 	 1st 265 86.9 0.78 0.94 
2nd 239 78.4 0.65 0.92 
3rd 202 66.2 0.51 0.89 

OPV 	 1st 260 85.2 
2nd 240 79.5 
3rd 205 67.2 

Measles 265 86.9 0.35 0.83 

All standard 198 64.9 3.69 
vaccines
 
received 

'estimated by follow-up life table technique in SPSS/PC 

given polio vaccines were not estimated, because, 
in many cases, polio vaccinations were recorded 

in the Road-to-Health chart without dates, 
presumably because they were usually given at 
the same time as the equivalent dose of DPT. 

The cumulative proportions of children vac­
cinated before each month of age are shown in 
Figure 1. Each cumulative proportion vaccinated 
is an estimate of the probability of being "ac­
cinated before that age, and is estimated from 
follow-up life tables. 27 The proportion of 
children vaccinated between two ages is the dif­
ference between the two cumulative proportions. 

The number of contacts at which an immuniza­
tion was given between the ages of 6-11 months 
inclusive, was calculated for each child. Only 
children aged 12 months or older were included 
in this analysis (n = 302), since younger children 
could still have future contacts that would fall 
within this age range. The result is shown in 
Figure 2. Fifty five per cent of the children aged 
12-23 months had had one or more contacts with 
the health services between the ages of 6 and 11 
months that resulted in an immunization. 
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Figure 2. Immunization contacts bctween the ages of 6-11 
months 

Figure 3 shows the cumulative proportion of 
children who had had 1, 2 and 3 valid contacts 
before each month of age. Valid contacts were 
either first immunization contacts at 6 months of 
age or more, or subsequent contacts at intervals 
of 4 months or more: these are assumed to be 
equated to opportunities for vaccine-linked 
vitamin A supplementation. By the end of the se-
cond year of life, 84% had had one, 48% two 
and 9% three valid contacts. The cumulative 
proportion of 2nd valid contacts before the age 
of 12 months was only 18%. Although twice as 
many (37%) had had two or more immunization 
contacts between the ag%.s of 6-11 months 
(Figure 2), the interval between many of these 
contacts was less than 4 months. These results 
suggest that although the opportunity to deliver 
one vitamin A supplement linked to immuniza-
tion in the first year of life was high, the oppor-
tunity to deliver a second supplement was very 
limited. 
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Figure 3. Probability of having a valid contact before a 
certain age 

Results: reason for visit, knowledge of 
vitamin A and costs 

Reason and knowledge 
A total of 194 guardians were interviewed about 
visits by their children to health facilities in the 
district that resulted in immunization and/or 
vitamin A supplementation. Only visits made 

the six months preceding the interview 
included. The guardians were also asked 

about their knowledge of vitamin A. The main 
reason for the visit for 15%o was reportedly to 
receive immunization whereas it was to seek care 
f.3r illnesses in 57%o (Table 2). No guardian who 
gave immunization as the main reason travelled 
for more than 2 hours, whereas 2507o of those 
whose main reason was seeking care for illness 
did (Table 2). 

About half of those interviewed recognized the 
samples of vitamin A capsules shown to them 
as having been given to their child, but only 
7% said that they were used to help prevent 
blindness. 

Indirect patient costs 
In over 9007o of the visits, the children were taken 
by their mothers who had foregone a variety of 
activities (Figure 4). Seventy three per cent 
walked a mile or less to reach the health facility. 
Travelling and waiting times at the health 
facilities ranged from less than half a hour to 
four hours (Figure 5). These reported waiting 
times were consistent with the times observed in 
tle clinic. They were made up of the time 
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Table 2. Reasons for visiting health ,;crvices among those children with a recent immunization and., or vitamin A supplementa­

tion history in relation to travel times 

Approximate travel time (hours) 
Reason <I I 

Check-up 13 8 

Illness 41 35 

Immunization 22 6 

Growth monitoring 4 15 

Vitamin A 0 3 

Other 0 1 


Total 80 68 

(01o) 41.2 35.1 

Trading (12%) Others (14%) 
Formal 
work 
(%) 


Farming 


Domestic work 	 (30%) 
(38%) Schooling (1%) 

n - 194 

Figure 4. Main activities foregone by the child's guardian 
because of visits to health facilities 
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Figure 5. Patient time costs of visiting health facilities 

patients said they waited for the clinic team to 
arrive, where applicable, plus the observed time 
required for patients to complete thei. consulta-
tions and collect treatments (including im-

2 3 4 Total (W'o) 

0 2 3 26 13.4 
7 6 21 110 56.7 
1 0 0 29 14.9 
I I 1 22 11.3 
1 0 0 4 2.1 
I I 0 3 1.5 

II 10 25 194 
5.7 5.1 12.9 	 100 

munizations and/or vitamin A capsules). The 

time spent with a health worker in the clinic that 
was solely attributable to receiving a vitamin A 
capsule was less than two minutes in all cases. 
This time included the time taken for the health 
worker to determine from the child's Road-to-
Health chart whether he/she was eligible for sup­
plementation during the current visit plus the 
time taken to collect the capsule from the 
dispenser. This additional time was therefore in­
significant compared to the total time spent
visiting the clinic. 

Direct pRtient costs 

Twenty per cent of the guardians did not walk to 
the health facility, and they paid an average 
transport fare of twenty two cedis (US$0.06). 

The fee paid per visit among those interviewed 
ranged from 50-150 cedis (USO.13-0.40), and 
it covered consultation and all medications re­
ceived, including immunizations and vitamin A 

supplements. 

Health service costs 

The part of the total cost of the PRH programme 
in 1990 which was related to immunization ac­
tivities was US$15 975, computed at 1992 prices. 
The cost profile of the PRH programme's im­
munization activities showed that vaccines and 
sup ies acoun ted fo thatof cinut co t
supplies accounted for 12.007 of input costs 

(US$1917), salaries for 12o (US$1917), 
vehicles and fuel for 37.8%o (US$6039), and 
buildings and equipment for 38.2%o (US$6102). 
The salary component of the cost was lower than 
in several other immunization programmes.-" 

http:USO.13-0.40
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This was probably due to three main reasons: 1)
health workers' salaries are very low in Ghana 
and probably do not reflect the true opportunity 
cost of labour; 2) the time of only two commu­
nity health nurses was fully devoted to im-
munization while the screening of children to 
determine their immunization status and re-
auirements was done by consulting nurses who 
were primarily providers of curative care; and 3) 
immunizations accounted for only about a third 
of outreach activities and therefore less than the 
full cost of support staff, such as the driver, was 
apportionable to immunization activities, 

The average cost per immuni,.ation ;was US$0.65 
and the average cost per fully immunized child 
was US$6.45 (Table 3). 

Discussion 

Integration of vitamin A supplementation with 
immunization after the age of 6 months could be 
achieved by linking capsule delivery to one 
specific immunization. Alternatively, a policy 
could be implemented in which health workers, 
either those trained only ,o immunize or those 
trained to provide integrated child health care, 

assess children for eligibility for supplementation
independent of the particular immunization that 
may also be required. 

Linkage with a single vaccine 
There was the opportunity to deliver vitamin A 
linked to DPT3 between the ages of 6 and II 
months, to approximately 300 of the children. 
The corresponding percentages for DPTI and 
DPT2 were 2776 and 25076. A proportion of 
children (approximately 16%70), received all their 
DPT vaccinations before 6 months and the 
number of children in this category is likely to in­
crease as immunization services improve. If
vitamin A supplementation was linked to DPTI, 
DPT2 or DPT3 approximately 18076, 3007o and 
42% respectively of children aged between 12-23 
months would receive one dose of vitamin A 
(Figure 1). Given that the trials of vitamin A sup­
plementation which have suggested a positive im­
pact of vitamin A supplementation have all been 
based on repeated doses throughout childhood, 
the likely impact of one or two doses between 
6-23 months of age is low. 

The proportion of children vaccinated against 
measles by the end of their 23rd month was high 

Table 3. Presbyterian rural health programmes 1990: costs of integrated immunization and vitamin A supplementation 

No. (US S)Total cost of immunizations 15 974.72
No. of immunizations 24 405
No. of fully immunized children 2 478
Average cost per immunization 0.65
Average cost per fully immunized child 6.45
Total cost of immunizations and vitamin A supplementation 16 034.52
Average cost per fully immunized and vitamin A supplemented child 6.47
Additional cost per supplement to a fully immunized child 0.02 

Assumptions used in the analysis of the economic costs of the immunization activities of the Presbyterian Rural Health pro­
gramme are: 
" Sufficient slack exists in the staff time of those engaged in immunization to permit incorporation of vitamin A supplementa­

ton without employment of additional staff. 

" The appropriate discount rate by which the cost of immunization activities are discounted to produce present value is6076. 

° The market wage!salary of programme staff, being scarce, reflects skilled labour's marginal productivity in alternative use. 
• The official exchznge rate isa true reflection of thc value of foreign currency in terms of domestic currency. 

• The cost of freight, insurance and local transport to Bolgatanga is equal to 30% of the Free on Board (fob) price. 

" The number of children fully immunized by the programme in the year isequivalent to the mean number of 3rd DPT and 3rd 
Polio vaccinations delivered by the progrvrnme in the year. 
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(840o), but the proportion receiving it between 

6-Il months was only 49°0 (Figure 1). This sug-

gested that the pattern of immunization service 

utilization in Bolgatanga-Frafra offered the op-

portunity for delivering one vitamin A supple-

ment with measles vaccine to approximately 84% 

of children before the 24th month, but only 

about half of th'ese opportunities occurred before 

the age of 12 months. Were vitamin A sup-

plementation linked to measles vaccination, 	the 
onemajority of children would be given only 

dose between 6 and 23 months and, as in the case 

of DPT-linked supplementation the expected im-

pact would be low. 

Linkage with eligible immunization contacts 

Over three quarters (8407o) of children had con-

tacts with the immunization staff of the PRH 

programme that could have been used to deliver 
and about a quartera vitamin A supplement 


suitable for
(2307o) had subsequent contacts 

delivery of a second supplement. Only 8076, 
had the opportunity tohowever, would have 

receive a third supplement before they were two 

years old. It is important to stress that these 

estimates of eligible contacts are based on the age 

distribution of immunizations received (Figure 3) 

and therefore are minimal estimates, since not all 

contacts with the immunizations staff would 

have resulted in an immunization. 

an alternative
The core assumption here is that 

approach is adopted in which immunization staff 

give vitamin A supplements to children at 	the 

time of the first contact at 6 months or above and 
4at intervals of 

at all subsequent contacts 
Such a strategy would require

months or more. 
discretion in prescribing

health workers to use 

supplementation similar to that required of them 

that DPT and polio vaccinations are 
to ensure 
given at least 4 weeks apart. They would, there­

fore, need adequate guidelines and education on 

the use and dangers of vitamin A. It may also be 

necessary to redesign the Road-to-Health chart 

to include spaces for recording dates of sup-

plementation. This option would be more costly 
of training and supervi-to implement in terms 

sion than one in which supplementation is linked 

to a particular vaccine but could potentially pro-

vide more than a single dose per child before they 

reach two years of age. 

Conclusions 
not a substantialWe conclude that there was 

'window of opportunity' for vitamin A supple­

mentation linked to a single dose of an immuni­

zation, such as with a delayed third dose of DPT 

or measles immunization in Bolgatanga district 

during the period of investigation. The data on 

coverage by age in this district strongly suggests 

that it would be difficult to ensure reasonable 
vitamin A coverage within the first year of life 

and acceptable levels of inappropriately early 

supplementation (i.e. before 6 months) by link­

ing supplementation with any particular immuni­

zation dose. Linkage of supplementation with 

any immunization contact, with at least a four 

month interval between doses, would be more 
of childreneffective, ensuring that at least 84% 

one dose before theywould receive at least 
reached two years of age, 27076 at least two doses 

and 807o at least three doses. This could be 

achieved at minimal additional cost either to the 

health service (approximately US$0.02 per dose 

of supplement to a fully immunized child) or to 

the patient. 

The relatively high rate of immunization 

coverage and potential coverage of vitamin A in 

the district studied appears to be due to the in­

tegration of immunization services with curative 

care by the PRH programme. This inference is 

supported by the finding that of children who 
washad received immunizations, for only 15076 

reason for the
seeking immunization the main 

visit to the health facility. Given that a signifi­

cant proportion of contacts with the immuniza­

in the district am incidental to 
tion services 
receiving curative care, vitamin A supplementa­

tion given as part of a vertical immunization 	pro­

gramme such as a mass immunization campaign, 
provide curative

where health workers do not 

care, is likely to achieve a much lower coverage. 

On the other hand, expansion of outreach child 

clinics similar to those provided by PRH to more 
either on a mobilecommunities in the district, 

static basis, would increase immunizationor 
an integrated vitamin A 

coverage and permit 
supplementation strategy to reach a high percen-

A 
tage of young childrzen. Integrating vitamin 

broad child health ac­withsupplementation 
tivities would not increase patient time costs. The 

in terms of travelling and waitingpatient costs 

'ID
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times were high in the district (757o of the 
patients sampled waited 2 or more hours at the 
health centre and 56% spent an hour or more in 
reaching the health facility). These titme costs 
would be reduced significantly by such an expan-
sion. Any reduction in the opportunity cost to 
carers in taking children for health care is likely 
to increase those visits made to health services 
mainly for immunization, and so increase the 
total opportunities for both immunization and 
vitamin A supplementation. 

In the light of the study findings, two measures 
are proposed to integrate vitamin A supplemen-
tation with immunization, should the initial 
decision be made by the Ministry of Health to in-
stitute routine supplementation in the district in 
the near future: 

I 	 The formation of 'child health care teams' 
that will provide comprehensive care, that is 
curative and preventive care including im­
munization and vitamin A supplementation, 
through mobile and static clinics. 

2 	 The training of team members to give vitamin 
A capsules to children with the first contact at 
6 months or above, and then repeated with a 

minimum interval of 4 months. 

The first measure is intended to increase the 
number of contacts between health care pro-
viders and children in the targe' group and, in 
effect, integrates vitamin A supplementation 
with child health services rather than only with 
immunization activities. The second is con-
sidered the best option to en sure appropriate and 
adequate levels of vitamin A supplementation 
coverage. 

The results of this study, apart from providing 
the basis for the above recommendation, also 
have wider policy implications. Firstly, they 
demonstrate the need to know the immunization 
coverage and age at vaccination of a population 
when designing an immunization-linked vitamin 
,. control programme. The proportion of 

children who could receive one dose of vitamin A 
between the ages of 6-11 months if this dose was 
linked to only one of the DPT vaccines or to the 
measles vaccine, will vary considerably depend-
ing on the coverage and age at vaccination in the 
population. In theory, if the supplement was 
linked only to measles vaccination, for example, 

the proportion could approach 100% in a near 
perfect situation, where all children are vac­
cinated with measles between 9-I1 months of 
age. However, the actual situation is usually very 
different from this, with many children receiving 
their measles vaccine well into their second year 
of life, if at all. 

Secondly, the study suggests that, at least in 
some countries, the additional cost of providing 
a dose of vitamin A when a supplementation pro­
gramme is integrated with existing child health 
services, will not be significantly different from 
the average cost of a dose of vitamin A and its 
transportation. This is likely to be the case in 
sub-Saharan countries that have health service 
structures, and therefore recurrent costs, similar 
to Ghana. As additional costs have been shown 
to be very low, this suggests that a vitamin A 
control programme is likely to be a cost-effective 
child survival strategy in these countries. 
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Vitamin A supplementation in northern Ghana: effects on clinic 
attendances, hospital admissions, and child mortality 

Ghana VAST Study Team* 

Summary 
Althougn most studies on the effect of vitamin Asupplemen-
tation have reported reductions in childhood mortality, the 
effects on morbidity are less clear. We have carried out two 
double-blind. randomisea. placebo-controlled trials of vitamin 
Asupplementation in adjacent populations in northern Ghana 
to assess the impact on childhood morbidity and mortality, 

The Survival Study included 21906 children aged 6-90 
months in 185 geographical clusters, who were followed for up
to 26 months. The Health Study included 1455 children aged 

6-59 months. who were monitored weekly for a year. Children 
were randomly assigned either 200 000 IUretinal equivalentwer radomy asigedithr 20 00 Uretnalequvalnt 
(100 000 IUunder 12 months) or placebo every 4 months: 

b iniviualinranomiatin ws he ealh Sudyandbyrandomisation was by idivdual in the Health Study and by 
cluster inthe Survival Study. There were no sigimficant 
differences in Study between the itamn A andthe Health 
placebo groups in the prevalence of diarroea or acute 
respiratory infections: of the symptoms and conditions speci-
fically asked about, only vomiting and anorexia were signifi-
cantly less frequent in the supplemented children. Vitamin-A-
supplemented children had significantly fewer attendances at 
clinics (rate ratio 0 88 (95% Cl 0 81-0 951, p=0 001). 
hospital admissions (0 62 [0 42-0 931. p=0 02), and 
deaths (0 81 10 68-0 981. p=0 03) than children who 
received placebo. The extent of the effect on morbidity and 
mortality did not vary significantly with age or sex. However, the 
mortality rate due to acute gastroententis was lower in 
vitamin-A-supplemented than in placebo clusters (066 
[047-0 921, p=0 02): mortality rates for all other causes 
except acute lower respiratory infections and malana were also 
lower in vitamin Aclusters, but not significantly so. 

Improving the vitamin A intake of young children in 

populations where xerophthalmia exists, even at relatively low 
prevalence, should be ahigh prionty for health and agncultural 
services in Africa and elsewhere. 

Lancet 1993: 342: 7-12. 

*Child survival study Dr David ARoss. Dr Fred NBinka. Ms Nicoia 
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Introduction 
An association between vitamin A deficiency and an 
incrased risk of childhood morbidity-' and mortality' has 
been reported in observational studies, and intervention 
trials in Asia have reported reductions in mortality ranging 
from 6% to 54%.6 1, By contrast, a study in Sudan reported 
asmall increase in overall mortality.11 In Lhe three studies 
that reported largc reductions in mortality and listed causes 
of death, mortality rates for diarrhoea and measles fell but 
the rate for acute respiratory infections (AR!) did not 

change."0Twoofthree studies reporting on morbidity and 
mortality found no effect on the prevalence of any illnessstudied despite substantial falls in mortality"-"- .4 (the 
sted epte sigfian fallsin mor iy or 
other reported no significant effect on morbidity or
mortality"). Clinical trials have shown that treatment with 
vitamin A reduces the severity of illness and mortality in 
children with measles," " even in areas where eye signs of 
vitamin A deficiency are rare. 

We have carried out two randomised, double-blind, 
placebo-controlled trials to assess the effect of 4-monthly 
large doses of vitamin A on childhood mortality (the Ghama 
Vitamin A Supplementation Trials (VAST] Survival 
Study) and morbidity (the VAST Health Study) in 
northern Ghana. 

Subjects and methods 
The trials took place in the guinea savannah area oi Ghana in the 
Kassena-Nankana District, on the border with Burkina Faso 
(figure 1). The area has a sub-Sahelian climate and the mean 
annual rainfall was 852 mm during 1981 to 1990, ..ith 90% of the 
ramin falling between April and September." 

The study populations were exclusively rural. Extended families 
live in a group of houses (acompound) connected by asingle outerwl~nar-uddyhifadn.hmisalfosr
wall, and surcounded by their far.-rand. The mnm staple foods am 
millet, sorghum, and groundnuts, and the diet is deficient in 
carotenoids and vitamin A. Red palm oil, a major source of 
carotenoids in coastal West Africa, was found in only 2% of 
compounds during baseline surveys. However, about a third of 
compounds owned at least one mango tree, and about 10% one or 
more pawpaw (papaya) trees. Vitamin A deficiency and xeroph­
thalmia are recognised as problems locally; words exist for night 
blindness in all the local languages and cases of xerophthalmia are 
reported by local ophthalmological services. There was no vitamin 
A supplementation programme within the study area. 

