
FR
O

M
 T

H
E 

A
R
CH

IV
ES

Find Similar Titles More Information

Visit the National Academies Press online and register for...

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National 
Academies Press.  Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy 
of Sciences. 

To request permission to reprint or otherwise distribute portions of this
publication contact our Customer Service Department at  800-624-6242.

Copyright © National Academy of Sciences. All rights reserved.

Instant access to free PDF downloads of titles from the

10% off print titles

Custom notification of new releases in your field of interest

Special offers and discounts

NATIONAL ACADEMY OF SCIENCES

NATIONAL ACADEMY OF ENGINEERING

INSTITUTE OF MEDICINE

NATIONAL RESEARCH COUNCIL

This PDF is available from The National Academies Press at http://www.nap.edu/catalog.php?record_id=18898

Pages
105

Size
5 x 9

ISBN
0309310814

Vitamin A Supplementation:  Methodologies for 
Field Trials (1987) 

Subcommittee on Vitamin A Deficiency Prevention and 
Control; Committee on International Nutrition Programs; 
Food and Nutrition Board; Commission on Life 
Sciences; National Research Council 

http://www.nap.edu/catalog.php?record_id=18898
http://www.nap.edu/related.php?record_id=18898
http://www.nap.edu/catalog.php?record_id=18898
http://www.nas.edu/
http://www.nae.edu/
http://www.iom.edu/
http://www.iom.edu/


REFERENCE COPY 
FOR LIBRARY USE o,�L Y 

VITAMIN A SUPPLEMENTATION: 
METHODOLOGIES FOR FIELD TRIALS 

Subcommittee on Vitamin A Deficiency � 
Prevention and Control 

Committee on International Nutrition Programs 
Food and Nutrition Board 

Commission on Life Sciences . 
National Research Council ( lt. S. )_./ · 

., 

D..CI 9 1987 

National Academy Press 
Washington, D.C. 1987 

PROPERTY OF N·RC LIBRARY 

Order trom 

National Technical 

Information Service, 

Springfield, Va. 

n1s1 ]3 �s� 1 '3 s-� 4 � 
Order No. _...:.:::...----

Copyright © National Academy of Sciences. All rights reserved.

Vitamin A Supplementation:  Methodologies for Field Trials
http://www.nap.edu/catalog.php?record_id=18898

http://www.nap.edu/catalog.php?record_id=18898


RT 
sqq 
.v.3 
N3? 
I tff? 

0.1 

NOTICE: The project that is the subject of this report vas approved by 
the Governina Board of the National Research Council, whose .ambers are 
drawn froa the councils of the National Acada.y of Sciences, the National 
Acada.y of Enaineerina. and the Institute of Hedicine. The .ambers of the 
ca.aittee responsible for the report were chosen for their special coa· 
petences and with reaard for appropriate balance. 

This report has been reviewed by a aroup other than the authors accord· 
ina to procedures approved by a Report Review Committee consistina of mem­
bers of the National Academy of Sciences, the National Academy of 
Enaineerina. and the Institute of Hedicine. 

The National Academy of Sciences is a private, nonprofit, self­
perpetuatina society of distinauished scholars enaaaed in'scientific and 
enaineerina research, dedicated to the furtherance of science and 
technolo&Y and to their use for the aeneral welfare. Upon the authority 
of the charter aranted to it by the Conaress in 1163, the Acada.y has a 
mandate that requires it to advise the federal aovernment on scientific 
and technical matters. Dr. Frank Press is president of the National 
Academy of Sciences. 

The National Acada.y of Enaineerina vas established in 1964, under the 
charter of the National Academy of Sciences, as a parallel oraanization of 
outstandina enaineers. It is autonoaous in its administration and in the 
selection of its members, sharina with the National Acada.y of Sciences 
the responsibility for advisina the federal aovern.ent. The National 
Academy of Enaineerina also sponsors enaineerina proaraas aimed at meetina 
national needs, encouraaes education and research, and recognizes the 
superior achievements of enaineers. Dr. Robert H. White is president of 
the National Academy of Enaineerina. 

The Institute of Hedicine vas established in 1970 by the National 
Acada.y of Sciences to secure the services of eminent members of appro­
priate professions in the azaainatioa of policy matters pertainina to the 
health of the public. The Institute acta under the responsibility aiven 
to the National Academy of Sciencu by ita conarusional charter to be an 
adviser to the federal aovern.ent and, upon its own initiative, to 
identify issues of -dical csre, ruearch, and education. Dr. Samuel 0. 
Thier is president of the lnstitut,e of Hedicine. 

The National Research Council vas oraanized by the National Academy of 
Sciences in 1916 to associate the broad community of science and 
technoloay with the Academy's purposes of furtherina knovledae and 
advisina the federal aovernment. Functionina in accordance with aeneral 
policies determined by the Academy, the Council has become the principal 
operatina aaency of both the National Academy of Sciences and the National 
Academy of Enaineerina in providina services to the aovernment, the 
public, and the scientific and enaineerina communities. The Council is 
administered jointly by both Academies and the Institute of Hedicine. 
Dr. Frank Press and Dr. Robert H. White are chairman and vice chairman, 
respectively, of the National Research Council. 

The study was supported by the U.S. Aaency for International Development 
under Contract No. DAN-0262-GSS-4086-00. 

Copies of this report can be obtained from: 
Food and Nutrition Board, NAS 340 
National Research Council 
2101 Constitution Avenue, N.W. 
Washinaton, DC 20418 

Cove� Photo: A Banaladeshi child receives a vitamin A capsule from a 
health worker throuah the aovernment's nutrition program. The research 
reviewed by the subcommittee will be integrated with the government 
vitamin A deficiency control proaram. Photograph: UNICEF/Shamsuz Zaman. 
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PREFACE 

The Office of Nutrition in the U . S .  Agency for 
International Development (USAID) plans to sponsor field 
trials to determine the impact of vitamin A supplementa­
tion on child mortality . In August 1985 , that office 
asked the National Research Council (NRC ) to provide 
guidance on the planning of these trials and eventually 
to evaluate their results. In subsequent discussions 
with the Committee on International Nutrition Programs 
( CINP ) , it was decided that a review of the designs of 
these studies prior to their implementation would also be 
beneficial. 

To accomp lish these tasks, the Subcommittee on Vitamin 
A Deficiency Prevention and Control was formed in March 
1986 under the auspices of the CINP within the Food and 
Nutrition Board ( FNB )  of the NRC ' s  Commiss ion on Life 
Sciences. In August 1986 , the subcommittee sponsored a 
workshop to examine the protocols for these studies and 
their methodological implications . The workshop 
participants included representatives from study teams in 
the United States and abroad as well  as members of the 
subcommittee. 

The first chapter is an executive summary , which 
highlights the maj or findings of the subcommittee . The 
second reviews the purpose and scope of the workshop. In 
Chapter 3, the subcommittee reviews and critiques the 
research that initially stimulated USAID ' s  interest  in 
this subj ect, namely , the vitamin A supplementation 
studies conducted by Sommer and his colleagues ( 19 8 6 )  in 
Indonesia. In the fourth chapter , the subcommittee 
reviews the protocols for four proposed studies to be 
undertaken in the Philipp ines ,  Bangladesh , and the Sudan 
under USAID sponsorship. Three of these studies focus 
primarily on mortality; one is for an in - depth 
examination of morbidity in a smaller sample in the 
Philippines. In this chapter, the subcommittee also 
examines studies planned in India and The Gambia, which 

vii 
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were briefly discussed at the workshop. Chapter 5 
addresses the major methodological issues relating to 
these studies, including the appropriateness of the study 
designs, choice of population, methods of measurement, 
and ethical considerations. The final chapter contains 
the subcommittee's conclusions regarding expected 
outcomes of the studies and study design and 
measurement. Although this report takes the study 
designs presented at the workshop as its point of 
departure, the subcommittee recognizes that as the 
investigators undertake the next step of implementing the 
studies, many aspects of the proposed designs may be 
modified or even the choice of country may be changed. 

This report is confined to the material presented at 
the workshop. It does not attempt to provide overall 
directions for research to examine the impacts of 
vitamin A on morbidity and mortality. The subcommittee 
will address these broader issues in a future report. 

The ethics of controlled trials proved to be the most 
difficult topic, and considerable time was devoted to it 
in the subcommittee's deliberations. Because agreement 
could not ultimately be reached, two subcommittee 
members, Lincoln Chen and Frank Chytil, wrote minority 
reports. This diversity of opinion should not come as a 
great surprise, since the ethics of controlled trials 
involve many complex issues. An example is the recent 
controversy in England over the need for controlled 
trials to investigate the role of folic acid in the 
prevention of anencephaly and spina bifida (Beardsley, 
1983). 

The subcommittee is grateful to members of CINP and the 
FNB for their helpful comments on drafts of the report. 
It also acknowledges the interest and support of Martin 
J. Forman, Nicolaas Luykx, and Samuel Kahn of USAID's 
Office of Nutrition. The subcommittee thanks Virginia 
Hight Laukaran, the FNB program officer for the study, 
for her timely and effective assistance. Her ingenuity 
and diligence greatly facilitated the work of the sub­
committee. Thanks are also extended to Sushma Palmer, 
Director of the FNB; to Frances Peter, Deputy Director of 
the FNB, who edited the report; to Beth Hamill, FNB 
research assistant who validated the references; Maureen 
Sullivan who assisted with preparations for the workshop; 
and to Susan Barron and Janie Marshall of the FNB staff 
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for their administrative and secretarial assistance for 
the workshop and in manuscript preparation . 

Reynaldo Martorell 
Chairman 
Subcommittee on Vitamin A 

Deficiency Prevention and 
Control 
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Chapter 1 

This report is based on the outcome of a workshop 
held in August 1986 to review the protocols for three 
proposed field trials on child mortality and one on 
morbidity to study the impact of vitamin A supple­
mentation. Recent studies in Indonesia by Sommer et al. 
( 1983 , 1986 ) have suggested that vitamin A supple­
mentation may substantially reduce child mortality in 
populations with a high prevalence of mild and moderate 
vitamin A deficiency. In a randomized trial of massive 
doses of vitamin A given every 6 months to children 1 to 
7 years of age, villages assigned to treatment 
experienced a 34t reduction in mortality compared with 
untreated villages. Under the sponsorship of the U . S .  
Agency for International Development, replications of 
this research in the form of large-scale community trials 
will be undertaken to validate the findings and learn the 
extent to which they might be generalized. The purpose 
of the workshop was primarily to review all relevant 
aspects of the proposed study designs and methods of 
measurement and to provide guidance to improve the 
research protocols. A secondary purpose was to develop 
recommendations that would be useful to other 
investigators who may be interested in undertaking field 
studies of vitamin A supplementation. 

The subcommittee believes that the question of 
whether increased vitamin A intake will reduce child 
mortality rates deserves further research, given the 
policy implications for child survival programs. Three 
proposed studies of mortality involving population-based 
samples of approximately 30 , 000 to 40 , 000 children and 
one smaller intensive study of morbidity in approximately 
600 children were reviewed by the subcommittee. The 
proposed mortality studies involved randomization of 

1 
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villages (in Bangladesh and the Philippines) or 
households (in the Sudan) to treatment and control 
groups. The baseline data collection, duration of the 
intervention phase, frequency of vitamin A admini­
stration, eligibility criteria, and methods of assessment 
vary among the studies . 

The sample size estimates in the proposed mortality 
studies are based on the assumption of a 20t to 25t 
reduction in child mortality, which was based on that 
reported in the Indonesian study. The subcommittee 
recognized that in populations with different levels and 
patterns of mortality and prevalences of vitamin A 
deficiency, mortality declines of this magnitude may not 
occur. Although even a much smaller reduction in 
mortality could have important public health implica­
tions, the subcommittee concluded that the sample size 
projections were reasonable in light of the resource 
constraints. For this reason, among others, the 
subcommittee recommended that the effect of vitamin A 
supplements on morbidity also be tested. Morbidity 
studies would offer greater statistical power than 
mortality studies; they should reinforce the results of 
mortality studies and provide useful information in their 
own right. 

The subcommittee carefully considered the ethical 
issues that are relevant to the proposed studies. It 
concluded that each of the protocols should identify and 
treat children exhibiting mild to moderate as well as 
severe ocular signs or symptoms of vitamin A deficiency 
and exclude them from the study. Furthermore, existing 
knowledge does not unequivocally establish the beneficial 
effects of vitamin A in reducing mortality, nor does it 
exclude possible adverse effects. The·subcommittee 
concluded that there is no ethical barrier to randomized 
controlled studies and that a double-blind design is 
preferred, although observational designs would also be 
useful where it is not possible to carry out experimental 
studies. The subcommittee also recommended that children 
in the control groups should derive a direct benefit from 
participating in the studies; for example, both treatment 
and control villages could be immunized according to 
established protocols. 
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The subcommittee made the following recommendations for 
design of the studies. 

• The preferred duration of the studies is at least 2 
years and should be not less than 1 year. 

• Baseline studies should include ascertainment of 
mortality and also an adequate assessment of vitamin 
A nutriture, including measurements of serum vitamin 
A levels and some other indicators, such as presence 
of xerophthalmia. Standardized baseline measure­
ments will facilitate comparisons among the studies 
and the interpretation of these comparisons. 

• Morbidity and mortality should be carefully 
ascertained at baseline and during the course of 
follow-up. 

• Randomization of villages rather than households or 
individuals is an acceptable procedure. Although it 
will  increase the sample size requirement, i t  will 
greatly simplify the field work. 

• Stratified randomization is not essential in the 
mortality studies, since stratified analysis after 
s imple randomization will serve the purpose. 

The subcommittee recognized that the tasks that l ie 
ahead for the investigators, both in the United States 
and abroad , have great importance for policies to improve 
child survival in developing countries . While the 
studies are in progress, the subcommittee has planned to 
review the mechanisms by which vitamin A exerts its 
effects on infections. At the completion of the planned 
field studies, the subcommittee will once again convene 
to review and evaluate the results. 

Copyright © National Academy of Sciences. All rights reserved.

Vitamin A Supplementation:  Methodologies for Field Trials
http://www.nap.edu/catalog.php?record_id=18898

http://www.nap.edu/catalog.php?record_id=18898


Chapter 2 

This report �izes the outca.e and rec�ndations 
of a workshop held August 17-18, 1986, at the National 
Acade.y of Sciences in Vashington, D.C. (See 
Appendix A.) The goal of the workshop vas to provide 
scientific and technical guidance on the design and 
.ethods of several field trials planned by the U.S. 
Agency for International Develop�Ent (USAID) to deteraine 
the i.apact of vitaain A supple.entation on .orbidity and 
.ortality in developing co\Ultries. USAID's Office of 
Nutrition requested that the Food and Nutrition Board's 
(FNB) eo-ittee on International Nutrition Prograas for. 
a subc�ttee to plan and sponsor this workshop and in 
the future to provide other guidance relating to its 
support of research on vitaain A and child survival, 
including an independent assess.ent of the final results 
of the field trials, which are expected to be ca.pleted 
by 1989. 

Vorkshop participants included subc�ttee .e.bers, 
field trial investigators fro. institutions abroad and in 
the United States, and other experts in the field of 
vitaain A supple.entation trials (see Appendix B). The 
workshop vas scheduled as early in the development of the 
USAID-sponsored studies as possible to provide a critical 
review of the design and .ethods of each study before the 
field vork begins and to foster an informal collaborative 
network among investigators interested in studies of the 
impact of vitaain A on child survival. 

The subcommittee decided that the workshop should focus 
on the identification of methods that can be applied in a 
m1iform 1118I1Iler in the different study sites. Such 
uniformity would avoid differences in outco.e attribu­
table entirely to differences in method and would allow 
one to search for other explanations in the event that 
different results vere obtained despite the use of 

4 
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5 

s tandard procedures .  The subcommittee also emphas ized 
the need to characterize local conditions , including the 
level of vitamin A deficiency and the prevalence of 
infectious diseases , and considered what types of data 
would be useful in this regard. 

The importance of vitamin A deficiency as a cause of 
blindness in the developing world is well es tablished . 
Xerophthalmia , keratomalacia , and blindness are widely 
recognized problems , and programs to prevent and treat 
vitamin A deficiency have been developed for this reason 
in many countries . There is compelling evidence that 
vitamin A serves dual func tions : as the chromophore of 
the retina (which is responsible for light perception) 
and , equally important , proper differentiation of 
epithel ial cells . 

It  was only recently that poss ible effects of vitamin 
A on the mortality of children without clinical evidence 
of deficiency was recognized . ( See Appendix C for a 
discuss ion of research on the role of vitamin A in 
infection . )  Studies in Indonesia suggested an 
association between vitamin A deficiency and mortality 
( Sommer et al . ,  1983 ) in children with s igns no more 
severe than the World Health Organization's categories 
of XN (night blindness )  and XlB (Bitot's spots ) (WHO , 
1976) . In a subsequent community trial , children l iving 
in Indones ian villages without a program of vitamin A 
supplementation were found to have a mortality rate 35%  
greater than that in control villages with a program 
( Sommer et al . ,  1986 ) . The results of these studies 
were presented at the workshop ; their implications for 
the proposed research are discussed in Chapter 3 .  

The field trials proposed by USAID's Office of 
Nutrition are intended to test the hypothesis  suggested 
by these s tudies . Protocols for three provis ionally 
selected sites ( the Philippines , Bangladesh , and the 
Sudan) were presented at the workshop . In the 
Phil ippines , USAID intends to support two separate 
s tudies to be undertaken by two different research 
groups . One is a community trial focus ing on mortality ;  
the other is a clinical trial to s tudy morbidity . Only 
one study is under cons ideration for Bangladesh and for 
the Sudan . Studies to test the hypothesis are also 
being undertaken by different groups of investigators 
with other independent sources of funding . Representa ­
tives of two of these groups discussed their proj ects at 
the workshop : investigators from the National Institute 
of Nutrition in Hyderabad , India , which will conduct 
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research in Andhra Pradesh , and one investigator from 
the London School of Hygiene and Tropical Medicine , 
which will  undertake a study in The Gambia . 

The workshop began with presentations of protocols for 
each of the USAID - sponsored studies by representatives 
of the research groups . These were followed by a formal 
discussion of the methodological issues by a member of 
the subcommittee and then by informal open discuss ion . 
The Indian and Gambian studies were then described and 
discussed more briefly . Next , the participants focused 
on design issues , such as methods of randomization , the 
use of double -blind techniques , and interventions that 
might serve as an appropriate control for vitamin A 
supplementation . 

Measurements ,  such as baseline enumeration , assessment 
of vitamin A s tatus , and ascertainment of morbidity and 
mortality outcomes , were considered in detail . The 
subcommittee also reviewed key design issues that might· 
affect the interpretation of results and discussed 
pos s ibilities for s tandardizing methodologies among the 
s tudies . I t  recognizes that each proposal reviewed at 
the workshop is still under development and will be 
modified before the study is initiated . The conclus ions 
and recommendations in the final section of this report 
are based on these open and formal workshop discuss ions 
along with further discuss ion by the subcommittee in 
executive sess ion after the workshop . 
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Chapter 3 

Few s tudies have created as much interes t  in the 
international health and nutrition community in recent 
years as the vitamin A supplementation trials conducted 
by Alfred Sommer and colleagues in Aceh , Indonesia 
( Sommer et al . ,  1986 ) . If  the results are validated 
through further research , vitamin A supplementation 
could become a cos t - effective means of improving child 
survival . Because of the policy impl ications of 
Sommer's findings , however , all aspects of the study , 
including its analysis and interpretation , must be 
carefully scrutinized . Accordingly , the subcommittee 
decided to begin the workshop with a presentation by 
Dr . Sommer and a review of the study des ign and methods 
used in Aceh . The subcommittee hopes that the review , 
summarized in this chapter , can contribute to the design 
of the planned series of studies which will inves tigate 
whether vitamin A also affects mortality in other 
settings . In this way , Sommer ' s  experience can be used 
to des ign better studies . 

