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SUMMARY AND RECOMMENDATIONS

In response to a request from the Agency for International Development

(AID), a task force of the Committee on International Nutrition Programs in

the National Research Council's Food and Nutrition Board examined the results

of three AID-sponsored field trials of lysine-fortified cereals: maize in

Guatemala, rice in Thailand, and wheat in Tunisia. This report contains an

assessment of the three field trials and discussions of the implications of

the results for AID's nutrition programs and research.

The amino acid fortification trials reviewed here were based on an

assumption that low quality protein in the diets of malnourished children was

a primary cause of their malnutrition. The designers and sponsors of the

trials felt that sufficient scientific evidence existed to justify field

trials of amino acid fortification of cereal staples as a possible means to

improve protein quality and hence protein nutritional status.

It is generally acknowledged that the essential amino acid content of a

protein or the mixture of dietary protein consumed is an important determinant

of the protein's nutritive value; i.e., a protein that is deficient in any

essential amino acid compared to an "ideal," or well-utilized, protein cannot

be fully utilized by the body.* Faced with such an inferior protein, a person

could consume enough protein for good health by eating more of it; given the

bulk of many cereal staples, however, it may be difficult, particularly for a

child, to consume enough to meet protein needs. One could also increase

protein intake by adding high-protein foods to the diet to replace lower

*The amount of protein utilized is referred to as "utilizable" protein.
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protein or inferior protein components, but this would require changes in

dietary patterns. Alternatively, an inferior protein could be fortified with

the appropriate amino acid; that could improve its pattern of aaino acids in

the total diet, raise the amount of utilizable protein, and require no changes

in food habits.

Benefit from amino acid fortification requires that there be a protein

deficiency at the cellular level, that there be an adequate supply of total

nitrogen but a specific limitation of the added amino acid (i.e., that the

dietary protein is unbalanced), and that under conditions prevailing the

increased utilizable protein is available for protein synthesis. Thus,

benefit also requires that energy needs be adequately met. Otherwise amino

acids will be partially oxidized for energy and little improvement can be

expected from increasing protein quality or quantity.

ASSESSMENT

The Task Force began its assessment by identifying the main questions

addressed by the experimental design of each trial. These questions and the

answers inferred from the results were reviewed for each trial. The Task

Force also formulated questions that were not addressed by the experimental

designs and which depended on whether significant changes in outcome variables

were associated with lysine fortification in each project. For example, if no

statistically significant association between fortification and an outcome

variable was found, the Task Force questioned whether that was because the

fortification procedure was defective, because the fortified cereals were not

ingested, because prevailing circumstance made it impossible for fortification

to improve the outcome in the persons studied, because the samples were too
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small or the variability of measurements too large, or because confounding

influences negated a beneficial effect. Alternatively, if a statistically

significant association between fortification and an outcome variable~

found, was it due to biases in the selection of the comparison groups, biases

introduced with the treatment, or bias~s in the measurement of the outcome

variable?

Guatemala

The Guatemala study (1972-1976) was designed to determine the effect of

fortifying maize with a mixture of soy flour, lysine, minerals, and vitamins

on fetal and postnatal growth rates, on morbidity in children up to 3 years of

age, and on mortality of preschool children. A total of 841 children from the

village of Santa Maria Cauque were studied semilongitudinally. Fortification

could be requested at the mill, and that made it possible to develop a

fortification index based on attendance records and amount of maize fortified

and to examine the effects of fortification by comparing persons with

different values on the fortification index. Data were gathered through

physical examination, anthropometry, and birth and death records.

The Guatemala study produced incongruous results: fortification was not

associated with increased birthweight or growth, but was associated with

decreased morbidity and mortality. The Task Force believes that the lack of a

statistically significant association of growth or birthweight with fortifi-

cation cannot be explained by the absence of protein malnutrition, inadequate

fortification of the maize, or inadequate collection of participation measures

or outcome measures. The experimental design, however, linked the intake of

fortified maize so strongly to Characteristics related to voluntary

participation that the effects or lack of effects of fortification cannot be
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separated from the influence of these characteristics. It is thus impossible

to state that the reduced morbidity and mortality associated with partici-

pation were due to the fortification.

Thailano

The Thailand study (1971-1975) was designed to assess the health benefit

of lysine and threonine fortification of rice that was already fortified with

thiamin, riboflavin, vitamin A, and iron. The study divided 29 villages

(2,050 children) into 12 villages with amino acid, vitamins, and iron

fortification; 5 villages with iron and vitamin fortification; 6 villages with

a placebo; and 6 villages with no intervention. Some villages had day-care

centers. Fortification was accomplished by adding fortified grains of rice at

the time of milling. Data were gathered through physical examinations,

anthropometry, biochemical determinations, and collection of morbidity data.