The district is underserved by health services; one hospital and 
three health centres, with limited outreach services, serve about 
180000 people. Immunisation coverage and access to other 
maternal and child health services are correspondingly low. 

All compounds in the study areas were included in the trials. 
They were listed and marked on specialy prepared maps (1/5000 
scale),and afull census ofall residents was carried out shortlybefor 
the sart of each trial. All children living in compounds within the 
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Figure 1: Kasena-Nankana dlsuct 

study areas were eligible to enter the trials at any of the 4-monthly 
Josing points, once they had reached the age of0 months. Children 

born from 1984 onwards were included in the Survival Study, but 

the Health Study restricted admission to children ,rn from 1986 
onwards. The Survival Study trial Aas carried out between 

September, 1989, and December, IQl1 , And the Health Study trial 
between June, 190, and August, l()l 

At enrolment, the datesof birth o the children and their mothers 
were assessed by means ot detaiied local events calendars, 

supplemented by any written documentation available. Other 

Information collected included an illness history, vaccmnation 

history, and anthropometric measurements on the child, the 
survival status of siblings, parental education, and mother's age. 

For each compound, data were collected on the type of house, 

possessions, animals, and access to .itamin-A-rich locds. 

At the start of each tia, blood samples were collected to 
establish baseline serum retinol concentrations. In the Health 

Study, all children had serum retinol measurements at baseline and 

then a different, randomly chosen one-third sample was tested at 
each of the hrr.e subsequent dosing rounds. In the Survival Study, 
a random, stratified sample of 520 compoulos was selected and 

blood samples were taken from all the children living in these 

compounds at baseline and at the end of the trial. 

A fingerprick blood sample was taken into a I mL amber 

nucroube with serum separator gel Becton Dickinson, Oxford, 

UK). Samples were stored on ice and centrituged within 12 h. The 

serum was stored at - 40"C in foil-covered tubes, then transported 

on dry ice to the Nutrituonal Biocherrustrv Laboratory in the 

Institute of Child Health In London, where the serum retinol 

content was measured by high-performance liquid chromato-

graphy (Specu-apiysics, Hemel Hempstead, UK) with a 10 cm 

ODS2 column (Phar.naca, Milton Keynes, UK) and an ultraviolet 
detector (Phillips, Czmbndge, UK). 

The Survival Study trea was divided into 185 geographical areas 

(clusters) based on Loan.anes such as roads, paths, or streams, 
with 30-77 compounds m a cluster mean 51 ), the cluster was used 

as the unit of randormiuson Overall, 92 clusters were assigned 
vitamin A and 93 plaebc treatment. In the Health Study, 

individual children were rsndomly assigned either vitamin A or 

placebo. Randomisaton was blocked In both studes to ensure 

similar numbers ofchildren in Lch group in each par of the study 
area. Randomsauon was carried out in London t-y an independent 

statistician, who held the randomisanon code and who also did an 

interimanalysisofthetmortalityreulh from the Survival Study for 
the trial's data-monitoring committee after a year of follow-up, 

NORT14ERN 
i~sinREGION 

Vitamin A and placebo were supplied by Hoffmann-La-Roche's 
Sight and Life Programme, and were sumilar in taste and colour. In 
the Survival Study, liquid vitamin A or placebo was supplied in 

opaque 150 mL bottles containing 20 IL mL vitamn E alone 
placebo) or plus 100000 IU,mL retinol equivalent as reunyl 

palmitate {itamn A) in purified peanut oil. Each bottle had a 
unique number, and was labelled with a cluster code before 

despatch to Ghana. In the Health Study, vitamin A and placebo 
were supplied In gelatin capsules. individuallv packaged in opaque 

envelopes labelled with one child's unique idenuficauon number. 

The capsules contained 200 000 I U retmol equivalent as retnyl 

palmitate (viLinA) or peanut oil only (placebo). 
Supplemen's were stored in sealed bottles at room temperature. 

Random samples of the vitamin A bottles and of the capsules were 

returned for testing of retinol content by Hoffmann-La-Roche's 

laboratories in Basel; there was less than 20",, loss of potency, evens 
in vitamin A stored for up to 2 years. 

In both trials, at each dosing round, children aged less than 6 
months were not eligible, children o-- I months old received 
100 000 IU retinol equivalent or placebo, and children 12 month 
or older were given 200 000 IU reunol equivalent or placebo. 

VitaminAwasgiven toallchildrenduringthefinaldosingroundof 
each trud. 

In the Survival Study, children were visited and dosed by 

trained fieldworkers every 4 months for 2 years in seven survey 
rounds. At each visit each child was recorded as beig present, 

tenporanly absent, muved away, or dead. A child was classified as 

being ter,"orarly absent if he or she was not in the compound 
when visited at least three tumes during a week. The parents of 

children found to be suffering from any illness at a fieldworker's 

visit were advised to take them to the nearest health facility for 

diagnosis and treatment. 
In the Health Study, morbidity surveillance was baied on weekly 

home visits by fieldworkers. At each visit, a detailed interview was 

conductedabouttheoccurrenceoneachdayoftheweekof21 listed 

symptoms, signs, and conditions, usig locally defined terms 
where appropriate. Recall was aided by use of .. pictorial daily 

heaJthdiary, onwhichmothersweretaughttorecordthatthe child 
was healthy or to mark the occurrence of diarrhoea, cough, or any 

other illness. Further questions and ob'ervations were made to 

assess the seventy of any diarrhoea] or respiratory illnesses 
repor(ed (to be published elsewhere). 

The Health Study area had no static health facility, but weekly 

mobile clinics were held, At which sr'.dy children were offered a 

highly subsidised service. At their weekly visits, fieldworkers were 
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instructed to refer ill children to the clinics. according to specified Survival study V-Alive 19000 (867%)
critea. All study children wno attended the clinic were seen by a I 
physician, who recorded the diagnoses and treatment. A standard, i Died 892 (4.1%)
detailed clinical assessment was also :arr.ed out on a sunsampie of EnDereo trial .
these children. (:hildrcn prrsentini: Aitt a,:ute rcspiratorv in- 21906 
 Developed xerophthaln'a 102 (05%)
fccuons were referred to thie dstrjt ,',phta tor chest radiography, Follow-up Withdrawn by parents 5 (<0-f%)
and severely ill children were adnitied to riospial. where they were
 
treater ,. standard protocols, and monitored daily by the stud 
 3 7 Changed treatment group 60 (0 3%)physician. lirect admissions o, zujs .- i,,dren to the district
 
hospital were notified ine for
also ro ptivsic.an assessment, Lost to follow-up 1847 (8 4%)
monitoring, and treartnent t1. ztrc s.ine standard treatment 
protocols. 

Children ere screened , o: %eroprthalm ese' 4 H ath study A ve 1 8 (885% )
for n.is ia 

months. hi the Survival Stud%. : 'J",rsers at their 4-monthly 
tome visiTs screened children i r uUe1 ic.rit tlindness, htt's
 

spot, or corneal abnormaitv, and re:erred affected Lhildren for 
 Ded 26 r1"8%1further assessment bs a studs phv,,i.ian In the Hcaith Studs, each Entered trial - Developed xerophthaliua 14 (1-0%)
duld was examned everv 4 nionins in a pin si,an. 1455 

All children with confirmed J,.Voc xrropnir mia or its sequelae -'- Developed measles 5 (0.3%),.iMreal scarn were withdrawn irim tinc tria at diagnosis. They Follow-up
,ere Risen three large dose's ot s'amin A ,,. cra. s t. and recved e185child-years --- Withdrawn by parents 4 (03%)
vitamin A in all subsequent surs.cv r,,unds lleauc t the Irequent Changed treatment group 0
follow-up in the Health Studs. 'Ar Utld detect and treat cases of
 
neasl with vitamin A llcc tihidrcn '.ere aJIo excluded from 
 Lost to lowup 119 (82%)
the trial from that pointL 

t hild deaths were identiied ai time of the home visits, andtme Fiju,.t: 2 Follow-up of study children
 
also through a network oi about hit key informants-members of
 
the studs community who were 
asited to record all pregnancies,
births, and child deaths in their area Intormation isas collected Childrcn %ho were at least 0 months old entered the trials at the
from the informants eve, 2 ,.ee(s pecialls trained stall first dosing r, und or at a subsequent round and left at the last:ntervi wed the parents oir the nearest rrlat: e of anv stud- child dosing round. ,,r when they moved out of the study area, died, orwho died They recorded itlornuton ,n the Lwr mstances of the were withdraw-r from the trial. Confirmed xerophthalma casesdeath And the svmptoms and signs that preceded it (n a form that were excluded from the date of diagnosis. In the Survival Study,included both an open history, o the hnal dlness and screenig children could move from one treatment group to the other by
questions tor the presence of 1,mrnTI Is mptOms. lolliwed by the moving withbetween clusters different treatment assignments.applicatron ot appropriate modue, wil-n prec ,ded answers More Such children were excluded from the date they received theirfirst
than YO ' , of interviews were done wi.tin 7 mnonths of the child's dose of the different treatment.
death !median interval 2 9 month Since children were randomised to treatment group by cluster inVerbal autopsy questionnaires%u.er rxarined iu-dependentlv by the Survival Study, the results, both of the baseline companons
threc physicians who assigned the cause of death to one of eleven and the mortalty rates. were analysed by a companson of the mean
categories, which included "misceIlaneous and "unknown". If at of the results in each of the 92 vitamin A clusters against the meanleast two of the three physicians assigned the death to the same of the results in each of the 93 pl,,-ebo clusters. Eachcategorv, it was taken as the ause, ,,rnkstse the cause was cluster's mortality wasrate calculated by dividing the number
tlassified as "unknown" of deaths by the child-years of follow-up. Fh,! rauo of the meanSeveral methods were used both to rrimote and to check on data mortality rate in the vitamin A and was usedplacebo clusters

quality lhese included weexi) vists tt eacn fieldworker by a to measure the mortality impact of vitamin 
A supplementaiton,supervisor, who observed intervtess. revisited compounds, and vvith 95%, Cl calculated by the method of Arrrage and 
either conducted full rc-interviews .,r hecked a more limited set ot Berry."
information on Lc.,mpIeteda sample of recen'Is interview forms. An independent data-monitoring committee reviewed the mor­.Mieetings wtre held sweeklv between supervisors and headquarters 
 tality results from the first 12 months of follow-up in the Survivalfield and data-processing staff, and at least once every 2 weeks Study, and recommended the continuation of the trial to the end of
between groups of ficldworkers and t.,e-ir supervisors 
 to ensure the planned 24 months of follow-up. The results of this interimgood two-was communication Both tieldworkern and su-pervisors analysis were not revealed to the members of the study team until
 
received regular trairung courses 
 after the trial.


Completed forms were checked manualls by the supervisors, In companng mean daily prevalence rates of morbidity between
before independent data e-trv into computers t; 
 two clerks. After vitamin A and placebo groups in the Health Study, separate
 
typing errors had been corrected, the data were checked for range dady prevalence rates were calculated for each child for each
and consistency. Any discrepancies that could not be resolved in 
 of the intervals between dosing points. These were then averaged

the headquarters led to a revisit to the child's home and checking of 
 to give overall mean rates for each treatment group. The ClIs foriformation on the relevant vanables. the rate ratios were calculated by means of a formula forRegular computer analyses of the results reported by each determining the confidence interval of the ratio of two normal
fieldworker were done to identify workers whose results differed means." 
substanually from those of their colleagues, t-fev were given extra Ethical approval for both tnals waa obtained from the Ministry

supervision and, where necessary, retraining, 
 of Health of Ghana, and from the ethics committee of the LondonAll data entry and processing were done in the study headquar- of HygieneSchool and Tropical Medicine. The trals were
tees in Navrongo with IBM PS 2 computers and dBase Ill '-
 explained in detail to all the local, regionai, and district.,tuthorities
sof~ware. Analyses were earned out in Navrongo and London with and paramount chiefs, who gave their approval. Efforts were madedBASE Ill+, Epi lifo 500, SPSS PCt 377.4 0, and GLIM to keep the communities informed of the s" -dies' purposes, and ofTwo-tailed significance tests were used throughout, and continuity any new developments, through meetings open to all communitycorrections applied where appropnite. Preliminary results were mmrlbers, and by announrements at market places. The trial wasreported to the study communities, the district and regional health also explained and consent was so,:ght from the head of eachservices, and the Ministry of Health of Ghana within 4 months of compound 'and the parents or guardians of each eligible child
the end of data collection, before enrolment. 
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Results 
The prevalence of xerophthalmia at baseline was 07% in 

the Survival Study children and 1.5% in the Health Study 
children. In each study, the rates in the vitamin A and 
placebo groups were simular. The proportions of children 
with low baseline serum retinol concentrations were sub-
stantial in both tral populations. In the Sur,ival Study, 

1440,, were severely deficient <0 35 pmoltL) and 4251o 
moderately deficient (0 35-0 69 jimol L), the equivalent 
rates were 158'. and 576,, among the Health Study 

children. The treatment groups were compared at baseline 
with respect to more than fifty characteristics. In both trial 
populations, the treatment groups were significantly
different p< 0 05) for only two variables, which is the 

number expected by chance. 
No parent retused permssion for a child to enter the 

trials. Losses to follow-up were less than 10",, in both trials 

:figure 2' and similar in the treatment groups. 
The 21 906 children who entered the Survivl Study 

were followed up for 33 287 child-vears ( 16 508 vitamin A 

group, 16 779 placebo group;. Dosing compliance was 

similar in the two groups. an average of 89 5",, of eligible 
children weic successfully treated in each round. The 
commonest reason for missing a dose was absence from 
home at the ume of the fieldworker's visit. Dosing errors 
were rare (less than 0.7% of all doses given). Most were due 
to mislabelling of bottles. 

1455 childre.i entered the Health Study and were 
followed up for 1185 child-years, 596 vitamin A group, 589 
placebo group). Morbidity information was missing for 
5.70%of the weekly follow-up visits owing to temporary 
absences of the study children or their mothers, but the 
missing data were equally distributed between the 
treatment groups. At each dosing point, an average of 
94-70,, of eligible children received the supplement or 
placebo, 

Pramain esptrn/cndBJmn Meaily prvce , P 
i(%) 'WOA 

Vfttmn Placebo 
A _p 

spociwy 

Diarrhoea 15 5 159 0 98 0 
Oamecougm 132 130 1 02 067 
Blocked noS 11 5 113 01 082 
"beatns""i 1 2 1 2 096 0 76
Diff'iculty breathingl 1 2 1 2 0 96 0 70 

Rabidbreatrng 1 1 1 3 0 8t Ol 
tar oan 0 7 09 0 82 040 
Eatdischarge 07 08 091 0 72 
Memsaes 01 01 1 10 0 79 
Sin rasn 50 48 100O 061 
Pua 22 20 108 030
"'Hot bocy" 16 7 16 7 100 0 89 
Vomanng 20 2 3 084 002 
Refusingt 
food/breastmilk 13 16 0 8' 003 

Repored " t s 
Su /o u 
s1. uken/bs 13 16 o 0 13 
Rerl/parnful/ 

discharging eyes I i 0 91 0 39 
"Sor anus" 08 0 9 0 93 0 82 
othle 16 18 091 029 

nos -nl'8lwil innesi, - ieonl il 
IMokto SOl rMt- t WMa 
- Lmaiayefire wnas:tL nUisDator Pus eunti l 

1fl5 Wtxd 90MM I 

m)ni /piaco= 

Table 1: Mean daily prav-lence of symptoma/condtltona In 
health study dqrlng foilow-up 

10 

No o Nof dath,. Rato of msen 

deadwN(oftowJ) VitaminA Placebo moetiirtyl(95%Cl t 

clutes clusters 

(n-92) (n-93) 

Deet PtM 
eetied 
cam. 

gastwenerms 180 (25 8%) 69 111 0 66 (0 47-0 92) 

Malana 161 (23 1%) 76 85 1 03 (0 74-1 43) 
WsJOS 134192%) 61 73 082(048-140) 

A:ute kI ,r
restrauy 
infection 92 (13 2%) 47 45 1 00 (0 61-1 64) 
Chronic 
diarrhoea 
of malrKnrty, 
lnjur 

58(8 3%) 
20 (2 9%) 

22 
10 

36 
10 

067(038-118) 
0 85 (0 34-2 07) 

Meingrus 11 (l 6%) 4 7 0 66 )0 18-2 49) 
Other 41 (5 9%) 19 22 0 73(038-141) 

Cease not 
a 

Total 
89 

397 
106 
495 

081(0 59-i 13) 
081(0 68-098) 

*Total wriesaiscause- 697 wrtaminA/phcbo.
 

Table 2: Total and cause-specific mortality InSurvtval Study
 

There were only two significant differences between the 
vitamin A and placebo groups in the mean daily prevalence 
of the symptoms/conditions investigated at the weekly 
visits in the Health Study (table I )-prevalence of vomiting 
and refusal of food or breastmilk. 

in the Health Study clinic attendance rates were signifi­
cantly lower in the vitamin A group than in the placebo 
group (1193 vs 1341 attendances, rate ratio 088 [95% CI 
081-0-95], p<0001). A child in the vitamin A group was 
significantly less likely than a piacebo-treated child to have 
madeseveralclinicvisits(p=0019),forexamplechildreninthe 
vitamnmnAgroupwere27%(95%CI4-45%)lesslik'-ytohave 
attended the clinic 3or more times during a 4-month dc.,irig 
interval. Similarly, hospital admission rates were sigaifianily 
lower in the vitamin A group than in the placebo group (36 vs 57 

admissions, rate ratio 0.62 [042-0'93], p = 0'02). The rate ratio 
for admission was similar when only the first admission of each 
child was counted (27 vs 42, rate rano 0.65 [0.41-1-041, 

= 0.09 ). 
There were 892 deaths among the children in the Survival 

Study, which gave an ove.-all mean mortality rate for all clusttxs 

of 271 per 1000child-yearsoffollcw-up. 397 ofthe deaths were 
in vitamin A dusters (mean mortality rate 24'4 per 1000 
child-years) and 495 in placebo dusters (29.9 per 1000 

child-years). The ratio of the mean mortality rates was 081 
(95." CI 068-098, p 0'03, table 2). The ratio of mean 

9 2 1mortalir) ratewas smallea'in boys thanin grls (0'7310'5 9 -­

vs 090 [071-1-15]) but the difference was not signifiant 
(p=0.3).A protectiveeffect ofvitaminA was apparentinfiveof 
seven age groups, but there was no consistent trend in the size of 

A probable cause of death was established for 697 (78" 1%) of 

the 892 deaths (table 2). The mortality rate due to acute 
gastroenten I s was significantly lower in the vitamin A clusters 
than in the placebo dusters. Mortality rates for all the other 

cuscs of death except acute lower respiratory infections and 
malaria were lower in the vitamin A grr-up but none was 
significnat p < 0.05, and, overall, the difference in the size of 

the effect of vitamin A supplementation by cause was not 
statistically significant. 

Tjere were 26 deaths among trial children in the Health 

Study, 6 in the vitain-A-supplemented group and 20 in the 
placebo group. 
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Discussion 

These trials broke new ground in several ways. The two 
trials were carried out in adjacent populations in West 
Africa; one looked in detail at the effect of vitamin A 
supplementation on morbidity and the other at its effect on 
mortality. We assessed the effect of vitamin A supplemen-
tation on the care sought for illness (clinic attendances 
and hospital admissions,. The trials were carried out in 
a population with xerophthalmia rates that were very 
close to the threshold used by WHO to define a population 
as having a xerophthalmia problem of public health 
significance (Io) 2opreviously reported studies were done 
in populations with substantial, higher rates of xeroph-
thalmia. 