The report of the Indones ian trial presented at the 
workshop and reviewed by the subcommittee described 
vitamin A supplementation in 450 villages in Aceh 
( Sommer et al . ,  1986 ) . Through a proces s  of random 
selection , 229  villages were ass igned to a government 
vitamin A supplementation program and 221  were 
designated as control villages . In the 229  villages in 
the government program , children ranging from 12 to 7 1  
months of age were given two doses of vitamin A 6 months 
apart . Each dose contained 200 , 000 IUs of vitamin A and 
40 mg of vitamin E and was administered in capsule form 
by teams of local volunteers . One to 3 months after 
baseline examinations , the initial dose was given by 
snipping off the end of the capsule and express ing its 
contents into each child's mouth . All children with 
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s igns of xerophthalmia were treated with vitamin A ,  
referred to the local health unit , and excluded from the 
analys is . The effects on mortality were determined 
during the year following baseline studies by comparing 
mortality rates in treatment and control villages . 

DESIGN 

One l imitation of the Indones ian study is that it was 
not a double -blind trial . That is , the s tudy subj ects 
in the treatment villages were aware that they were 
receiving vitamin A supplementation , and the investi ­
gators and field workers knew which communities received 
and which did not receive vitamin A capsules . A greater 
degree of contact with participants can be assumed to be 
necessary for the del ivery of vitamin A ,  and it is 
conceivable that this may have increased public aware ­
ness of health issues , increased the demand for health 
services , and decreased mortality rates . I t  seems 
unl ikely that these mechanisms were the cause of the 
subs tantial reductions in mortality observed in the Aceh 
study . Nonetheless , careful monitoring of the use of 
health services in control and treatment villages is 
recommended in future studies , if they are not to be 
double blind .  Another concern to the subcommittee was 
the poss ibility of ascertainment bias . Because the 
field workers knew which communities were intervention 
sites , this knowledge could have influenced the 
ascertainment of deaths . A greater expectation of 
deaths in the control s ites may have increased the 
intens ity of the monitoring of mortality in these areas 
relative to the intervention communities . 

For logis tical reasons , randomization was at the 
village level and not at the household or individual 
level , and sample s izes were increased to compensate for 
the expected increase in variance of the estimated rates 
due to randomization by cluster . These factors should 
not be regarded as a l imitation of the study . The 
analyses by Sommer et al . ( 1986 )  indicated that most  
background variables (e . g . , soc ioeconomic s tatus ) were 
s imilar for the control and treatment groups . They did 
observe , however , that in the control groups , the 
prevalence of diarrhea (p < . 05 )  was greater . The 
prevalence of xerophthalmia , stunting , and wasting was 
also greater , but not s ignificantly , in comparison to 
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the treatment groups. These differences were greater in 
males than in females in a direction that would upwardly 
bias the estimate of vitamin A efficacy. In all these 
respects , control communities tended to have a poorer 
s tatus at baseline than did the intervention commu­
nities. Thus , observed differences in mortality may 
have been due not to vitamin A but to differences in 
morb idity and nutritional status between the s tudy 
groups ( Costello , 1986 ) .  The interpretation of the 
results is made more difficult because the only measure 
of baseline vitamin A status included in the s tudies was 
prevalence of clinical signs of xerophthalmia. 

MORTALITY ASSESSMENT 

Examination of the demographic data suggests that 
there may have been underestimation of the population at 
risk and of the number of deaths. This is a serious 
matter , because the study was not double bl ind. I f  
these estimates had been more accurate , there would not 
be as much reason for concern that there may have been 
ascertainment bias in the assessment of mortality. The 
age structure reported in the Indones ian study indicates 
that there was underenumeration of the population at 
risk at younger ages and that there were errors in the 
reporting of ages for the 60- to 7 1 -month age groups. 

For children 12 to 59  months of age , supplementation 
with vitamin A reportedly reduced annual mortality by 
2 . 0  per 1 , 000 , from 8.0 per 1 , 000 in control villages to 
6 . 0  per 1 , 000 in treatment villages. Surpris ingly , the 
effect of vitamin A was greater in the older children , 
the very group at smallest risk of death. For children 
60 to 71 months of age , vitamin A supplementation 
reduced annual mortality by 3.8 per 1 , 000 , from 5.3 per 
1 , 000 in control villages to 1 . 5  per 1 , 000 in treatment 
villages. 

When these results are cons idered on a sex - specific 
bas is , another unexpected finding emerges : the 
reduction in mortality in the 1 2 - to 7 1 -month age group 
( from 7 . 4  per 1 , 000 in control villages to 4 . 9  per 1 , 000 
in treatment villages ) was princ ipally due to the 
findings in males . For males 12 to 71 months of age , 
supplementation with vitamin A reportedly reduced annual 
mortality by 3 . 6  per 1 , 000 , from 8 . 8  per 1 , 000 in 
control villages to 5 . 2  per 1 , 000 in treatment 
villages . The corresponding reduction in the death rate 
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for females was 1.1 per 1 , 000 , from 5.5 per 1 , 000 in 
control villages to 4.4 in treatment villages . 

These findings , while unexpected , could in fact be due 
to a peculiar dis tribution (by age and sex) of 
vitamin-A-preventable causes of death or a higher 
frequency of vitamin A deficiency in boys than in girls, 
a finding that has been observed in several s tudies 
(McLaren , 1986 ) .  These explanations , though consis tent 
with the findings , must remain conj ectural , s ince 
ne ither cause of death nor baseline vitamin A levels 
were recorded. 

Both the child mortality estimates and the xerophthal ­
mia rates in the s tudy area were very low. The mortal ­
ity rate in the 0 - to 71 -month group was approximately 6 
deaths per 1 , 000 population per year in both groups , 
whereas national data estimates for Indones ia are about 
13 to 18 deaths per 1 , 000 population per year , sug­
gesting an underrecording of deaths in both intervention 
and control communities. 

The 34% reduction for children 12 to 7 1  months of age 
at baseline recorded in Indones ia appears very large as 
percentages but not in comparative terms. The 2.5 per 
1 , 000 reduction from initial levels of 7 deaths per 
1 , 000 population is not large relative to the changes 
that occur as a country moves from high mortality to low 
mortality. For example , model life tables indicate that 
for a population with a life expectancy at birth of 40 
years , the death rate in the 1 - to 4 - year age group is 
approximately 32 per 1 , 000. For a population with a 
life expectancy of 67.5 years , it is 3 per 1 , 000. To 
put the apparent program effect in Indones ia into 
perspective , the mortality reduction attributed to 
vitamin A represents less than 10% of the variation in 
the develop ing world between areas of low and high 
mortality (Coale and Demeny , 1966 ) .  

I n  future studies , better measures o f  mortality are 
needed . Although the Indones ian data enable 
investigators to compare mortality rates during the 
study period , they did not establ ish basel ine mortality 
estimates. Such estimates are highly des irable in order 
to describe the study population , to examine changes in 
mortality within treatment and control groups , and to 
provide a reference point for generalizing the findings 
to other populations . Baseline comparability studies 
are not a requirement for an appropriately randomized 
trial ; in their absence , however , skeptics can argue 
that baseline mortality differences account for the 
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findings . Continuous collection of data on morbidity 
and mortality data both before and after the 
intervention would be preferable in future s tudies . 

MORBIDITY 

In the Indonesian study , changes in morbidity were 
determined from l imited data obtained from two 7 - day 
recall surveys of morbidity : one conducted at the 
initiation of the study and one at the end . Any differ ­
ences in incidence reported at the beginning and end of 
the study period in this manner will  be difficult to 
interpret ,  because diarrheal and respiratory infec ­
t ions are subj ect to substantial seasonal variation and 
there is a substantial variance in morbidity that cannot 
be captured in a 7 - day recall . 

DURATION OF STQDIES 

The Indonesian study suggests that differences in 
mortality data between treatment and control villages 
were increas ing with time . As a consequence , an 
extended period of data collection would have been 
des irable to determine whether mortality reductions in 
the treatment group stabilized over time . The authors 
mentioned that the plan was for the government program 
to provide vitamin A to the control communities at the 
end of the s tudy period ( Sommer et al . , 1986 ) . This 
plan is worthy of cons ideration in future s tudies to 
determine whether mortality reductions occur in the 
control communities after treatment . 

CONCIDSIONS 

The availability of funding for repl icating these 
s tudies presents a unique opportunity for enhancing the 
data .base in this critical area and for examining the 
extent to which the Indones ian findings can be 
reproduced in other populations . 

Following is a recapitulation of the maj or findings of 
the subcommittee : 

• Because the study was not a double -blind trial , the 
enumeration of morbidity and mortality is vulner­
able to poss ible bias . 
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• The overall mortality rates reported in this s tudy 
are low compared to national data. suggesting that 
ascertainment bias could have affected the results . 

• There appears to have been underenuaeration at 
younger ages and errors in age reporting in older 
children . 

• The data indicate baseline differences between 
treatment and control groups that could lead to 
overestimates of the effect of vitamin A. 

• The lack of adequate information on baseline levels 
of vitamin A in the groups s tudied lt.its the 
potential to generalize the findings to other 
populations. 

• Mortality effects were found to be greater in older 
children who are at lowest  risk of mortality . 

• Mortality declines were observed only in males . 
Future studies are needed to confirm these 
findings. 

• The Aceh study may provide only limited information 
about effects on diarrheal and respiratory 
infections. the presumed mechanisms for effects of 
vitamin A .  

• Better measures of mortality and morbidity should 
be included in future studies both at baseline and 
during follow- up. 

• Mortality differences between treatment and control 
groups seem to have increased over time. suggesting 
that future studies should be conducted for periods 
longer than 1 year to determine what the maximum 
effect might be . 
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Chapter 4 

CI.ITIQOB OF PROPOSED RESBAR.CII 

Proposals for research on the effects of vitamin A 
supplementation on mortality in the Philippines , 
Bangladesh , and the Sudan were submitted for review by 
the subcommittee before the workshop along with a 
proposal for a morbidity study in the Philippines .  Two 
additional mortality s tudies summarized at the workshop 
( one in India and the other one in The Gambia) were not 
included in the subcommittee ' s  deliberations and are 
discussed here only very briefly . 

Table 4 - 1  provides a general overview of the s ix 
proposed s tudies . The s tudy designs differ in many ways , 
including strategies for randomization , intervention in 
the control group , and measurement planned at baseline . 
However , the proposals of maj or interest  to the subcom­
mittee ( i . e . , those for s tudies in the Philippines ,  
Bangladesh , and the Sudan) involve the use of similar 
treatment and outcome measures and sample sizes of 30 , 000 
to 40 , 000 children . 

In the following pages , each of the proposed s tudies is 
discussed , and recommendations are given for possible 
improvements in design and methods . 

PROPOSED PHILIPPINE MORTALITY S'l1JDY 

The proposed research in the Philippines is a 3 -year 
prospective study consisting of a half year each for 
start up and analysis and a 2 -year period of observa­
tion . The study group would cons ist of approximately 
20 , 000 to 30 , 000 preschool children divided into two 
s tudy groups : one to be given a high dose of vitamin A 
( 200 , 000 IUs with 40 IUs of vitamin E every 4 months ) ,  
the other to be given a low dose of vitamin A ( 2 , 000 IUs 
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Table 4-l. Comparison of Vitamin A Supple.entation Protocols 

Study 
Design 

PhiliJ2J2ines: 
Mortalitv 
Study 
Double-blind 
controlled 
COIIIIIUJlity 
trial; ran-
domization 
by villaae 
(stratified). 
Observation 
Period: 2 yrs. 

PhiliJ2J2ines: 
Morbidity 
Study 
Double-blind 
clinical 
trial; ran-
domization 
by individual 
(stratified). 
Observation 
Period: 2 yrs. 

Bangladesh: 
Controlled 
community 
trial; ran-
domization 
by village. 
Observation 
Period: 16 mos. 

Sudan: 
Double- blind 
controlled 
community 
trial; ran­
domization 
by household. 
Observation 
Period: 1 yr. 

Dose 
Administered 

Treatment 
200,000 IU 
vitamin A 
with 40 IU 
vitamin E 
every 4 mos. 
Placebo 
2,000 IU 
vitamin A 
with 0.4 IU 
vitamin E 
every 4 110s. 

Treatment 
200,000 IU 
vitamin A 
with 40 IU 
vitamin E 
every 4 mos. 
Placebo 
2,500 IU 
vitamin A 
with 40 IU 
vitamin E 
every 4 mos. 

Treatment 
200,000 IU 
vitamin A 
with 40 IU 
vitamin E 
every 4 mos. 
Placebo 
�tive 
intervention 
to be deter-
mined. 

Treatment 
200,000 Hi 
vitamin A 

with 40 IU 
vitamin E 
every 6 mos. 
Placebo 
� 
vitamin E 
every 6 mos. 

Outcome 
Measures 

Prospective 
mortality sur-
vey. 7-day re-
call of fever, 
diarrhea, cough 
respiratory 
probl-. 
4-mo. recall 
of measles.• 

Incidance and 
duration of res-
piratory, gas-
trointestinal, 
and skin and eye 
infections. Stool 
parasites.• 

�ospective mor-
tality survey, 
morbidity. • 

Mortality, 
morbidity, 
and nutritional 
status.• 

Baseline 
Studies 

Ophthalmological 
examination, 
conjunctival 
impression 
cytoloay 

Ophthai.ological 
examination, 
serum retinol 
levels, conjunc-
tival impression 
cytology, 
anthropa.etry, 
morbidity 
physical 
examination 

Ophthalmoloaical 
examination, 
serum retinol 
level, and 
stool parasites 
(5% subsample), 
retrospective 
mortality, 
anthropometry 

Ophthalmological 
examination, 
serum retinol 
level, 
morbidity, 
anthropometry 

&outcomes are to be reassessed at the time of each vitamin A 
treatment. 
bup to 30% of the subsample may have been treated with vitamin A 
prior to the study. 
CEstimated from survey of 3,461 children in the region. 
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Tabla 4-1. Continued 

Assumptions Made to Calcu­
late Sample Size 

Type I error • 0.05 
Type II error • 0.10 
25% reduction in mortal-

ity rata. 
30% increase in sample 

size to account for 
clustering. 

15% increase in sample 
size to account for 
losses. 

Type I error • 0.05 
Type II error • 0.10 
25% reduction in mor-

bidity. 
5% refusal rata. 

10% noncompliance. 
10% attrition. 

Type I error • 0.05 
Type II error • 0. 20 
20% reduction in mortal-

ity. 
15% reduction in affect 

estimate due to 
contamination.b 

30% increase in sample 
size to account for 
clustering. 

10% increase in sample 
size to account 
losses. 

Type I error • 0.05 
Type II error • 0.20 
20% reduction in mortal-

ity. 

15 

Estimated Sample Additional 
Size (and Age) Information 

•40.000 
(9 to 72 montha) 

666 children 
( 6 to 71 months) 

40 • 882 children 
(6 to 71 montha) 

21.000-30.000 
(9 to 72 months) 

Mortality rata • 
11/1.000 for 
children 
6 mos. to 
5 yrs. old. 

In Albay province 
8.5% of 322 
mothers reported 
night blindness 
in children. 

Mortality rata • 
25/1.000 for pre­
schoolers. 

National vitamin A 
capsula distribu­
tion program 
serves 46%. 

Prevalence of night­
blindness or Bitot's 
spots estimated 
to be 4.5%. 

Mortality rate • 
20-25/1.000 in children 
lass than 6 years 

Prevalence of Bitot' s 
spots 9.5/1.000. 
1.2/1000 for 
keratomalacia or 
corneal scarsc 
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with 0.4 IUs of vitamin E every 4 months ) .  The study 
obj ectives are to investigate the relative effectivenes s  
o f  the high - dose treatment on cause - specific and overall 
mortality. Every 4 months , incidence of diarrhea ,  fever , 
and respiratory tract infections during the previous 7 
days and prevalence of clinical signs and symptoms of 
xerophthalmia will be recorded . In a substudy of 
pregnant women and lactating mothers , investigators will 
examine the effects of a 10 , 000 - IU daily dose versus a 
100 - IU daily dose of vitamin A in reducing neonatal 
mortality and early infant mortality and increas ing b irth 
we ight. 

Study Design 

Randomization will be at the village level . The 
theoretical advantages to be gained by randomization at 
the household level , such as reduced sample s ize and 
control of potential confounding variables , are offset by 
the considerable logistical problems likely to be 
encountered in ensuring that the proper treatment is 
given to each child at follow-up. There was a consensus 
among the subcommittee members that village - level 
randomization is reasonable for such large - scale field 
surveys. 

According to the proposal , child mortality rates in the 
Philippines are officially recorded as approximately 9 
per 1 , 000 per year , compared to reported mortality rates 
in Indones ia of 13 to 18 per 1 , 000 per year. The 
es timation of sample s ize assumes a 25%  reduction in 
mortality. The subcommittee was not certain whether 
this reduction should be expected , especially i f  
mortality rates in the study population prove t o  b e  lower 
than the mortality rates encountered in the Indonesian 
study , which was the basis for the sample s ize proj ec ­
tion . 

The use of a controlled , experimental design 
contributes greatly to the s trength of the study but 
raises ethical concerns. There was agreement among 
subcommittee members that the administration of low doses 
of vitamin A cons titutes a control rather than an 
alternative treatment . There was also consensus among 
the subcommittee that the provis ion of very low vitamin A 
doses as the control is an acceptable procedure as long 
as adequate information is given to parents to obtain 
informed consent. Participants should be informed that 
they will rece ive e ither a high dose that would protect 
against ocular signs and symptoms or a very low and 
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unprotective dose of vitamin A .  Parents must not be led 
to believe that all children participating in the s tudy 
are ensured adequate vitamin A nutriture . 

One strength of the study is its duration of 2 years , 
which enables investigators to examine seasonal effects . 
I f  the prevalence of vitamin A deficiency varies due to 
seasonal differences in availability of foods that are 
good sources of vitamin A ,  seasonal variation in the 
effects of supplementation on morbidity and mortality may 
be found . This would provide supplementary information 
on the relationship between the severity of vitamin A 
deficiency and the magnitude of treatment effects . For 
this reason , information on dietary intake of vitamin A 
is needed . 

To document the baseline vitamin A status of the 
population , the investigators will measure initial and 
subsequent vitamin A s tatus by conducting clinical 
examinations to determine the presence of xerophthalmia 
and by using a procedure that involves taking a filter 
paper impression from the conj unctiva , which is then 
examined histopathologically for the presence or absence 
of goblet cells (Hatchell and Sommer , 1984 ; Wittpenn et 
al. , 1986 ) . 

At the workshop , there was considerable discussion 
concerning the usefulness of serum vitamin A measurements 
as an additional indicator of vitamin A s tatus in the 
population. Clinical findings are likely to be rare , and 
the conj unctival impression cytology technique is 
unproven under field conditions . Although impression 
cytology assessment is a promising method and should be 
pursued , the subcommittee members agreed that b iochemical 
assessment of serum vitamin A levels on a subsample of 
the preschool children in the population at baseline and 
at the end of the observation period would add signifi ­
cantly t o  the characterization of vitamin A status. This 
recommendation is made with full realization of the 
technical difficulties that exist in obtaining reliable 
vitamin A measures. These difficulties should not prove 
insurmountable . 

A l imitation of the study is that baseline mortality 
s tudies are not planned. I t  does , however , include 
baseline morbidity assessments , through a 7 - day recall of 
fever , diarrhea ,  cough , or respiratory problems. Because 
reductions in the incidence or severity of gas troin­
testinal and respiratory diseases are the probable 
mechanisms for effects of vitamin A supplementation on 
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mortality , the inclusion of these data are highly 
relevant , as are data on morbidity from other infectious 
diseases , which should also be collected since infections 
reduce serum vitamin A levels and increase requirements . 
The reference period for the data is only 7 days ; thus 
its usefulness is somewhat limited for characterizing the 
s tudy population . The assessment of baseline nutritional 
s tatus relies on arm circumference . Although this 
measure is practical under field conditions and is a 
useful indicator of nutritional s tatus , the addition of 
height and weight measurements would s trengthen the 
characterization of growth status of the children in the 
s tudy population. To control for possible confounding 
effects of malnutrition , growth measurements should be 
made at baseline. 