The results of the Thailand study showed no consistent or statistically

significant beneficial association of fortification with growth or morbidity

of the preschool children. However, analysis of data from the study was

prematurely curtailed, so inferences about the effect of rice fortification

could not be drawn.' The lack of association could reflect a true lack of

effect, confounding factors, or inadequate sample sizes. Given the

experimental design, these possibilities could be further investigated.

Additional analysis might discover a positive association between

fortification and growth. Such a finding would be important. However, if no

association were found, and if the general population, and by inference the

study population, was not protein deficient, this might mean that the

population was not the most appropriate one with which to test the usefulness

of amino acid fortification to ~prove protein nutrition.
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Tunisia

The Tunisia study (1970-1975) was designed to assess the health effects of

lysine fortification of wheat that was already fortified with iron and

vitamins. The study population consisted of about 1,000 children divided into

three delegations (counties): a control delegation in which wheat products

were wholly unfortified, a delegation in which wheat products were fortified

with vitamins and iron, and a delegation in which wheat products were

fortified with vitamins, iron, and lysine. Data were gathered through

physical examinations, anthropometry, biochemical determinations, and

estimation of perinatal and infant mortality.

The results of the Tunisia study showed no consistent or statistically

significant beneficial association of lysine fortification with birthweight,

infant mortality, growth, or serum albumin in preschool children. In the

judgment of the Task Force, this lack of association was probably not due to

deficiencies in the fortification process, inadequate collection of outcome

measures, or inadequate data analysis. The most likely explanation for the

lack of association is the absence of evidence that the study population

suffered from protein ..lnutrition. That is, growth stunting was about half

that found among children in the other two studies, no cases of kwashiorkor

were reported (although marasmus was cvmmon), and no child had a serum albumin

level indicative of protein malnutrition.

CONCLUSIONS

The Task Force concludes that lysine fortification of cereals is not

likely to show any benefit where protein quantity and quality are sufficient

to provide adequate amounts of utilizable protein or where energy intake is so
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inadequate that dietary protein that would otherwise be used for protein

synthesis is used for energy. That conclusion is most relevant to conditions

found in the Tunisia and Thailand trials. Nor is a trial likely to

demonstrate benefits if it is poorly designed or if the resulting data are not

analyzed fully. The Task Force believes that the three fortification trials

reviewed here had at least one of these deficiencies and that the findings

therefore cannot be used to resolve the question of whether lysine

fortification of cereal staples can have a beneficial effect on fetal and- .

child growth, health, or survival in populations with adequate energy intake

but inadequate protein intake--the populations for which this intervention was

implicitly designed.

RECOMMENDATIONS

Recommendations Related to the Thr~e Field Trials

The Task Force believes that more research directly related to the

three field trials reviewed in this report would produce data necessary

to address some of the uncertainties discussed.

• The issue of whether calories or protein is limiting is important

for interpreting the results of the field trials. It would be useful for

AID to have energy or protein malnutrition in the Tunisia study area

(Douz) and in the Thailand study area assessed to ascertain whether it is

present and, if so, how it compares in prevalence, natural history, and

clinical findings with the malnutrition prevalent at the time of the

field trials. This would allow inferences about whether amino acid

fortification could have been expected to result in any benefit. It is

important to distinguish between protein deficiency in the diet and an
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effect of protein deficiency on nutritional status, as evidenced, for

instance, by clinical signs. The for-er probably does not exist without

the latter. Proof of dietary deficiency may require intervention trials,

but these are superfluous if no evidence of poor protein nutritional

status in the population is found.

• The data from Thailand have been incompletely analyzed. The Task

Force recommends that AID foster further analysis.

• Additional analysis of the Tuni~ia data has been undertaken with

funding from the National Institutes of Health. Such analysis will

probably not clarify the ambiguities introduced by secular trends across

different areas, nor will it make up for lack of evidence of protein

deficiency in this population. However, no analyses have addressed the

issue of clusterina, which is important for further nutritional field

trials, not only those limited to amino acid fortification. It would be

most useful if AID could support such analyses.

• The Task Force recognizes its inability to identify all the

possible merits of more analysis of the data collected in the three field

trials. It therefore suggests that AID elicit and fund proposals for data

analysis from the three teams.