Our results may explain the puzzling results from at least 
two previous trials, which failed to find an impact on 
morbidity" ," even in the prcsence of a large effdct on 
nmortality.' -Tose studies collected data on a limited 
number of symptoms conditions, without detailed infor-
mation on their seventy or the care-seeking provoked. We 
also found no effect on reported morbidity, though there 

not find significantly lower child mortality with vitamin A 
supplementation;" however, even in that trial, the lower 
95% confidence interval on the ratio of the mortality rates 
wa,. below 081. 

'ie all-cause mortality results of our trials are important 
for two reasons. Firstly, they showed that improving 
the vitamin A intake of at least some populations of 
young African children can substantially reduce their 
rrortality. Secondly, this effect on all-cause mortality 
was in a population that had a vitamin A deficiency 
problem of marginal public health importance;0 baseline 
xerophthalmia rates were substantially higher in the 

1Asian trials. 6 " Nonetheless, there was evidence that 
vitamin A supplementation reduced the incidence of 
xerophthalimia.Our study found a rate ratio of0.66 for acute gastroenteri­tis deaths and of 0.67 for deaths due to chronic diarrhoea, 
malnutrition, or both. A reduction of at least 30% in child 
mortality due to d rhoeal diseases has now been found by
all trials that have found a significant effect on overall 
mortality and have also examined cauz:t of death.$1 0 By 
contrast, we found no reduction in deaths attributedwas a suggestion that the prevalence of vomiting and refusalvitain-A- to 

of food or breastA-ulk, hoth of which tend to be associated 
with severe episodes of illness, were lower in the supple-
mented children. However, we did find a strong influence on the orcurrence of episodes severe enough to lead themother to take te child to a clinic, and those that 
motheqertytak edn the child lin ad ted ttsubsequently resulted in the child being admitted to 

hospital, as well as an effect on mortality. Thus, it seems 
that vitamin A supplementation reducedthe frequncy of 
severe and lethal illnesses without decreasing the frequencyof less severe illnesses w 

Vitamin A has two main effects on the immune system-
enhancement of non-specific immunity by maintaining the 
physical and biological integrity of epithelial tissue as the 

"first barrier to infection, 2 ' and increasing the 
effectiveness of the immune response to infection once the 

2 ,epithelial barrier has been breached. The first should 
result in a lower incidence of infections, possibly in 
combination with decreased severity due to a lower average 
"dose" of pathogens crossing the mucosal barrier, whereas 
the second will tend towards a decreased severity, but not 
incidence of infection. The overall observed impact of 
supplementation will depend on the relative enhancement 
of these two components of the immune system u, the 
population. Our results imply that the effects of vitamin A 
suppLementaton on the immune response to infection after 
the epithelial barrier has been breached of greaterare 
functional significance than the effects on the integrity of 
the epithelial barrier itself. 

The trials are the first to show an effect of prophylactic 
vitamin A suppleicntation on morbidity or mortality in 
Africa. The only other similar trial in Africa (in Sudan"2 )
did not show an effect of vitamin A supplementation on 
childsurvival(relativerisk= l06[950 CI0'82-1'371).The 
investigators speculated that the lack of effect in their study 
population was due to the 6-monthly rather than 4-monthly 
dosing schedule, the low mortality rate in the control group, 
or the postulated lack of other nutrients, such as fat or zinc, 
in the diet. 

Our findings of a 19% reduction in all-cause tmortality 
with vitamin A supplementation and the substantial reduc-
tions in clinic attendance rates and hospital admissions are 
consistent with the results offive large trials in Asia,, -1"and 
observational studies in Asit.i-1Only one trial in Asia did 
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supplemented group. The effect of vitamin A supplemen­tation on such deaths has not been consistent in previous
t houh e has oun aosigint ne.trials,8-10,1 though none has found a significant change.
Similarly, we found no reduction ir deaths due to malaria.
 
Malaria was probably a much more important immediate
adneligasodahnhsouainhnnn 

othe 
ther trial population, with the possible exception of the 

Sudan, where "fever" was the second commonest symptomassociated with death."2 The other major cause of death in 

our trial was measles, in which the ratio of the mor:aiityrates was 0.82, though this ratio did not significanty differ 
from 1.0. 

The results of this study have important health policy 
implications. They show that improving the vitamin A 
intake of young children in areas where xerophthalmia 
exists, even at low prevalece, should be a high priority for 
both health and agricultural services. If routine interven­
tions can be devised that effectively improve vitamin A 
status, the burden of xerophthalmia, other severe illness, 
and mortality in children will be substantially reduced. As 
well as these direct benefits to the population, there will be 
substantial indirect benefits owing to substantial reduc­
tions in clinic attendances and hospital admissions. Health 
services appropriate a significant proportion of national 
budgets, and the economic and :ocial costs incurred by the 
family of an ill child are also larr'e. 

Since the impact of improvements in vitamin A status is 
likely to be related to the extent of deficiency in the 
population, there is an urgent need for surveys of the 
prevalence of vitamin A deficiency and xerophthalmia. 
Remarkably little is known about the extent of the problem 
in most countries in Africa, the Middle East, Asia, and 
Latin America. It will then be important to gather
information on local dietary and agricultural practices and 
beliefs to assess the feasibility of improving the production, 
storage, and consumption oflocal vitamin-A-rich foods, the 
introduction of new foods, or fortification of a locally 
consumed food. Other potential strategies include the 
provision of vitamin A supplements to at-risk groups. 
Although likely to be the least cost-effective strategy for the 
improvement ofvitamin A status in the long term, even this 
approach is a highly cost-crective child survival interven­
tion.a 

II '­



THE LAN' it, r 

The Ghana Vitami A Supplementaion Trials (VAST) were a 
collaborative research protect between the London School of Hygiene and 

Tropical Medicine and the School of Mecical Sciences of the University 

of Sciemice and Technology, Kumasi, Ghana, with support from the 

Ministry of Health of Ghana. The protect was funded by the Health and 

i'cpulauon Division of the UK Overseas Development Administration. 
Preliminary exploratory studies were supported by the Welicome Trust 

and Save the Children Fund (UK). Hoffmann-La-Roche'i Sight and Life 

progrartme supplied the vitamin A and placebo. 

We think all the VAST field, laboratory, computer centre, and 

admntinstrauve staff, especially Mr Martin Aduilk, Mr Azumah Amidi, 

Mr J Kwabcna Badu, Ms Margaret Gyapong, Mr Eric Kasise, Mr 

Ogyebre Owusu-Agyei, and M David Pendleburv; the popuiation of 

Kassena-Nrixana District and their leaders: the Regional and District 

Administra tn and Health Services; Dr Moses Adibo and Dr Sam AdIci, 

Ministry of Health of Ghana) for support and encouragement; Prof 

Patnck Vaughan and other colleagues at the LSHTM for support and 

advi.e; Ms Nina Saroi for administrative and secretruil support in 

London; Dr Sandra Saenz de Tetada and the WHO-ARI Programme for 

preliminary study of local concepts and terminology of illness; Ms Gilly 
Maude for the randomisation and interim analysts; Ms Sharon Hurtly, Mr 

Ben Amenuvegbe, and the late Mr Steve Tulloch for helping to design the 

data management system; Dr Hazel Inskip and Mr Jerry Wheeler for 
advice on data processing; Ms Penny Femnell for help with the tramining of 

the computing and secretarial staff; Ms Rebecca Abbott and Dr Suzanne 

Fileau (Institute of Child Health, London; for mesunng serum retnol; 

Dr Andy Hall for helping to code the cause ot death questionnaires; and 


the members of the data monitoring committee for reviewing the interim 


results. 


Refe-r0 

I Sommer A, Katz J, Tarwotio 1. Incresed risk of respiratory disease 
and diarrhoea in children with pre-existing vitamin A deficiency. 
Am j Chn Nurr 1984; 40- 1090-95. 

2 Milton RC, Reddy V, Naidu AN. Mild vitamin A deficiencv and 
childhood morbidiry-n Indian experience. Am] Chn Nur 1987; 46: 
827-29. 

3 Bloem MW, Wedel M, Egger RJ, c al. Mild vitamin A deficiency and 

risk of respiratory tract diseases and diarrhea in preschool and school 
children in Northeasiter Thailand. Am) Epidemoi 1990; 131: 332-39. 

4 	 El Bushra HE, Ash LR, Coulson Al-, Neumann CG. Interrelationship 

between diarrhea and vitamin A deficiency- is vitamin A deficiency a 

risk factor for diarrhea? Pediatr Infect Dii) 1992; 11: 380-84. 

5 	 Sommer A, Tarwotn I, Hussaun G, Susanto D. Increased mortality in 

children with mild vitamin A deficiency. Lancet 1983; ii: 585-88. 
6 	 Sommer A, Tarwoso i, Diunaecdi E, et al. Impact of vitamin A 

supplementauon on childhood mortality: a randomised controlled 

community trial. Lancet 1986; i: 1169-73. 
7 	 Muhilal, Periisth D, Idiradiass YR, ct al. Vitamin A-fortified 

monosodium glutamate and health, growth, and survival of children: 

acontrolled field trial. Am) Clan Nutr 1988; 48: 1271-76. 
8 	 Rahmathullah L, Underwood BA, Thulasiraj RD, ct al. Reduced 

mortality among children in Southern India receiving a small weekly 
dose of vitamin A. N Engl I Mid 1990; 323: ,c9-35. 

9 West K' Jr, Pokhrel RP, Katz J, ct al. Efficacy of vitamin A in 

reducing preschool child mortality in Ntal. Lancet 1991; 338: 67-71. 
10 	 Daulaire NMP, Starbuck ES, Houston RM ct al. Childhood mortality 

after a high dose of vitamin A in a high risk pc ulauon. BM) 1992; 
304t207-10. 

I1 Viiayaraghavan K, Radhaiah G, Prakasam BS, et al. Effect of massive­

dose vitam*n A on morbidity and mortality in Indian children. Lancetr 

1990; 336: .A42-45. 

12 Herrera HG, Nestel P, El Atmi A, ct a. Vitamin A supplementation 

and child survival. Lancet 1992; 340: 267-71. 

13 	 RnhmathuUlah L, Underwood BA, Thulasiral RD, Milton RC. 

Diarrhea, respiratory infecuons, and growth are not affected by a 

weekly low-dose vitami A supplement: a masked, controlled field trial 

in children in Southern India. Am I Clan Nur 1991; 54: 568-77. 

14 	 Abdeliaber MH, Monto AS, Tilden RL, CEa. The impact of vitamin A 

supplementation on morbidity: a randomized community intervention 

trial. AmJ Pubi Health 1991; 81: 1654-56. 
15 	 BarciaN AJG, Foster A, Sommer A. Vitamin A supplementi and
 

mortality related to measles: a rtmdomised cli.!ical trial. BMY 1987;
 

214t 294-96.
 

16 	 Hussey GD. Klein M. A randomized, controlled trial , f vitarin A in
 
children with severe measles N Engl) Med 1990; 323: 160-64.
 

17 	 Coutsoudis A, Broughton M, Coovadia HM. Vitamm A 

supple'- iuon reduces measles morbidity in young African children: 

a ranco-=,zed, placebo-controlled, double-blind trial. Am ) Cln Nurr 
1991; 54: 890-95. 

18 Ir,-iganon Com.pany of Upper Regions (I COUR). Monthly rainfall 

statistics, 1981--90. Tono, Ghana, 19l. 

19 Armitage P, Berry G. Statistical rzethods in medical research, 2ad ed. 

Oxford: Blackwell, 1987: 92. 
20 Soramer A. Field gide t Lhe detection and control of xerophthalmia, 

2nd ed. Geneva: 7710, 1982. 
21 Wolbach SB, Howe PR. Tissue changes following deprivation of 

fat-soluble vitamin A. ) Exp Med 1925; 42: 753-77. 

22 Blackfan KD, Wolbach SB. Vi~srnan A deficiency in infants: a clinical 
and pathological study. I Pedsair 1933; 3: 679-706. 

23 Olson JA. The biological role of vitamin A in maintaining epithelial 
tissues. IsraellMed Sci 1972; 8:1170-78. 

24 Chandra RK. Increased bacterial binding to respiratory epithelial cells 
in vitamin A deficiency. B,V. 1988; 297: 834-35. 

25 Mohanram M, Reddy V, Mishra S. Lysozyme activity in plasm, ,td
 
leucocytes in malnourished children. Br I Nurr 1974; 32: 313-16.
 

26 Rlhataraim C, Reddy V. Cell mediated immunity in iron and vitamin
 

deficient children. BM) 1975; 3: 522. 
27 	Friedman A, Sklan D. Anugen-specific immune response impairment 

in the chick as influenced by dietary vitmim A. jNutr1989;19: 
790-95. 

28 	 West KP, Sommer A. Delivery oforal doses of vitamin A to prevent 
vitamin A deficiency and nutritional blindness: a state-of-the-art 

review. Rome, Italy; United Nations Administrative Committee on 
Coordination, Subcommittee on Numuon, Nutrition Policy 
Discuasi Paper No. 2,1987. 

Vol 342 * July 3,1993 12 



THE LANCET
 
Vol 338 Saturday 13 July 1991 No 8759 

Efficacy of vitamin A in reducing preschool child 
mortality in Nepal 

KEITH P. WEST, JR R. P. POKHREL JOANNE KATZ
 
STEVEN C. LECLERQ SUBARNA K. KHATRY
 

SHARADA R. SI-RESTrHA ELIZABETH K. PRADHAN
 
JAMES M. TIELSCH M. R. PANDEY ALFRED SOMMER.
 

Community trials of the efficacy of vitamin A 
supplementation in reducing preschool childhood 
mortality have produced conflicting results. To 
resolve the question, a randomised, double-masked, 
placebo-controlled co, nunity trial of 28 630 
children aged 6-72 months was cuied out in rural 
Nepal, an area representative of the Gangetic flood 
plain of South Asia. Randomisation was carried out 
by administrative ward; the vitamin-A-
supplemented children received 60 000 retinol 
equivalents every 4 months and placebo-treated 
children received identical capsules containing 300 
retinol equivalents. After 12 months, the relative risk 
of death in the vitamin-A-supplemented compared 
with the control group was 070 (95% confidence 
interval 056-088), equivalent to a 30% reduction in 
mortality. The trial, which had been planned to last 2 
years, was discontinued. The reduction in mortality 
was present in both sexes (relative risk for boys 0'77; 
for girls 065), at all ages (range of relative risks 
0"83-0'50), and throughout the year (0.76-0.67). 

The reduction in mortality risk was not affected by 
acute nutritional status, as measured by arm 
circumference. Thus, periodic vitamin A delivery in 

the community can greatly reduce child mortality in 
developing countries. 

Lancet 1991; 338: 67-71. 

Introduction 

Vitamin A deficiency is associated with an increased risk 
of childhood morbidity' ' and mortality" in developing 

field trial in India failed to confirm a reduction in child 
mortality with vitamin A;' thus, concern was raised about 
the potential impact of improved vitamin A nutrition on 
child survival across different cultures? 11 

As a follow-up to the original large-dose vitamin A trialin 
Indonesia,' a community trial in rural Nepal was
undertaken to assess the efficacy of vitamin A 
supplementation every 4 months in redt. .ing preschool 
child mortality. Such supplementation is recommended by 
the World Health Organisation for prevention of 
xerophthalmia"2 and may represent an achievable delivery 
schedule for child survival. 

Study population and methods 
A randomised, double-masked, placebo-controlled vitamin A 

supplementation trial was carried out from September, 1989, to 
December, 1990, in the rural, plains (Terai) district of Sarlahi. This 
area was selected because it has endemic vitamin A deficiency," noprevious vitamin A supplementation programme, and ecological, 
cultural, and demographic similarities to the Gangetic floodplain 
communities of South Asia, with which it is continuous; the factor 
enhances the general applicability of the findings.

29 local development units, each containing 9 administrative 
wards, were selected for the trial. In 1988 the area had a population 
f14-4000 with about 28 000children (19.0%) under 5years ofage 

(Census Report of the District Public Health Office, Sarlahi, Nepal, 

ADDRESS: Dana Center for Preventive Ophthalmology, Wilmer 

Eye Institute, The Johns Hopkins Schools of Medicine and 
Public Health, Baltimore, Maryland, USA (K. P. West,Jr,DrPH, J. 
Katz, MS S..C.LeClerq, BS,E. K Pradhan, BA,J. M. Tielsch, PhD, Prof A. 

Sommer. MD); National Society for the Prevention of Blindness 
and World Health Organisation Prevention of Blinidness 
Programme, Kathmandu, Nepal (R P. Pokhrel, FRCS,S,K.Khatry.
FRCS, S.R Shrestha, MPH); and the Ministry of Health of His 
Majesty's Government, Kathmandu, Nepal (M. R.Pandey, FRCS). 

countries. Community trials of vitamin A supplementation Correspondence to Dr K P West, Jr,Dana Canter for Preventive 
.r in Indonesial 6 and India7 reported annual reductions in Ophthalmology, Wilmer Eye Institute 120, 600 North Wolfe Street, 

to 54%. However, another Batimore, Maryland 21205. USApreschool child morality of 34% 

http:0.76-0.67
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TABLE I -BASELINE CHARACTERISTICS OF STUDY CHILDREN 

No (%) 

Control Vitamin A 
-- (n 12 264) (n-12 541) 

....... . ... . .M 


Sex 
Male 6265 ,51 I A70, 51 7 
Fmale "5 ,48 9 d0t)2 .48 3 

Age (ro) 
, 105 6S,1t-I 1 12WK 1 '108 

12-23 280 2827 225..229 
24-35 2holh, 282722 0. 22 5 
36-47 2t)24,21.1 2595 ,20 7. 
48-60 2848 232, 2)30, 2.3 4, 

Measles during previous 4 mon 759,6 2 61)56 1, 
Morbidity 1 day during previous 

weekt 

Diarrhoea 121. 110, 12-I 110, 

Dysentery 506 ,46 508 '4-, 

High fever 1882 170) It 3h (17 1,
 
Persistent cough 1000,145. 172C '152.
 

Arm ci4cumference (c. )
< 11"5 .120,38, 380), ?4) 

11-5-124 1032 94, 1I 99, 
12-5-I 3-4 285') 26 1, 28 ho 25.? 
? 13-5 0h52 607 6890 614, 
I'otalt IW96 I1215 

Xerophthalrnia3 0 ,15 52 26. 

*Data missig for69 controls and 42 vwtarninA children . ...... 

tAssessed only for children reported to heat home to,all ot theprevous 7days 

(about 90% of chtdr,m) 

Not measured on 2627 r t%) children at baseine 
NkNithlblindness litot's spots, coii'al xerosis keralomalacii assessed0a nasdom 

15% sample of 40 wards (in 4274 chitdden 1871 control. 2024 wiamnn A 379 not 
examned) There were 2 corneal cases. 1ineach goup 

1989). Signed statements of conscnt were obtained from all 29 
chairmen on behalf of their communities. Participation of wards, 
households, and children in the trial was voluntary at all times. 