The subcommittee members concur that the lack of 
baseline measurements of mortality, serum vitamin A,  and 
growth (beyond arm circumference , which is included) is a 
weakness of the design. There can be no ques tion that 
this baseline information will be needed by policymakers 
to interpret and use the study results. It should 
therefore be included to meet this need. 

Methods and Measurement: Techniques 

The importance of an accurate enumeration of deaths and 
the potential for underenumeration were recognized by the 
subcommittee . The use of key informants in the villages 
to report deaths has been a successful technique in past 
research in the Philippines. However , the present s tudy 
is far more ambitious than those previous s tudies with 
regard to the number of villages under surveillance. 
Supervis ion of the key informants will need to be 
carefully controlled to minimize underenumeration of 
mortality and to achieve the ambitious goal of 
determining causes of child deaths within 2 weeks after 
death by interviewing surviving members of their fami­
lies. Another possible approach would be to establish a 
more active mortality surveillance system in which 
informants would vis it all study households on a regular 
schedule rather than waiting to be informed of deaths. 

An active system of morbidity surveillance of a 
subsample would enhance the data collected in 7 - day 
recall surveys every 4 months. Continuously collected 
data facilitate consideration of seasonal changes when 
ascertaining changes in morbidity , particularly when 
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there are data for a baseline period of at least 1 year. 
Continuous morbidity data also permit detailed 
investigations of changes in incidence and severity of 
infections. Seven- day recall surveys are more 
appropriate for collecting prevalence data and offer 
limited information about severity . For example , a 
desirable parameter of severity ,  duration of episodes , is 
best determined through continuous data collection . 
Another problem is that great care must be taken to time 
the 7 - day recall surveys appropriately with respect to 
the seasons in order to facilitate the interpretation of 
changes in prevalence between any two survey periods . 
Although it yields superior data , an active morbidity 
surve i llance system in a mass ive study of this kind 
presents enormous logistical problems unless it  is done 
only for a subsample. From a des ign point of view , it is 
not necessary to monitor the entire sample , s ince 
infections are far more common than deaths. 

An adequate assessment of baseline nutritional s tatus 
in the study population and a determination of whether 
child growth is affected by vitamin A intervention will 
be useful in interpreting s tudy results. I f ,  as appears 
to be the case in the Indonesian study (A. Sommer , Johns 
Hopkins University , personal communication , 1987) , the 
improvements in mortality are accompanied by improvements 
in we ight gain among the supplemented children , the 
credibility of the mortality results will  be enhanced . 
The decline in mortality is presumably associated with a 
decline in morb idity as sugges ted in earlier Indonesian 
s tudies ( Sommer et al. , 1984) , and frequent morbidity has 
been clearly associated with impaired growth. Thus , 
beyond the substantial intrinsic scientific interes t  in 
the effects of vitamin A supplementation on growth , i t  
would b e  advisable t o  include height and weight 
measurements to permit an evaluation of the congruency of 
mortality results with other measures of child health. 

Although the substudy of effects of vitamin A on birth 
weight addresses some interesting issues , there are some 
methodological questions . For example , it may prove 
difficult to ensure compliance of the mothers in taking 
the daily dose of vitamin A. Ensuring the accurate 
measurement and recording of birth weight by traditional 
midwives will also be a challenge. Although this 
subs tudy is of interest , the subcommittee believes that 
resources devoted to it would be better used to 
s trengthen the key aspects of the main mortality study , 
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principally by adding periodic ho.a visits and .aasure­
ments of serua vitaain A ,  height , and weight . 

In the iaple.antation of the studies , several potential 
problems were identified . The codes for treatment and 
control groups should not be broken to allow the 
investigators to perform substudies or for interim 
analyses . In addition, well-developed procedures for 
handling refusal to participate and for observation of 
capsule administration are needed . 

In sUIIII&ry , the subco ... ittee drew the following 
conclusions : 

• Village- level randomization is acceptable . 

• The double-blind controlled design strengthens 
the study considerably . 

• The low-dose control is acceptable if parents are 
informed that one of the two possible doses their 
children aay receive is not protective against 
effects of vitamin A deficiency . 

• A thorough evaluation of baseline child mortality 
in the study area is needed . This should include 
supervision of key informants or use of an active 
surveillance system . 

• The 2 - year study duration makes possible the 
analysis of seasonal variation in vitamin A 
deficiency . 

• Conj unctival cytology assessment is a promising 
but as yet unproven method of determining vitamin 
A nutriture . 

• Adding the assessment of serua vitamin A levels 
in a subsample of the population at least at 
baseline and at the end of the observation period 
would improve the study considerably . 

• An active morbidity surveillance system in a 
subsample would enhance the data collected in 
7 - day recall surveys every 4 months . 
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• The morbidity survey at baseline should be 
expanded to include data for systemic infections 
in addition to respiratory and gastrointestinal 
infections . 

• The study of the impact of vitamin A on pregnancy 
is unlikely to produce definitive results , and 
the resources needed for such a s tudy could be 
used more effectively in expanded basel ine 
studies .  

• Dietary data are needed at baseline and during 
intervention . The latter can be obtained through 
interviews . 

• Growth measurements ,  including height and weight , 
should be made both at baseline and during the 
course of the study to control for confounding 
due to differences in anthropometric status and 
to measure changes in nutritional status . 

• Detailed procedures should be developed for 
resolving problems of coordination with other 
health programs in the s tudy area and for 
management of refusals at various stages . 

• Direct observation of capsule administration is 
very important and should be rigidly enforced . 

• Codes of treatment and control groups should not 
be broken in order to allow the investigators to 
carry out interim analys is . 

PROPOSED PHILIPPINE MOR81DITY STUDY 

A second proposed study to be conducted in the 
Phil ippines is a double -blind placebo trial in children 
6 to 71 months of age to compare the effect of 
administering 200 , 000 IUs of vitamin A with the effect 
of s ingle 2 , 000 - IU doses of vitamin A given every 4 
months for 2 years . The outcomes to be studied include 
the incidence of respiratory and diarrheal disease , skin 
rashes , and conj unctivitis . Differences in the 
inc idence of these outcomes between the treatment and 
control groups will be analyzed as a function of the 
t ime s ince administration , the dose , and the duration of 
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s igns and symptoms . tbe anticipated sample s ize will be 
333 children in each group ( treatment and control) .  I t  
is  proposed that the s tudy  will b e  conducted in an area 
adj acent to the villages in which the larger study of 
vitamin A suppleaentation and mortality is to be 
conducted . Baseline and follow-up 11easureaent of serum 
vitamin A status and nutritional status , as indicated by 
anthropoaetry , will be included . tbe s tudy  will be of 
substantial interest  both for its contributions to 
knowledge of the relationship of vitamin A suppleaen­
tation to morbidity and for its baseline descriptions of 
vitamin A and anthropoaetric status . 

Study Desim 

Randomization will  be at the individual child level 
with stratification by age and distance of the household 
from the local health clinic . Because of the relatively 
small scale of this proj ect , such randomization is 
feasible . 

Selection of sample s ize was based on incidence 
rates for diarrheal disease using data from previous 
studies in Bangladesh . tbe investigators assumed a 25t 
difference between the suppleaent and placebo groups in 
the annual incidence rate and mean number of days per 
episode of diarrhea due to specific organisms . 
Allowance was also made for a 5t  refusal rate , a lOt 
noncompl iance rate , and a lOt attrition rate , leading to 
the final sample s ize of 3 3 3  per group . These 
assumptions seem reasonable , although there appear to be 
no good data tpat would permit assessment of the 
comparability of diarrhea incidence in Bangladesh and in 
the Philippines . 

Both the participant households and the study staff 
will be blinded to the identity of the ass igned vitamin 
A group . The dosage and the schedule of administration 
as wel l  as the nature of the placebo are the same as in 
the mortality study , thus permitting comparisons of the 
results of the two studies .  The 2 - year study will  span 
several seasonal cycles and is l ikely to permit a 
detailed examination of seasonal trends in the treatment 
and control groups. 

The baseline assessment of vitamin A status will 
include an ocular examination , measurement of serum 
vitamin A levels ( at baseline and at 1 year ) , and 
conj unctival cytology ( at baseline and at each treatment 
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with vitamin A) . This thorough assessment of vitamin A 
s tatus will be useful not only for this study but also 
as a reflection of the vitamin A status in the popula ­
tion of the study area . Nutritional status will also be 
assessed every 4 months by measuring weight , height , and 
arm and head c ircumference . Dietary data will also be 
collected at each vitamin A distribution . 

Methocls and Measurement Techniques 

Intens ive morbidity surveillance will be maintained 
by visits to the households every 2 days to determine if 
there are s igns and symptoms in the study children. 
Children found to be ill will receive careful clinical 
follow-up to document the illness and to provide 
appropriate treatment . This level of follow-up should 
provide very accurate assessments of morbidity- -more 
extens ive than any of the other trials reviewed at the 
workshop . 

Height and weight measurements will permit the as ­
sessment of nutritional status with generally accepted 
methods . The measurement of arm c ircumference wil l  add 
significantly to the assessment of nutritional status , 
and the resulting data can be compared to the arm 
c ircumference measurements of children in the larger 
mortal ity field trial . Follow-up monitoring of growth 
will enable investigators to determine whether there is 
an assoc iation between nutritional status changes and 
morbidity differences in the treatment and control 
groups . 

The thorough assessment and follow-up of vitamin A 
s tatus us ing clinical , cytological , and serum vitamin A 
levels , as planned , will be of great value. These data , 
taken with the anthropometric data , can be used to 
obtain a more thorough baseline assessment and a clearer 
understanding of true effect . 

Summary 

This proposal describes a thorough and wel l ­
developed study plan that will provide information on 
the relationship of vitamin A supplementation to 
morb idity that is critical to the interpretation of the 
concurrent mortal ity study . The subcommittee ' s  members 
concur that this morbidity study promises to provide 
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infor.at:ion that: will not: be pined in any of the other 
proposed i.uvest:ipt:ioos . 

In particular . the subc._-1 t:t:ee reached the 
foll<JVi.n& cooclusioos : 

• tbe study is well cle.siped . aDd the results 
should be of �eat: interest: t:o the sc ientific 
c._mi t:y .  

• tbe planned follow-up strateg is li.ltely t:o 
�rate detailed aDd accurate .,rbidi t:y 
infor-.at:ion t:hat: is critical in assessin& 
.echanf ... of viea.in A effects . if fOUDd. oo 
.,rtali t:y .  

• tbe inclusion of �owt:b infor-.at:ioo rill aa1te 
possible analyses of the relationship bet:veen 
chanvs in .,rbidit:y aDd child �ovt:h . 

• tbe population c:lescript:ors used should be 
identical t:o t:hose in t:he aort:ali ty study so that: 
t:he results can be extrapolat:ed t:o the larger 
population. 

In t:he proposed Bangladesh study . investigators rill 
exaai.ne t:he effects on mortality resulting fro. the 
distribution of vitaain A capsules . For a co.parison 
�oup . c�ties t:hat: ril l  receive an alternative 
health intervention . such as another vita.in or 
t-.mization . rill be used. tbe alternative treat::.ent: 
aay also be given t:o t:he vitaain A- treat:ed �oup . 
Approval by the govero.ent of Bangladesh is needed for 
this alternative t:reat:.ent . 

tbe study area wi ll be in Jaaalpur . chosen because a 
relatively lov percentage ( 26\) of its children have 
participated in a govero.ent- sponsored vita.in A 
distribution prograa aDd because vita.in A deficiency is 
prevalent (no figures were given in the proposal ) .  

In the first 12 .onths of the study . approxt.at:ely 
180 vil lages wi ll be selected for research . The 
criteria for selection of the vi llages wil l  be t:hat: the 
number of participants in the govero.ent: viea.in A 
dis tribution pro�aa prior t:o the selection has been 
liaited t:o less than 35\ of eligible children . These 
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villages will  be identified through administrative 
records and some form of household surveys. Complete 
household surveys will then be conducted in these 
villages. Information will  be gathered on the 
prevalence of Bitot ' s spots , and mortality rates will be 
estimated retrospectively . This information will be 
used to stratify the 180 or so villages . Within strata , 
villages will be randomly ass igned to one of two groups 
for future program activities : vitamin A treatment (A) 
or the alternative treatment (B) . It  is assumed that it 
will be poss ible to select villages where few children 
have already been treated. It is expected that the 
total population will include approximately 20 , 000 
children between the ages of 6 months and 5 years. If  
the period of investigation is 16 months and the 
mortal ity rate in the age range under study is 0.02 5 , 
the sample s ize should be large enough to detect a 20% 
reduction in mortality , given a Type I error of 0.05 and 
a Type I I  error of 0.20. 

The first round of treatments with vitamin A and the 
alternative intervention will begin in the 12th month of 
the study. Three additional rounds will be made at 
4 -month intervals . Information on mortality and both 
respiratory and diarrheal morbidity will  be collected 
through household surveys conducted during the visits in 
which the treatments are given . A final recording of 
mortality and morbidity will begin in the 28th month. 
Thus , the treatment phase of the intervention will last 
16  months. The 4 months of the year in which data will 
be obtained in two success ive years will co inc ide with 
seasonal peaks for xerophthalmia and child mortal ity. 
Extending the study per!od beyond a year is an 
attractive feature of the research des ign , s ince it  
allows repeated observations during the period that 
mortali ty is l ikely to be most sensitive to vitamin A 
intervention. This increases the statistical power of 
the study and permits examination of the cumulative 
e ffects of vitamin A supplementation. 

A 5%  sample of children in A and B villages will be 
selected for more intens ive investigation of b iochem­
istry , diet , and clinical symptoms. Data from the 
subsample will be used to study links between vitamin A 
treatment , vitamin A status , and morbidity. By 
analyz ing the cons istency between morbidity and 
mortality results , the substudy will serve as a test of 
the plaus ibility of the mortality results and will 
provide valuable supplementary information about morb id­
ity .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

V i t a m i n  A  S u p p l e m e n t a t i o n :   M e t h o d o l o g i e s  f o r  F i e l d  T r i a l s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 8 9 8
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Children who reach 6 months of age after the 12th 
month of the study may or may not be included in the 
study design.  While overall mortality of these children 
is high , xerophthalmia is less common in this age group 
and thus there may be reduced risk of vitamin A 
deficiency over the ensuing 4 to 7 months of fol low-up .  
Therefore , their deaths may be less l ikely to be 
affected by vitamin A supplementation , in which case 
their inclus ion would not improve the study ' s power . 
This l ine of reasoning , however , has to be tempered by 
the findings reported from the Sumatra study by Sommer 
et al. ( 1986 ) . Although that investigation was targeted 
to children 1 to 5 years of age , 82% of infants in the 
treatment villages received at least one capsule of 
vitamin A. For males 0 to 11 months of age , the death 
rate in the treatment villages was reported to be 17 . 8  
per 1 , 000 , compared to 29 . 9  per 1 , 000 among the 
controls . For females in the same age group , the death 
rates were 28 . 2  per thousand in the treatment group and 
26 . 5  per 1 , 000 in the control group . 

Attention should be given to the development of 
detailed procedures for managing refusals and loss to 
follow-up as wel l  as for dealing with poss ible confus ion 
due to the presence of multiple health programs in the 
treatment area . Direct observation of capsule 
administration should be enforced . 

The subcommittee is concerned about the absence o f  a 
double -blind procedure for distributing and evaluating 
treatments . As a result , for any number of reasons , 
fewer deaths and illnesses may be recorded in the 
villages receiving the more efficacious treatment 
leading to overstatement of the program ' s  effects . 

The subcommittee does not believe that the lack of a 
double -blind des ign is reason to recommend against 
undertaking the study , although it does diminish its 
value. Although a double -blind des ign is highly 
des irable , several procedures can be used if necessary 
to compensate for the inability to use this des ign. 
Randomization at the household rather than the village 
level would be one poss ible method , although the gains 
from such a strategy are difficult to determine with 
certainty . Another is to give children in B villages a 
treatment that is s imilar in its overt characteristics 
to the vitamin A capsule treatment in the A villages . 
The absence of a double -blind des ign increases the 
attractiveness of us ing another vitamin distribution 
program in the B villages. 
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Hetbocls and Measurnent Tacbplgues 

To estimate baseline mortality , a 5 -year birth history 
will be collected from all women at the beginning of the 
s tudy . Subsequent rounds of interviews will be 
conducted to collect data on mortality s ince the 
previous round . Reports on deaths during the study 
period wil l  be supplemented with data on deaths recorded 
by village monitors . This plan seems appropriate , but 
s izeable errors in the 5 -year birth history can be 
anticipated . As was shown in the World Fertility 
Survey , dating of events in Bangladesh is among the 
least accurate in the world ( Preston , 1985 ) . By 
conducting baseline interviews of women to learn their 
cumulative lifetime number of births and deaths of the 
children , an additional estimate of mortality could be 
obtained for comparison . Total births and deaths are 
usually reported more accurately than subtotals within 
any particular time period . At the end of the 
assessment period , it would be desirable to repeat the 
retrospective questions . 

Cause of death will  be ass igned by trained paramedic 
supervisors , about whom no further information is 
suppl ied in the proposal . Information about diarrheal 
disease and respiratory infections will be collected at 
each survey round for the full sample using a 7 - day 
recall period and standard definitions . Dietary intake 
for each child will also be determined during each round 
of interviews , but the instrument used to make this 
determination has not been identified . Those exhibiting 
ocular s igns of vitamin A deficiency will be given 
vitamin A capsules .  For a 5% subsample , the 
investigators will collect additional data during each 
round . This information will include weight , height , 
body length , plasma vitamin A levels , and the presence 
of paras ites in stools. Standard procedures will be 
used to collect these data . 

Much of the first year of the proj ect will be devoted 
to developing and pretesting the interview instruments , 
a plan that the subcommittee cons iders advisable. 

Analytic Issue• 

The proj ect presents attractive possibilities for 
integrating dietary , biochemical , and clinical data into 

Copyright © National Academy of Sciences. All rights reserved.

Vitamin A Supplementation:  Methodologies for Field Trials
http://www.nap.edu/catalog.php?record_id=18898

http://www.nap.edu/catalog.php?record_id=18898


28 

the assess��ent of the aortality effects of ·vitamin A 
distribution ; however , the analytic plans have not been 
fully described in the proposal , nor is there any 
aention of the aany hypotheses that could be 
investigated . Tbe proposal assigns variables to several 
categories . For e�le , it lists serua vitamin A 
levels and prepro&r- distribution of vitaain A as 
•covariates ,  possibly confounding• of mortality . The 
subcommittee believes that serua vitamin A levels are 
aore appropriately considered as either initial 
conditions or ��ediating variables tbrougb Which the 
effects of vi�in A distribution can be expected to 
work . It may be convenient to introduce a hierarchy of 
��ediating variables , placing serua vitamin A logically 
before respiratory and diarrheal disease . Preprogr­
levels of vitamin A distribution would seea to be aore 
appropriately included along with prograa distributions 
as conditional variables . 

The findings of the subco.aittee can be �ized as 
follows : 

• The subco.aittee was concerned about the lack of a 
double -blind study design . 

• An alternative , st.ilar fora of intervention in 
control villages would overc011e s0118 of the 
disadvantages of not having a double-blind design . 

• The subco.aittee believes that a preprogr­
surveillance systea to obtain baseline aortality 
data would be preferable to the retrospective 
analysis nov planned .  

• Inclusion of dietary and biocheaical data on a 
stibsa.ple of the study is a strength of the study . 

• Some clarification of the relationships a.ong 
possible confounding variables would be worthwhile . 

• Analysis of vitaain A effects should account for 
the possible confounding influence of preprogr­
vitaain A distribution in the design . 
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• Inclusion of children who reach 6 months of age 
during the course of the s tudy may s trengthen the 
statistical power . 

• Detailed procedures should be developed for 
resolving problems of coordination with other 
health programs in the study area and for handling 
refusals at various stages . 