• If the institution that conducted the Guatemala study were

complemented with specific scientific and administrative expertise and if

it could demonstrate that Guatemala has the dietary conditions that would

make such a site logical, that institution would be a possible candidate

for the further investigations outlined above--for the field trials, as

well as for the animal and human studies that should precede and

accompany these trials.
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Recommendations Related to Future Trials

• The Ta8k Force recommends that AID continue vigorously to support

research into ways to improve protein-energy nutrition. An important

part of thi8 research is determining to what degree in8ufficient dietary

intake is a limiting factor, and under what conditions. Such research

8hould also include studies in preventing nondietary determinants of

malnutrition, such a8 diarrhea, as well as studies to improve

protein-energy nutrition through improving the diet by methods that are

biologically effective and safe, and technically and financially

feasible. This research should be defined according to a long-range

program with appropriate scientific guidance.

The Task Force knows of no national or international agency that

has the commitment and resources necessary to answer the basic question

of whether and where better food quality can improve protein-energy

nutrition. Answers to this basic question are a prerequisite to

improving nutrition for most of the world. The Task Force recommends

that AID attempt to fill this vacuum.

• A major limitation to drawing useful inferences from most field

tria18 done to date i8 inadequate management and supervision of data

collection, flow, cleaning, documentation, storage and retrieval. This

problem is sufficiently pervasive and similar in principle across all

field 8tudies that the Task Force strongly recommends that AID establish

reporting requirements to document the management and supervision of such

studies.

• Analysis of the adequacy and effectiveness of review and

management practices in AID and by other contractors is critical to

project formulation, funding, and conduct. To accomplish this, the Task
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Force recommends the reinstatement of an agency-wide technical review

system in AID and an improved mechanism for peer review, monitoring, and

management of field trials. Further, to enable judgments about the

adequacy of the process of project formulation, review, and supervision,

the Task Force suggests that there be a mechanism for better record-

keeping in the scientific manaaement of AID's long-term research programs.

IMPLICATIONS FOR NUTRITION PROGRAMS AND RESEARCH

Biological Research Field Trials

Biological research field trials l:ke those reviewed here are

primarily designed to test assumptions about biological effectiveness and

safety, and should precede trials designed to test the feasibility of

large-scale programs. Future field trials of interventions to improve

intake of energy, total protein, utilizable protein (through, for

instance, amino acid fortification), or combinations of these should be

clearly understood to address the biological effectiveness and safety of

putative improvements in the diets of free-living populations. To test

the biological assumption, these trials must be undertaken in populations

likely to benefit from the dietary improvements.

In this report the Task Force emphasized the importance of

conducting future trials in populations that can benefit from them. It

also reviewed the importance of formulating appropriate interventions; of

designing the studies so that extraneous factors either are excluded or

are controlled for by randomization with adequate replication (sample

size); of measuring not only health outcomes but also variables that

affect expected and alternative pathways; and of conducting full-scale

pilot trials.

-
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Issues of cost effectiveness and of the appropriateness of an

intervention for public programs are immaterial for studies of biological

effectiveness and safety and should not be invoked, because they tend to

weaken the experimental design necessary to prove biological impact.

Implications for Government Nutrition Programs

Government nutrition programs should be based on knowledge of a

population's present and future nutritional needs and various options for

meeting those needs and on the likely effect of different policies and

programs on those needs. Such knowledae about the need for lysine

fortification of foods does not now exist, in part because the

understanding of the dietary and other causes of protein-energy

malnutrition in developing countries is inadequate. The Task Force

concludes that much basic research into the biological impact of dietary

changes remains to be done before low-cost, practical nutrition and

health programs that would improve the condition of people in Third World

countries can be instituted.



PART ONE

BACKGROUND: THREE LYSINE FORTIFICATION FIELD TRIALS





--_._- -----------------

I. Objectives of the Task Force Study of Lysine Fortification Field Trials

In response to a request from the Office of Nutrition of the Agency for

International Development (AID), the Committee for International Nutrition

Programs of the Food and Nutrition Board appointed a Task Force on Amino Acid

Fortification in December 1976 to examine the results of three AID-sponsored

field trials of lysine-fortified cereals: maize in Guatemala, rice in

Thailand, and wheat in Tunisia. On the basis of a comparative study of these

field trials, the Task Force was to recommend to AID whether lysine

fortification of cereals could improve nutrition and health in areas where

malnutrition is evident. In addition, this study was intended to guide AID in

deciding whether to promote programs to fortify cereals with lysine after

harvest and whether to breed high-lysine cereals. The Task Force was to

comment on implications for government nutrition programs and research, based

on the experience and knowledge gained from the lysine fortification programs,

and to point out areas for improvement in the management of future field

intervention trials in nutrition. These objectives could have been met

rapidly by reviewing and summarizing the results of the field trials. Because

of the nature of the results this could have been done with a minimum of

qualitative judgment about the studies.