The ward served as the unit of treatment allocation. Local 
development units were ordered by geographic areas and wards by 
population size within cich local development unit. After arandom 
start, each of the 261 wards was systematically allocated to one of 
four elided batches of supplements. "'iwt codes contained a 
standard 60 000 ltg retinol equivalent (20 (X) IU) dose of vitamin 
A and two served as control, containing 30Wretinol equivalents 
(1000 IU) of vitamin A (retinyl palmitate in arachis oil; Roche, 
Basel, Switzerland). All supplements contained40 IU vitamin E as 
an antioxidant. The supplements were given as single-dose gelatin 
capsules of identical taste and appearance. Every 4 months two 
capsules of each code, sampled from the study area, were analysed 
for vitamin A potency by a local laboratory unaware of their code. 
The ,ncr'~i retinol contents were 53 300 (SD 3513) and 2,16 (27) 
retinal equivalents, which is equivalent to 89% and 82(, potency 
for the vitamin A (n =I) and control (n 20) capsules, 
respectively. 

All households in award were visited by trained field staff every 1 
months for ayear. At baseline, children of6OOmonths and younger 
were enrolled; at follow-up visits only infants born during the study 
were later enrolled. Birth dates of children were determined by 
means oflocal events and Nepali astrological calendars. At each visit 
infants aged 6-11 months received half the contents of a capsIe 
(6 drops of oil), equivalent to either 30 (WXor 151 retinol 
equivalents, respectively, and children of 12 months and older 
received the whole contents of the capsule. After repeated 
household visits when children were absent, 'apsules were left in the 
home and the parents were asked to administer them. Families and 
childen who moved within a ward were ftllowed at each visit; those 
who moved out of award (less than 2% per round) were declared 
withdrawn at the next household visit. At each visit, a child's 
capsule receipt and vital status were recorded, left mid-upper arm 
circumference was measured with an insertion tape." and 7-day 
morbidityand 4-monthmeasleshistoriesweretaken. Childcenofl2 
months and older with an arm circumference below 11-5 cm were 
referred to local health posts. At the time of enrolment household 

TABLE II- HOUSEHOLD CHARACTERISTICS AT TIME OF ENTRY 

No (%) 

-- Control Vitamin A 

other's age (yr) 
< 20 860(86, 873 '87, 
20-2' 5586 '55 91 5062 '56 1) 
' 30 35-1135 4) 3551 ,35.2, 

Total 9986 105086 
Mother's education (any) 012 19 1, 1018 0 1 
History of .. 1child death 4177 t419, 4200 (420) 
Occupation of head of household 

Farmer 5218 '58 01 5288 t581 
l.aburer 2251 250, 217.1 t239, 
Other 1536(17 0, 163 (18 0 
Toial th)(- t1181 

Household owns radio 18,2 (203, 19-12 (21 ..? 
Preschool child/infant death in 
previous year 355 ,.?9, 74 41) 

and demographic indicators were assessed, including maternal 
histories of previous child mortality by the Brass method.'" 

At baseline an ocular survey was carried out in a 15% random 
sample of wards (n =40). Children were examined for 
xerophthalmia at acentral site by an ophthalmologist (S.K. K.) or a 
senior ophthalmic assistant. Chance-corrected inter-observer 

agreement,", based on I0)I independent replicates, was excellent 
(-.= 0-03). A history of night blindness ("ratandho ratauni") was 
elicited from parents for children of 12 months and older. All 
xerophthalmic and severely ill children were treated with vitamin A 

and referred to local health posts for follow-up, as indicated. These 
children are included in the analysis. Full details of this substudy 
will be published elsewhere. 

Child deaths were identified by means of the regular .- monthly 
census and by an independent vital events surveillance every 2 
months in every ward. A "verbal autopsy" interview was carried 
out, usually within 2 months of death, for all children who died. 
)ata were reviewed and probable causes of death were assigned 
independently b. two physicians. Differences in assignment were 
discussed and a consensus cause of death assigned. 

Capsule codes were broken and the four groups merged into 
control and vitamin A treatment groups. Baseline differences were 
tested by chi-square." All analyses were carried out on an 
intention-to-treat basis. Computed mortality rates were based on 
child-years of observation. Relative risks were derived with all 
variance and 95% confidence interval estimates" adjusted to 
account for the design effect'"-ie, the ward rather than individual 
serving as the unit of treatment allocation. Mortality rates and 

TABLE 111-INTERVAL-SPECIFIC AND ANNUAL MOR 'ALITY OF 
CHILDREN 6 72 MONTHS OF AGE 

-

Time interval (x tox 44) 

0-4mo 4 8mo-8 12mo 0 12mo 
n52 

No entered at x ,4 07 0518 28630 

Vitamin A 12541 973 073 14,187 
Withdrawals 

(oatrol 
Vitamin A 

174 
5.1 

207 
201 

152 
21.1 

533 
569 

Child deaths 
Control 62 72 76 210 
Vitamin A .18 51 53 152 

Child-years* 
Control 
Vitamin AMortality (per 

4GI-
.11.17 

1241 
.)395 

.1505
4033 

12795 
13175 

1000 child-years) 
Control 15.3 170 16.9 164 
Vitamin A 11-6 11 6 114t 11.5 

Relative risk 076 068 007 0.70 
('95'/, CI) (0511-15) (0,15--l 00) 10.,15-0 90) (05f)-0-88) 

*Children who were withdrawn or who died during an interval were assigned 2 

months of observation 
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TABLE IV ANNUAL MORTALITY OF CHILDREN AGED 6 72 

MONTHS BY AGE AND SEX 


-ont, .Vitamin A 
............ .elative R 

Child- Child- risk 
years Deaths MR years Death MR (95% CI) 

... . ........ 	 -

Sex 

ii1 6 72 I 77 
I055-1 o1 , 

F1emale 62,1 121 111) h3i .I So 120t, r o 
i-48-01 Q, 

Malc 5 813 t,821 Il I, 

Age (rho) 11 
(-I1 1115 17 15 S 1301 .ill 28t) 178 

14-1i25t 

12-21 2725 75 279 2700 53 l9 i OW) 
0-7I'l 

24-99 21112 31 12ii 2721 27 i11 089 
it-17-1 1 

I 	 3-~~17-111 

28 26i 0611I,>-17 21 1ii 1 
7 IS oi 3M 

I1- 121 
•I8-50 	 297 3 25 t 7 2o-Itl I .)* i591 

' 2.I-I 07 
013-72 	 053 .1 1 12 lir-I 2 2 Ii 050 

01,1-t 213 

.. 

MR -- ,ortailtyf ate (p).r*1000 chil ears I 


relative riskswere calculated across strata ofage, sex, md nutritinal 
status. A Poisson regrcssion model'' vwas fitted tli estimate the efl-t 
of vitarnin A on mortality with sitnultaneius adjustment for each of 
these factors. 

T'[he st dV protocil was approved by the Nepal I lealth Research 
(uncil in Kathmandu, Nepal, and by the Joint C(mniittee on 

:linical Investigatiin at the Johns H- ipkins Universitv Schiol if 
Medicine in laltimore, USA. 

Results 

2-1805 children aged 6-4)0 months entered the trial at 
baseline (12 264 in the control group and 12 5411 in the 
vitamin A group), which represented more than 96' of all 
children of eligible age in the study area. The two groups of 
children were very similar in their distributions of 
demographic and clinical characteristics (table I). The 
pooled prevalence of xertphthalmia in the random 
subsample of wards was 30',. 

Treatment groups were also practically identical on more 
than 25 characteristics assessed in all participating 
households, including risk factors commonly associated 
with preschool child mortality (table II). In both treatment 
groups, at least one of the livebom children of 12!, of 
mothers had died, and 4%, of households reported at least 
one preschotol child death during the previous year. During 
the y'ear before the trial in both treatment groups, the 
estimated infant mortality rate was- 82 per 1000 livebirths 
and the 1-1-year-old mortality rate was 12-13 per 1(00 
children per year. Thus, the two groups showed no 
differences in many risk factors far mortality and by 
reported past mortality at the outset and were taken to 
represent the same population. 

Capsule coverage remained high and equal in each group 
throughout the trial-about 8 8 % of children in each group 

received the capsule contents from the staff at each visit. 
Capsules were left in the home for about 10%. of children at 
each visit, of whom about 65'V were estimated (by history 
on follow-up of a subsample) to have received the capsule 
contents from the parents. T'hus, about 93 4 of all eligible 
children in each group received a supplement at each visit. 

At least 74, of all enrolled children in each group were 
kntvn to receive their full quota of supplements; only 2% 
failed to receive any supplement. 

TABLE N ANNUAL MORTALITY OF CHILDREN AGED 6 72
 
MONTHS BY NUTRITIONAL STATUS AND AGE
 

Co---o T Vtam i A-- .Arm C 

circum Relative 
ference Child Child risk 

- (cm) years Deaths MR years Death MR (95%CI) 

Chidren
 
aged6 Ili
 
,,S1 

I1 1,2 14 lt, I 12, 12 0(1) 11 Sir 
37-212 

115-12.1 2f 1 12 15Q 2t7 h 229 03-44 
17-I 

I2-1- 3t2 8 2ii0 .112 Ito 231 p 119 
Il 1, 17O1. I 187 t i-3 

139 340 h 17 38)7 0 155 3 8So 1 
0I25-

3 II, 
t'tkn'.'n 18.17i.1 7 2701 071 

i1211-2 02 
Chldrfen 

17 72 mo ­

-11 5 208 i tl 2413 1 141 33 172 t N 1 154' 
I0 31-I) 1)O 

11 i-12.1 721 15 2118 7593 2-1 31o1 52 
0 7i-- 118 

129-13-I 2132 r il 121 1 2717 Itl ,7 t 52 

i 27-1 00 
-1 5 8h 1,5 50 7151 213 I I it82 

it-1I 41 
t'nknoss 1232 22 1711 1110 II 8 .I) 17 

.0 21-1 011 

MI '4, 0"." 1000 -Ii 5,,1i 

The initial 2.1 805 children plus 3825 infants who entercd 
the 6-11 month age range at the first or second 4-monthly 
visits ( 187Q controls, 1940 vitamin A) provided a total of 
28 630 children who contributed 25 970 child-years of 
observation far this analysis (table 111). There were 362 
deaths during the 12 month period. The annual mortality 
rate was 10-4 per 10W0 child-years in the control group and 
11-5 per I10) child-years in the vitamin A group, which 
gives aprotective relative risk of0-70(95'%C10S.5-"88) for 
a 30"/t, reduction in child mortality. This CI and all others 
reflect a 23"-. increase in the estimated variance due to the 
design effect. The diffrence in risk increased from the first 
to the second interval of dosing and then remained stable 
during the third interval, 'which indicates asustained effct. 

The effect of vitamin A was evident across sex and age 
strata " table IV). There was a slightly greater reduction in 
mortality in girls than in boys. The excess female male 
mortality ratio was somewhat smaller in the vitamin A than 
in the control group (relative risk 1.19 vs 1-42). The 
protective effect ofvitamin A was consistent it each age and, 
except for children aged 2,t-35 months, became stronger 
with age (table I 

The effect of acute nutritional status on the impact of 
vitamin A during a subsequent -4-month interval was 
examined separately in infants and older children (table v). 
Although arm circumferene was measured at least once in 
97'/ of the children, only 89%, were measured at each visit, 

thus reducing by 11% the number of child-inter,als for this 
analysis. In 8 of 10 age-staius-specific strata, including the 
most malnourished and the hest nourished children, 
vitarnin-A-supplcmented children had lower mortality 
(p < 0-05 by Wilcoxon signed rank test). No trend in the 
effect was observed with severity of wasting. 

Multivariate analysis did not change the elfect estimate. 
The relative risk of death in the vitamin A group, after 
simultaneous adjustment for the efelcts of sex, age, and 
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nutritional status by Poisson regression, was 072 (95% CI 
055-095). 

Based on 358 completed verbal autopsy reports, vitamin 
A seemed to reduce mortality ascribed to diarrhoea or 
dysentery (relative risk 061), wasting malnutrition (065), 
uncertain (infectious) causes (052), and measles (024). 
These "probable causes" accounted for 28%,, 20%'",19%, 
and 4% of all deaths, respectively, i.the combined groups. 
There was no apparent effect on mortality due to acute lower 
respiratory infection (129) or other miscellaneous causes 
(1.01), which accounted for 18% and 11%, respectively, of 
all deaths. 

Discussion 

Since the initial report from Indonesia on the 
effectiveness of periodic, large-dose vitamin A 
supplementation in reducing child mortality,' there have 

been several attempts to clarify the effect of vitamin A on 
child survival in different populations. Most trials have 
reported a profound effect, hut one trial did not show a 
significant reduction in child mortality,9 for reasons which 
remain unclear.9 

' 

More frequent supplementation of'children with vitamin 
A may have a greater effect on child survival than less 
frequent dosing-supply of about half ofa preschool child's 
daily requirement by way of fortification reduced mortality 
by 46% in Indonesia," and weekly vitamin A doses of 2500 
retinol equivalents reduced mortality by 54"/, in ,outh 
India.' 

The reduction in mortality was slightly greater in girls
than in boys, which accords with the southt Indian study."As

twn 
in Indonesia,' the effect of vitamin A in Nepal was stronger 
with age, reaching a 50% reduction in mortality in the fifth 
and sixth 'ears of life. B' contrast, the south Indian trial 

found the greatest effect among infants (-11 months ofage.-
This variability may reflect differences in the age specificity 
and severity of vitamin A deficienc and other determinants 
of child mortality' in different populations. Given the wide 

confidence intervals for all age-specific findings in all 
studies, it may also be chance variation. 

A very small arm circumference (less than 115 ctn) at the 
start of each interval was associated with a very high risk of 
mortality (table v), despite referral of such children to localhealth posts. However, acute nutritional status did not seem 

to modify the protective effect of vitamin A. A consistent 
effect of vitamin A across categories of wasting was also 
observed in south India, although its effect was stronger in 

stunted children.' 
It is likely that vitamin A modifies the incidence, 

duration, or ,;cvcrityof life-threatening infectious illness, as 
seen with severe measles."-"t Tile verbal autopsy suggested 

that vitamin A had no effect on mortalityattributed to acute 

lower respiratory infection. This finding is surprising, 
because there isevidence that vitamin A deficiency is linked 
to increased risk of respirator' infection. 2 However,the 

400% reduction in deaths attributed to diarrhoea and 

dysentery is consistent with evidence that closely links mild 
xerophthalmia to risk of protracted diarrhoea. " "2 The 
substantial reduction in mortality from measles (76%) is 

consistent with Vitamin A measles intervention trials""t 
from Africa and the weekly supplementation trial from 

India. 
This trial provides a finn estimate of the efficacy of 

large-dose vitamin A prophylaxis in an endemically 
vitamin-A-deficient population. The large sample size, the 

similarity of the treatment groups, the high coverage while 

minimising visits to avoid a "contact" effect,7 the checking 
of c.-ysule potency, and the high level of ascertainment help 
to support the validity of the findings. A 30% reduction in 
preschool child mortality predicts that, in Nepal alone, 
where 2% or more of preschool children are 
xerophthalmic, " more than 15 0WXdeaths could be averted 
each year by adequate nourishment of children with vitamin 
A. In south Asia 07-1-1 million child deaths could probably 
be prevented annually by adequate vitamin A nourishment 
in the preschool years (J.Humphrey and colleagues, 
unpublished). 

Although periodic, large-dose delivery may lead to amore 
modest reduction in child mortality than more frequent, 
smaller doses, this approach is a feasible strategy for most 
developing countries sceking to reduce child mortality with 
vitamin A by means of immediately available and affordable 
delivery systems.a' 

Periodic dosing should not preclude, or compete with, 
cfforts to improve the local food supply and dietary vitamin 
A intake by vulnerable groups (eg, by means of gardens, 
dietary counselling, and fortification). However, there may 
be a compelling reason, in terms of child survival, to control 
uitamin A deficiency quickly through periodic 
supplementation while longer-term solutions are pursued. 

[his study was carried out under copcrative agre'ement no DAN 
(w)-4-A-50i') between the Office ofNutrition, US Agency for International 
Development USAID,, Washington, DC, and the Dana Cnter for 
Preventive ophthalmology )CIO!. It wasa joint undertaking betwen 
DCPO and the National Society for the Prevention of Blindness, 

Kathmandu, Nepal. The study was funded by USAID, with financial and 
the 

United Nations Children's Fund UNIC(F, Nepal, and NIH grant no 
technical assistance from 'Task Force Sight and Life ,Riche, Basel), 

RRO.!0,. 
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Sakva B.1. Shrestha. U.Khadka. R. K. Shrestha, M. D.Thapa, and S.R. 
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ABSTRACT For regions where vitamin A deficiency is 
common, high dose vitamin A supplementation of lac-
tating mothers is currently recommended, but the ef­
fects of this intervention have not been carefully 
evaluated. We conducted a randomized, double-blind 
trial in which 153 Indonesian mothers 1-3 wk post-
partum received either a capaule containing 312 umol of 
vitamin A as retinyl palmitate or a placebo. Mothers' 
serum retinol concentrations In the vitamin A group
tended to be lower than in the placebo group at baseline 
but higher at 3 mo postpartum (1.39 vs. 1.24 /mol/L, P 
- 0.03) and 6 mo postpartum (1.23 vs. 1.08 pmol/L, P 
< 0.01). The milk retinol concentrations of the vitamin A 
group were higher than those of the placebo group by
0.48 to 1.18 pMnol/L at 1-- mo postpartum (P < 0.05).
Arnong the infants at 6 mo of age, the prevalences of 
low serum retinol concentration (<0.52 umol/L) were 36 
and 15% in the placebo and vitamin A groups, respec-
tively (P < 0.005), and the prevalences of low vitamin A 
stores (assessed by relative dose response) were 23 and 
10%, respectively (P< 0.03). High dose vitamin A sup-
plementation of lactating mothers is an efficacious way 
to improve the vitamin A status of both mother and 
breast-fed infant. J. Nutr. 123: 666-675, 1993. 
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Vitamin A deficiency is one of the most prevalent 

and important nutritional deficiencies among 
children of less-developed countries (McLaren 1986). 
Severe vitamin A deficiency causes xerophthalmia, 
and there is mounting evidence that even mild 
vitamin A deficiency contributes to increased mor-
tahty in childhood (Daulaire et al. 1992, Rah-

mathullah et al. 1990, Sommer et al. 1986, West et al. 
1991). Although pre-school children are at highest
risk for vitamin A deficiency (Tielsch and Sommer 

1984), it may also be an important public health 
problem for infants. Most trials have found that 
vitamin A supplementation reduced mortality in the 
6-11-mo age group (Daulaire et al. 1992, Rah­
mathullah et al. 1990, West et al. 1991), and in two 

studies (Daulaire et al. 1992, Rahmathullah et al. 
1990) supplemental vitamin A had the greatest mor­
tality-sparing effect in that age group. 

For regions where vitamin A deficiency is 

common, supplementation of lactating mothers has 
been proposed as a way to increase the mother's milk 
vitamin A content and provide additional vitamin A 
to the breast-fed infant. Supplementation of lactating 

mothers in the first month postpartum is currently 
recommended by the World Health Organization as 
part of vitamin A capsule distribution programs 
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1WHO/UNICEF/IVACG Task Force 1988). However, 
insufficient evidence has been available regarding the 177 Bths 
efficacy of maternal supplementation and the impor-
tance and extent of vitamin A deficiency in infancy to 

Reported 

enable policymakers to evaluate the importance of 
maternal supplementation in the face of other 
program demands. 