• Direct observation of capsule administration is 
very important and should be rigidly enforced . 

morosm mmu snmx 

Although the Sudan has been the s ite of recent and 
continuing political turmoil , Khartoum and its environs , 
where the study is to be conducted , has not been 
seriously affected . A strong feature of the study is 
the reported infrastructure of primary care services 
developed by the Department of Community Medicine of 
Khartoum Univers ity .  This program covers the entire 
proposed study population . The population inhabits both 
banks of the Nile as it runs north from Khartoum for 
some 160 miles . Traditional midwives res ident in the 
villages , which contain an average of 150 households , 
have been trained in certain primary care techniques and 
work under the supervision of a paramedical team . Each 
team is  ass igned to a dis trict and works under the 
direction of the Department of Community Medicine at 
Khartoum University . These teams have conducted 
censuses and have made maps of the populations under 
their care . They have also attempted to develop a 
registration system of births and deaths . On site will 
be a Sudanese epidemiologist who completed his doctoral 
studies at Harvard Univers ity . 

The availability of these bas ic population data and 
the presence of the health teams is an enormous 
advantage for any longitudinal study in the Third 
World . In the absence of a Sudanese representative to 
discuss this s tudy at the workshop , it was difficult to 
assess the operational effectiveness of the program . I t  
is  important t o  know in greater detail the type and 
quality of the data on hand in order to assess the real 
advantages that this infrastructure will be able to 
confer on the study . 
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The proposal rel ies on an assumption that there is 
significant vitamin A deficiency in the area around 
Khartoum , but there is no supporting documentation. The 
knowledge that there is vitamin A deficiency in areas of 
the Sudan- - that are much less stable and probably much 
less well off than the Khartoum environs - - is not enough 
to support the assumption . To obtain meaningful results 
from this study , it is essential to know whether wide ­
spread vitamin A deficiency exists in the study area 
i tself. 

Stu4y Desim 

The subcommittee questions the proposed household 
randomization procedure. In terms of inferring the 
effects of vitamin A in individuals ,  household 
randomization is preferable to the village randomization 
proposed in other studies ; it would allow narrower limits 
of interpretation. On the other hand , effective 

· 

household randomization- - especially to keep track of all 
the individuals randomized by household in a s ituation as 
uncontrolled as most  in the Third World- -will not be easy 
and is bound to require an intense effort. The problems 
of randomization at this level are likely to be intensi­
fied by the methods used to reach the population. In the 
Sudan , the investigators plan to assemble all the 
households of one village at a given time in order to 
collect data , to assign treatment , to administer the 
treatment , and to examine individual children. This 
procedure is likely to lead to substantial systematic 
omiss ions , especially when used in conj unction with a 
household randomization scheme. It seems reasonable to 
rely on a res ident health worker to serve as a central 
figure in sustaining the study at the local level and 
thus to know everyone in the village and where they 
reside. However ,  keeping track of 150 households under 
the proposed randomized scheme would undoubtedly s tretch 
the capabilities of any such person and backup team and 
would require additional resources. 

· 

Treatllent 

The treatment , a 200 , 000 IU capsule of vitamin A with 
40 IUs of vitamin E administered on two occasions at 
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6 -month intervals ,  is precisely the same as that used by 
Sommer ' s  team in the first Sumatra study. Since serum 
vitamin A levels appear to be sustained only for 
approximately 8 to 12 weeks after such a dose , a shorter 
interval of perhaps 16  weeks might enhance the magnitude 
of the effect. With the limited funds available , 
however , the additional cost of adding such a visit might 
be better used to extend observations over a longer 
period , such as 2 years , and to administer three 
treatments at 6 -month intervals .  The extension in 
duration is in any case advisable , s ince it would reduce 
sample s ize requirements , which , as discussed below , 
could be a problem in this study. The longer period 
would facilitate interpretation of seasonal effects of 
vitamin A, which are bound to be important in many areas. 

One strength of the proposed study is administration of 
the capsule under direct observation . This will need to 
be maintained with rigid discipline. 

Treatment of a control group with vitamin E capsules is 
a good solution to a masked alternative treatment , s ince 
most vitamin A capsules also contain vitamin E and 
vitamin E is not expected to influence mortality. 
Ethical considerations concerning the withholding of 
vitamin A treatment are minimized because all cases of 
active xerophthalmia will be treated . The remaining 
ethical issue is that of informed consent : the 
information to be conveyed to participants should be made 
more explicit in the final research protocol. 

The suggested color coding of treatment and placebo 
capsules could cause field teams to guess their content 
and , if they form opinions , could lead to b iased 
observation . With village - level randomization , the use 
of numbers to code treatments might be less difficult , 
although not s imple . 

Sample Size 

Given the assumptions of 20% reduction in mortality , a 
Type I error of 0.05 , and a Type II  error of 0.20 , the 
proposed sample s ize of 15 , 000 in each treatment group 
and the 1 -year observation period will meet the needs of 
the study only in the abstract. The selection of sample 
s ize is based on the unrealistic assumption that there 
will be no attrition from refusals , dropping out , or 
migration . Allowances should also be made for the 
clustering of effects in households ( or more espec ially 
in villages ) .  A further narrowing o f  the margin for 
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detecting an effect may result from the assumed mortality 
level , which is based on the whole of the Sudan , but is 
probably substantially lower in the Khartoum area . 
Moreover , as discussed in Chapter 6 ,  the assumption that 
mortality reduction resulting from vitamin A supple ­
mentation is proportionate to the mortality rate in the 
population is not necessarily sound. It is as plausible 
to expect an absolute reduction that is governed not by 
the existing level of mortality but by the extent of 
vitamin A deficiency in the population (which leads to 
different sample s ize assumptions and estimate s ) . S ince 
the population available for study is l imited , it would 
be advisable , as noted above , to extend the observation 
period to increase the number of person-years in which 
outcomes could be observed . Because mortality is high in 
the youngest age group , a further increment in power 
would be gained if the sample were to include children 
from 6 to 72 months of age rather than 9 to 72 months , 
and if children reaching that age during the study were 
recruited . 

For the intensive study of the effect of vitamin A on 
morb idity , a lt subsample is to be drawn at random , but 
the proposal included no calculations of sample s ize . It 
may in fact be safe to assume that the frequency of 
respiratory diseases and diarrhea in the subsample is 
sufficient to allow for the detection of vitamin A .  
effects of a magnitude to have publ ic health s ignifi ­
cance. This may not be true for proposed further studies 
of the interactive effects of vitamin A with oral 
rehydration therapy , immunization , and birth intervals . 
The detection of these effects is not crucial to the aims 
of the study and need not command an increase in the 
sample s ize that is difficult to manage . 

The same issues apply to a proposed case - control s tudy 
of complications resulting from measles as a mediating 
variable in the poss ible impact of vitamin A on 
survival . Presumably ,  complicated and uncomplicated 
eases of measles will  be compared with regard to their 
vitamin A treatment in the study. The code of treatment 
assignment should not and indeed need not be broken to 
accomplish this study. 

Baseline Statu& Monitorinl an4 Mea§Uregent Iecbniqves 

The existing infrastructure of primary health care 
services , if proved to be operating effectively , will 
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confer marked advantages on this study . For example , 
knowledge that already exists or can be quickly collected 
can be used in determining population structure , 
assembling the study population , making random treatment 
assignments , monitoring the study in progress ,  and 
ascertaining the outcome. The age of the participants 
and the preexisting death rates in the study villages 
should be well  characterized to the extent poss ible . 
When randomization is at the individual or household 
level and a large number of uni ts is to be randomized , 
baseline information is not an absolute necess ity for 
s tudy val idity. On the other hand , information on 
baseline status could aid greatly in the interpretation 
o f  study results , since the initial status of the study 
population is likely to be a moderating condition for the 
effect of the treatment. Information of importance 
includes recent infectious illness , growth and nutri ­
tional status , b iochemical and clinical indicators of 
nutritional status (weight , height , arm circumference , 
and if possible , skin- fold thicknesses ) , and dietary 
histories of foods containing vitamin A .  With such 
baseline information , it is possible to detect 
conditional effects and estimate actual change in the 
treatment group , not merely a treatment difference. 
These data assume even more importance if they are 
collected at intervals during the study , s ince they may 
provide corroboration of treatment intake , illuminate 
some of mechanisms of treatment effects , and provide 
important collateral evidence of the occurrence and 
nature of the effects being sought . It cannot be taken 
for granted that these collateral effects will be as 
predicted from preexisting knowledge . 

The investigators do intend to measure growth and to 
use this information to characterize nutritional status , 
but the subcommittee believes it would be wise for 
several reasons to add supplementary observations on the 
participants , both at the beginning and , to the extent 
possible , during the course of the study . For example , 
nutritional status may either interact with or confound 
the effects of vitamin A .  I n  general , intens ive 
observation of a randomly selected subsample should 
suffice. 

The investigators have indicated that they intend to 
test the reliability of several measurements between 
observers , over time , and for the same observer at 
different times. As much as possible , the measurements 
should be standardized among all the s tudies discussed 

Copyright © National Academy of Sciences. All  r ights reserved.

Vitamin A Supplementation:  Methodologies for Field Trials
http://www.nap.edu/catalog.php?record_id=18898

http://www.nap.edu/catalog.php?record_id=18898


34 

at the workshop . The subcommittee bel ieves that val idity 
testing should be considered , especially for measurements 
of morbidity ( in particular respiratory morbidity) and 
impress ion cytology , and for any other new measurement 
techiques that are used . 

In addition to the problems of implementation already 
discussed , some others should also be cons idered . The 
provis ion of treatment under observation is an important 
strength of the study , but lack of coordination and 
errors such as the adminis tration of treatment to 
controls are possibilities , especially in household 
randomization . If participating children are assembled 
at a central point for interviews and treatment , as 
proposed , the accompanying person may not be adult or may 
not be from the same household and thus may not be able 
to provide needed information . If  information about the 
treatment is ass igned to households with no address ( only 
a location on a map ) , there is great potential for error. 

I t  would be worthwhile to cons ider the poss ible effects 
resulting from the lack of coordination that might be 
produced by the proximity of three parallel ongoing 
proj ects - - on oral rehydration , on immunization , and on 
family spacing- - in the s tudy community . Procedures 
should be developed to manage refusals at various stages , 
e.g . , after randomization but before treatment . 
Procedures for following dropouts need to be developed , 
and the duration of follow-up should be defined . 

• The health infrastructure described in the Sudan 
proposal is a strength of the study . 

• The level of vitamin A deficiency in the areas near 
Khartoum should be assessed at baseline . 

• The proposed household randomization has advantages 
over village randomization but may be very difficult 
to accomplish successfully . 

• The proposed distribution of vitamin A capsules 
every 6 months may be less than optimal , s ince there 
is evidence that serum levels decline after 4 months 
( Flores et al . , 1984) . 
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• A longer study period ( e . g . , 2 years )  would increase 
the probability of detecting differences and 
seasonal variations in mortality .  

• A thorough evaluation o f  baseline child mortality in 
the study area is needed . This should include 
supervis iort of key informants or use of · an active 
surveillance system . 

• Although the sample s ize may not be sufficient to 
detect interactions among other treatments and 
vitamin A supplementation , these analyses are not 
crucial to the hypothesis . 

• The sample s ize should be revised to allow for 
refusals , loss to follow-up , and estimated 
migration . 

• Baseline information should include recent 
infections , anthropometric measurements , and to the 
extent possible , clinical and biochemical 
indicators . 

• Growth measurements should be made both at basel ine 
and during the course of the study to document and 
control for effects of nutritional status . 

• Detailed procedures should be developed for fac i l i ­
tating coordination with other health programs in 
the study area and for handling refusals to 
participate at various stages. 

• Direct observation of capsule administration is very 
important and should be rigidly enforced. 

• Codes of treatment and control groups should not be 
broken to perform interim analyses . 

• Additional resources may be needed , especially to 
lengthen the duration of the study and to modify the 
plan to vis it the households rather than to use a 
community gathering place . 

• Emphas is should be placed on a sound des ign for the 
main study rather than for substudies. 
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PIOPOSID STUDIES II IRDIA AID Dll CWIIIA 

The subcoaaittee did not critique the proposed s tudies 
to be conducted in India and The Gambia , s ince they were 
not included in its task and proposals were not availahle 
for review . The designs were presented at the workshop , 
however , because these studies are likely to yield useful 
information on the relationship of vitaain A to child 
survival that should aid in the interpretation of results 
from the other four studies . 

The proposed research in India will be conducted in the 
Nalgonda district of the s tate of Andhra Pradesh .  I t  
will include longitudinal fol low-up of morb idity and 
mortality for 1 year and consideration of the relation­
ship between xerophthal.aia and mortality . At the end of 
the first year , the s tudy group will be randomized to 
control groups or to groups treated with mass ive doses of 
vitamin A.  At the end of 2 years , mortality in the two · 
groups will be compared . 

The research to be undertaken in The Gambia -will · 
include 6 , 000 infants under 2 months of age . Longi · 
tudinal observations will be made until each child 
reaches its third birthday and will include anthro ­
pometric , social , and demographic factors as well  as 
mortality . Individual children will be randomized to 
treatment with 200 , 000 IUs of vitamin A or to a placebo 
given every 4 to 6 months . Serua vitamin A levels wil l  
b e  obtained annually for children and once for a lOt 
sample of mothers . Separate morbidity studies us ing a 
subsample may also be undertaken . 
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Chapter 5 

IIE"l.''IIDOLOGICAL CDISmEBATIOBS FOB. 

VITAIIIII A FIEIJ) smDIES 

Workshop participants cons idered methodological issues 
raised by the proposed studies . The following pages 
summarize the subcommittee ' s  review of the methodologies 
for studies of this kind , including study design,  
comparability ,  randomization , selection of controls , 
unbiased assessment , determination of sample s ize , and 
ethical cons iderations . 

STUDY DESIGR AND IMPLIMERIAUON 

Study Qbj ectives 

Nutritional studies are designed to provide answers to 
specific questions . Although the general question of 
interest in the workshop was whether increas ing vitamin A 
intake in populations with evidence of deficiency would 
reduce childhood morbidity and mortality , the specific 
question for investigation was whether this can ·be done 
by periodic supplementation with capsules containing 
200 , 000 IUs of vitamin A .  These questions are 
comparative : to inquire about the effect of vitamin A 
supplementation implies that it is possible to compare 
rates of mortality and morbidity between supplemented and 
unsupplemented groups in which the only material 
difference is vitamin A intake . To be certain that such 
questions can be answered , therefore , the study design 
mus t ensure that treatment and control groups conform to 
the preceding requirement. 
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Selection of StwlJ Population 

Given the hypothesis of interest , evidence of vitamin A 
deficiency aust be demonstrated in any population 
selected for study . This can be done clinically , e . g .  , 
by us ing prevalence rates of xerophthalmia as an index of 
endemic vitamin A deficiency , or by the use of b iochem­
ical markers , e . g . , levels of serum retinol . S ince 
populations will vary cons iderably in the severity and 
extent of vitamin A deficiency , which aay in turn affect 
the succes s  of supplementation , one needs to use methods 
of characterizing vitamin A s tatus that can be compared 
acros s  different populations . This will  be important not 
only for comparing results of intervention trials in 
different countries but also for j udging how the findings 
might apply to other areas . Ideally , generalizabili ty 
will be enhanced if the studies are conducted in s ites 
where deficiency ranges from moderate to mild . I t  i s  not 
clear at this tiae whether the choice of  s i tes achieves 
this goal . 

Further information on the relationship between vita ­
min A s tatus and effects on mortality will be provided by 
studies of patterns of seasonal variation in both ( S inha 
and Bang , 197 3 ) . To maximize the likelihood of detecting 
e ffects of vitamin A on mortali ty ,  doses should be 
provided at intervals of no more than 4 months in order 
to maintain adequate serum retinol levels and the absence 
of clinical s igns ( S inha and Bang , 1976 ) . Effects of the 
t iming of the dose on mortali ty should be studied to gain 
information that will be useful in the design of 
interventions . 

Baseline Surveys 

Although the selection of a study area may be based on 
past surveys of nutritional s tatus , the selection should 
be val idated through baseline s tudies before intervention 
is begun .  These studies should include assessments of 
child mortality and morbidity due to diarrheal and 
respiratory disease - - two pathways by which vitamin A 
deficiency might affect mortality ( Sommer et al . ,  1984) . 
Characterization of the baseline status of the study 
population with respect to vitamin A deficiency , child 
morb idity , and child mortality will also serve other 
useful goals : 
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• description of the extent of baseline comparability 
between treatment and control groups , 

• adj ustment of comparisons between groups for any 
slight differences at baseline , 

• assessment of the effect of supplementation on the 
study population ' s  vitamin A status , and 

• interpretation of the findings of the four s tudies 
and generalization to other populations . 

Intervention 

To demonstrate whether an expected reduction in 
morbidity and mortality is due to vitamin A supplemen­
tation , one needs to ensure that treatment and control 
groups are comparable before intervention is begun , that 
follow-up is uniform for the two groups , and that no 
other factors that might affect the study end points or 
the ir assessment have intervened during follow-up and 
biased the results . 

Randomization 

Basel ine comparability is ensured on average , i . e . , in 
repeated samples , by random assignment of treatment and 
control interventions . This randomization can be done 
at several levels : individual , household , and commu­
nity . The choice of the level of randomization is a 
matter of balancing cons iderations of study s ize with 
feas ibility .  Regardless of the level of randomization 
used , studies otherwise comparably conducted and 
des igned to the same specifications of power and 
significance will have equal val idity . 

In general , studies with randomization at the individ­
ual level require fewer subj ects to achieve power 
equivalent to those with household- level randomization , 
which in turn require fewer subj ects than studies with 
randomization at the community level . The actual 
magnitude of the differences in total study s ize depends 
on the overall event rate in the study population , the 
variation in rates among clusters (households or 
communities ) , and the average cluster s ize ( Cornfield , 
1978 ) . For example , data from the study in Aceh , 
Indones ia , suggest that randomization by village , as 
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opposed to randomization by individual , resulted in a 
30% increase in the variance of estimated mortality 
rates (A . Sommer , Johns Hopkins Univers ity , personal 
communication , 1987 ) . The increase in study s ize for 
community randomization must be we ighed against the 
benefits of s implified field procedures .  

With village randomization , one need only validate 
each village ' s  assignment . This should not be a 
difficult task for the proposed studies , which involve 
180 to 250 villages each . With individual or household 
randomization , current lists of treatment ass ignment 
must be maintained for all households and all children 
within each household . At follow-up , the previous 
treatment for each child must be validated by checking 
against such a list , and the correct treatment or 
control intervention must then be given . The mortality 
studies presented at the workshop will follow 20 , 000 to 
40 , 000 children . Thus , it will be cumbersome to 
maintain lists of individuals for field use , even with 
the aid of microcomputers .  Of even greater concern is 
the likelihood of error in administering vitamin A at 
follow-up , s ince each child ' s or household ' s previous 
treatment will have to be validated and the correct 
treatment readministered . Although randomization by 
households may not present an insurmountable problem , it  
will  surely require great attention to detail and 
careful checks in the field . 

Randomiz ing a large number of individuals or clusters 
ensures that any baseline differences between treatment 
and control groups are likely to be small but does not 
guarantee perfect agreement . Perfect agreement is not 
essential , however , s ince analyses can adj ust  for the 
small effects of any baseline differences that do 
emerge . 

Stratified Randomization 

The l ikelihood of strict basel ine comparability can be 
improved by randomiz ing within strata on factors that 
bear a strong relationship to the outcome variables , 
such as serum vitamin A level at basel ine , and that vary 
cons iderably among units to be randomized (villages , 
households , or individuals ) . As noted previously , 
strict comparability at baseline is not crucial to the 
val idity of a study , because in moderate - s ize studies ,  
adj us tments can be made during data analysis either by 
stratification or by regress ion analys is . Thus , if data 
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have been collected on factors to be adj usted , unbiased 
comparisons can be made . 