However, looking beyond these specific objectives, the Task Force

intended their study to be useful to a wider audience of researchers and

funding agencies. The data reviewed constitute a source of information on

amino acid fortification for other investigators and field workers. The

evaluation of these three field trials can aid them in the design of nutrition

intervention programs, whether these involve fortification or other measures.

An understanding of the benefits and the pitfalls encountered in the

lysine fortification trials will be valuable to funding agencies that are
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considering proposals for or are undertaking such activities. The Task Force

report also addresses project management and its importance in the trials, and

its conclusions may provide guidance to funding agencies on their own research

management procedures.

These objectives, which go beyond the presentation of results, required

judgments about the appropriateness of the experimental design, procedures,

and populations studied. These judgements are not meant as criticisms of the

principal investigators and their advisors. All of these studies were well in

advance of the state of the art at the time they were conducted and the

investigators and institutions involved were among the best qualified. Thus,

the experiences of these trials are particularly helpful in designing

nutrition intervention field trials.



II. TASK FORCE EVALUATION PROCEDURE

On January 26, 1977, member. of the Ta.k Force on Amino Acid

Fortification met with Dr. Aaron Alt.chul and Dr. Daniel Rosenfield, who

.ubmitted the documents listed in Appendix A,· .ection l.a, and described the

gene.i. of the lysine fortification field trial. within AID'. initiative to

improve nutritional .tatus in various parts of the world. The Task Force met

with the principal inve.tigator of the Thailand field trial, Dr. Stanley

Gershoff, and with two of the principal investigators of the Tunisia trial,

Dr. Frederick Stare and Dr. Mohammed el Lazy, to discu.s their experience.,

findings, interpretations, and recommendations.

The Task Force then agreed upon an outline for this report and developed

a questionnaire to be answered by the principal investigators. This

questionnaire was sent on February 9, 1977, along with a description of the

Ta.k Force'. perception of the questions implicit in each experimental

design. One Task Force member subsequently met with the principal

investigator of the Guatemala field trial, Dr. Juan Urrutia, in April 1977 and

in June 1978, to review the questionnaire. There was further contact with Dr.

el Lozy on February 21, 1978, regarding the questionnaire.

On February 23, 1978, the Ta.k Force met again to review the draft

document. Its .ummary presentation of the studies (Part Two) was sent to the

principal investigators for correction and completion on June 10, 1978.

Members of the Committee for International Nutrition Programs also received a

copy of this section and the outline of the report, and their comments were

taken into account in a draft compiled by the Task Force on September 10-11,

1979. During this time an extraneous event occurred that influenced the

subsequent felt urgency for this report. AID reque.ted, and received from the
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Committee on International Nutrition Programs in 1979. a statement on the

implications of present knowledge about protein-energy malnutrition which

incorporated all the conclusion. on this subject from this report <see pages

143-144 for the text of the 1979 statement).

A revised draft of the Task Force report wa. sent for review by the Task

Force and the senior investigators of the studies in March 1983. A final

draft of the report was submitted for review by the Committee on International

Nutrition Programs. the Food and Nutrition Board. and the Commi.sion on Life

Sciences in December 1983.



III. PHILOSOPHY, HISTORY, AND EXPECTATIONS OF LYSINE FORTIFICATION

A. The Theoretical Ba.is for Amino Acid Fortification

The minimum intake of dietary protein necessary for adequate growth and

protein nutrition i. determined in part by the quality of the protein.

consumed. It ia u.ually accepted that the e.sential amino acid content of a

good protein is the moet important determinant of that protein'. nutritive

value (Alli.on, 1964), the concept being that if a protein contains a lower

level of one or more of the essential amino acids than that found in an

"ideal" protein, the protein cannot be fully utilized by the human body.

Thus, a per.on would need to eat more of an inferior protein than of

high-quality protein in order to meet the requirement for essential amino

acids and total nitrogen. As an alternative, the inferior protein could be

fortified with the limiting amino acid or amino acids (Harper and Heg.ted,

1974), which would improve it. amino acid pattern and thereby raise it.

nutritional value. In the 1960's it was generally thought that deficiency in

protein waa the reason children were malnourished (Scrim.haw and Behar, 1965),

and that energy deficiency was le•• important •. That view has changed since

then, in part because of the result. of theae atudie.. However, the fact that

energy requirements mu.t be adequately met before one could expect much

improvement from increa.ing protein quantity or quality has always been

recognized, and in 1970 the Protein Advisory Group of the United Nations

emphasized that population. in which amino acid fortification trials were

undertaken must have adequate energy intake (Protein Advisory Group, 1970).