Other epidemiologic studies of high dose vitaminA 
supplementation of lactating women have been con­

163 Eligible 

ducted, but they have not been randomized and 
placebo controlled (Roy et al. 1989, Thanangkul et al. 
1974). A previous trial in Indonesia (Muhilal et al. 
1985) was adequately designed, but the mothers were 
suppleme.,ited later in lactation Imo 1-5) than is cur-
rently recommended, and the effect on the mother's 

Recruited 
(153into Study 

vitamin A status was not measured. 
For these reasons, we condlucted a randomized,6emgad 

placebo-controlled, double-masked trial in rural 
Central lava, Indonesia, to measure the effects of 
supplementing mothers postpartum with 312 ,mol of 
vitamin A. We hypothesized that 1) the decrease in 
mothers' vitamin A status over the first 6 mo of 
lactation would be less in the vitamin A group than 
in the placebo group, 2) the concentration of vitamin 
A in the breastmilk at mo 1-6 of lactation would be 
at least 0.17 uimol/L higher in the vitamin A group 
than in the placebo group, and 3) the vitamin A status 
of infants at 6 mo of age would be higher in the 
vitamin A group than in the placebo group. 

MATERIALS AND METHODS 

Study population.The study was conducted in 12 
villages in the subdistrict of Prembun in Central Java, 
Indonesia. This rural, agricultural area consists of 
both fertile rice plains and foothills, in which fruits, 
vegetables, lumber and spices are grown. The subdis-
trict is served by one Community Health Center 
(Puskesmas) and by a system of Integrated Health 
Posts (Posyandu) at the sub-village level. In addition 
to other services, the public health system provides
prenatal care and immunizations, and semiannually 
distributes vitamin A capsules to children age 1-5 y. 

We attempted to recruit into the study all mothers 

who delivered live infants between August I and 

December 1, 1990. Each week, field workers 
 con-
tacted the village clerks (to whom families must 
report births) as well as all midwives and traditional 
birth attendants who served the study area to obtain a 
list of the mothers who delivered infants in the past
week. The numbers of mothers who were excluded, 
refused to join, or dropped out of the study are shown 
in Figure 1. Two pairs of twins were recruited into the 
study, but in both cases only one infant remained in 
the family for more than I mo. (In one case, one baby 
died; in the other, one baby was given to another 
family.) Only data from the remaining inrfint were 
used. 

4 planed to move 
0-1 2 infant's age > 21 d 

2infantsdied 

LWU refused parucpaton 

3 stopped breastfeeding
I refused to continue 

Iinfant died
 

Completed mo.
142 of Follow-Up

(9%Retetm
 

FIGURE 1 Casefnding, recruitment and retention ofstudy participants. Of those recruited into the study, 77received vitamin A and 76 received placebo. Of the 11 who 
did not complete follow-up, 8 were in the vitamin A group,
and 3 were in the placebo group. Rates of loss to follow-up 
in the two treatment groups were not statistically signifi­
cantly different (P > 0.10 by x2 testl. 

Before beginning data collection, a number of 
meetings were held in the villages during which the 
consent and cooperation of the village leaders and the 
Community Health Center physician were obtained. 
Written informed consent was obtained from all 
study participants. The study was approved by the 
Cornell University Committee on Human Subjects 
and the Committee on Ethics in Human Biomedical 
Research of the Faculty of Medicine, Gadjah Mada 
University. 

Randomization and supplementation. When we
 
learned of a birth, the family was visited by an­an 
thropologist (and usually a local village staff person) 
who explained the purpose and procedures of the 
study and obtained written informed consent (unless
the mother refused). At 2 wk postpartum (acceptable 
range, 7-21 d), the mother was visited by several field 
workers who obtained baseline data and then ad­
ministered the intervention. 

Individual randomization to treatment codes A and 
B was done in blocks of eight according to the Moses-
Oakford assignment algorithm (Meinart 1986). We 
chose not to stratify randomization on key variables 
because with a sample size greater than 50 per group, 
the benefit from stratified randomization is small 
compared, with the logistical complexity of con­
ducting it (Meinart 1986). The allocation of treatment 

iol 
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codes A and B to vitamin A or placebo capsules was 
done by the Sight and Life Task Force, Hoffmann-
LaRoche (Basel, Switzerland), who prepared the cap-
sules. All investigators, field and laboratory staff and 
study participants were blinded to the randomization 
code until field work was completed. 

Three gelatin capsules, each containing either 104 
pmol of retinyl palmitate plus 46 ptmol of all-rac-a-
tocopherol in oil, or oil alone, were packaged in foil 
envelopes with labels bearing identification numbers 
from 001 to 200, according to the randomization 
scheme. The placebo and vitamin A capsules looked 
practically identical. The mothers swallowed the cap-
sules in the presence of field staff. One half of the 
label from the capsule envelope, bearing the identifi-
cation number, was removed and attached to a data 
form. 

Data collection regime. Mother's vitamin A status 
was assessed by serum retinol, conjunctival im-
pression cytology (CICI and relative dose response 
iRDR) at baseline, 3 mo and 6 mo postpartum. In-
fant's vitamin A status was assessed by serum retmol 
and RDR at 6 mo. A breast milk sample was obtained 
at baseline and mo 1-6 postpartum and was analyzed 
for fat content Jdata not presented) and vitamin A. 
Mother's dietary intake of vitamin A was assessed 
using a food frequency method baned on the IVACG 
guidelines JrVACG 19891 at baseliine, 3 mo and 6 mo 
postpartum. Infant's non-breast milk food intake was 
assessed by 1-wk recall at baseline and mo 1-6. The 
diets of mothers and infants in the two treatment 
groups were not found to differ at any time in the 
study (data to be presented elsewhere). Mother's 
weight was measured at baseline and 6 mo post-
partum, and height at 3 mo postpartum. Infant's 
weight was measured at baseline, 3 mo and 6 mo, and 
length at 6 mo. 

After the study was in progress, an ancillary study 
of mother's and infant's iron status was begun. This 
study was observational; no iron intervention was 
conducted. For this purpose, a follow-up visit at 8 mo 
was added to the design, at which time another breast 
milk sample was obtained. At 8 mo, a milk sample 
was obtained from 137 (90%) of the mothers. The 
milk vitamin A data at 8 mo are presented here; 

however, iron status will be presented elsewhere. 


All infants were supplemented with 104 pmol of 

retinyl palmitate at the conclusion of the study. 


Fieldmethods. All data and samples were collected 
in the mother's home (or occasionally at her work-
place). Anthropometric meaurement techniques were 
standardized as described by Habicht (1974). Mother's 
height was measured to the nearest 0.1 cm using a 
portable stadiometer. Mother's weight was measured 
to 0.1 kg with a Seca Integra digital scale (Seca Corp., 
Columbia, MD). Infant's weight was measured to the 
nearest 0.1 kg with a hanging Salter scale (Salter i 
Industrial Measurement Limited, West Midlands, En-
gland). 

Breast milk samples were collected using a manual 
breast pump (Model 500, White River, Laguna Hills, 
CA). Six local village women were trained to collect 
all the milk from one breast until no more milk could 
be obtained either by pump or by the mother's ha-xi. 
(If the mother was still able to manually express milk, 
the worker continued to use the pump. Samples were 
collected between 0900 and 1100 h from a breast that 
had not been nursed for at least 1 h. The entire 
sample was stored in a dark glass bottle on ice, then 
transported to the field office, where it was stored at 
4"C for 4 to 30 h. Before being transported to the 
laboratory, the samp'es were warmed to room tem­
perature, swirled gently to homogenize, and 200-uL 
aliquots stored in yellow polypropylene screw-cap 
tubes 112 x 75 mm, Baxter Healthcare, Edison, NJ). 

Capillary blood samples were obtained from the 
mothers by fingerprick and from the infants by finger­
prick or heelprick. Blood was collected into a Micro­
tainer serum separator tube (Becton Dickinson and 
Co., Rutherford, NN). Blood samples were transported
in coolers to the field office, where they were cen­
trifuged and stored at 4'C for 24 to 48 h before being 
transported to the laboratory. 

The RDR procedure was peUnrmed by taking a 
morning blood sample, then placing 1.75 umol of 
vitamin A in aqueous solution (Aquasol A, Rorer 
Pharmaceutical, Fort Washington, PA) on the sub­
ject's tongue. We used a dose 10% higher than the 
dose of 1.57 jumol that has been recommended based 
on clinical studies to ensure that the full test dose 
would be delivered even if a drop remained on the 
syringe. This slightly greater dose is within the vari­
ation in RDR dosages used successfully by previous 
investigators. After receiving the dose, the subject 
was urged to drink water or tea lor breast-feed, if the 
subject was an infant). A second blood sample was 
taken 5 h after the dose was given. 

Specimens for CIC were obtained using the method
 
of ICEPO (1988). Briefly, a small strip of cellulose
 
acetate filter paper )pore size 0.45 rim,Millipore,
 
Bedford, MA) was applied to the inferior-temporal 
portion of the conjuctiva, then peeled away from the
 
conjunctiva using a blunt forceps. A specimen from
 
each eye was stored at room temperature in fixative
 
for up to 3 nio until processed in the laboratory.
 

Laboratory procedures. Serum in 100-AL (occa­
sionally 50-giL) aliquots was stored in test tubes at 
-20"C until analyzed. For analysis, samples were 
thawed, and all-trans-retinyl ace-ate intenial standard 
was added. The sample was mixed with ethanol, ex­
tracted into hexane, then redissolved in methanol. 
Retinol was determined by HPLC, with methanol­
water (95:5) as eluent, using a 15-cm C18 Resolve 
column (Waters, Milford, MA). 

Pre-dose and post-dose RDR specimens were ana­
lyzed in the same batch. The RDR was calculated as 
((A5 - Ao)/As).I00, where A 0 and A 5 are the pre-dose 
and post-dose serum retinol values, respectively. 
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Milk samples were capped with nitrogen gas and 
stored at -20C until analysis. For analysis, samples 
were thawed, hydrolyzed at room temperature with 
alcoholic KOH, washed with 100 g/L NaCl, and ex-
tracted in hexane. All-trans-retinvl acetate internal 
standard was added, the extract was washed again 
with water, then redissolved in methanol. Retinol 
was determined by HPLC as described for serum. 

The CIC specimens were stained with periodic 
acid-Schiff reagent and Hams hematoxvlin and 
mounted on slides. All specimens were interpreted by 
one of us (KWMI using a light microscope, following 
the algorithm of ICEPO (1988). 

Data management and statistical analysis. All 
data were recorded onto pre-coded forms, reviewed by 
a supervisor in the field, then entered in blind 
duplicate into the computer. Data were entered and 
cleaned using the software dSURVEY (Corner 1989). 
Statistical analyses were conducted using SYSTAT 
statistical software (Wilkinson 1990). Crude 
treatment effects were tested using Student's t test for 
continuous outcomes and x2 or Fisher's exact test for 
categorical outcomes. For mother's serum retinol and 
milk retinol concentrations, the distribution of values 
in the two groups and the frequency of values <1.05 
umol/L were compared. Logistic regression was used 
co adjust for the influence of modifying variables on 
the association between treatment and infant's 
vitamin A status. Significance levels for tests ofbetween­post-intervention,treatment effects (i.e., 


group comparisons) are one-tailed, in accordance with 

our hypotheses; all other significance levels are two-

tailed. A probability level of <0.05 was considered 
statistically significant. 

RESULTS 

Baseline characteristics. The baseline charac-

teristics of the mothers and their infants are shown in 
Table 1. The age distributions of the two groups 
differed, with the placebo group being more centered 
in the 20-29-y category. Mothers who received 
vitamin A were of higher parity and had less 
schooling, although these differences were not 
statistically significant. Other socio-economic data 
(not shown) confirm that the vitamin A group tended 
toward characteristics usually associated with poorer 

health and nutmtional status. The infants' charac-
teristics were similar in the two groups, with the 
exception of sex: only 38% of infants in the vitamin 
A group were boys, compared with 52% in the 
placebo group. 

Mother's vitamin A status. Mother's vitamin A 
status was assessed by three methods: serum retinol 
concentration, RDR and CIC. In accord with other 
baseline characteristics, the vitamin A group tended 

to have lower serum retinol concentrations before 
supplementation iTable 2!. The beneficial effect of 
supplementation was evident in two ways. First, at 
both 3 and 6 mo postpartum, the serum retinol con­
centrations of the vitamin A group were significantly 
higher than those of the placebo group. The inter­
vention eifectively shifted the distribution of serum 
retinol concentrations for the vitamin A group toward 
higher values. For example, at 6 mo postpartum the 
25th, 50th ind 75th percentiles for the vitamin A 
group were 1.01, 1.18 and 1.43 4mol/L, respectively, 
compared with 0.84, 1.05 and 1.29 pmol/L for the 
placebo group. Also, at 6 mo postpartum, 30% of the 
vitamin A group had serum retinol concentrations of 
<1.05 Amol/L, compared with 47% of the placebo 
group (x2 test, P = 0.02). Second, the vitamin A group 
ended 6 mo of lactation with slightly but not signifi­
cantly higher serum retinol concentration than they 
began it, whereas the placebo group experienced a 
significant decline over the same period. 

In contrast to serum retinol, mother's RDR values 
were not significantly affected by supplementation. 
The percentages of mothers with RDR >20% at 
baseline, 3 mo and 6 mo postpartum were 9.2, 10.3 

TABLE 

Baseline characteristicsof study 1 
participants by treatmeat group 

Vitamin A placE. 
treatment 

group 

Mothers' characteristics 
Age, y 

1 10-19 8 (10.4%1 
20-29 37 148.1%) 
3-39 28 (36.4%1 
40-49 4 (5.2%) 

Total pregnancies 
1 21 127.3%! 
2-4 30 (39.0%! 
24 26 (33.8%1 

Weight, kg 47.4 ± 5.8 
Height,3 cm 150.9 ± 5.1 
Education level 

<6 y 29 (37.7%) 
I6n' a48 t73.7%1 62.3%1 

nSe crticSex 
Male 29 (37.7%1 
Female 48 (62.3%) 

Weight, kg 3.4 ± 0.4 

treatment Significance 
group level 2 

0.027 
4 (5.3%1 

54 (71.1%) 
14 (18.4%!
 
4 (5.3%!
 

0.126 
22 128.9%1 
39 (51.3%1 
1 (19.7%)
47.8 ± 6.1 0.654 

149.8 t 4.8 0.186 
0.133 

20 (26.3%! 
56 

0.089 
39 (51.3%1 
37 (48.7%! 

3.4 ± 0.5 0.917 

IFor mothers' age and total number of pregnancies and for 
infan'ts' sex, values are counts of individuals in the category. For 

mothers' werght and height and for infants' weight, values are 
means ± SD. For vitamin A group, n - 77; for placebo §roup, n - 76.2From t test for weight and height, otherwise y- test.
 

3Measured at 3 mo postpartum.
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TABLE 2 

Mothers serum retinol concentrations at baseline. 3 ma and 6 mo postpartum in the vitamin A and placebo treatment groups, 

Vitamin A treatment group Placebo treatment group
 
Time Mean z SD 
 Frequency Mean : SD Frequencypostpartum InI Median <1.05 pmol/L In) Median <1.05 mmoliL 

prmolL 1% WtmollL % 
0.5 mo 1.17 ± 0.45 1.07 45 1.31 ± 0.51 1.25 31 

1691 17113 ma 1.39 ± 0.492 1.42 21 1.24 ± 0.43 1.13 33 
1701 16916 mo 1.2.3 ± 0.343 1.18 304 1.08 ± 0.375 1.05 47 
(671 172)
 

'Treatment was administered immediately following the 0.5-mo postpartum 
 lbaselinel evaluation. Comparisons of mean values2 weretested by t test; frequencies tested by % test. P values for tests of treatment effect are one-tailed, in accord with stated hypotheses.2Vitamin A group significantly different from placebo group, P < 0.05.3Vitamin A group significantly different from placebo group, P < 0.01.4Vitamin A group significantly different tram placebo group, P < 0.02. 
5For placebo group, 6 mo value signicantly different from baseline value, P < 001. 

and 3.0%, respectively, for the vitamin A group, and than twice as common in the placebo group than in4.4, 9.0 and 1.5% for the placebo group. Differences the vitamin A group (P < 0.0051.between the groups at each time and trends within The frequency of abnormal RDR was significantly
each group over time were not statistically sig- greater among infants in the placebo group (Table 51.nificant. Because of the difference in sex distribution between

Using abnormal CIC in both eyes as the criterion the groups, we used logistic regression to adjust forfor vitamin A deficiency (the standard definitionl, the influence of sex and other variables on thethere was no clear trend in the placebo group over treatment effect. The final model included the covar­time (Table 3). In the vitamin A group, there was a iates sex, mother's total number of pregnancies, and adecreasing trend, which was not statistically sig- sex by total pregnancies interaction term. This
nificant. Using the more liberal criterion of one or
both eyes abnormal, the decreasing trend in the yielded an odds ratio of 0.30 (95% confidence limits,0.11, 0.841 for abnormal RDR (>20%) in the vitamin Avitamin A group was statistically significant (Table 31.

The placebo group showed no significant change over group relative to the placebo group. This is a larger

time. treatment effect than the unadjusted odds ratio,


Breast milk vitamin A. The vitamin A group which is 0.38 195% confidence lirmits, 0.14, 1.01),

tended to have lower milk vitamin A concentrations
 
at baseline, but following supplementation this group

had significantly higher levels for the duration of the

study (Table 41. For each point in time, supplemen- TABLE 3

tation shifted milk retinol concentrations up by 0.48 Abnormal conjunctival impression cytology (CIC 
 over 
to 1.18 pmol/L. In the vitamin A group, 1only one time by treatment group
mother's milk vitamin A was <1.05 jtmol/L at 1 mopostpartum compared with 16 mothers (24%) in the Time Vitamin A Placebo

placebo group (P < 0.0001), and at all other times milk postpartum treatment group treatment group
vitamin A concentrations of <1.05 jumol/L were sig-
 both eyes abnormal2 
nificantly less frequent in the vitamin A group than 0.5 mo (9.1%17/77 (9e% (5.3%)7/7 h 4/7orma4/76 3%in the placebo group. 3 mo 5/74 (6.8%) 7/74 (9.5%1

Infants' vitamin A status. Infants' vitamin A status 6 mo 2/69 (2.9%) 3/73 J4.1%)at 6 mo was assessed by serum retinol and RDR. one or both eyes abnormal3 

Although the range of serum retinol concentrations 0.5 ma 25/77 (32.5%) 21/76 (27.610for the two treatment groups was similar, low values 3 mo 17/74 (23.0%) 17/74 (23.0%)were more common in the placebo group (Fig. 2, 6 mo 9/69 (13.0%) 17/73 (23.3%)
Table 5). Mean serum retinol concentrations in the ITreatment was administered immediately following 0.5-mo
 
two groups differed in the expected direction, but the (baseline) assessment.

difference was not significant. However, serum 2Numbers are proportion abnormal in each grojp.
retinol concentrations of <0.52 limol/L were more 3For vitamin A group, 
X, test for trend over time, P < 0.006. 
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TABLE 4 

1 
Mothers' milk retmol concentrations at baseline and during 8 mo follow-up in the vitamin A and placebo groups

Vitamin A treatment group Placebo treatment group 

Frequency Mean = SD FrequencyTime Mean = So 
<1.05 gmol/Lpostpartum in) Median <1.05 umoiL tnl Median 

'0gmoi/L % pmol/L 

0.5 mo 2.30 ± 1.42 1.98 10 2.69 ± 1.53 2.35 8 
(70) 166) 

1 mo 3.10 ± 1.772 2.75 -2 1.92 ± 1.20 1.66 24
 

164) (671
 
2 mo 2.61 ± 1.482 2.34 133 1.76 ± 1.30 1.33 32
 

j64) (691
 
3 mo 2.45 ± 1.232 2.29 113 1.82 ± 1.28 1.47 32
 

571 1601
 
4 mo 2.80 ± 1.612 2.42 62 1.81 ± 1.13 1.59 28
 

67) (711
 
5 mo 2.38 ± 1.342 2.11 62 1.68 ± 1.01 1.41 30 

1651 173) 

6 mo 2.36 ± I !72 2.24 93 1.77 ± 0.97 1.75 24
 

(661 1701
 
S mo 2.04 ± 1.193 1.91 164 1.56 ± 0.99 1.40 28
 

1631 j65)
 

ITreatment was administered immediately following the 0.5-mo post-partum lbaselinel evaluation. Compansons ot mean values were 
tested by t test; frequencies tested by -2 test. P values are one-tailed, in accord with stated hypotheses.