The rationale for stratified randomization rests not 
on cons iderations of validity ( see Peto et al . ,  1976)  
but , rather , on  efficiency (precis ion of estimates ) .  In 
making decis ions about stratified randomization , l ike 
those about cluster randomization , one must we igh the 
expectation of slight gains in precis ion against the 
additional complications involved in field work . 

Control Group 

S ince the questions posed by the studies presented at 
the workshop are comparative , concurrent control groups 
are needed . The assignment of villages , households , or 
individuals to treatment or control groups should be 
made at random . 

Children in the control group should derive some 
direct benefit from participating in the study . For 
example , one might cons ider immunizing the control 
children against a specific disease . To retain the 
integrity of the study design , the vitamin A treatment 
group should also receive the treatment provided to the 
controls . 

Chi ldren with cl inical s igns of vitamin A deficiency 
should be treated with vitamin A ,  irrespective of their 
ass ignment to a treatment or control group . If  sero ­
logical evidence suggests severe deficiency , then 
supplementation should be given , even in the absence of 
clinical signs . Children in the household who are not 
in the preschool age group that is the focus for the 
study but who exhibit ocular signs or symptoms should 
also be treated . Although these maneuvers might cause 
slight complications in data analys is , the ethical 
imperative is preeminent . 

Unbiased Assessment 

Achieving baseline comparability between treatment and 
control groups is but one aspect of preventing biased 
comparisons . It  is also necessary to ensure that 
follow-up has been uniform and that apart from treatment 
with vitamin A ,  no other factors affecting the study end 
points or their assessment have intervened to bias the 
results . The former obj ective is often secured in part 
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by double -blinding the treatment assignment - - that i s , 
not telling either the s tudy subj ects or the investi ­
gative team who is  receiving vitamin A .  I f  double ­
blinding is  succes s ful , then not only are claims o f  
biased assessment more difficult t o  sus tain , but the 
trial itself is l ikely to be conducted in a way that 
avoids a self- fulfilling prophesy . 

Double-blinding of clinical trials is  o ften accom­
plished by us ing treatment _and control interventions 
that are identical in all apparent respects , occa­
s ionally including s ide - effects . However , thi s  ideal is 
unattainable in many c ircumstances , for example , in a 
comparison of surgical versus medical treatment . When 
treatment ass ignment is known or is l ikely to be dis ­
covered , one must establi sh additional precautions to 
prevent b iased assessment : standardization of all 
critical aspects of measurement , rotation of field s taff 
through treatment and control areas , systematic audits 
o f  field procedures by persons other than field 
investigators , concealment of the maj or study hypotheses 
from persons involved in the field work , and withholding 
of the results of interim analyses from the investi ­
gative team . 

The pos s ibility of bias can be assessed through 
consistency analyses . For example , i f  overall mortality 
appears to be reduced by treatment with high doses of 
vitamin A ,  the apparent effect might be examined in 
relation to age , sex , village , time from initiation o f  
treatment , duration of effect , and caus e - specific 
mortality .  Plausibility would be enhanced , for example , 
i f  mos t  of the mortality decline in those treated with 
vitamin A is  explained by the same constellation of 
causes across different studies .  

Sample S ize 

There is no s ingle answer to the question ,  "How large 
should a study sample be? "  The sample s ize for a 
morbidity or mortality study depends on the expected 
baseline rate in controls , the magnitude of the 
treatment effect that , if present , one would l ike to 
detect , the levels of significance and power des ired , 
the duration of study , the method of randomization (by 
individual or cluster ) , the expected rate of refusals to 
participate , and the expected loss to follow-up . .  Once 
these details are specified , calculation of study s ize 
is a routine matter ( Pocock , 1983 ) . 
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Any disagreement that occurs in planning the s ize of a 
study will involve the specifications outlined above . 
S ince slight changes in specifications can produce maj or 
changes in proj ected sample s ize , there is  ample 
opportunity for disputes . In the end , theoretical 
considerations must be balanced against pragmatic 
concerns such as resources and duration of the study . 

One year is a minimally acceptable period of 
follow-up . Given the continued effect observed after 1 
year in the Aceh s tudy , 18 months or 2 years is 
preferable . In longer follow-up periods , potential 
latency in treatment effect can be revealed , seasonal 
effects can be detected , and more thorough analyses of 
cumulative effects and consistency of findings over time 
can be conducted . With longer follow-up , it becomes 
pos s ible to determine whether an effect is sustained or 
merely trans itory . 

All the mortality studies are des igned to detect , with 
high power , a 20\ or greater reduction in mortality 
among children 6 months to 6 years of age , and they 
provide formal estimates of the necessary sample s ize . 
However , only the specialized study to be undertaken in 
the Philippines did this for morbidity , even though 
morbidity is an important component of these investiga­
tions . In the Indonesian study , rates of cough and 
diarrhea for children 12 to 71  months of age during the 
7 days before interview were approximately 32\  for 
control and treatment groups ( Sommer et al . ,  1986 ) . 
Approximately 22\  of all children had a history of 
measles at any time in the past . Although these morbid­
ity rates suggest that the studies under review are 
sufficiently large to detect any important effects of 
vitamin A on morbidity , confirmatory analyses of sample 
s ize and power would be useful . 

Qutcomes 

A range of outcomes could be altered by an effective 
vitamin A supplementation program , but not all are 
suitable for inclusion in the proposed studies . 
Figure 5 - l  proposes a conceptual framework for effects 
of vitamin A delivery on vitamin A nutriture , as 
ascertained by tissue samples or clinical signs . 
Included are effects on host resistance and the 
integrity of epithelial tissue . None of the proposed 
studies include these as outcome measures .  A review of 
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FIGURE 5 - l .  Possible Outcome Variables (Recom­
mended Unless Otherwise Specified) 

current knowledge of the role of vitamin A in resistance 
to infection is included as an appendix to this report . 
Also , effects on the incidence and severity of 
infections , improvements in growth , and reductions in 
mortality are noted in Figure 5 - l .  Improved vitamin A 
nutriture is also shown to have a more direct effect on 
growth ( i . e . , independent of morbidity changes) . 

The need to include morbidity as well as mortality 
assessments has been emphasized in the section on the 
Philippine study designs . Both mortality and morbidity 
are of concern to public health authorities , and the 
demonstration of effects on morbidity would lend 
credence to any observed effects on mortality . 

Determination of cause of death is also important , 
because this information could be used to assess the 
plausibility of results . If the proposed mechanisms 
through which vitamin A acts are the correct ones , and 
if mortality rates decline by as much as 25% , it should 
be possible to detect reductions in the proportion of 
deaths due to diarrheal and respiratory infections . 
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The prevalence of vitamin A deficiency would also be 
expected to change in a successful vitamin A inter ­
vention . Indeed , all the study proposals include the 
measurement of xerophthalmia . In addition to serving as 
an outcome measure , the inclus ion of clinical assess ­
ments serves to identify those children who should be 
provided with vitamin A, irrespective of their 
intervention group . If  all children with clinical s igns 
are treated , declines in xerophthalmia are l ikely to 
occur even in control communities , but to a lesser 
extent than in intervention communities . Finally , 
however , it is important to ensure that the procedures 
used to assess vitamin A s tatus are appropriate to the 
population ( see section on vitamin A nutriture ) .  

I f  morbidity rates are decreased , one would expect 
phys ical growth to improve . Although a reasonable 
outcome , effects on growth may be too small to detect 
easi ly in subsamples . Diarrheal diseases are known to 
affect growth , but the magnitude of these effects as 
measured in field studies is not large (Martorell and 
Yarbrough , 1983 ) . Depending upon the level of reduction 
in disease prevalence , the anticipated effects on 
phys ical growth might be difficult to ascertain . 
Vitamin A supplementation may also have direct nutri ­
tional effects on growth , but evidence from field 
studies of the magnitude of these potential effects is 
lacking . Thus , the subcommittee believes that measure ­
ments of growth are less important than the measurement 
of other outcomes but that they should be included , at 
least in the baseline assessment , because they are 
useful as an indicator of nutritional status . Despite 
these problems with growth as an outcome , the 
subcommittee recommends that effects of vitamin A on 
child growth be analyzed if the data are available . 
Failure to detect effects on growth should not be 
construed as proof that the intervention is ineffective , 
however , or that the results are incons istent . Finally , 
in assess ing effects on growth , an attempt should be 
made to detect changes in indicators of wasting as well 
as stunting , s ince either may be plausibly affected by 
intervention with vitamin A .  

Although host res istance to infection and integrity of 
epithelial tissues are potential outcome measures ,  these 
are not recommended for inclusion , because their 
measurement cannot be eas ily incorporated into field 
studies . The inclus ion of assessments of vitamin A 
nutriture , xerophthalmia , morbidity ,  and mortality 
should , in the subcommittee ' s  view , be sufficient for a 
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proper evaluation of response to vitamin A supplementa­
t ion . 

KEASJJREtiiRT ISSUES 

A fundamental aspect of study des ign and implementa ­
t ion in field trials of this kind is the accuracy of 
measurement for the maj or end points . 

Mortality 

There are two main types of methods for measuring 
infant and child mortality in developing countries : 
prospective and retrospective . Retrospective 
measurement involves some attempt to elicit statements 
from mothers about the number of l ive infants they have 
delivered and the number of their children who have 
died . It  is important to ask specifically about l ive 
b irths , s ince mothers may otherwise include stillbirths 
in their response . Infants who died immediately after 
b irth may be categorized along with stillb irths by the 
respondents and thus not reported . 

Retrospective mortality data include two types of 
inquiries : those des igned to provide counts of 
cumulative events and those requiring that events be 
placed accurately in time . There is substantial 
evidence showing that women are better able to supply 
information on cumulative events than they are to report 
the time of their occurrence ( Preston , 1985 ) . The 
inability to date events properly is vividly demon­
strated in the erratic age distributions reported in 
most  developing countries . Older women may also 
underreport some cumulative events . If  it is deemed 
advisable to truncate the birth histories by l imiting 
them to events in the recent pas t ,  it would also be 
useful to ask questions on the cumulative number of l ive 
births and surviving children . To do this , three sets 
of questions called the Brass series should be asked of 
the entire population of women or a representative 
sample thereof (United Nations , 1983 ) : 

• How many males ( females ) were ever born alive? 
• How many males ( females ) are l iving with the 

mother? 
• How many males ( females )  are l iving away from the 

mother? 
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In this way , one can avoid asking direct questions about 
the number of deaths that have occurred- - questions that 
parents are unlikely to report in many cultural groups . 
If  there is no cultural aversion to discuss ing child 
deaths ; the list can include the question :  "How many 
males ( females ) have died? " 

In more than 40 countries , the World Fertility Survey 
made a cons iderable effort to collect fertility 
histories , which included dating deaths in time . This 
was done by obtaining complex maternity histories that 
occupied many questionnaire pages . Women were urged to 
reconcile any discrepancies in the histories . When they 
could not , a special computer program was used to reach 
a resolution . By and large , the World Fertility Survey 
was successful in doing this . Comparisons of fertility 
and mortality histories in several areas with reliable 
data from vital events registration systems ( e . g . , Sri 
Lanka and Chile) showed good correspondence between 
mortality levels and trends reported ( Preston , 1985 ) . 
In other countries , such as Bangladesh , the dating of 
events was much less reliable ( Preston , 1985 ) . 

Indirect procedures for dating cumulative events 
reported in surveys have been developed by demo ­
graphers . For example , by conducting surveys of women 
married less than 5 years , one can estimate the prob ­
ability of their children dying before age 2 for the 1 
or 2 years before the survey (United Nations , 1983 ) . 

Whether or not to include a maternity history in the 
baseline studies for research on vitamin A supplement& · 
tion and mortality deserves some cons ideration . If  a 
before - and- after study design were used , it would be 
very important to include such a component . In the 
proposed studies , however , the bas ic purpose of the 
baseline inquiry is to establish that preprogram 
mortal ity was equivalent in the treatment and control 
groups . Thus the Brass series , perhaps combined with a 
truncated history , seems to be a reasonable substitute 
(United Nations , 198 3 ) . Whether the Brass series or a 
truncated history is used , it is very important that the 
same ques tions be asked both at the beginning and the 
end of the surveillance so that mortality trends can be 
properly assessed.  

In addition to retrospective methods , prospective 
techniques are also used although less frequently . Each 
of the studies discussed in the workshop includes 
prospective measurement of mortality in the form of 
follow-up household interviews at 4- to 6 -month 
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intervals as well as surveillance systems in the 
villages to be studied . The quality of such data is  
enhanced i f  a roster of household residents dur ing the 
previous vis its is always available to determine whether 
any children have died s ince that tt.e . Specific 
ques tions can be asked for each child on the list . I f  
th e  study us e s  a continuous enrollment of children born 
into the households , the list must be updated at each 
survey , and it may be useful to record pregnanc ies as 
well . The use of a 4 -.onth interval would be prefe r ­
able , s imply because th e  information requested would be 
more recent and thus .ore readily recalled . Loss to 
follow-up due to migration , which might be .ore l ikely 
in families with child deaths , would result in the loss 
of fewer person-months of data if more vis its were 
made . Household vis its made every 2 weeks provide very 
accurate information on mortality ,  whereas vis its made 
only once a year lead to substantial omissions , 
especially of neonatal mortality .  

S ince two recording systems are to be used in the 
proposed studies (household vis its and monitoring by key 
informants ) , it will be important to develop and use a 
carefully des igned record-matching scheme to avoid 
duplicate reports of death . 

The ideal study des ign would include both prospective 
and retrospective recording of mortality levels during a 
baseline period and during intervention . The best 
format for retrospective recording would be a complete 
maternity history , and the prospective studies should 
include frequent household vis its . Obviously , the 
ideals must be pursued in the context of resource 
constraints . For the purposes of these studies , it  
should be  sufficient to  use prospective studies based on 
household vis its made at 4 -month intervals and the Brass 
questions for the retrospective inquiries . 

Morbidity 

S ince decrements in the incidence or severity of 
gastrointestinal and respiratory illnesses are among the 
potential outcomes of vitamin A supplementation , 
morbidity data should be collected in all the proposed 
studies . The measurement of morbidity is complex . 
Seasonal variation in rates of infection is pronounced 
in many areas of the world , and comparison of baseline 
and intervention values requires caution . For example , 
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comparison of diarrhea rates collected at baseline 
during the summer with rates measured during the 
intervention phase in winter are not eas ily inter ­
pretable . 

Continuous , prospective data collection is highly 
des irable but requires frequent home visits or 
examinations . Phys ical examinations provide data on 
morbidity events occurring at a s ingle point in time . 
S ince examiners are generally trained medical personnel , 
frequent vis its become costly . Thus , investigators have 
relied on recall data from morbidity surveys conducted 
by carefully trained observers . The respondents in such 
s tudies are usually mothers . 

Recall periods of days to months have been used by 
investigators . The longer the recall period , the 
greater the degree of underreporting due to forget­
fulness . In  Guatemala , even 2 -week recall surveys of  
child morbidity were found to  result in  substantial 
underreporting . In each interview period , the number of 
days ill with diarrhea was underreported on average by 
22% and for respiratory illnesses , by 12% (Martorell  et 
al . ,  1976 ) . The manner in which the questions are asked 
has important implications for reliability and valid­
ity .  Open- ended questions ( e . g . , How has your child 
been in the last 2 weeks? )  may not lead to the same 
answers as more direct questions ( e . g . , Did your child 
have diarrhea in the last 2 weeks ? ) . The definition of 
morbidity events is another important element . In some 
studies , investigators have accepted the respondent ' s  
diagnosis of illnesses , whereas others have specified 
additional criteria . For example , some investigators 
record " diarrhea" whenever respondents so report ; others 
also require a specified duration and stool frequency . 

A few s tudies have asssessed the validity of recall 
morbidity surveys by comparing responses to phys ical 
examinations by qualified medical personnel . In one 
study , mothers ' reports on the day of interview were 
compared with diagnoses made independently by a 
physician on the same day . Sensitivity values were 
found to be 66% and 92%  for diarrhea and respiratory 
infections , respectively , and corresponding specificity 
values were 99t  and 64% (Martorell et al . , 1975 ) . 

Despite deficienc ies in rel iability and validity , data 
generated through recall morbidity surveys have been 
shown to be related , in the expected direction , to 
outcomes such as child growth (Martorell  et al . ,  197 5 ; 
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Mata et al . ,  1972 ; Rowland et al . ,  1977 ) . This 
demonstration provides indirect confirmation of 
validity . 

S ince morbidity is far more common than mortality ,  its 
determination can be made from subsamples of the treat­
ment and control groups from the mortality studies .  
Sample s ize requirements should be estimated by 
specifying expected effects and des ired levels of power 
and statistical s ignificance . Recall methods with 
reference periods not longer than 1 or 2 weeks should be 
used . By collecting information on respiratory and 
gastrointestinal s igns and symptoms , researchers should 
be able to make adequate estimates of the incidence and 
severity of these events in treatment and control 
groups . 

The proposed studies vary in the duration of their 
morbidity recalls . The Sudan proposal includes a 1 -week 
recall of morbidity , and specific questions on diarrhea · 
and respiratory diseases are narrowly defined . For the 
Bangladesh study , no particular methodology is 
described , although morbidity data collection is 
planned . For the proposed mortality study in the 
Philippines , the investigators plan to assess morbidity 
only at baseline . This is a deficiency of des ign that 
should be remedied . The separate morbidity study 
planned in the Philippines will use a sample from a 
nearby area and collect data during daily home vis its ; 
this should minimize recall bias . Because of the high 
degree of contact , however , mothers may be less willing 
to provide information . Planned p ilot studies will 
provide information about this concern . 

Assessment of Vitamin A Nutriture 

There is no s ingle , s imple noninvas ive method for 
assess ing vitamin A nutriture under field conditions . 
In the proposed studies ,  the bas ic concern is to 
determine the presence and extent of systemic vitamin A 
deficiency in the study populations at baseline and to 
learn how the basal levels are changed by the inter ­
vention . Biochemical measurements should help to 
elucidate such changes ,  but by themselves they may not 
be conclus ive . As a general rule , therefore , field 
studies in populations where vitamin A defic iency may be 
encountered should not rely only on measurements of 
serum vitamin A levels but instead should apply a 
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comb ination of dietary , biochemical , and clinical 
methods . The use of these methods in the proposed 
trials will strengthen the validity of the assessment of 
vitamin A status in the study populations . There is 
much that remains to be determined about the inter ­
relationships of the various measures of vitamin A 
nutriture . 

Dieta[y Intake A5sessgent 

Dietary assessments that accurately reflect usual 
intakes are difficult to conduct .  Yet , for a valid 
assessment of vitamin A status among communities and by 
individuals within communities , an indication of the 
level of dietary intake is needed . The obj ective of the 
dietary assessment in the proposed studies is not to 
quantify the vitamin A intake of individual children or 
subj ects but , rather , to obtain a representative p icture 
of the customary pattern of intake of vitamin A food 
sources by the population of interest ( e . g . , preschool 
children and pregnant women) . Fortunately , the formi ­
dable methodological problems inherent in the field 
application of a method for dietary assessment are 
lessened when the purpose is restricted to determining 
intake of a particular nutrient that is contained in 
substantial amounts in only a l imited number of foods . 
Among the populations to be studied in the proposed 
field trials , carotenoids rather than preformed 
vitamin A are l ikely to constitute two - thirds or more of 
the dietary intake . Vitamin A-active carotenoids are 
widely distributed in dark- green leafy vegetables , 
yellow vegetables , yellow cereals and tubers , yellow 
c itrus and other yellow fruits , and red palm oil . 
Unfortunately , where nutrition- related blindness is 
prevalent , only very l imited amounts of these 
carotenoid-containing foods are found in the diets of 
children during the vulnerable period of weaning and 
after weaning during the preschool years . 