Efforts to adopt amino acid fortification as a way to improve the protein

quality of food. reflected the widely held conviction among nutritionists that

national food enrichment and fortification programs could produce widespread

benefit. (Food and Nutrition Board, 1974). This belief was derived from
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earlier examples that well-controlled salt iodization programs were effective

in preventing thyroid deficiency on a population-wide scale (Berg. 1973).

Vitamin enrichment of dairy products and vitamin and mineral enrichment of

cereal food. have been cited (Berg. 1973) a. additional examples that .uch

programs are an effective mean. of achieving mass nutritional benefit••

Another appealing aspect of amino acid fortification scheme. was their

apparent fea.ibility. If fortification could be carried out in centralized

proce.sing facilitie•• it could be set in motion on a national scale

essentially by a high-level government decision.

The rationale for amino acid fortification of cereals was advanced by

various writers. A good brief statement was made by Jansen (1971):

"At the present time. cereal. are the major sources of dietary protein
for most people in developing countrie.. The population group' with the
highest incidence of malnutrition generally consume a greater proportion of
their calories in the form of cereals than do those who are better nouri.hed.
In the face of the expected increase in population. cereal. in the future are
likely to be even more important sources for dietary protein. If con.umed to
provide adequate calories. cereals will furni.h all but young children with a
large enough quantity of protein. unle.s disease is present. The quality of
this protein. however. is relatively poor and not generally adequate to

"support good growth. especially in the face of endemic infectious disea.e.
Supplementation of wheat with lysine monohydroehloride. vitamin•• and
minerals. could theoretically result in a food complete enough in all
nutrients for children free of parasite. and other acute or chronic disease,
even if it i. con.umed a. the sole source of calories. The .ame can be said
for corn and rice if tryptophan or threonine. respectively. is al.o added.
Some samples of rice and corn can be made nutritionally adequate for rat. with
ly.ine alone. along with vitamin. and mineral.. It is important to point out
that amino acid•• vitamin•• and mineral. can be added to cereal. to improve
the diet of people con.uming them without changing the organoleptic properties
of the food and without requiring change. in food habit •• "

B. Hi.torical Background of Lysine Fortification

The focus on lysine as a vehicle for improving the nutritive value of

protein date. back more than 60 years, to the demon.tration by Osborne and

Mendel (1914) that wheat protein could be improved nutritionally for

laboratory rats by the addition of lysine. Practical application of knowledge
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on the amino acid complementarity of protein resources was proposed by H. H.

Mitchell in 1915 in his doctoral di.sertation. It appeared first, a. might be

expected, in the formulation of domestic animal ration., and, as soon as the

production of synthetic lysine and methionine became cheap enough, these amino

acid. were used to improve the protein quality of animal feeds, particularly

poultry feeds.

A major initiative aimed at fortifying bread with lysine on a mass scale

in the United States appeared in the early 1950s. when the DuPont Company

erected a pilot plant in Wilmington. Delaware. to produce synthetic L-lysine

monohydrochloride.

Before the pilot plant was completed. DuPont. together with the Pfizer

and Merck companies. petitioned the U.S. Food and Drug Admini.tration (FDA) to

approve the addition of ly.ine to white bread. which would have required

revisions to the ingredient li.t in the Standard of Identity for white bread.

Thi. petition was supported by experiments in laboratory animal. by company

scientist. (Flodin 1953) and other. (Rosenberg and Rohdenberg. 1952) showing

that lysine fortification e~hanced the protein value of white bread. Thi. u.e

of ly.ine in bread appeared to be one of the few ways to develop a market for

lysine sufficient to justify it. commercial production in the United States.

After lengthy hearings. in which it was clear that the FDA would turn down the

petition. and out of concern for the deterimental implications of a formal

rejection on the biological efficacy of lysine. the petition was withdrawn in

1960 (D. Ro.enfield. 1968. unpublished report). This effectively brought to

an end effort. in the United State. to achieve extensive u.e of ly.ine in

human foods. although it continue. to be used in this country on a .mall .cale

in certain specialty bread. and breakfast cereal food ••
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It may be worth noting that the FDA's negative re.ponae to the DuPont

petition was related to the conviction of its .taff and it. advia~rs

(including the Food and Nutrition Board of the National Academy of Sciences.