2Vitaniin A group significantiv different from placebo group, P < 0.005.
 
3Vitamin A group significantly different from placebo group, P < 0.01.

4Vitamin A group significantly different from placebo group, P < 0.05.
 

DISCUSSION 

Study population. Despite random allocation to 
treatment groups, baseline characteristics of the two
 
groups were not identical. The probability that 50 , ,
 
differing characteristics between the gro,:; caused Placebo
 

the observed differences in outcome measures is in- [ -- Vitamin A 
cluded in the significance levels of the treatment 40
 
effects (Pocock 1983), i.e., that probability is <5%. By 40 I
 
chance, the vitamin A group had lower vitamin A I
 
status at baseline as assessed by mother's serum I 
retinol concentration, RDR, CIC and milk vitamin A 30 
concentration. Thus the true improvement in 
mother's vitamin A status due to supplementation is 
likely to be even larger than is apparent from simple a 
comparisons of the vitamin A group with the placebo 
group. Similarly, for the effect of treatment on in- ad 
fants' vitamin A status, adjusting for other charac- I ­

teristics resulted in larger treatment effects. 10 
Mother's vitamin A status. There are relatively 

little data on the vitamin A status of women during 
lactation, and therefore no normative values are 0 L J _J 
available with which to evaluate the degree of 0.00 0.35 0.70 L.05 L40 L75 
vitamin A deficiency in our study population. Re­
cently, reference serum vitamin A distribution curves 
for children have been published (Flores et al. 1991), FIGURE 2 Frequency distribution of infants' serun 

but these curves are inappropriate for adults because retinol concentrations at 6 mo of age by treatment group 
normal serum vitamin A concentrations increase as For vitamin A group, n - 68; for placebo group, n - 70. 
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TABLE 5 

nfan.ts" vitamin A status at 6 mo of age by treatment group 

Measure of 

vitamin A 
status 

Serum retinol cuncentrationl 
p.moJiL 

Serum retinol category2 

<0.52 umniiL 
0.52 pmol/L 

Relative dose response IRDRI 3 

<20% 

220% 


Vitamin A Placebo 

treatment treatment 
group group 

0.670 ± 0.192 0.651 = 0.260 

11)(15%) 25 (36%1 
58 (85%) 45 j64%1 

60 190%l 49 177-1 
7 (10%1 15 (23%) 

iValues are means ± SD, n - 68 for vitamin A group, n - 70 for 

placebo group. Data from iou. infants (one vitamin A. three 
placebol are missing due to laboratory error. 

2For each cutotf, numbers are counts ot infants in each category; 
I2 test for association between treatment group and serum retinol 
cat-gory, P < 0.005.

3Chi-square test for association between treatment group and 
RDR status, P < 0.03. Data trom 11 infants 1two vitamin A, nine 
placebol are missing due to laboratory error. 

children age ILewis et al. 1990. In the First National 
Health and Nutrition Examination Survey NHANES 
I) (Pilch 1987), 3.9% of adult women had serum 
vitamin A concentrations of <1.05 aimol/L. In con-
trast, in this study population 33% of placebo group 
mothers at 3 mo postpartum and 4790 at 6 mo post-
partum had values below this cutoff. Even among 
mothers in the vitamin A group, the proportion of 
serum retinol values <1.05 molL was 219/%at3mo 
postpartum and 30% at 6 mo postpartum. 

Because serum retinol concentration is homeostati-
cally controlled over the range of adequate liver 
stores, an increase in serum retinol concentration 
following high dose supplementation is considered 
evidence of vitamin A deficiency JUnderwood 1990). 
Typically, a 30-d period (pre-dose to post-dose) has 
been used (Flores et al. 1984 and 1991). In this study, 
mother's serum retinol concentrations were still sig-
nificantly higher 3 mo post-supplementation. On this 
basis, this population of lactating women can be said 
to be vitamin A deficient, 

A rise in serum retinol concentration following 
supplementation is also the basis for the RDR 
method, and very high agreement has been reported 
between baseline RDR and 30-d response in children's 
serum retinol following high dose supplementation 
(Flores et al. 1984 and 1991). It is therefore surprising 
that <10% of mothers in this study had low vitarin 
A status as assessed by RDR. Physiologic factors, such 
as protein deficiency, that could cause a vitamin A-
deficient person to have a normal Ii.e., nonresponsive) 
RDR test would also interfere with the utilization of a 

high dose of vitamin A. Because oi the significant rise 
in mothers' serum retinol concentrations following 
high dose supplementation, neither vitamin A suffi. 
ciency in the population nor other physiologic charac. 
teristics of the population can explain the infrequency 
of abnormal RDR in this population. 

A possible explanation for the insensitivity of RDR 
to vitamin A deficiency in this study is that the dose 
of vitamin A used in the RDR test 1.57 itmol or 450 

pg) is appropriate for children land the infants in this 
studyl but too small for adults. This has also been 
suggested by Solomons et al. j1990), who found sur­
prisingly low rates of abnormal RDR values in a 
population of Guatemalan adults believed to be 
mildly vitamin A deficient. 

Further evidence of vitimin A deficiency in this 
population of mothers is the fact that the serum 
retinol concentrations of the placebo group declined 

over the first 6 mo of lactation. From our assessments 
at 3-mo intervals of the dietary vitamin A intake of 
the mothers, no effect of season was observed (data 
not shown). We attribute the decline in maternal 
vitamin A status over lactation to the transfer o,' a 

large quantity of vitamin A from the mother's stores 
to the infant via the mother's milk, coupled with an 
intake of vitamin A that is not increased sufficiently 
during lactation to balance the drain on her stores. 
Similai declines in serum retinol concentration 
during lactation have been observed in El Salvadoran 
(Arroyave et al. 1974) and Gambian lBates 1983) 
women. 

Supplementation with 312 mol of vitamin A im­
proved mother's vitamin A status and offset the 
depleting effect of the first 6 mo of lactation; 
however, it did not increase the mother's stores of 
vitamin A enough for her to remain vitamin A replete 
throughout lactation. The decline in serum retinol 
concentration from 3 to 6 mo postpartum in the 
vitamin A group was nearly parallel to that in the 
placebo group. Supplementation seems to have 
simply raised the starting p-int for their decline. 

To our knowledge, this is the first report of CIC 
results from a population of mildly vitamin A­
deficient adults. Because xercphthalmia is rare in 
adults )Tielsch and Sommer 19P41, one would expect 
lower prevalences of abnormal CIC in adults than in 
preschool children. The prevalence of cases with both 
eyes abnormal was <10%, although about a quarter of 
the population had one eye abnormal. The trend 
toward decreasing prevalence of abnormal CIC fol­
lowing supplementation suggests that improved 
vitamin A status resulted in healthier conjunctivas in 
these women. 

Two points about the CIC data deserve consider­
ation. -First, the prevalence of abnormal CIC in the 
vitamin A group decreased from 3 to 6 mo post­
partum as well as from baseline to 3 mo postpartum. 

i If the observed trend is caused by improved vitamin A 
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status, then the healing process is a relatively slow 
one. In children, reversion from abnormal to normal 
CIC tollowing high dose vitamin A supplementation 
takes from 2 wk to >2 mo (Natadisastra et al. 1987). 
Second, the serum retinol concentration of the 
placebo group declined during lactation, but there was 
no trend toward increasing prevalence ot abnormal 
CIC over the same period. Apparently there is a lag 
period between the response of biochemical indi-
cators of vitamin A status to vitamin A supplemen-
tation and response of CIC. 

Although mothers' serum retinal, RDR and CIC 
were not measured after 6 mo postpartum, the fact 
that the milk retinol concentration of supplemented 
mothers was significantly higher at 8 mo postpartum 
is evidence that the effect of supplementation on the 
mother's vitamin A status persisted for at least 8 mo. 

Breast milk vitamin A. The mean breast milk 
vitamin A concentrations for both groups are in the 
range measured in American (Kim et al. 1990, 
Vaisman et al. 1985) and Swedish (Gebre-Medhin et 
al. 1976) womcn. Mean breast milk vitamin A con-
centrations in populations in less developed countries 
vary widely. In studies of mothers' serum and milk 
vitamin A concentrations in Thailand (Thanangkul et 
al. 19741, Bangladesh (Roy et al. 1989), El Salvador 
(Arroyave et al. 1974) and The Gambia jBates 1983), 
mean serum retinal concentrations were 1.15, 1.32, 
1.08 and 1.11 umol/L, respectively, whertas mean 
milk vitamin A levels (at mo 3-4 of lactation) were 
1.50, 1.11, 0.63 and 1.84 jumol/L. These divergent 
milk vitamin A levels in areas with similar serum 
concentrations may reflect variation in methods for 
sampling and determining milk vitamin A as much as 
they reflect biological variation among the popula-
tions-milk is a much more heterogenous fluid than 
serum. The mean m1 ik vitamin A levels in our 
placebo group (-1.75 Amol/L are nearly triple the 
mean level of 0.61 Amol/L recently reported in West 
Java iMuhilal et al. 1988). (Mothers' serum retinal 
levels in West Java were not measured.) This could be 
due to differences in the vitamin A status of the study 
populations or differences in methods. In the West 
Java study, milk samples were collected in the middle 
of a feeding, and vitamin A was analyzed by the 
trifluoroacetic icid method. 

In contrast to serum concentrations, milk vitamin 
A levels in both groups were relatively constant from 
mo 2 to mo 8 of lactation. It is generally true that 
during the fir- 2 mo of lactation, milk vitamin A 
concentrations decline from the high levels of 
colostrum to the lower levels of mature milk and 
then remain relatively constant (Wallingford and Un-
derwood 1986). Among the sudies mentioned above, 
in Fhailand (Thanangkul et al. 1974) and Bangladesh 
(Roy et al. 1989) milk vitamin A levels were fairly 
stable after mo 2 of lactation, but in El Salvador 
(Arroyave et al. 1974) milk levels declined from mo 2 

to mo 4 of lactation. 

Infants' vitamin A status. Breast-feeding has been 
shown to protect against vitamin A deficiency in 
infancy (Tarwotio et al. 1982, West et al. 19861; 
nonetheles:,, brcast-ted infants of mothers with mar­
ginal vitamin A status may be vitamin A deficient. 
Nearly one-fourth of infants in the placebo group ha. 
RDR values >20% at 6 mo of age indicating critically 
low liver stores. Infants are born with low rese,-ves of 
vitamin A even if the mother is not vitamin A defi­
cien. Wallingtord and Underwood 1986) and are de­
pendent on vitamin A-rich breast milk to build up 
stores of the vitamin. In this study, vitamin A sup­
plementation of the mother protected infants from 
serum retinal concentrauons of <0.52 ;imol/L ar.d 
decreased the odds of low liver stores by about two­
thirds at 6 mo of age. 

It is possible that the difference in vitamin A status 
between the vitamin A and placebo groups was even 
larger later in iniancy. Because the mothers' milk 
vitamin A was still elevated until at least 8 mo 
postpartum, the effect of the intervention on the in­
fants' vitamin A stores may have continued to ac­
cumulate into late infancy. As supplementary foods 
(which are often low in vitamin A) gain importance in 
the infant's diet, the infant will become more de­
pendent on its vitamin A stores. Thus the health 
benefits to the infants from this intervention may be 
reaped in late infancy or the second year of life. 

Other studies of maternal vitamin A supplemen­
tation. Several epidemiologic studies of vitamin A 
supplementation during lactation have been con­
ducted using vitamin A-rich or fortified foods as the 
form of supplement. In a trial of the effects of vitamin 
A fortification of sugar in El Salvador Arroyave et al. 
1974), mothers' serum and milk vitamin A concentra­
tions at 4 mo postpartum were significantly greater 
than in mothers who consumed nonfortified sugar. 
Infants' serum retinal concentrations were higher in 
the intervention group, but not significantly so. 
Vitamin A fortification of monosodium glutamate in­
creased mothers' milk vitamin A levels in West Java 
(Muhilal et al. 1988). However, in a relatively vitamin 
A-replete population of Filipino mothers, con­
sumption of vitamin A-fortified monosodium 
glutamate improved vitamin A concentrations in 
serum but not milk (Bongga 1982). Provision of a 
vitamin A-rich food supplement to Gambian mothers 
did not raise mothers' serum retinol concentrations 
(Bates 1983), but this study was not randomized and 
was inadequately controlled. 

Three other studies of high dose vitamin A sup­
plementation to lactating women in less developed 
countries have been reported. In a randomized, 
placebo-controlled trial in West Java, supplemen­
tation of mothers at 1-5 mo postpartum with 416 
/,inolof vitamin A increased milk vitamin A levels at 
3 mo ppst-supplementation by 0.35 tmol/L and sig­
nificantly increased infants' serum retinal concentra­

tions at 6 mo post-supplementation (Muhilal et al. 
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1985). In a nonrandomized study in Thailand jumol at 6 mo (WHO/UNICEF/IVACG Task Force7(Thanangkul et al. 1974), supplementation of mothers 1988). Assuming 30% of vitamin A from a high doseat delivery with 312 umol of vitamin A raised serum is retained (West and Pettiss 1986), the net sup.retinol concentrations in the mothers through mo 9 plement is 78 umol. Thus, in this study population,postpartum, raised milk levels by -0.17 timol/L high dose vitamin A supplementation of the lactatingthrough mo 7 postpartum and raised infants' serum mother delivered an amount of vitamin A to theretinol concentrations at mo 1-7 of age, relative to a infant similar to what could be provided by direct group that received no intervention. Finally, in Ban- supplementation of the infant.gladesh (Roy et -l. 1989;, supplementation of mothers For populations in which breast-feeding rates areat delivery with 208 ,imol of vitamin A raised high, the strategy of maternal supplementation offersmothers' serum concentrations for at least I mo post- several advantages over direct supplementation of thepartum and raised milk vitamin A levels by 0.2-0.7 infant. First, supplementing the lactating mother is/mol/L for mort than 6 mo. This study was ran- one of the sviest ways to deliver vitamin A to thedomized, but noi piacebo controlled, and the infants' infant, because it effectively gives the infant a dailyvitamin A status was not assessed. low dose supplement for at least 8 mo, in a form thatIn summary, all trials conducted in populations is well absorbed .nd utilized. When I- o 6-y-oldwith marginal to low vitamin A status found that children are given high dose vitamin A supplements,mothers' serum and milk vitamin A concentrations transient side effect rates of 8.8%, are attributable toincrease in response to vitamin A supplementation. the supplement (Florentino et al. 1990); side effectEffects on the infant's vitamin A status have bef.j rates from high dose vitamin A supplementation ofmore equivocal, with szatistically significant effe. ts infants have not yet been reported. Second, mateinalfound in the Indonesian jMuhilal et al. 19851 and Thai supplementation requires one contact with a vitamin(Thanangkul et al. 1974) studies but not in the El A delivery system, whereas direct supplementation toSalvadoran study !Arroyave et al. 1974). In the present the infant requires at least two contacts. Third, twostudy, maternal supplementation had a small impact people benefit from maternal supplementation: theon the mean serum retinol concentration of the in- mother and the infant. Public health policymakersfants but significantly protected infants from serum must weigh the relative feasibility and benefits fromretinol concentrations of <0.52 urnol/L. This is the these supplementation strategies within their specificfirst study in which infants' liver stores of vitamin A programmatic contexts. Where resources permit, itwere assessed using the RDR method. The RDR may be appropriate to conduct a combinationresults confirm that matcrnal vitamin A supplemen- maternal and infant vitamin 
of 

A supplementation.
tation improved the vitamin A status of the infants. 

Comparison with other supplementation strate­
gies. Vitamin A supplementation of lactating mothers ACKNOWLEDGMENTS 
as a way to improve infants' vitamin A status should
be evaluated in light of other interventions, such as I The authors wish to thank Kenneth Brown for hisdirect supplementation of the infant. For this purpose, help as a field consultant and Jean Humphrey for one ca- cstimate the amount of vitam.n transferred providing training in CIC. We also thank Suharto,to tme infants in this study due to supplementation of Prembun Community Health Center, Kebumen,their mothers. Assuming that breast milk intake was Central Java, who provided us with local support and
600 mL during the first half of infancy and 400 mL advice. Finally, the competent and enthusiastic help
during mo 7-9, and that the mean milk vitamin A of the ASMTA field staff and the support of ourconcentration at each measurement point represents colleagues at the Clinical Epidemiology Unit ofthe time surrounding it, the breast milk vitamin A Gadjah Mada University are warmly acknowledged.

intake in the vitamin A group over 9 mo of breast­
feeding was 114 
 jimol higher than in the placebo 
group. Assuming 90% of vitamin A in human milk is i LITERATURE CITED

absorbed (ESGPAN Committee on Nutrition 1977),

the net supplement to the infant was -103 Amol. 
 Arroyave, G., Begh.n, ., Flores, M., Soto de Guido. C. & Ticas, 1.M.
(Using median milk vitamin A values instead of 
 (1974) Efectos del consumo de azucar iortificada con retinol, pormeans gives an estimate of 99 jmol.) For the subset of la madre embarazada y lactante cuva dieta habitual es bala enmothers with baseline milk vitamin A of <1.39 umol/ vitamina A. Estudio de ]a madre y del nino. Arch. Latinoam.Nutr. 24: 485-512.L, the net supplement to the infants is even higher, Bates, C. 1.(19831 Vitamin A in pregnancy and lactation. Proc. Nutr.
-130 jimol. Soc. 42: 65-79.

For comparison, the maximal current recommenda- Bongga, D. C. (19821 Vitamin A Supplementation of Lactatingtions for high dose vitamin A supplementation of Wpmen in The Philippines: Its Effect on Milk and Seruminfants in vitamin A-deficient regions during the first Vitamin A. Doctoral thesis, Cornell University, Ithaca, NY.Corner, G. 6i989) dSURVEY User Manual. Helkom Pty. Ltd.,9 mo of life are 52 Atmol before 6 mo of age and 104 Pearce, ACT 2607, Australia. 



675 IN LACTATIONHIGH DOSE VITAMIN A SUPPLEMENTATION 

Daulaire, N.M.P., Starbuck, E. S.,Houston, R. M., Church, M. S., 

Stukel, T. A. & Pandey, M. R. (1992) Childhood mortality after a 

high dose of vitamin A in a high risk population. Br. Med. 1.304: 

207-2 10. 
t19771 Guidelines on infantESGPAN Committee on Nutrition 

nutrition. I. Recommendations for the composition of an 

adapted formula. Acta Paediatr. Sand. Suppl. 262: 8-10. 

Florentino, R. F., 	 Tanchoco, C. C., Ramos, A. C., Mendoza, T S., 
& Sommer, A. t1990) ToleranceNa:ividad, E. P.,Tangco, I.B.M. 


of preschoolers to two dosage strengths of vitamin A prepa-


ration. An.. 1. C'in. Nutr. 52: 694-700. 

Flore, H., Azevedo, M.N.A.. Campos, F.A.C.S., Barreto-Lins, M. C., 

C.,valcanti. A. A., Salzano, A. C., Varela, R. M. & Underwood, B. 