In the proposed studies , the choice of a dietary 
survey method will depend on various factors , such as 
resources available , accuracy expected , and type of 
population , and should be made by a professional with 
expertise in dietary field studies .  This person should 
also be responsible for the validation and supervis ion 
of the procedures chosen . Recently , s implified methods 
for assess ing vitamin A intake among literate adult 
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populations have been developed for use in epidemio ·  
logical studies (Block e t  al . ,  1986 ; Hankin et al . , 1984 ; 
Willett et al . , 1983 ) . The bas is for s implification is 
to limit the survey questions to the frequency of con­
sumption of specific portion s izes of a limited number of 
vitamin A-containing foods that constitute about 90t of 
total intake . An adaptation of this approach to make it 
relevant to local food supplies , consumption patterns , 
and socioeconomic conditions has been proposed by a task 
force and is being tested for reliability when admini ­
stered by trained community health workers ( IVACG , 
1986 ) . Appl ication of such an approach to a community by 
collecting the data for a subsample of subj ects in both 
experimental and control populations would provide the 
information needed to evaluate possible relationships 
among seasonal variations in patterns of mortality or 
morb idity , food availability or consumption , and , 
indirectly , vitamin A status . It  would also serve to 
document that there were no significant quantitative 
differences in the intake of vitamin A in food during the 
study period and among and between experimental and 
control populations . 

The committee favors including in each study at least a 
baseline qualitative assessment of the availability of 
vitamin A - containing food sources within communities and 
their presence in the diets of preschool - age children . 
If  poss ible this assessment should include some quanti ·  
tative components such as frequency of consumption of 
these sources in a random subsample . The assessment 
should be repeated periodically to cover seasonal 
variations during the study period . Selection of an 
appropriate , s implified , rapid method from those already 
developed is s trongly recommended . 

Biochegical Alsessgent 

In the Aceh area , the population was presumed to suffer 
from marginal or partially depleted body reserves of 
vitamin A- - a  condition that may or may not have included 
clinical evidence of deficiency , e . g . , xerophthalmia . I t  
is  generally accepted by the scientific community that 
liver reserves <20�g/g constitute a state of 
depletion or marginal vitamin A status ; however , the 
amount of time that liver reserves <20�g/g can be 
maintained without s igns , symptoms , or alterations in 
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serum levels is not known but seems to be directly 
related to the severity of depletion . Olson ( 1982 ) 
calculated that l iver reserves <20 pg/g would afford 
protection against deficiency for 4 months in adults with 
no dietary intake of vitamin A .  For children with l iver 
reserves <20 pg/g , the time required for progress ion 
to symptoms would still be substantial but shorter than 
for adults with no dietary intake and the same l iver 
retinol concentration . 

An understanding of the correlation between concentra­
tions of vitamin A in l iver tissue and reductions in 
serum levels and the appearance of mild , moderate , and 
severe ophthalmological symptoms and signs is needed as a 
bas is for an evaluation of health risks at the population 
level . Unfortunately , reliable data are l imited and only 
tentative inferences can be made . Amedee -Manesme et al . 
( 1984) reported abnormal relative dose - response tests and 
conj unctival impress ion cytology in children with vitamin 
A levels <20 pg/g of l iver . In addition , they showed 
that serum levels bear little relationship to total l iver 
vitamin A levels when these are >10 pg/g (Amedee -
Manesme et al . ,  1984) . Nightbl indness , a mild , revers ­
ible clinical s ign , has been demonstrated to occur 
occas ionally at plasma levels >30 pg/g in diseased 
adults (Carney and Russell , 1980 ) and in children with 
plasma levels >20 pg/dl ( Sommer et al . ,  1980) . 
However ,  plasma levels <10 pg/dl are usually assoc i -
ated with cl inical eye symptoms and signs and are 
invariably assoc iated with l iver levels <10 pg/g . On 
the bas is of these studies ,  it can be inferred that in 
humans , serum levels <10 pg/dl reflect severely 
depleted vitamin A reserves . Animal studies have shown 
that cl inical eye s igns are manifested only when l iver 
reserves are critically depleted . 

In populations with marginal vitamin A status , the 
prevalence of serum levels <10 and <20 pg/dl may be 
very low .  There is l ikely to be a higher prevalence of 
levels ranging from 20 to 30 pg/dl ( Pilch ,  1985 ) . 
The interpretation of values in this range is very 
difficul t , since nondietary factors play a part . Such 
borderline situations are unl ikely for the study 
populations in the proposed trials , except poss ibly in 
the Sudan , where no prel iminary biochemical data are 
available , and in The Gambia , where clinical defic iency 
seems to be less common . When the prevalence of marginal 
deficiency is high ,  an intervention that alters some 
nondietary factor , such as immunizations , programs that 
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introduce potable water or sanitation , or a home garden 
program that improves vitamin A intake , could bring about 
changes in the distribution of serum levels . The 
nondietary programs may relieve stress  factors , such as 
the prevalence of chronic and acute infections , that 
usually depress serum levels independently ; in these 
cases , a change in the serum distribution curve may not 
reflect a true change in vitamin A nutriture per se , 
i . e . , body stores . On the other hand , a change in the 
serum distribution curves resulting from a program that 
does or could influence intake , e . g . , a large periodi ­
cally administered dose or increased intake from forti ­
fied foods or home - grown vegetables , would reflect a true 
improvement in vitamin A s tatus . 

For the type of epidemiological studies proposed , 
knowledge of the distribution of vitamin A nutriture in 
the study populations is particularly useful where 
vitamin A deficiency is known to occur . Separate curves ·  
should be developed and interpreted for preadolescent 
children , for adolescents , and for adults . When the 
prevalence of serum levels <10 pg/dl in young chi l -
dren i s  greater than St or greater than 1 S t  for serum 
levels <20 pg/dl , WHO and IVACG consider that there 
is a deficiency problem at the public health level 
(Arroyave et al . ,  1982 ; WHO , 1982 ) . Hence , distribution 
curves by age group and by sex can be used to describe 
gross ly the baseline vitamin A status of a population . A 
shift in the distribution toward a decline in the pre ­
valence of low serum levels in the population indicates 
that an intervention program has been successful in 
improving the blood supply of retinol to the body tissues 
(Arroyave et al . ,  1981 ; Solon et al . ,  1979 ) . 

Because of the ir promising , but as yet unproven , value 
as diagnostic tools , conj unctival impress ion cytology 
(Wittpenn et al . ,  1986 ) and the relative dose - response 
test (RDR) ( Flores et al . ,  1984) may be used for a 
subsample of the study population if circumstances 
permit . Recent research described on page 17 (0 . Amede e ­
Manesme , INSERM , Paris , personal communication ; Amedee ­
Manesme et al . ,  in press ) suggests that the results of 
these tests would reinforce the diagnosis of marginal 
vitamin A status and that subsequent changes in serum 
levels are due to changes in vitamin A status , that is , 
before xerophthalmia symptoms are evident . 
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Clinical A&sessment 

The methodology and criteria for the clinical assess ­
ment o f  vitamin A deficiency have been standardized by 
WHO ( 1982 ) and Sommer ( 1982 ) . The proposed studies plan 
to use these clinical criteria as end points . Corneal 
xerophthalmia (X2 , X3 ) and Bitot ' s  spots (XlB) are 
sufficiently obj ective that they can be diagnosed by 
trained nonspecialists under supervision of an experi ­
enced ophthalmologist .  Nightblindness (XN) is more 
difficult to measure , s ince its occurrence can be 
identified only through histories of the s tudy children 
obtained from mothers or guardians by interviewers from 
the study location . Because this approach may be highly 
subj ective , it should be validated in the different 
populations . The use of distribution curves for serum 
levels could be helpful . Interviews to determine 
nightbl indness should be conducted by wel l - trained field 
personnel who are regularly supervised and who adhere to 
well - developed qual ity control procedures . 

Keasuruent of AntbrovOJietric Status and Growth 

The effects of vitamin A supplementation on growth may 
be too small to detect in subsamples of the s tudy popula ­
tion . However , baseline anthropometric status is worth 
assess ing to characterize the nutritional status of the 
cohort . 

Measurements of weight and length or he ight are widely 
accepted as the fundamental parameters in anthropometric 
assessment of children and can be used to characterize 
the degree of wasting ( low weight for he ight) , s tunting 
( low height for age ) , and low weight for age . These 
indicators can provide a general guide to the nutritional 
status of the population , and s ince they are commonly a 
component of anthropometric studies in the United S tates 
and abroad , it is possible to compare results with those 
for many other populations . If  age is difficult to 
determine , weight - for-height measurements can be used as 
an indicator of acute malnutrition . Weight - for -height 
data alone are seriously limited as a nutritional 
indicator , however , s ince they provide no indication of 
more chronic malnutrition and they vary by season and , to 
some extent , among different racial groups . 

Arm circumference may be a useful measurement to 
include , preferably in addition to we ight and height . 
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Small values of arm circumference appear to be about as 
well correlated as other nutritional indicators with 
health outcomes such as morbidity and mortality ,  although 
data in this area are limited ( Chen et al . ,  1980) . In 
preschoolers , arm circumference without adj ustment for 
age may be used as a rough measure of nutritional status , 
s ince arm circumference changes relatively little from 
age 1 to 4 years . Measurements of arm c ircumference can 
vary widely when field staff are not carefully trained 
and supervised to ensure that there is consistency in the 
way these measurements are taken . Moreover , arm circum­
ference data are not as readily interpretable as 
indicators of nutritional status , s ince there are 
relatively few reference data on other populations for 
comparison .  Thus , this measurement alone is probably 
better than having no anthropometric assessment at all 
but is much more useful as a measure of nutritional 
status when assessed along with weight and height . 

ElliiCAL ISSUES 

During the course of the workshop and in subsequent 
del iberations of the subcommittee , the methods for 
controlled s tudies of the effect of vitamin A supple ­
mentation were the main focus of the subcommittee ' s  
efforts . Also discussed in considerable detail were the 
ethical impl ications of controlled s tudies including the 
extent of scientific uncertainty about the value of 
various study des igns and their results , the possible 
risks and benefits to participants , the procedures for 
informed consent , and the soundness of the hypothes is to 
be tested . 

Although the importance of vitamin A for health has 
already been demonstrated for people with severe vitamin 
A deficiency , as manifested by ophthalmological signs or 
symptoms ( see section on biochemical assessment ) , 
s imilarly convincing evidence is lacking for the effects 
of vitamin A on mortal ity among people with marginal 
vitamin A status ( i . e . , with no clinical signs or 
symptoms ) . The Indones ian study ( Sommer et al . ,  1986 ) 
did not provide definitive information on this matter 
because of shortcomings noted by the subcommittee ( e . g . , 
lack of a double -blind des ign , basel ine differences 
between treatment and control villages , lack of data on 
serum retinol levels at baseline and on preprogram 
mortality , and the pattern of mortality differences in 
older boys ) . 
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Although laboratory studies in animals and clinical 
data on humans suggest a relationship between vitamin A 
and res is tance to infection , these data , reviewed in 
Appendix C ,  are not conclusive . All but one member of 
the subcommittee believe that Sommer ' s  findings , together 
with data from animal and laboratory research , do not 
provide adequate proof that treatment of marginal vitamin 
A s tatus has a pos itive effect on morbidity and 
mortality .  For this reason , they concluded that the 
recent field studies in Indonesia should be replicated . 
Included in Appendix D at the end of this report is a 
statement by Frank Chytil who questions the need for 
these studies .  

Implications of the Results of the 
Controlled trials for Pro� Qesign 

The subcommittee recognizes that xerophthalmia is a 
preventable outcome of vitamin A deficiency and is 
accompanied by other systemic manifestations . I t  also 
recognizes that the risk of blindness due to severe 
vitamin A deficiency provides strong j ustification for 
interventions to control the deficiency . The existence 
of persuas ive reasons for establishing vitamin A 
supplementation programs does not lessen the importance 
of demonstrating convincingly whether or not such 
programs will affect child health and survival in a 
significant way . 

Because l imited resources are available to public 
health and nutrition planners in developing countries , 
not all needed programs can be implemented . Difficult 
choices are often based on anticipated effects , and the 
prospect of reducing child mortality by periodic dosing 
with vitamin A could result in the decision to defer or 
abandon other public health interventions . For this 
reason , it  is important to undertake adequately con­
trolled trials to determine and quantify the efficacy of 
the proposed intervention and also to identify any 
possible adverse effects that could result from the 
intervention . The maj ority of the subcommittee believes 
that the true ethical imperative is to ensure that these 
program decis ions are guided by a sound evaluation of the 
probable outcomes . For this reason , all but two subcom­
mittee members concluded that more controlled studies of 
the kind reviewed at the workshop are needed as a bas is 
for decis ions involving competition for l imited program 
resources . 
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Choice of Stu4y Desicn 

The subcommittee recognizes the complex ethical issues 
inherent in the conduct of controlled clinical trials , 
particularly when randomization and use of placebos are 
involved . Respons ible scientists writing on this subj ect 
often disagree over the application of scientific 
principles to specific research protocols ( Shaw and 
Chalmers , 1970 ) . An example is the Medical Research 
Council ' s  clinical trials of folic acid supplements as a 
preventive measure against neural tube defects 
(Beardsley , 1983 ) . 

The subcommittee recognizes the value of nonexperi ­
mental s tudies and believes that they should be conducted 
when experiments are not feas ible . However , a given 
controlled study is likely to yield information of 
greater scientific validity than a nonexperimental 
s tudy . S ince nonexperimental des igns are likely to 
produce results that can have several plaus ible 
interpretations , a consensus within the scientific 
community is likely to be reached more rapidly if the 
most rigorous appl icable study des igns are used . The 
view of the maj ority was that randomized controlled 
trials are preferable to nonexperimental studies for 
rapidly and unequivocally gaining the information needed 
to determine the level of deficiency at which supplemen­
tation with vitamin A would affect child survival . The 
maj ority of the subcommittee concurred with USAID ' s  
decision to sponsor the controlled trials described in 
this report . 

A second minority report , by Lincoln Chen (Appendix E ) , 
agrees with the maj ority of the subcommittee that 
mortality consequences of marginal vitamin A deficiency 
remain uncertain and unproven . However , it takes the 
pos ition that individuals with marginal vitamin A 
nutriture are at increased risk of developing severe 
deficiency and hence are at increased risk if assigned to 
the control group in a placebo study des ign . I t  
advocates cons ideration of  alternative , less rigorous 
s tudy designs and urges that final des igns be worked out 
in conformity with local and international ethical 
standards . 

In the proposed studies involving time - s taggered 
introduction of vitamin A capsules ,  or intens ive vitamin 
A distribution in selected populations already receiving 
vitamin A through regular government services ,  some 
children would receive vitamin A supplementation and 
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others would not . The populations of some geographical 
areas can be used as a control for populations with 
intens ive vitamin A distribution only if regular 
government services are less than fully effective in 
del ivery of vitamin A .  Nonetheless , there would still be 
a treated group and an untreated or ineffectively treated 
control group . Without the benefit of randomization in a 
controlled trial , vitamin A treatment could be confounded 
by other factors affecting the study outcome . Another 
suggested des ign , retrospective case - control studies ,  
would be less satisfactory than other des igns , since it 
would be difficult to ascertain prior vitamin A intake 
and there would again be a s trong poss ibility of 
confounding , which may not be controlled adequately in 
the analysis . 

Risks and Benefits 
• 

To minimize the risk of severe vitamin A deficiency in 
any s tudy des i gn ,  participants should be screened before 
the s tudies begin to detect and treat those with any 
clinical signs of xerophthalmia ( e . g . , nightblindness , 
Bitot ' s  spots , or corneal xerophthalmia) . S imilarly , 
clinical signs and symptoms should be monitored at 
4 -month intervals to detect and treat those who develop 
symptoms of xerophthalmia during the course of the 
study . 

The risk of excess ive intake aris ing from the provision 
of vitamin A capsules containing 200 , 000 IUs to children 
every 4 months is j udged to be very small (Bauernfe ind , 
1980 ) . The study protocols stipulate oral administration 
of 200 , 000 IUs of retinyl palmitate in oil (with 40 IUs 
of vitamin E) to preschool children , either every 6 
months or every 3 months . In cons idering the safety of 
this approach , two possible effects deserve mention . The 
first is chronic or long - lasting toxicity resulting from 
the frequent ingestion of large amounts of vitamin A for 
prolonged periods , often weeks or years . Chronic 
toxicity leads to the accumulation of excess ive amounts 
of vitamin A in the body . The second is trans ient 
intolerance , which is observed immediately after inges ­
tion of a large dose . This is due to a temporary rise in 
the circulation of retinol or retinyl esters that are not 
bound to retinol-b inding prote in . 

These concerns have been seriously cons idered by the 
group of experts in the International Vitamin A 
Consultative Group ( IVACG ) . Their report , entitled The 
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Safe Use of Vitamin A (Bauernfeind , 1980) , presents a 
critical review of the world literature on the subj ect , 
discusses the physiological disposition of vitamin A 
( e . g . , absorption , retention) by the human body at normal 
and excess ive levels of intake , and , most importantly , 
analyzes the substantial body of experience in various 
countries with programs to del iver high doses of 
vitamin A. At 200 , 000 IUs in oil ( in mos t  cases with 40 
IUs of vitamin E) , most  of the s tudies report no manifes ­
tations of intolerance ; a few describe trans ient post ­
administration malaise o r  vomiting , which disappear 
within a few hours . Abnormalities suggesting prolonged 
cellular effects ( as described in chronic toxicity) have 
never been reported , even in studies where the 200 , 000 IU 
dose was administered every 4 months . Therefore , IVACG 
recommends that treatment cons ist of one capsule ( 200 , 000 
IUs ) every 4 to 6 months to children over 1 year of age . 
It  also recommends that " infants less than 1 year an4 

very small or low weight children should be given one ­
half of the capsule dose ( 100 , 000 IUs ) . "  

The level of vitamin A supplementation for pregnant 
women deserves special consideration . Studies in 
experimental animals have shown that excess ive intakes of  
vitamin A during gestation may produce congenital abnor ­
mal ities (Rosa et al . ,  1986 ) . A few observations in 
humans , reported in the same paper , sugges t  that the same 
may occur in pregnant women with daily intakes of 2 5 , 000 
to 150 , 000 IUs during the critical period of organo ­
genesis , and in one case , abnormalities were associated 
with a s ingle excess ive accidental dose . 

In fact , maj or malformations have been reported only in 
infants born to women who regularly took vitamin A 
supplements containing 2 5 , 000 IUs or more daily during 
early pregnancy (Underwood , 1986 ) . There are no 
confirmed reports of teratogenicity in humans at lower 
doses and none from women consuming regular dietary 
sources of either preformed vitamin A or carotene . The 
proposed study in the Philippines will provide pregnant 
women with 10 , 000 IUs daily as a supplement to their 
regular diet . WHO and IVACG warn that mass ive doses 
should not be given during pregnancy but that daily 
supplements of 10 , 000 IUs can be given safely at any time 
during the ges tational period " in geographic areas or 
under conditions where the intake is known to be 
inadequate and there is little opportunity for dietaiY 
improvement of vitamin A status " (Underwood , 1986 ) . 
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The maj ority of the subcommittee concluded that all 
children , including those in control communities , derive 
some benefits from participating in the studies as 
described above . For most  of these children , a salient 
benefit is that both treatment and control groups will be 
screened and treated for severe vitamia A deficiency . It  
is unlikely that xerophthalmia would be  detected or  
treated if the studies were not implemented .  

Th e  subcommittee also urges that study subj ects receive 
additional direct benefit from participating in the 
study . Among the options discussed were improvements in 
primary health care , including immunizations against 
infections such as tetanus and meas les . To ensure the 
validity of the study results , these benefits should be 
extended equally to control and intervention communities . 