(Food and Nutrition Board. 1959» that there was no evidence of a .hortage of

protein or lack of overall protein quality in the diet. of U.S. citizen••

However. any concern the United States might have had in this regard for diet.

in developing countries was apparently not voiced at these hearing••

In the meantime. Japan had been using lysine fortification of bread in

the school lunch program for .everal years. and some clinical evidence of ita

benefit to school children had been put forward (Oiso. 1971).

During the 1960s, research was conducted on the nutritional benefit. of

lysine fortification for infants and children under clinical condition. (.ee

Bressani, ~ !l.• 1971; 1963a, b. c; 1960; 1958; Graham ~ al •• 1971; 1969;

and Scrimshaw et al, 1958).

Interest in lysine fortification of cereal foods in the United State.

revived in 1966. in connection with concern for the protein needs of

developing countries. Secretary of Agriculture Orville Freeman, advised by

Dr. Aaron Altschul, his .pecial a.sistant for international nutritional

improvement. and by the adminiatrator of AID, asked the National Academy of

Sciences' Food and Nutrition Board to prepare an opinion about the validity of

claims for benefits from lysine .fortification of wheat, the advantages that

might accrue from adding lysine to wheat and wheat food.-distributed in the

U.S. a•• istance programs. and the need for additional facts to show .uch

effectiveness (Proceedings of the Food and Nutrition Board, April 11-12. 1966,

unpublished).
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The Board. chaired by the late Dr. Grace Goldsmith. responded (Food and

Nutrition Board. Proceedings. 1966) by noting that the addition of lysine to

wheat enhances the value of wheat protein for animals and could be expected to

have similar effects in human populations who.e diet is mainly wheat. The

Board further .tated that present ~nowledge of the effects of ly.ine

fortification of wheat on its nutritive value would justify a large-scale

pilot project to study. first. the practicality of providing lysine-fortified

wheat or wheat flour to people in need. and. second. the measurable effects

that might be observed. particularly in undernourished pre.chool children and

in pregnant and lactating women.

Thi. exchange between the Secretary of Agriculture and the Food and

Nutrition Board of the National Academy of Science. laid the ba.i. for

sub.equent effort. by USDA and AID to initiate .uitable re.earch contracts for

large-.cale cereal fortification .tudie.. Eventually ••tudie. under AID

auspices were undertaken in Thailand with lysine-fortified rice. in Tunisia

with ly.ine-fortified wheat flour. and in Guatemala with ly.ine-fortified corn

masa. During this period. a predominant view attributed malnutrition

primarily to protein deficiency (Behar. 1971). Consequently. program. aimed

to alleviating the "protein cri.is" were viewed favorably by policymakers.

In retrospect it is clear that by 1970 re.earcher. had already laid the

ba.is for calling into question this approach to protein malnutrition (see

reviews by Miller and Payne. 1969; Gopalan. 1968) which underestimated the

impact of concurrent deficiency in energy. Failure to consider energy

deficits resulted in overe.timates of potential benefits to be achieved from

improving protein quality through amino acid fortification because the fact

that the protein was being partially burned up as energy was not adequately
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appreciated. However. the first well integrated review papers making this

point (for example ••ee Sukhatme. 1972) only appeared after AID conceived of

the need for these fortification trials and after the beginning of the Tunisia

and Thailand studie.. The .well of doubt about the u.efulness of amino acid

fortification (McLaren. 1974) was well established before the end of any of

the trials.

c. Arguments Surrounding the Need for Field Trials of Amino Acid

Fortification

Many of the proponent. of amino acid fortification of cereals recognized

the lack of ab.olute evidence that benefits associated with cereal

fortification in the United States were actually due to the ba.ic

fortification measure. As Sebrell (1971). one of the proponents of

government-.ponsored program. of vitamin and mineral enrichment of cereals in

the 1930s and 1940s. has reported. full proof that these programs have a

positive impact on public health was never achieved. neither in pilot studies

nor in subsequent full-scale program.. Nevertheless. those supporting such

programs, while accepting the probability that no single intervention could be

expected to be totally effective in meeting a specific deficiency in real

life. argued that it was not necessary to wait for complete proof of efficacy;

improvements in fortification programs could be developed with further

experience (Milner. 1971). Recognizing that ly.ine was not a cure-all for the

more important need for adequate levels of dietary protein in many .ituations.

and that lysine fortification was but one of several feasible .trategies,

supporter. of this approach held that the scientific basis for fortification
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was as sound a. the .cientific basi. at the time vitamin and mineral

enrichment programs were undertaken. For example. animal studies had already

revealed that it was possible to improve growth with amino acid fortification

(See Sebrell. 1971) and some. but not all. in.titutional feeding trial. had

reported positive effects on growth of lysine fortification of bread (King et

!l.. 1963; reviewed in Vaghefi!! !l.. 1974).