A. j19911 Serum vitamin A distribution curve for children aged 
2-6 y known to have adequate vitamin A status: a reference 
population. Am. I. Clin. Nutr. 54: 707-711. 

Flores, H., Campos, F., Arauio, C.R.C. & Underwood, B. A. (1984) 
Assessment of marginal vitamin A deficiency in Brazilian 
children using the relative dose response procedure. Am. J.Clin. 

Nutr. 40: 1281-1289. 
Gebre-Medhin. M., Vahlqurst, A., Hofvander, Y., Uppsall, L.and 

Vahlquist, B. (1976) Breast milk composition in Ethiopianan 
1. Vitamin A and 3-carotene. Am. 1. Clin.

Swedish mothers. 
Nutr. 29: 441-451. 

de inethodos epidemiologicos-P. 19741 Es' ,indardizacion 
Of. Sanit. Panam. 76:Habicht, 

cuantitativos sobre el terreno. Boletin 

.375-384. 
of Vitamin A status by Impression Cy-ICEPO (19881 Assessment 

Preventivetology: Training 	Manual. ICEPC, Dana Center for 
The Wilmer Institute and School of HygieneOphthi!m'ology, 

and Public Health of The Johns Hopkins University, Baltimore, 

MD. 	
Group (IVACGI (1989)Vitamin A Consultative 

Guid.iines for the Development of a Simplified Dietary As-
Risk for Inadequate Intake of 

International 

sessment to Identify Groups at 
Vitamin A. International Life Sciences Institute-Nutrition Foun-

dation, Washington, DC. 
Kim, Y., English C., Reich, P., Gerber, L. E.& Simpson, K. L. 11990) 

Vitamin A and carotenoids in human milk. 1.Agric. Food Chem. 

38: 1930-1933. 
Lewis, C. I., McDowell, M. A., Sempos, C. T., Lewis, C. L. & 

Yetley, E. A. 11990) Relationship between age and serum 
vitamin A in children aged 4-11 y. Am. I. Clin. Nutr. 52: 
353-360. 

McLaren, D. S.(19861 Global occurrence of vitamin A deficiency. 
In: Vitamin A Deficiency and Its Control iBauemteind, J. C., 
ed., pp. 1-18. Academic Press, Orlando, FL. 

Meinart, C. L. 11986) Clinical Trials: 	 Design, Conduct, and 
Analysis. Oxford University Press, New York, NY. 

Analyss Ord niversiAty Pessdn, Nework, N.Academic 

Muhilal, Murdiana, A., Azis, I., Saidin, S., TahariWA. B. & Karyadi-

D. (1988) Vitamin A-fortified monosodium glutamate and 
vitamin A status: a controlled field trial. Am. J. Clin. Nutr. 48: 

1265-1270. 
Muhilal, Permaesih, D., Saidin, M., Murdiana, A., Wiramihardia, K. 

K. & Karyadi, D. 11985) Dampak pemberian vitamin A dosis 

tinggi pada ibu menyusui terhadap status vitamin A anak. 

Penelitian Gizi dan Makanan 8: 5-19. 
J. R., West, K. P., Muhilal & Sommer,Natadisastra, G., Wittpenn, 

A. (19871 Impression cytology for detection of vitamin A defi-

ciency. Arch. Ophthalmol. 105: 1224-1228. 

Pilch, S. M. (19871 Analvsis oi vitamin A data from the health and 
. Nutr. 117: 636-640.nutrition examination surveys. 

Pocock, S. T.(1983) Clinical Trials. John Wiley & Sons, New York. 

NY. 
Rahmathullah, L.. Underwood, B. A., Thulasirai, R. D.. Milton, R. 

C., Ramaswamv, K., Rahmathullah, R. & Babu. G. 11990) 

Reduced mortality among children in southern India receiving a 

small weekly dose or vitamin A. N. Engl. I. Med. 323: 929-935. 

Roy, S. K., Islam, A., Molla, A. & Akramuzzaman. S. M. (19891 

Dynamics of vitamin A levels in the breastmilk ot mothers or 

low socio.economic status in Bangladesh. Paper presented at 

IVACG meeting, November 5-10, 1989, Kathmandu, Nepal. 
Bulux, I., Guerrero,Solomons, N. W., Morrow, F. D., Vasquez, A., 

A-M. & Russell, R. M. (19901 Test-retest reproducibilitv of the 
relative dose response for vitamin A status in Guatemalan 
adults: issues of diagnostic sensitivity. 1. Nutr. 120: 738.-744, 

Sommer, A., Tarwotio, I., Diunaedi, E., West, K. P., Jr., Loeden, A. 
A., Tilden, R., Mcie, L. & the ACEH Study Group. (19861 Impact 
of vtami A supplementation on childhood mortalty a ran­

1: 1169-1173.domised controlled community trial. Lancet 
Tarwotto, I.,Sommer, A., Soegiharto, T., Susanto, D. & Muhilal 

(1982) Dietary practices 	 and xerophthalmia among Indonesian 

1. Clin. Nutr. 35: 574-581. .&Dm. aiaog
TaaguOPol.taw
children. Am. 
Thanangkul, 0.. Promkutkaew, C.. Wanivapong, T. & Dam­

rongsak, D. (19741 Comparison of the eftects or a single high 
mother and infant upon plasmadose ot vitamin A given to 

A in the infant. Presented at a oint WHO/levels of vitamin 
A Deiciencv: Pri-USAID meeting: The Control of Vitamin 

Programmes. NUT/WP/74.114.onties for Reseaich and 	Action 

Jakarta. Indonesia.
November 25-29, 1974, 

Tielsch, 1.M. & Sommer, A. (19841 The epidemiology of vitamin A 

deficiency and xerophthalmia. Annu. Rev. Nutr. 4: 183-205. 

Underwood, B. A. (19901 Methods for assessment of vitamin A 

I status. J. Nutr. 120: 1459-1463. 
Vaisman, N., Mogilner, B. M. & Sklan, D. (19851 Vitamin A and E 

content of preterm and term milk. Nutr. Res. 5:931-935. 

Wallingiord, J.C. & Underwood, B.A. 19861 Vitamin A deficiency 
Vitamin Ain pregnancy, lactation, and the nursing child. In: 


Deficiency and Its Control (Bauerneind, 1.C., ed.), pp. 101-152.
 

Academic Press, Orlando, FL.
 
West, K. P., Chirambo, M., Katz, J., Sommer, A. & the Malawi 

Survey Group (19861 Breast-feeding, weaning patterns, and the 
risk of xerophthalmia in Southern Malawi. Am. I. Clin. Nutr. 
44: 	690-697. 

vitamin A deficiencyWest, K.P. & Petiss, S. T. (1986) Control of itamin Aro
oic on
W est pe A 
by the vitamin A peiodic oral dosing approach. In: Vitamin A 

pp. 325-357.ADeicCdl, 

Pss, Orlando, 	 FL. 

West, K. P., Jr., Pokhrel. R. P., Katz, J., LeClerq, S. C., Khatry, S. K., 
Shrestha, S. R., Pradhan, E. K., Tielsch, J.M., Pandey, M. R. & 

Sommer, A. (19911 Efficacy of vitamin A in reducing preschool 

child mortality 	;n Nepal. Lancet 338: 67-71. 
Task Force 119881 Vitamin t,Supplements:WHO/UNICEF/IVACG 

the Treatment and Pre,,ention ofA Guide to Their Ue in 
Vitamin A Deficiency ai'd Xerophthalmia. Wc,'d ilealth Or­

ganization, Geneva, Switzerland. 
Wilkinson, L.(19901 SYSTAT Version 5.02. SYSTAT Inc., Evanston, 

IL. 



0UTF , 	 SUMMARY 
REPORTCIDA TO 

Revised to Jan 5/93 

9-ogram 

Effectiveness of Vitamin A Supplementation 

in the Control of Young Child Morbidity 

and Mortality in Developing Countries 
SUMMARY REPORT 

G.H. Beaton, R. Martorell, K.A. L'Abb6, B. Edmonston, 

G. McCabe, A.C. Ross and B.Harvey 

A project of the
 
International Nutrition Program
 

Department of Nutritional Sciences
 
Faculty of Medicine, University of Toronto
 

Toronto, Ontario, Canada M5S 1A8
 

Funded by the
 
Canadian International Development Agency
 

Contract: 8714, RC: 871/11109
 
Commitment: 127333, Supplier S30854
 

January 7, 1993
 

Tha prweot we. financally supported by the Canadlan 
Interna'ona' Development Agenoy. However the views 
'xpresaed herein do not neoearily reprwnt the view of 
either CIDA or the Government of Canad& 

© University of Toronto, 1992 
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This document presents a summary of the main findings, and their 
interpretation, of a review of controlled studies of the effect of vitamin A 
supplementation on young child morbidity and mortality. The analyses and 
arguments supporting these findings and interpretations are presented in the 
Final Report to CIDA and are not presented here. In presenting interpretations, 
special emphasis has been placed on findings and interpretations that appear 
particular;y relevant to policy development and programme design. 

The full report gives emphasis to an important disclaimer offered by the 
authors. It is repeated here for perspective. While most of the studies available 
for review involved the periodic administration of high potency doses of 
vitamin A, the reviewers have interpreted the analyses and conclusions to relate 
to effects of improvement of vitamin A status and suggest that such benefits 
are likely to be achieved in any programme approach that is as effective as, or 
more effective than, the reviewed studies in improving vitamin A status. Thus, 
the specific disclaimer was that the final report, and this summary, should not 
be taken as an evaluation or endorsement of a particular approach to 
improvement of vitamin A status. 

Specific Goals of the Review of Experience: 

Under the original contractual agreement, there were three goals specified. These are. 

set forth below. 

to review and assess the available experience with regard to the effect of 

vitamin A supplementation on young child morbidity and mortality. 

a to advise CIDA on the apparent effectiveness of vitamin A supplementation in 

young 	children in developing countries 

* 	 to estimate, to the extent possible, the tange of effects for mortality and 

morbidity outcomes expected under various nutritional and ecological 

circumstances and for various subgroups of the population. 

These goals were to be addressed in the connotation of informing policy decisions but the 

review , assessment and formulation of policy was not included in the assigned mandate. It 

is understood that another group, with different composition and with additional background 

documents, will address policy implications of the report. The following summary is presented 

under the headings of the three specific objectives, rephrased as questions that were 

addressed.
 

Identify and Review Controlled Trials 

We were able to identify and examine 10 mortality trials and 19 morbidity trials 

(including morbidity results from the 10 mortality trials). This included both published and 
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Fig. 1. Impact of Vitamin A Supplementation on Mortality of Infants and Children 6 months 
to 5 years. Shown are the point estimates and 95% Confidence Intervals for the eight 
original studies reviewed in detail. Also shown are two summary estimates for the 
relative effect, taking into account all 8 studies. These have the same point estimates, 
a 23% reduction in mortality, but differ in the estimated Confidence Intervals. The 
second estimate (SUMMARY2) takes into account the between study variation that we 
believe exists. Technically it Is derived from a random effects model. The Prediction 
Interval for a future programme or study Is also presented. Again the predicted average 
effect is 23% but the interval describing possible actual ei -;ts is greatly expanded 
(see text for explanation). 
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What can be Expected in Future Programs? 
The third goal specified in the contract is perhaps the most important. It addresses the 

important planning question of what should we expect in a new programme in a new setting? 

Below we divide our response to the third goal into two sub-questions: Where (in what 

population setting(s)) can one expect vitamin A to be effective? and What is the range of 

effect to be expected? 

Where is Improvement of Vitamin A Status Most Likely to Affect 

Morbidity and -Mortality? 

The obvious answer to this question is "Where vitamin A deficiency is now a serious 

problem." For the mortality trials, all of which had been conducted in settings where it had 

been assumed vitamin A was a public health problem under the WHO definition, we attempted 

to ask about population-level predictors of the relative effect. For these analyses we had only 

8 studies and with such a small sample, subtle effects might go undetected. However, any 

major effects should have been seen. 

We found no relationship between the baseline prevalence of xerophthalmia and the 

relative effect of vitamin A. Thus we have to conclude that while the existence of clinically 

apparent deficiency was a marker for all programmes, the actual prevalence added very little 

additional information in predicting outcome. One very important question is unanswered. 

There were no studies conducted in populations with biochemical evidence of vitamin A 

depletion but without associated evidence of clinical manifestations of deficiency (Ghana 

came closest to this situation). Thus we can reach no firm conclusion about the impact of 

vitamin A to be expected in populations where there is eviden 3of depletion but not evidence 

that depletion is severe enough to produce clinical lesions in at least a small proportion of 

individuals. This, unfortunately leaves as judgemental the potential impact of programmes in 

a very substantial part of the developing world. 

We found no impact of the prevalence of stunting or wasting or of the interaction with 

xerophthalmia prevalence on the prediction of the relative effect of vitamin A. We note 

however that all of the population groups studied exhibited a high prevalence of stunting and 

shared the common feature of representing the poorer segments of the population exhibiting 

the stigmata of early deprivations and undoubtedly also a common social/biological 

environment favouring high morbidity and mortality. Thus, stunting was seen more as a 

marker of the environment of early growth and development than as an index of current 
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We suggest, in keeping with conclusions reported by the Sudan study, that it may be 

timely to review with care the evidence supporting the existing guidelines for high potency 

periodic dosing. It may be that the combination of dose (200,000 IU after one year) and 

frequency (6 months interval) was inadequate in the Sudan setting although apparently 

adequate in other studies following a similar dosing schedule. 

What is the Range of Expected Effects for Future 

Programmes? 
Given that we were unable to explain the variation in reported results among the 8 

mortality trials, we must base any prediction on the total experience. In Fig 1, we included 

a portrayal of the Prediction Interval applicable to a new study but based on the review of 

past experience. This interval includes the possibility that a new study will have no effect on 

mortality (such was a part of the experience). It includes also the possibility that a new study' 

might have an effect much greater than the average 23% reduction expected. In the main 

report we developed this concept further and actually developed probabilities that could be 

attached to various levels of effect. These are portrayed in Table 1. These might be 

interpreted in the following manner. If 

justification of a vitamin A control TaMle 1. Probabflity That a Vitamin A 

programme requires that there be a morta;ity Effect of Specified MRgnitude Wig bePresent in a Future Study. 
reduction of at least 10%, then we suggest 

that there are about 9 chances in 10 MORTALITY .......... Probability 

(probability = 0.89) of an effect at least this REDUCTION 

large being present in a programme that Any effect 0.98 

does improve vitamin A status to a degr6e, > 10% 0.89 

comparable to the reviewed programs. If . 20% 0.62 

20% reduction is needed, then the > 30% 0.23 

probability of achievement is 0.6 (3 chances > 40% 0.03 
in 5). However if reductions of 30% and 40 

% are sought, the probabilities fall to 0.2 

and 0.03. All of these may be contrasted to 

Estimates assume a clustereffect(DEFF = 1.3). No new sifurdy
sapln vIa ined inti
sompling variance included in this 

the probability of better than 97% that some model of the expected true effect. 

effect will be produced. 

We also cautioned, in our main 
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directly estimated by the research project). We did not have opportunity to test these 

hypotheses and warn only that we do not know whether vitamin A treatment is equally 

effective in children that might have been excluded - hence we do not know whether the 

predicted effect of vitamin A (23% reduction in mortality) is applicable to true basefine 

mortality rates. From those studies in which the baseline and control group mortalities 

appeared comparable, the reported effect of vitamin A appeared comparable. Therefore we 

think the relative effect is applicable to true baseline mortality rates. It was also reported in 

the Tamil Nadu study that inclusion or exclusion of children treated for xerophthalmia (and 

then left in their original treatment group assignments) did not change the estimated relative 

effect of vitamin A. Thus, although that type of exclusion of a high risk group might alter 

apparent mortality rates (in both control and treated groups) without influencing the estimate 

of effect of vitamin A. What the planner must recognize is that in a programme setting, 

without a concurrent control group, reductions from baseline mortality attributable to any of 

these causes might appear to be results of the intervention. In this sense our estimates of the 

real effect could be smaller than the apparent effect seen in an operating programme. 

Offsetting this, of course, would be lower 'compliance' rates expected in an operational 

programme as compared to a research study. 

The Distinction Between Relative and Absolute Effects of 

Vitamin A on Mortality 

All of the results described ABSOLUTE IMPACT OF VITAMIN A
 

above refer to the relative effects EXPRESSED AS LIVES SAVED
PER 1000 SUBJECTS COVERED
 
of vitamin A, the proportional
 

reduction in mortality. We have 30 30
 

-U,. "v"e "M00 T

shown fro .e 12-"25shown from those analyses that LM T 

I A 
there was no apparent effect of EV 20.. ........................................ 20 L
 

gender, age or mortality rate. s.... ....... ................................. Is 0
 
AT
 631 R 

However, it is to be recognized V .. ..... 10 AE=f H L

111111
IEE 

that if the relative effect is E HEEH 

_________EH 

unchanged, then the absolute 0 ..... 
0.8,,1 1-2 2-38 3-4 4-6 

effect (number of lives saved) AGE INTER.L (yearm)
Assames a 231% rduotlon In fortsally 

must be directly proportional to Mean m23t fty rates UI m exai 

the baseline mortality rate: 
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environment and associated early growth failure 

0 presence of clinicalmanifestations of vitamin A deficiency at least sufficiently 

prevalent to meet the WHO criteria of a public health problem. 

A very important unanswered question is whether such populations, lacking evidence 

of clinical manifestations of vitamin A deficiency, but presenting biochemical evidence of 

major vitamin A depletion, would also be responsive to improvement of vitamin A status. 

Programme Approaches 
This analysis of experience was not designed to compare programme approaches, 

nevertheless some interesting observations relevant to the topic can be offered. First, it was 

demonstrated, without doubt, that daily (through fortification of monosodium glutamate, 

MSG) and weekly intakes of physiological levels of vitamin A (Tamil Nadu) were just as 

effective as periodic high potency dosing. It follows, in the judgement of the reviewers that 

any approach to improving vitamin A status that effectively controlled xerophthalmia would 

have beneficial impact on mortality comparable to that reported. We noted also a recent report 

from an Indonesian study that one time dosing of women shortly after birth was effective in 

raising breast milk vitamin A levels and improving the vitamin A status of the infant for at 

least 6 months. This might be a strategy worthy of exploration if the target group is young 

infants. 

Finally it must always be remembered that vitamin A is potentially toxic and may be 

teratogenic during pregnancy. In the studies reviewed there was some evidence of transient 

side effects of high potency dosing (e.g reports from Ghana VAST) but no evidence of actual 

toxicity. Conversely, there was some suggestion (Sudan, and perhaps also Hyderabad) that 

the 200,000 IU x 6 month interval for children over one year may have been inadequate to 

evoke a beneficial response. That would be in keeping with an earlier review of oral dosing 

with vitamin A in the control of xerophthalmia. That review suggested that while the 

suggested dose level appeared adequate to prevent xerophthalmia, it did not appear adequate 

to sustain blood and tissue levels over 6 months. It is suggested that there is need for 

continuing review of the norms for periodic high potency vitamin A dosing if that approach 

to intervention is chosen. Such review might focus upon the dose x frequency combination 

required to sustain blood levels (and presumably tissue stores) without necessarily having to 

document a mortality effect. 
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EFECTXVIDAD DE LA SUPLEMENTACION CON VITAMINA A

EN EL CONTROL DE LA MORBI-MORTAUDAD
 

DE LOS NIN4OS EN PAISES EN DESARROLLO
 

Extracto del Informe Resumido
 

Aclaraci6n 
En la mavoria de los estudios revisados, se administr6 dosis de vitaminaA de alta potencia. Los revisores mterpretaron los anAlisis v conclusiones en relacdn 
con los efectos del meioramuento del estado de vitamina A en general v sugieren quetales beneficios se esperanan de cuaiquier programa que consiga ei msmo rovel omejore el estado de vitamina A. No se debe interpretaT este estudio com,, unaevaluaci6n o recomendaci6n para una accj6n particular de mejoramiento del estado de 
vitamina A. 