Ethical Safeguards 

In its cons ideration of the proposed protocols ,  the 
subcommittee took into account USAID ' s  procedures for 
soliciting proposals . In compliance with USAID require ­
ments , each of the proposals reviewed by the subcommittee 
had been examined by a human subj ects review board in 
each of the U . S . -based universities planning to conduct 
the s tudy or was required to undergo such a review before 
beginning the study . USAID ' s  procedures for the 
protection of human subj ects involve adherence to the 
U . S .  Codes used by the Department of Health and Human 
Services ( CFR ,  1983 ) . For studies taking place in other 
countries , s imilar codes , such as those used by WHO , may 
also be used . Studies of the kind reviewed by the 
subcommittee are also subj ect to review in the countries 
where the fieldwork will be done by the government bodies 
respons ible for coordinating and approving research 
carried out with foreign assistance . Furthermore , 
studies carried out in conj unction with a local research 
or educational institution will be governed by appl icable 
review procedures in those institutions . To ensure that 
every possible ethical safeguard is taken , the subcom­
mittee also recommends that a data and safety monitoring 
board be established for each of the trials , that the 
board should have access to interim results of the 
studies ,  and that it should be independent of the 
principal investigators . 

The need to secure informed consent was recognized by 
the subcommittee , but a review of the spec ific procedures 
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for this was considered to be beyond the scope o f  this  
report . The subcommittee emphas izes , however ,  that the 
advisability of obtaining consent before or after ran­
domization should be considered in the development of 
s tudy procedures . 

Conclusions 

• Because it is not known whether marginal vitamin A 
deficiency affects mortality , at what level of 
deficiency the effect on mortality may occur , or 
whether the magnitude of the effect may vary in 
different populations , it is e thical to randomize 
children without clinical signs to either treatment 
or control groups . 

• Double-blind designs offer the best  potential for · 
reaching unequivocal conclus ions regarding the value 
of vitamin A supplementation in lowering mortality 
risk in children with mild or moderate deficiency . 

• A convincing assessment of the mortality effects of 
vitamin A supplementation in populations with 
avitaminosis A will have maj or implications for 
resource allocation and des ign of child health 
programs . 

• The risks associated with xerophthalmia should be 
minimized by screening and treating children with 
any clinical s igns . Without the screening and 
treatment program provided by these studies , all the 
participants would be at greater risk . 

• Control groups should receive some additional direct 
benefit from participating in the study . For 
example , they could be immunized agains t tetanus or 
measles . To ensure comparability of results , the 
treatment groups should also receive the inter ­
ventions administered to controls . 

• Each study must undergo thorough review of ethical 
cons iderations by institutional review boards and 
governments . 
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• At the end of the study period , administration of 
vitamin A to the control group should be considered 
in light of the available findings . If the benefit : 
risk ratio is favorable , supplementing the control 
areas with vitamin A would permit a validation of  
benefits in the randomized controlled trial by a 
comparison of the controls before and after 
supplementation . 
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Chapter 6 

SUIIIfAilY OF SUIKDIIIIrrD ' S FIRDIRGS 

Two undisputed goals of public health efforts in 
developing countries are to lower child morbidity and 
mortality rates and to improve nutritional status . 
Although these two goals are closely related , the 
response to specific interventions need not be s imilar 
for the two types of outcomes . For example , oral 
rehydration therapy is generally regarded as an approach 
that will lower case - fatality rates for diarrhea but wil l  
affect neither morbidity rates nor nutritional s tatus . 

In recent years , international and national agencies 
have placed increased emphasis on ways to improve child 
survival and have striven to identify measures , such as 
oral rehydration therapy and vaccinations , that are 
s imple , relatively inexpens ive , and effective in lowering 
mortality rates . The most recent intervention to attract 
the attention of the international community is based on 
the hypothesis  that community distribution of vitamin A 
supplements ,  when given to populations with marginal 
vitamin A status , will lower child mortality rates . I f  
proven effective , there is no doubt that vitamin A 
programs will surface as a cost - effective measure for 
lowering mortality in areas where the vitamin A s tatus of 
the population is compromised . 

EXPECIED OUTCOMES 

The main hypothesis of the study protocols reviewed at 
the workshop is  that the provis ion of periodic mass ive 
doses of vitamin A will reduce child mortality rates . 
The work of Sommer et al . ( 1986)  in Aceh , Indones ia , was 
used as a bas is for estimating sample s ize . The 
investigators who developed the proposed study des igns 
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assumed that mortal ity rates in the 1 - to 5 -year group 
wil l  be reduced by 20% to 25% . The reported decrease in 
Aceh was 35%  to 40% and may have been even greater , 
because untreated individuals in villages randomized to 
treatment with vitamin A were included in the analys is 
and because children with clinical s igns of xeroph­
thalmia , and thus probably at greatest risk of death from 
vitamin A deficiency , were treated with vitamin A and 
excluded from the analys is . All the planned studies will 
be s imilar to the Aceh study in these respects . 

An anticipated 20% to 25%  decline in mortal ity rates 
for children 1 to 5 years of age , which was used to 
calculate the sample s izes , may be unrealistically high 
for areas of the world where vitamin A deficiency is not 
as pronounced as in Indonesia and where rates of diar ­
rheal and respiratory infections are relatively low . 
Although the true impact on mortality in those areas may 
be cons iderably lower than the 34% reported in the Aceh 
study , the effects may still be important from a public 
health point of view , but the proposed studies may not 
have suffic ient s tatistical power to detect lower but 
still important mortal ity declines . A conservative 
approach would be to des ign studies capable of detecting 
some minimum effect on mortality that can be expected to 
have important implications for public health , regardless 
of the setting . Although the subcommittee did not 
cons ider what this level would be , it bel ieves that the 
figure would be substantially lower than 25% . The 
subcommittee also conc luded that an increase in the 
samples to a s ize capable of detecting , for example , a 
10% reduction in mortal ity would be so costly as to be 
prohibitive . For this reason , the adoption of lower 
estimates of the expected impact on mortal ity is not 
recommended . The investigators sh�uld also make careful 
allowances for refusals to participate , loss to follow­
up , and other factors that may increase the required 
sample s ize . Where doubt exists about the effect of 
these factors , generous margins of error should be 
included . 

I f  comparable research instruments are used , it may be 
poss ible to pool the data from the three studies to 
permit special analyses and overcome defic iencies due to 
loss and other factors . However , although comb ining the 
data sets might produce sample s izes adequate to demon­
strate statistical significance for small mortality 
changes ,  it would be difficult to determine the public 
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health s ignificance of combined results from such diverse 
s tudies . Moreover , consistency among the results of 
separate studies , even if they are not statistically 
s ignificant , may be a more persuas ive bas is for policy 
than pooled results of several s tudies . 

As has been discussed , adequate vitamin A nutriture is  
essential to  the healthy function of epithelial tissues , '
thereby contributing to the ability of the individual to 
res ist infections , especially in the respiratory and 
gastrointestinal tracts . Thus , the presumed mechanism by 
which vitamin A supplementation effects mortal ity is 
through reductions in morbidity , such as respiratory and 
gastrointestinal infections . 

The subcommittee concluded that ascertainment of 
effects on morbidity should be given a high priority for 
several reasons . First , demonstration of plaus ible 
mechanisms would add to the persuas iveness of the 
mortal ity findings . Second , s ince episodes of infection 
are far more common than deaths , the sample s izes 
required for the detection of morbidity effects are much 
smaller than those required for mortal ity ascertainment . 
Thus , only a subsample of the study population is 
required to demonstrate changes in morbidity . Third , in 
the event that the true mortal ity effect is lower than 
that predicted in the proposals , the studies could show 
whether there is at least an effect on morbidity , thus 
providing information required to assess whether a 
negative finding may have been due to insufficient 
statistical power . Morbidity effects may also have 
direct relevance to the des ign of child survival 
programs . For example , demonstrations of reduct ions in 
the inc idence or severity of diarrhea or measles brought 
about by vitamin A supplementation would be indicative of 
a corresponding potential for reduc ing mortality .  
Inclus ion o f  a more detailed morbidity substudy in a 
subsample would benefit the Bangladesh , Sudan , and 
Philippine studies and should therefore be cons idered . 

The subcommittee strongly recommends that baseline 
anthropometric measures be included , even though there is  
a lower possibility that vitamin A will influence child 
growth . I f feas ible , child growth measurements might be 
extended beyond the basel ine ; however , effects on growth 
may be too smal l to be detected . 

The impact of vitamin A interventions may vary in 
relation to the prevalence and severity of vitamin A 
deficiency . Thus , to interpret the results as accurately 
as pos s ible , the study population should contain the full 
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spectrum of vitamin A deficiency . In Bangladesh and the 
Philippines , vitamin A deficiency is known to be endemic ,  
as it  is in India . No data are available on vitamin A 
nutriture in the Sudan , according to the investigators , 
although they suspect that the prevalence of vitamin A 
deficiency may be high . Thus , the results of the 
proposed studies may not be informative about effects in 
communities where the prevalence and severity of vitamin 
A deficiency are low , such as in Latin American popula­
tions where clinical s igns of deficiency are rare and 
biochemical measures are required to detect deficiency 
status . The proposed s tudy in The Gambia may be more 
informative , s ince clinical signs are rare . 

Ethical issues were carefully cons idered by the 
subcommittee , but unanimity could not be reached . The 
maj ority of the subcommittee concluded that there is a 
sound basis  for controlled studies of the effect of 
vitamin A supplementation on child mortality and that 
double -blind designs are the preferred approach where 
poss ible . It concluded that in view of the importance of 
the results for resource allocation and program des ign ,  
the benefits outweigh the risks to partic ipants . Two 
subcommittee members did not agree with the maj ority view 
and raised questions regarding the ethical soundness  of 
the studies ,  each for different reasons , and each drew 
different conclus ions , which are given irt Appendixes D 
and E .  

SIUDY DESIGN 

The workshop included considerable discuss ion of 
overall study design issues , which are discussed in some 
detail in Chapter 4 .  Because of the Indones ian study 
results showing increas ing divergence in mortal ity levels 
over time , the subcommittee recommends that the duration 
of the studies should be at least a year , preferably 
longer . The subcommittee also cons idered carefully the 
merits of individual , household , or village level 
randomization and concluded that although village level 
randomization would require some increase in sample s ize 
to correct for clustering effects , it would not detract 
from the validity of the studies and would solve logis ­
tical problems . 

The subcommittee also recognized the importance of 
accurate , prec ise measurement of mortality - - the princ iple 
outcome variable of the studies .  It  therefore recommends 
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specific procedures for avoiding biases in ascertainment 
of outcomes ( see Mortality Measurement section in 
Chapter 4) and endorses the use of double -blind study 
designs . For baseline mortality data , it recommends the 
use of the Brass question series (United Nations , 1983 ) 
in addition to prospective measurement and suggests that 
the same series be repeated at the end of the study . The 
subcommittee also suggests that household rosters be used 
for mortality surveillance and emphasizes the importance 
of careful record matching to avoid duplication of death 
reports . 

All studies should include an adequate assessment of 
vitamin A nutriture , child mortality , and morbidity . The 
use of comparable methods to determine vitamin A status 
will be of great value in interpreting the s tudies ,  as 
would standardization of procedures for morbidity recall 
data . The subcommittee also recommends that measurements 
of serum vitamin A levels should be supplemented either · 

by analysis of conj unctival histopathology , by the 
relative dose - response test , or by both for a subsample 
of the population . This would permit the interpretation 
of borderline serum vitamin A levels ( 20 - 30 mg/dl ) . 
Inclus ion of measures of immunocompetence is not recom­
mended for large field studies of this kind . The 
proposed studies may provide an opportunity to assess the 
rel iability and validity of new measurements that have 
not previously been accepted for field use such as 
conj unctival cytology . 

The use of a stratification scheme prior to random­
ization is not recommended unless the stratification 
variables , such as the presence of health facilities in 
the village ,  can be easily ascertained . For other 
factors that may require adj ustments for baseline 
inequalities , such as mortality ,  stratification can be 
performed when the data are analyzed , provided the 
pertinent data have been collected . 

Uniformity and completeness in analyses will also add 
to the interpretation of the studies .  In this workshop , 
the subcommittee did not consider which analyses are 
essential , but it did recognize the need for timely and 
complete reporting of central findings . 

Descriptive data about the study areas should be 
readily available , and information concerning the effects 
on morbidity , growth , and vitamin A nutriture , not j ust 
mortal ity , should be reported . This information will be 
required to assess the cons istency of results both within 
and between studies and thereby to determine the 
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prevalence of deficiency and permit investigators to 
estimate the potential effect of vitamin A supplementa­
tion in preventing child deaths among those with mild or 
moderate deficiency . 
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APPENDIX A 
1KIIISIIOP CB' lllfi'li)J)()LOGIBS FOR. FIELD 
TRIAlS OF VITAIIIII A SUPPI.IIIIIliD.CB' 

Subcommittee on Vitamin A Deficiency 
Prevention and Control 

Committee on International Nutrition Programs 
Food and Nutrition Board 

National Research Council , Washington , D . C .  
Board Room 

Honday . Auwst 18 . 1986 

8 : 30 a .m Continental breakfast 

9 : 00 a . m .  Introductions 
. . .  Dr . Reynaldo Martorell 

Welcome on behalf of the National 
Research Council 

. •  Dr . Sushma Palmer 

9 : 15 a . m .  Purpose of the workshop 
. .  Dr . Reynaldo Martorell 

9 : 30 a . m .  Summary of Aceh study in Indones ia 
. .  Dr . Alfred Sommer 

9 : 50 a . m .  Discussant 
• .  Dr . Reynaldo Martorell 

10 : 00 a . m .  Presentation of study protocol 
for the Philippines 

. .  Drs . Carmencita Reodica 
and Antonio Perlas 

10 : 30 a . m .  Discussant 
. .  Dr . Frederick Trowbridge 

10 : 45 a . m .  BREAK 

11 : 00 a . m .  DIScuSSION : Philippines Study Protocol 

12 : 15 p . m .  LUNCH 

1 : 15 p . m .  Presentation of study protocol 
for the Sudan 

. .  Dr . M .  G .  Herrera 
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1 : 45 p . m .  Discussant 
. .  Prof . Mervyn Susser 

2 : 00 p . m .  DISCQSSIQN :  Sudan Study Protocol 

3 : 15 p . m .  BREAK 

3 : 30 p . m .  Presentation of planned study in India 
. .  Drs . Vinodini Reddy and 

K .  Vij ayaraghavan 

4 : 00 p . m .  DISCQSSIQN : Planned study in India 

4 : 30 p . m .  Presentation of Philippines 
morbidity substudy 

. .  Dr . Michele Forman 

5 : 00 p . m .  DISCQSSIQN : Morbidity Protocol 

5 : 30 p . m .  Reception (The Rotunda) 

6 : 30 p . m .  Dinner (Members ' Room) 

Tuesday. AU(USt 19 . 1986 

8 : 30 a . m .  Continental breakfast 

9 : 00 a . m .  Review of study protocols and discuss ions 
. .  Dr . Reynaldo Martorell 

9 : 30 a . m .  Presentation of Bangladesh Study Protocol 
. .  Drs . Sloan ,  Habicht , and Chowdhury 

10 : 00 a . m .  Discussant 
. .  Dr . Samuel Preston 

10 : 15 a . m .  BREAK 

10 : 30 a . m .  DISCQSSIQN : Bangladesh Study Protocol 

11 : 45 a . m .  DIScuSSION : study des ign requirements , 
uniformity , and interrelationships of 
studies 

Copyright © National Academy of Sciences. All rights reserved.

Vitamin A Supplementation:  Methodologies for Field Trials
http://www.nap.edu/catalog.php?record_id=18898

http://www.nap.edu/catalog.php?record_id=18898


12 : 30 p . m .  

1 : 30 p . m .  

3 : 00 p . m .  

3 : 30 p . m .  

77 

Discuss ion of research methods including : 

• criteria and methods for 
identifying vitamin A 
status 

• confounding variables 
• sampling issues 
• outcome measurement and 

ascertainment : morbidity and 
mortality 

LUNCH ( in Board Room) 

Continuation of discuss ion of 
research methods 

Closing remarks 
. . Dr . Reynaldo Kartorell 

WORKSHOP ADJOURNMENT 
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APPENDIX B 

AUGUST 1986 'UOIUCSIIOP PARTICIPARTS , 
OBS!R.VDlS , .ARD STAFF 

WORKSHOP ON METHODOIDGIES FOR FIELD 
TRIALS OF VITAMIN A SUPPLEMENTATION 

Subcommittee on Vitamin A Deficiency 
Prevention and Control 

Committee on International Nutrition Programs 
Food and Nutrition Board 

2101 Constitution Avenue , NW ,  Board Room 
Washington, DC 20418 

August 18 - 19 , 1986 

Participants 

Reynaldo Martorell , Ph . D . , 
Chairman 
Food Research Institute 
Stanford University 
S tanford ,  California 

Fatema Alauddin , Ph . D .  
Family Development Services 

and Research 
Dhaka , Bangladesh 

Guillermo Arroyave , Ph . D . , 
School of Family and 

and Consumer Studies 
San Diego State University 
San Diego , California 

Ahmed M. R. Chowdhury ,  Ph . D .  
Research and Evaluation 
Bangladesh Rural Advancement 

Committee 
Dhaka , Bangladesh 

Frank Chyti l ,  Ph . D .  
Department o f  Biochemistry 
Vanderbilt University 
Nashville , Tennessee 

Michele R. Forman , Ph . D .  
Department o f  International 

Health 
Johns Hopkins University 
Baltimore , Maryland 

Jean - Pierre Habicht , M . D . , Ph . D  
Div. of Nutritional Sciences 
Cornell Univers ity 
Ithaca , New York 

Guillermo Herrera , M . D .  
Department o f  Nutrition 
School of Public Health 
Harvard University 
Boston , Massachusetts 

Lenore Launer , Ph . D .  
Division of Nutritional 

Sciences 
Cornell University 
I thaca, New York 

Antonio Perlas , M . D .  
Ministry of Health 
Manila , Philippines 

Samuel Preston , Ph . D .  
Population Studies Center 
University of Pennsylvania 
Philadelphia , Pennsylvania 

Carmencita Reodica , M . D . , M . P . H  
Nutrition Services 
Ministry of Health 
Manila , Philippines 

James J .  Schlesselman , Ph . D .  
Division o f  Biostatis tics 
Uniformed Services University of 

the Health Sc iences 
Bethesda , Maryland 
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Participants 

Nancy Sloan , Ph . D .  
Blindness Prevention Program 
Helen Keller International , 

Inc . 
New York , New York 

Alfred Sommer , M . D .  
International Center for Epidem­

iologic and Preventive 
Ophthalmology 

Johns Hopkins Univers ity 
Bal timore , Maryland 

Mervyn W .  Susser , M . B . , B . Ch .  
Division of Epidemiology 
Columbia University 
New York , New York 

Frederick Trowbridge , M . D .  
Division o f  Nutrition 
Centers for Disease Control 
Atlanta , Georgia 

Observers 

Antoine Augustin , M . D . , M . P . H  
Division o f  Nutrition 
Haitian Child Health Institute 

and Eye Care Center 
Port - Au- Prince , Haiti 

Kenneth Brown , M . D .  
Department o f  International 

Health 
Johns Hopkins Univers i ty 
Baltimore , Maryland 

Frances R .  Davidson , Ph . D .  
Community and Family Medicine 
Georgetown University 
Washington, D . C .  