Proponents as well as critics recognized that an intervention such as

cereal fortification might not by it.elf show significant change and that

other factors such as total food intake. other foods in the diet. public

health intervention. and other social factors might either minimize or enhance

any benefit from the single intervention in que.tion (Hegsted. 1971). For

instance. no human studies in developing countries were available that .howed

protein fortification would enhance growth in the face of caloric inadequacy.

Thus. some cautious voices noted that until clear benefits had been

demonstrated from the lysine fortification of cereals. it would be wasteful

and possibly even detrimental to foster the adoption of high lysine cereals or

ly.ine fortification of cereals (Heg.ted. 1971; 1968).

In view of these arguments. AID felt it could not postpone the develop-

ment of lysine fortification of cereals either through plant breeding or

through the addition of lysine to cereal.. With the USDA. it sponsored a

major workshop on plant breeding and fortification (Wilcke. 1971). At the

same time. AID fostered and funded three field trials to te.t the fea.ibility

and effectiveness of lysine fortification of cereals. These three field

trials are the subject of this report.
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D. Expectationa of the Lysine-Fortification Field Trials

The purpo.e. of large-scale fortification field trial. a. outlined by

Altschul (1970), were as follows:

1. To work out the logi.tics and limitations of fortification of the.e
major sources of foods with amino acids, vitamin., and minerals,
including the mechanics of fortification at the mill, making sure the
right amount i. added and delivered to the consumer, and making sure
that the added nutrients are not lo.t or damaged during processing.

2. To determine the role of nutrition in the complex mixture of health
and well-being of the communities involved. It will be important to
determine the nutritional effects of cereal fortification under
real-life conditions, including effects on child growth, mortality
and morbidity, and nutritional status as evaluated by biochemical
measurements.

3. To provide a basis for interaction between foreign and dome.tic
technologies so as to allow local .cience and technology to take over
expansion of the fortification within the country itself.



IV. DESCRIPTION, REPORTED RESULTS, AND CONCLUSIONS OF THE FIELD STUDIES

IN GUATEMALA, THAILAND, AND TUNISIA

Each of the three lysine fortification studies covers an immense amount

of information. The following summaries, which were prepared by the principal

investigators, serve as an introduction to the comparative analyses drawn up

by the Task Force and presented in Parts Two and Three.

A. Guatemala: Maize Fortification

Design and Approach

This study was designed to determine the effect of fortifying maize with

a mix of soy flour, lysine, minerals, and vitamins on fetal and postnatal

growth rates, on morbidity in children 0 to 3 years old, and on mortality of

preschool children. The study population, which comprised the village of

Santa Maria Cauque, had 1,410 inhabitants at the beginning of the study. The

fortification period began on 29 May 1972 and terminated in 3 February 1976.

Villagers could request fortified maize at the mill, so a fortification index

was drawn up based on attendance records and the amount of maize fortified at

the mill. Possible changes due to maize fortification were determined from an

analysis of differences between the pregnant women or preschool children who

had different values on the fortification index.

Results

No significant differences in birthweight or postnatal growth were

detected as being due to the intervention. However, an analysis of the

relationship between the maize fortification index and morbidity due to

infectious illness revealed that children in the high fortification group

suffered fewer days of illness than those in the low-fortification group.

Similarly, fortification of maize was judged to reduce infant mortality as

well as mortality in the third, fourth, and fifth years of life.
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Conclusions

The investigators concluded from their findings that improvement in the

quality of maize has a significant beneficial effect on morbidity and

mortality in preschool children. It was postulated that the absence of a

growth effect from maize fortification might have been related to inadequate

energy intake••ince fortification of .the cereal staple did not entail any

change in the children's overall dietary pattern.

B. Thailand: Rice Fortification

Design and Approach

This .tudy was designed to as.ess the health benefits to be derived from

lysine and threonine fortification of rice that was already fortified with

thiamin. riboflavin. vitamin A. and iron. The study divided 2.050 children in

29 villages into five treatment group': (1) raw control. no intervention; (2)

placebo control plus day-care centers; (3) vitamin and iron fortification plus

day-care centers; (4) vitamin. iron. and amino acid fortification plus

day-care centers; (5) vitamin. iron. and amino acid fortification but no

day-care centers.