Objetivos Especificos de la Revisi6n de Experiencias 

revisar y ponderar las expenencias dispoubles respecto al efecto de la
suplementacion con vitanna A en Ia morbi-mortalidad de los nifios 

+ informar a CIDA (Agencia Canadiense de Desarrollo Internacionai) sobre laefectividad aparente de la suplementaci6n con vitamina A a los nifos en paises 
en desarrallo 

en ia medidia de lo posible, estimar el ran -o de eiectos sobre ia morbi-mortalidad 
que se puede esperar bajo diferentes condiciones nutricionales v ecol6gicas en los
varios subgrupos de oblaci6n 

Identificaci6n y Revisi6n de Estudios Controlados 

Se pudo identficar v esrudiar 10 investigaciones de mortalhdad v 19 de morbilidad

(incluvendo el estudio de impacto sobre la morbilidad de las 
 10 investigaciones demortalidad). Estas incduveron tanto estudios publicados como no publicados para loscuales se pudo obtener descripciones del investigador principal. Se tuvo conocimiento
de otras investigaciones de morbilidad auin en fase de estudlo o analisis; sin embargo,no se conoci6 de otto estudio de mortaiidad actual o futuro. Por lo tanto, aparte de dos
investigacirnes - una en Bombav, India v otra en Haiti - que no se incluveron en elanilisis formal por falta de iniormaci6n detallada, se cree haber abarcao ia exoeriencia 
total existente. 

Los estudios en proceso arroiaran resultados en los proximos dos o tres atlos que
complementarin este analisis de las experiencias a la fecha. 



Twao Efe o la SupLemetacidn can Vitamina A en la Morbi-Mortalidad de los NiiFo? 

Efecto en Mortalidad 

Contestamos esta pregunta con un SI definitivo con respecto a mortalidad. La 
-uviementaion con vitamma A proauio una disr.unu6n promecia Ce 23% en ias tasas 
"e mortalidad infantil v de nuftos entre 6 meses y 5 anos de edad. Gri:fica 1. El eecto 
:ue aitamente signufcativo bajo los dos modelos conceptuaies estuciados: uno de efecto 
:iio (SUMMARY1 RR' v uno de efecto aieatorio (SUMMARY2 RR), aunaue los intervalos 
Le conianza de 95% fueron algo mas amplios en el segundo. La Grahca cambidn 
muestra el Intervaio de Predicci6n del efecto esperado en un estudio futuro. 

Para nfios menores de 6 meses de edad, el efecto estimado fue tambien una reducci6n 
de 23%. Sin embargo, debido al reducido tamafto de la muestra, el intervalo de 
confianza fue muv ampLio y no se alcanzo validez estadistica. Por 1o tanto, no se pudo 
contestar la pregunta para runos menores de 6 meses en forma definitva. 

2ara rufios mavores ie f,meses, el eiecto de ia vitamna A en ia reiuccion ae mortalidad 
no rue diferente por sexo ni edad. Vale decir que se esperaria disminuciones smilares 
en afios v rufias de b meses hasra 5 anos de edacL 

El efecto es pronunciado para enfermedades diarrdicas pero minian" (o quiz~as ausente) 
en muertes atribuidas a enfermedades respiratorias; ademas, se Io puede demonstrar en 
muertes por sarampi.6n aunque el nimero de casos es muy reducido. 

Un hailazgo muy importante fue que la disminuci6n de la mortalidad no dependi6 de 
!a dosis; un estudio se bas6 en el consumo de glutamato monosodico fortificado y otto 
en la administraci6n de dosis semanales que Uenaban la recomendacion internacionai de 
consumo alimentano. 

Efecto sobre Morbilidad 

Se concluyo que el mejoramiento del estado de vitamina A no afecta la incidencia, 
duraci6n o prevalencia de las enrermedades diarreicas o respiratorias. Parece probable 
que ei mejoramiento en el estado de vitamina A, impida ei empeoramiento de las 
infecciones y su deseniace fatal. Este impacto sobre la sevendad se document 
recientemente en el estudio VAST de Ghana en el que se observo una reduccion en las 
reusiones y admisiones hospitalarias asi como en la incidencia de morbilidad severa. 
Tambidn se observo el mismo fenomeno en nifios con sarampi6n que recibieron vitamina 
A; se redujo tanto la sevendad de los casos como la letalidad. Las investigaciones en 
proceso arrojaran mas informaci6n sobre misiones v admisiones hospiraiarias, la misma 
aue puede confirmar esta conclusi6n preliminar. 
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Como coroiao a esta conciusi6n, para el control de la morbilidad en niflos, la viftanin 
A no es una panacea. Tan solo permite aue el nio resvonda adecuadamente una vez 
.rectaao: ia reduccion en ia incidenca de infecciones recuiere acciones cie inmunizac6n 

v saneamuenwo ambientaL 

HI andlisis de morbilidad revelo cue ia reducci6n en la sevendaa v ietalidad del
sarampin ocurn6 atn cuando la vitamina A fue administracia cespues de iniciada la 
enermedad. Los autores infieren cue lo importante es el estado de vitmma A durante 
:a nfteccion pero que este puede meiorarse antes o despues del inicio de ia entermedad. 

i Que se puede esperar de los Programas Futuros? 

La respuesta a esta pregunta puede ser la mas importante. Se la divide en dos: Zdonde
(en que poblaciones) sera efectiva Iavitamma A? y Zcuin efectiva seri la vitamma A en 
!a reducci6n de la mortalidad? 

ZD6nde se puede esperar que el mejoramiento del estado de vitamina A 
mostrara efecto sobre la morbi-mortalidad? 

La respuesta obvia es "donde la deficiencia de vitamina A es un problema seno." Todos
los estudios de mortalidad se realizaron en Areas en donde la deficiencia de vitamina A 
es considerada como problema de salud ptiblica segtin la deflnici6n de la OMS; en 8 de 
ellos se analiz6 predictores de nivel poblacional. 

No se encontr6 relaci6n entre la prevaiencoa L-Lida1 de xeroftaimia v el efecto relativo de
la vitamina A. Por lo tanto, a pesar de que se encontraron signos clinicos en todos los
estudios, se concluvo que la prevalencia de estos no predecia los resultados. Sin
embargo, en nnguno de los estudios se conoa6 el estado bioquimico de las poblaciones 
en relacion a las manfestaciones clinicas. En consecuencia. no se puede predecir el 
:rntacto de la vitamina A en poblaciones depletadas pero si si _os ocuiares, ie. 
Zannoameica y grancies extensiones del mundo en desarroilo. 

Tampoco se encontr6 relaci6n entre la prevalencia de desnutici6n aguda o cronica y el

efecto de la vitamina A Se observ0 que. en todas las poblaciones esrudiadas, hubo alta

prevalenaa de desnutr.cion cronica (enanismo nutncional), lo cual se consider6 ms
 
como un indiicador de las condiciones de creamiento v desarrollo anteriores 
aue como
 
un indice del estado nuticional actual.
 

No se encontr6 asodacidn entre las tasas de mortalidad (que variaron entre 5 v 120 por
mrol) de los grupos control v la efectividad de la vitamina A. 

La dinica variable que tuvo valor predictivo fue la causa de muerte. Se concluve que el 
mayor efecto de la vitamina se esperara donde la diarrea v el saramr~ion tredomnan 
como causas de muerte; seria menor donde las infecciones resDiratorias predomulan. 
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En dos da los estuldis no se observo efecto de supiementacan (en Hyderabad, India, 
se encontr6 una reducci6n de 6% v en Sudan. un aumento del 4%, sin cue ninguo de 
.os dos alcanzara siguficanaa estadistica. Ademas, los mtervaios de coniianza 
:ncuveron ei efecto oromeio caicuiado para todos ios estuios en coniunto. Zn ambos 
cz.sos, los tratanuenros no procuieron diferencias en el estaao de vitamma A entre los 

-ruros tratados v :os controles en terminos de prevaiencia ae xerortdlma. En SudAn, 

Parece que el proaucto de vit.:,ana A no tuvo actividad bioi6gica; en Hyderabad, se 
el estado de vitamma A del grupo controL Seencontr6 una mejoria inesperada en 

conciuve que cualquier programa futuro tendr que demostrar cue la supiementaci6n 
ha cambiado el estado de vitanuna A del grupo tratado en reiacidon ai control, mediante 
examenes cifnicos pen6dicos o la titulaci6n de retinol en sangre. 

Los autores concuerdan con una rec'omendaci6n del estudio de Sudan en el sentido que 
se revisen loo citenos que fundamentan las normas actuales de dosificaci6n, tanto en 
cantidad (200.000 UI para mavores de un aflo) como en penodicidad (cada 6 meses), ya 

que este esquema no basto para producir un cambio en el estado de vtamina A en 
Sudin (aunque si lo hizo en los demas estudios). 

Cudl seria el Rango de Efectos esperados en Programas Futuros? 

La Grdfica I presenta un Intervalo de Predicci6n derivado de la experiencia pasada y que 
se puede aplicar a nuevos estudios. Este intervalo incluve la posibilidad de que un 

estudio nuevo no muestre ning-Un efecto sobre la mortalidad, asi como la posibilidad que 

muestre un efecto mucho mayor que el promedio esperado de 23%. El Cuadro I 
muestra las probabilidades de observar 

Cuad,, LProbabddad de qua La ,iMMMA CemA prmaduz ndiferentes niveles de efectos. Se podria 
cuadro de la siguiente ustudio fur,.interpretar el 

manera. Si un programa de mejoramuento 
PROBABIUDADdel estado de vitamina A requiere REDUCQON

MORTALIDAD 
mostrar una dismmnuci6n del 10% o mas 
en morraidad, habria una probabilidad Cualquier 
de 0,9 (nueve en diez) de observar tal efecto 0,98 
efecto si el programa alcanza niveles de 

U49mejoramiento en vitamina A comparables 10% 
a los de los estudios revicdos. Si se 
requiere una reducci6n de 20%, Ia 
probabilidad de alcanzarla baiaria a 0.6 >_30% j,1 
(tres en cinco) y si se requiere reducciones 
de 30% o 40%, las probabilidades 2 40% 0,03 
disminuven a 02 v 0,03. En cambio, 
existe una probabilidad de 0,98 de que se 
producird alz in efecto. Las estucones suonen un eiecto1.3) demuestreo por conglomerados (DEFF 
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ZSTUDIO H e -nhervaio ae 5 

ACEH­
0.73 

TAMIL NADU ­

0.50 
HYDERABAD ­

0.94 
SARLAHI ­

0.71 
MSG - ! 

0.70 
SUDAN ­

1.04 

JUMLA - _ , 
0.74 

GHANA VAST - V 
SUMMARY 0.80 

:odeio de Efecto
 

Fijo 
 0.77 
Modelo de Efecco L
 

Alearorio 
 0.77 
Prediccion del ,
 

:ncervaio
 n77 

0 0.5 1 1.5 

RIESGO RELATIVO
 

Variacion de escudios ajusrada
 
para ls efectos de gruocs aleaeorios.
 

Grifica 1. Impacto de la suplementaci6n con vitamina A en la mortalidad de infantes 
v nifios de 6 meses a 5 aias de edad. Se muestran los estimados puntuales e 
intervalos de confianza de 95% para los ocho estudios. Tambiin se muestran Los dos 
estimados de resumen (SUMMARY) que tienen el mismo estimado punmal (23%) 
pero difieren en el intervalo de confianza. El segundo de estos (SUMMARY2) toma 
en consideraci6n la varianza entre estudios que los revisores caicudan a partir de un 
modelo de efectos aleatorios. El Intervalo de Predicci6n ("Prediction Interval") estima 
el efecto que se esperaria observar en un estudia futuro; parte del mismo estimado 
puntual, pero el intervalo de posibles efectos es mucho mis amplio. 
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Tambidn existe cierta probabilidad de no observar nhngun eiecto aunque lo hubiera en
verdad. Este resultado puede preverse en grupos de estudio pequeftos v en condiciones
de baia mortaiidad iniciai debido a los efectos de errores de muestreo. El Cuadro 11 
muestra la probabilidad de no observar efecto como func16n del tamafho del grupo de
estudio v la tasa inidai de mortalidad. En un estudio piloto que se ileva a cabo en una
poblaa6n pequenia (en trmi.nos de estudios de mortalidad) y, de baja mor-azidad, la
probabilidad es alta de no observar ningLin efecto auque este si este presente.
Aparentemente, el estudio en Hvderabad representa =n ejemplo de este caso. 

Los autores advierten que la
 
estimaci6n de los eiectos CuadzumIL de no o 
 u e de la vim ,,
futuros se basa en la como ma,,a mmdod-uov tm mmua
 
comparaci6n de grupos

tratados con grupos control, y 
 TAMANO TASA DE MORTALIDAD/1000
 
comentan que, en los estudios 
 DE GRUPO
 
revisados, las tasas de ,
 
mortalidad unidles fueron 5.000 0.239 0.135 0.096 0.064
 
bastante irnferiores a ias aue se
 
s u D o n i a n. A I g u n a s i0.000 0.172 0.085 0.060 0.042
 
expicau.iones posibles son: (i)
 
un efecto no-especifico que se 50.000 0.061 0.034 0.029 0.025
 
hace presente en ambos grupos,

sin relaci6n a la vitamma A; (ii) 
 0 0.028 0.025 0.023
 
un efecto secundario al 250.000 0.029 0.024 0.023 
 0.022 
tratamiento con vitamina A a
 
los nios que presentaban Las esaniwon suponen un efecto de muesreo por

xeroftalmia (en ambos grupos); congiomemdo (D-F = 1.3) y una reducc16n promedio

(iii) uLn enomeno relaconado a de morlidad de 23%
 
la exclusi6n del estudio de
 
,Ufios de alto nesgo (va sea por

disefio o por auto-seleca6n); (iv) la poblaci6n de estudio 
no es representativa de la
poblaci6n para la cual se calcula la tasa de mortalidad (quizs como resultado de haber
seleccionado el I.rea porque tiene mejores servicios o infraestructura); o (v) simplemente 
porque la estimaci6n de mortalidad tiene errores (en los casos en que esta no haya sido
estimada por la investigaodn). Ya que los autores no pudieron evaluar estas hip6tesis,
no se sabe si la vitammna A tiene igual efecto en los grupos estudiados que en los nifios 
que fueron excluidos en el estudio. Lo importante para un programa es aue, a falta de 
un grupo control, la reducci6n de mortalidad que se observa pudiera atribuirse a
cualquiera de las causas indicadas, v de esa manera, se sobre-estimaria el efecto de la 
vitamina A. 

7 



La Diferenciaentre jEfectog Absolutos v Relativos de la Vitamina A en Mortaidad 
*-odosios resuitados descntos arnba se reneren a eiectos relativos de la vltamina A,sea La disnmmuci6n oproporconal de La mortafidad. A pesar de que las condiciones deeaad. sexo o tasa die mortalidad iniciai no tuvieron reiaci6n con los erectos relativos de.a vitamlna A, el nimero de vidas saivadas en cacia grupo de eaad o sexo puede variaren relacion a Ia tasa de znortaiidad especifica de cada uno, como se muestra en ia GrAficaH. Ya aue las tasas de mortalidad disminuven a mavor edad vsexo, se pueaen variar segiin elpodria esperar un umpacto aiferencado elen erecro absoiuto con mas vidassaivadas en las edades menores. 

.llgunas Impiicacnes parael EnfoQue de los 
Programas 

El estudjo tiene implicaciones Para laorientacidn de programas preventivos
:urativos. En 

v 
ternunos de los erectos 

-elativos de la vitamina A en la 4prevendn de martaiidad, el itinico factar 
que influve es ha causa de muerte. Como ,va se demonstr6, hay mayor impacto en
ias poblaclones donde predomina la
mortalidad por enermedades diarreicas o por sarampi6n en comparaci6n con lasrespiratorias. -- .. 

CGricn L. Lmpw Aboumt e vimnm A en tmmu d@ vd 
SaIv'ad par 1000 sues aUbeMuL

La eiectividad de la witamina A en ladisminuci6n de las compiicacones v muertes por sarampidn tiene imulicacones para losesauemas de tratanuento pnmano v secundario desvues de inidaaa ia eniermedad.Suglere, tambidn, la conveniencia de investigar si el nismo tenomeno ocurre en el casode enfermedades diarricas v otras infecciones. Podria incidir en las recomendacionmpara la terapia de dstas, siempre v cuando existan los servicios medicos capaces dedetectarlas v efectuar el tratamiento. 

En cuanto al ntimero absoluto de vidas salvadas por mil niflos cubiertos, las siguientespoblaciones se beneficiarian mas: 

# las que tienen altas tasas de mortalidad, especialmentediarrea o sarampidn (posiblemente. a raiz de baias
inmunlzacion antisarampionosa) 

por causa 
coberruras 

de 
de 

+ las de menor edad (va que la mortajidad en el primer afio de vida esmucho mayor que la de los afios postenores). 



Desde luego que el anJisis se refiio a poblaciones caractenzadas por: 

0 pobreza general 

alta prevalencia de desnutrci6n crOnica que sugiere un a
biologicamente empobreado 

mbiente social v 

0 prevalencia de manifestaciones clinicas de deficiencia 
indican un problema de salud ptiblica segun OMS. 

de vitamma A que 

Queda sin contestar la pregunta sobre la eficaca de la vitamina A en poblaciones 
depletadas segtui indicadores bioquinicos pero carentes de signos ciinicos. 

Enfoques Programdticos 

La revision no tuvo como proposito el evaluar los enioques programidticos. No obstante, 
resulta interesante observar lo siguiente. Primero, se demonstr6, sin lugar a duda, que 
a dosificacion fisiol6gica diana (mewiante el glutamato monosodico fortificado) o 

semanat (Tamil Nadu, India) tuvo igual efecto que la administraci6n de dosis de alta 
potencia. Por 1o tanto, a juicio de los revisores, cualquier metodo que controle la 
xerotairinia mediante el zrtejoramiento del estado de viamina A, tendrd igual efecto en 
la mortalidad. Tambidn se observo que la administraci6n de una dosis dnica de 
vitamuna A a mujeres parturientas aumento la concentraci6n de dsta en la leche materna 
y mejor6 el estado de la vitamina en los niflos por Io menos hasta los 6 meses de edad.-
Esta medida debe ser investigada y aplicada con ma.yor intensidad. 

Finaimente, se recuerda que, en dosis excesivas, la vitamina A es t6xica v, durante el 
embarazo, tiene eiecto teratogenco. A pesar de algunos pocos casos de eiectos 
colaterales por las dosis de alta potencia (reportados en el estudio VAST de Ghana), no 
se observaron casos de toxicidad en rnnguno de los estudios. Por ei contrano. hubo 
evidencas (en Sudiin y, posiblemente, Hyderabad) de que ei regimen de una capsula de 
200.000 UI cada seis meses puede ser insuficiente para provocar una respuesta en la 
mortalidad, a pesar de su efectividad en controlar la xeroftalmfa. Por lo tanto, se sugiere
estudiar alterzativas de dosificacion que puedan mantener las reservas sanguineas y
corporaies, sin que, necesariamente, se demuestren efectos en la mortalidad. 
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