William Flumenbaum 
Blindne ss Prevention Program 
Helen Keller International , Inc .  
New York , New York 

QbseryeiJ 

Roy Milton , Ph . D .  
Biometry Section 
National Eye Institute 
National Institutes of 

Health 
Bethesda , Maryland 

Vinodini Reddy , M . D .  
Cl inical Division 
National Institute 

of Nutr ition 
New Delhi , India 

Davis Ross , M . D .  
London S chool o f  Hygiene 

and Tropical Medicine 
London , England 

James Tielsch , Ph . D .  
International Center for 

Epidemiologic and Pre ­
ventive Ophthalmology 

Johns Hopkins University 
Baltimore , Maryland 

Barbara Underwood, Ph . D . 1 

Nutrition Research 
Division 

National Eye Ins titute 
National Institutes of 

Health 
Bethesda , Maryland 

K. Vij ayaraghavan , M . B . B . S . , M . S c .  
Field Studies Division 
National Insti tute of Nutr ition 
New Delhi , India 

U.S. Agency tor International 
Development Staff 

Martin Forman , Ph . D .  
Office o f  Nutrition 

S amuel Kahn , Ph . D .  
Office o f  Nutrition 

Kenneth J .  Bart , M . D .  
Office o f  Health 

I Dr . Underwood became a member of the subcommittee after the 
workshop . 
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National Research Council Staff 

Sushma Palmer ,  D . Sc . 
. - Food 

·
and Nu.trition Board 

Virginia Hight Laukaran , Dr . P . H .  
Food and Nutrition Board 

Maureen Sullivan, M . P . H . , M . l . A .  
Food arid Nutrition Board 

Janie Marshall , B . A .  
Senior Secretary 
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APPENDIX C 

VITAMIN A DEFICIENCY AND IBFECTIOB 

Early studies suggested a relationship between vitamin 
A deficiency and susceptibility to infections (Green and 
Mellanby , 1928) . Studies in deficient animals (Wolbach 
and Howe , 1925 )  as well  as postmortem studies of 
deficient children (Blackfan and Wolbach , 1933 )  
demonstrated that there had been histological changes in 
epithelial tissue that had presumably rendered the 
subj ects more vulnerable to infectious agents . Animal 
studies also demonstrated that keratinized epithel ium 
responded to vitamin A (Wolbach and Howe , 1933 ) . 
Nevertheless , the exact role of vitamin A in host defense 
mechanisms is still far from clear , especially in 
humans . Indeed , a direct association has been questioned 
repeatedly because nearly all the early animal and 
clinical studies (Blackfan and Wolbach , 1933 ; Bloch , 
192 1 ; McLaren et al . ,  196 5 )  were confounded by multiple 
concurrent deficiency states , particularly prote in energy 
malnutrition , that result from the inanition character ­
istic of vitamin A- deficient diets (Beisel et al . ,  1981 ; 
Krishnan et al . ,  1974) . 

In a report of a workshop , Beisel et al . ( 19 8 1 )  
sugges ted , " In generalized malnutrition ,  it is virtually 
imposs ible to define causal relationships between 
individual nutrients and abnormalities in immune 
responses . "  However ,  Darip et al . ( 1979 ) , us ing an 
animal model that circumvented the confounding effects of 
prote in energy malnutrition , demons trated that rats 
severely deficient in vitamin A were more susceptible to 
infection when held under conventional conditions and 
died because of infections . In studies by Rogers et  al . 
( 1970) , rats maintained under germfree conditi9ns 
developed the symptoms and s igns of vitamin A deficiency 
but survived for several months beyond conventionally 
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reared rats with vitamin A deficiency . However , us ing a 
mouse model , Hof and Wirs ing ( 19 7 9 )  found that when 
dietary vitamin A was reduced but not absent , that is , 
the animals were marginally deficient , the defense 
mechanisms of the host were not appreciably altered by 
their deficiency . In another study in mice , Hof and 
Wirs ing ( 19 7 9 )  demonstrated that a high dose of vitamin A 
may influence certain res istance mechanisms , but they did 
not recommend that vitamin A be used to increase 
resistance to infections for the following reasons : 

" the beneficial effect seems to depend on the 
pharmacological form and route of application ; 

" the benefic ial effects are achieved only by high doses 
approaching hypervitaminotic amounts ; 

" the consequences of high intake of vitamin A are 
detrimental for some resistance mechanisms . "  

They concluded that " the term anti - infective vitamin 
does not hold absolutely true for vitamin A ,  although 
certain anti - infective properties cannot be denied . "  

Morb idity from naturally occurring infections was not 
reported in other studies in rats that did , however , 
demonstrate that mild vitamin A deficiency altered the 
immune response (Nauss et al . ,  1979 , 1985a) , increased 
the severity of experimental corneal herpes s implex virus 
infections , and resulted in a high inc idence of corneal 
epithel ial ulceration and necrosis (Nauss et al . ,  
1985b ) . 

In a recent review of the literature concerning the 
potential role of retinoids in infectious diseases , 
Dennert ( 1984) concluded that data from animal studies 
are not sufficient to warrant conclus ions and that 
epidemiological studies in humans are needed . In most 
epidemiological studies , however , investigators have been 
unable to successfully control the factors that may 
confound the assoc iation of vitamin A deficiency with 
increased inc idence or severity of infections . Reports 
such as those by Oomen et al . ( 1964) based on admissions 
to a children ' s  ward in Indonesia suggest that there may 
be an association between vitamin A deficiency and 
protein energy malnutrition as well  as other specific 
infectious diseases , including gastroenteritis and 
bronchopneumonia . A soon- to -be published report on a 
study in India (Milton et al . ,  in press ) states that an 
increased risk of respiratory but not diarrheal 
infections was found among children with mild 
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xerophthalmia - - a finding that differs from those reported 
by Sommer et al . ( 1984) . These discrepancies and others 
noted previously in this report suggest that observed 
associations may reflect the depletion of vitamin A 
reserves by infections rather than an increase in the 
incidence of infection from vitamin A deficiency . 
A recent study in Brazil also suggests this type of 
relationship ( Campos et al . ,  in press ) . 

REFERENCES 

Beisel , W .  R . , R .  Edelman , K .  Nauss , and R .  M .  Suskind . 
1981 . S ingle -nutrient effects on immunologic 
functions . J .  Am. Med .  Assoc . 245 : 53 - 58 . 

Blackfan , K .  D . , and S .  B .  Wolbach . 1933 . Vitamin A 
deficiency in infants . J .  Pediatr . 3 : 6 7 9 - 706 . 

Bloch , C .  E .  192 1 . Clinical investigation of 
xerophthalmia and dystrophy in infants and young 
children . J .  Hyg . 19 : 2 8 3 - 304 . 

Campos , F .  A .  C .  S . , H .  Flores , and B .  A .  Underwood . 
1987 . Effect of an infection on vitamin A status of 
children as measured by the relative dose response 
(RDR) . Am .  J .  Clin .  Nutr . 46 ( 1 ) . 

Darip , M . D . , S .  Sirisinha , and A .  J .  Lamb . 1979 . 
Effect of vitamin A deficiency on susceptibil ity of 
rats to An&iostron&Ylus cantonens is . Proc . Soc . Exp . 
Biol . Med . 161 : 600 - 604 . 

Dennert , G .  1984 . Retinoids and the immune system : 
Immunostimulation by vitamin A .  Pp . 373 - 390 in M .  B .  
Sporn , A .  B .  Roberts , and D .  S .  Goodman , eds . The 
Retinoids , Vol . 2 .  Academic Press , Orlando , Fla . 

Green , H .  N . , and E .  Mellanby . 1928 . Vitamin A as an 
anti - infective agent . Br . Med . J .  2 : 6 9 1 - 696 . 

Hof ,  H . , and C .  H .  Wirs ing . 1979 . Anti - infective 
properties of vitamin A .  Z .  Ernaehrungswiss . 
18 : 221 - 2 32 . 

Krishnan , S . , U .  N .  Bhuyan , G .  P .  Talwar , and 
V .  Ramal ingaswami . 1974 . Effect of vitamin A and 
protein- calorie undernutrition on immune responses . 
Immunology 27 : 3 8 3 - 392 . 

Copyright © National Academy of Sciences. All rights reserved.

Vitamin A Supplementation:  Methodologies for Field Trials
http://www.nap.edu/catalog.php?record_id=18898

http://www.nap.edu/catalog.php?record_id=18898


84 

McLaren , D . S . , E .  Shiraj ian , M. Tchal ian , and 
G .  Khoury . 1965 . Xerophthalmia in Jordan . Am .  J .  
Cl in .  Nutr . 1 7 : 117 - 130 . 

Milton , R .  C . , V .  Reddy , and A .  N .  Naidu . In press . 
Increased risk of morb idity in children with mild 
vitamin A deficiency : Another experience . Am. J .  
Clin .  Nutr . 

Nauss , K. M . , D .  A .  Mark , and R .  M .  Suskind . 1979 . The 
effect of vitamin A deficiency on the in vitro cellular 
immune response of rats . J .  Nutr . 109 : 1815 - 1823 . 

Nauss , K .  M . , C .  C .  Phua , L .  Ambrogi , and P . M .  
Newberne . 1985a . Immunological changes during 
progress ive stages of vitamin A deficiency in the rat . 
J .  Nutr . 115 : 909 - 918 . 

Nauss , K .  M . , C .  A .  Anderson , M .  W .  Conner , and P . M .  
Newberne . 1985b . Ocular infection with herpes s implex 
virus (HSV - 1 )  in vitamin A-deficient and control rats . 
J .  Nutr . 115 : 1300 - 1315 . 

Oomen , H .  A . , D .  S .  McLaren , and H .  Escap ini . 1964 . 
Epidemiology and public health aspects of 
hypovitaminosis A .  A global survey on xerophthalmia . 
Trop . Geogr . Ked . 16 : 271 - 315 . 

Rogers , W .  E . , Jr . , J .  G .  Bieri , and E .  G .  McDaniel . 
1970 . Vitamin A deficiency in the germ- free state . 
Pp . 241 - 255  in H .  F .  DeLuca and J .  W .  Suttie , eds . The 
Fat - Soluble Vitamins . University of Wiscons in Press , 
Madison . 

Sommer , A . , J .  Katz , and I .  Tarwotj o .  1984 . Increased 
risk of respiratory disease and diarrhea in children 
with preexisting mild vitamin A deficiency . Am .  J .  
Clin .  Nutr . 40 : 1090 - 1095 . 

Wolbach , S .  B . , and P . R .  Howe . 1925 . Tissue changes 
following deprivation of fat - soluble vitamin A .  J .  
Exp . Ked . 42 : 753 - 777 . 

Wolbach , S .  B . , and P . R .  Howe . 1933 . Epithel ial 
repair in recovery from vitamin A deficiency . J .  Exp . 
Med .  57 : 511 - 526 . 

Copyright © National Academy of Sciences. All rights reserved.

Vitamin A Supplementation:  Methodologies for Field Trials
http://www.nap.edu/catalog.php?record_id=18898

http://www.nap.edu/catalog.php?record_id=18898


85  

APPENDIX D 

STATEKENT COBCEBNING REED FOB. PlACEBO GB.OUP 

Frank Chytil 

Listed below are my specific obj ections to the use 
of placebo groups in the experiments proposed to 
document further that vitamin A deficiency is accompa­
nied by higher morbidity and mortality in children . I 
s incerely believe that the . des igns discussed by the 
committee are based on insufficient or incorrect 
knowledge or interpretation of the well documented 
time - dependent deleterious effects of vitamin A 
deficiency in humans . 

The essential nature of vitamin A ( retinol)  
deficiency is clearly established but not widely 
recognized . Prior to des igning experiments in an 
attempt to explain biologic or pathologic phenomena it 
is our duty to be familiar with the progress achieved in 
the field in question .  We should realize that vitamin A 
deficiency manifests itself primarily as a systemic 
disease resulting from the alterations of cellular 
differentiation in many if not all epithelia of various 
organs , including the bronchopulmonary tree , digestive 
and the genito -urinary tract (Wolbach and Howe , 1925 ) . 
Although these effects were first reported s ixty years 
ago and have been amply confirmed s ince then , the 
description of the primary function of retinol in most 
textbooks is still l imited to the involvement of this 

1Dissenting statements prepared by individual members 
of a committee are not subj ect to the normal National 
Research Council review processes , nor are they subj ect 
to committee or staff editing or review . They appear 
exactly as the dissenting committee members prepare 
them . The Research Counc il ne ither endorses nor takes 
respons ib ility for the content of the statements . 
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micro -nutrient in vis ion .  It  is , therefore , not 
surprising that the involvement of vitamin A in normal 
cellular differentiation and maintenance of the proper 
differentiated state which is essential for the 
existence and survival of an animal is not generally 
known or apprec iated by ophthalmologists . Unfortu­
nately , even profess ionals involved in the epidemiology 
of vitamin A deficiency are unsure on this essential 
point . For example , the following s tatement was 
published in 1986 in an authoritative publication "One 
tbeory is that vitamin A is necessary to maintain the 
body ' s mucus membranes , the surfaces of the respiratory , 
urinary and intes tinal tracts which protect against 
entry of bacteria and viruses " (McLaren , 1986 ) . I 
should l ike to stress that the occurrence of metaplastic 
changes in the vitamin A deficient epithelia and their 
revers ibility with adminis tration of vitamin A is not a 
theory but a well documented fact (Wolbach and Howe , 
1925 , 1933 ) . Consequently there is no need s imply once 
again to experimentally corroborate this " theory . "  

Poor apprec iation of the systemic effects of vitamin 
A deficiency is probably the reason that the studies in 
Indonesia led to the "discovery" that vitamin A 
deficiency is accompanied by a higher incidence of 
morbidity and mortality which could be in part lowered 
by vitamin A intervention ( Sommer et al . ,  1986 ) . Higher 
mortal ity in children with vitamin A deficiency had been 
previously reported (McLaren et al . ,  1965 ) . Need we 
give a "placebo" to children l iving in an area of 
demonstrated vitamin A deficiency to corroborate that 
the systemic effects of vitamin A deficiency are deadly? 

Another clearly established fact sometimes casually 
cited is that ophthalmologic effects of vitamin A are 
the last symptoms of deficiency ( Select Committee on 
Hunger ,  U . S .  House of Representatives ) . Xerophthalmia 
which can be rather easily diagnosed is preceded by 
pathologic alterations in organs other than the eye and 
must be viewed as only a part of the vitamin A defic ­
iency syndrome . This fact was established even before 
vitamin A was chemically characterized (Bloch , 1921 , 
1924) . A serious error in interpretation of the effects 
of vitamin A deficiency occurs when xerophthalmia is 
del ineated as a starting point for the necess ity of 
vitamin A intervention . What about those children who 
will eventually become xerophthalmic but are already 
systemically deficient? Beyond any doubt some of them 
will die needlessly .  
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The most  frequent cause of death is bronchopneumonia 
as first described by Bloch ( 1921 , 1924) in Denmark and 
confirmed in the U . S .  (Blackfan and Wolbach , 1933 ; 
Wolbach , 1937 ) . These and other subsequent publica­
tions suggest that vitamin A supplementation to children 
l iving in an area of vitamin A deficiency may lower the 
incidence of pneumonia and diarrhea ( differentiation of 
intestinal epithel ium is also influenced by vitamin A) 
and prevent fatal effects of all kinds of infectious 
agents . 

Admittedly more is known about the systemic les ions 
in vitamin A deficiency from experiments with animals 
than in humans . On the other hand , the lesions and 
their consequencies strikingly resemble those observed 
in humans (Blackfan and Wolbach , 1933 ; Bloch , 1921 ) . 
Should we use the children in the placebo group as 
experimental animals to corroborate results that are 
already well documented? 

In conclus ion , the lack of availability of vitamin A 
leads to systemic effects which precede but are not as 
eas ily diagnosed as xerophthalmia . Xerophthalmia occurs 
late in the vitamin A deficiency syndrome . Thus , in the 
area in which a high frequency of xerophthalmia has been 
observed , many children are expected to be vitamin A 
deficient but have no evidence of xerophthalmia . In 
other words , systemic effects of vitamin A deficiency 
may be already exis ting in these children . By des igning 
a placebo group as proposed by the investigators and 
sanctioned by the other members of this committee and by 
treating only those children already suffering from 
xerophthalmia , the other children in the placebo group 
will be placed in needless j eopardy . These children , 
who may already be suffering systemic effects from 
vitamin A deficiency , will be subj ected to further 
possible consequences of vitamin A deficiency , namely 
death . The essential nature of vitamin A is well known 
and documented and all children living in an area of 
vitamin A deficiency should be given vitamin A supple ­
mentation as would be the case with immunization against 
an infective agent . Vitamin A is not an experimental 
drug and should not be treated as such . 

Therefore , I urge the members of the committee to 
cons ider whether or not designing a protocol leaving 
several thousand children as a "placebo" group in an 
area with high morbidity in addition to xerophthalmia , 
would serve the purpose of helping underdeveloped 
countries through AID funding . 
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APPENDIX E 

Lincoln C .  Chen 

The report provides an excellent review of the 
scientific merits of field research methodologies 
associated with proposed studies on this subj ect in the 
Phil ippines , Bangladesh , the Sudan , India , and the 
Gambia . It  concludes that because the mortality impact 
of Vitamin A supplementation to children is scientif­
ically unproven , it is ethically feas ible to conduct 
random , double -blind field trials of Vitamin A capsular 
distribution in comparable treatment and control 
population groups . Such a definitive ethical conclus ion 
is unwarranted , in my j udgment , for the following 
reasons . 

My bas ic premises are : ( 1 )  Uncertain and unproven 
are the morbidity and mortality consequences of 
mild-moderate deficiency in populations ; ( 2 )  Severe 
Vitamin A deficiency is associated with clinically 
significant disease ; ( 3 )  The definition and measurement 
of mild-moderate deficiency are unclear ; However , (4)  
among mild-moderate deficient individuals and 
populations , the x1§k of progress ion to severe 
deficiency and/or clinically significant disease is 
higher than in normally nourished individuals . 

In my j udgment , the research designs recommended in 
the report involving placebos or control populations , 
blind or not-blind , where in Vitamin A is withheld from 
mild-moderate defic ient individuals in the control 
groups are ethically questionable . Although the 
morbidity and mortality consequences of withholding in 

1Dissenting statements prepared by individual members 
of a committee are not subj ect to the normal National 
Research Counc il review proces ses , nor are they subj ect 
to committee or staff editing or review . They appear 
exactly as the dissenting committee members prepare 
them . The Research Counc il neither endorses nor takes 
respons ibility for the content of the statements . 
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the control/placebo populations are scientifically 
uncertain , the x!lk of severe deficiency and/or 
clinically s ignificant disease must be absorbed by the 
mild-moderate deficient individuals in the control/ 
placebo populations . 

In discussion and correspondence with the subcom­
mittee , it has been pointed out to me that all the 
proposed research des igns call for identification and 
treatment of severely deficient individuals ,  benefits of 
the knowledge generated would outweigh risks , and 
alternative quas i - experimental des igns would be less 
rigorous scientifically . While I agree with these 
comments , none of the proposed research designs address 
the issue of risk to the mild-moderate deficient study 
subj ects in the control/placebo groups . Also , the 
benefits gained are universal while the risk is absorbed 
by these study subj ects . Finally , a broader array of 
complementary , ethically unassailable , lower cost 
approaches ,  while less rigorous scientifically , could 
add weightage to elucidation of the study hypothesis - - as 
has been the case in mos t  scientific issues that involve 
s tudies in human populations . 

Another approach to the ethical issue would have 
been to view vitamin A as an essential nutrient l ike 
calories or water , not an experimental health technology 
such as a new vacc ine . In the latter case , as efficacy 
is uncertain and provided safety is assured , double ­
blind controlled studies are often recommended . In the 
former case of an essential nutrient , this same approach 
could be inappropriate . An example would be controlled 
double -blind studies to examine the mortality impact of 
caloric supplementation in known calorie deficient 
populations . The calorie example parallels the 
Vitamin A issue to the extent that the hypothes is is 
reasonable , the consequences of severe deficiency are 
scientifically accepted , the definition/measurement and 
mortality consequences of mild-moderate deficiency are 
scientifically uncertain . 

A more balanced report would have examined 
alternative methodologies - - such as ( 1 )  retrospective 
case control studies of mortality associated with 
acceptance or refusal of vitamin A supplements in 
population groups receiving capsular distribution ; ( 2 )  
time staggered introduction o f  vitamin A capsules along 
with other service components into ongoing or planned 
primary health care programs ; and ( 3 )  intens ive vitamin 
A distribution in selected populations in comparison to 
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populations rece iving regular governmental services , 
including vitamin A supplements . 

The report should have highlighted better the 
ethical issues at stake , the scientific uncertainties , 
the need for local ethical review and j udgment , and the 
diverse views of subcommittee members . Its recommenda­
tions should encourage involved US and host country 
investigators and institutions to work out final designs 
in conformity with local and international ethical 
s tandards . The current report ' s  conclus ion providing 
blanket ethical endorsement of all proposed 
control/placebo studies is unwarranted .  
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