Fortification. which began in August 1971 and continued until July 1975.

was accomplished by adding fortified grains to rice at the time of milling.

Physical examinations. anthropometric measurement•• and blood hemoglobin and

hematocrit determinations were conducted twice a year. Morbidity data were

collected on each child every 15 days for up to three year.. Effects of rice

fortification with lysine plus threonine were evaluated by comparing the data

obtained from children who consumed the lysine-threonine rice two-thirds or

more of the time with the data from children who consumed the ly.ine-threonine

rice less than 10 percent of the time.



- 27 -
Re.ults

No significant differences in anthropometric measurements and hemoglobin

or hematocrit levels were observed between the high and low consumers of

fortified rice grains. Similarly. there were no detectable differences in

morbidity in the children.

Conclusions

The investigators concluded that there were no health benefits for the

children who consumed rice fortified with thiamin. riboflavin. vitamin A. and

iron two-thirds or more of the time. whether it was al.o fortified with lysine

and threonine or not. as compared to the entire study population. to children

who ate fortified rice less than 10 percent of the time, or to children who

did not con.ume fortified rice. Inadequate energy intake was thought to be

the mo.t likely cau.e for the poor growth and development of pre.chool

children.

C. Tunisia: Wheat Fortification

Design and Approach

This study was designed to assess the health effects of lysine

fortification of wheat that was already fortified with iron and vitamins in a

malnourished population in southern Tunisia. The study population consi.ted

of about 1.000 children in each of three delegations (equivalent to

counties): (1) a control delegation in which the usual unfortified wheat

products were u.ed, (2) a delegation in which wheat products were fortified

with vitamin and iron mixture, and (3) a delegation in which wheat products

were fortified with the vitamin-iron mixture plus lysine.
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The de1egations'were chosen on the ba.is of socioeconomic, demographic,

and racial similarity. A1mo.t all of the wheat was imported into the de1ega-

tions through a government controlled market, .0 that the .ale of wheat in

each fortification category could be tightly regulated. The wheat was

fortified in mill. in Tuni. before shipment to the delegation••

Perinatal mortality was estimated. Anthropometric measurement. were

taken, clinical examinations were performed, infant mortality was recorded,

and, when possible, blood and urine samples were obtained at intervals

throughout the fortification period, beginning in the fall of 1970 and ending

in the spring of 1975.

Results

This study did not reveal any .ignificant improvement in children's

growth a. a result of the lysine fortification. The possible effects of

lysine fortification on morbidity and mortality were not examined.

Conclusions

The investigators concluded that lysine fortification failed to improve

the health and nutritional status of the children as judged by the absence of

differences in anthropometric measures and perinatal mortality among the three

groups.



PART TWO

COMPARISON OF THE THREE FIELD TRIALS





v. COMPARISON OF THE THREE FIELD TRIALS

A. Introduction

In this chapter, data and analyses from the three field trials are

presented and compared. The data were extracted from published and

unpublished reports of the studies and from the principal investigators'

responses to the questionnaires sent by the Task Force, as listed and compiled

in Appendices Band C. In instances where quantitative data were not

available, the investigators' remarks are noted in quotation marks.

Although this chapter consists mainly of data presentation, with the Task

Force reserving its evaluation for Part Three, the data were selected and

organized in categories that might illuminate the strengths and weaknesses of

the studies at all stages from planning to analysis. Thus, the comparison

begins with an examination of what evidence was available at the outset to

indicate that protein-energy malnutrition was prevalent among preschool

children (section B) and that amino acid fortification would improve this

condition (section C). Section D considers the design and conduct of the

studies: that is, were they done in such a way that the results could clearly

answer questions about the effects of lysine fortification. This section

includes issues such as which groups did or did not receive fortified cereal,

whether these groups were comparable in all other relevant characteristics,

whether the fortification proce.s and the consumption of fortified cereal

proceeded as expected, and what methods and quality controls were used in

measuring the indicators of nutritional status.

Section E presents typical results reported by the three studies in terms

of such outcome variables as height, weight, morbidity, and mortality. This

section deals only with the questions addressed by the data collected and

occasionally explains the variables, but does not draw any conclusions
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about the meaning of the data. Section F, however, presents data relevant to

possible reasons for the findings. In considering possible confounding

influences, the Task Force extracted and reorganized some of the data from the

three studies. Finally, section G reviews the funding and management

procedures in the three trials.

B. Evidence of Protein-Energy Malnutrition in the Study Population

This section addresses the extent to which it was known, or surmised, from

dietary, anthropometric, clinical, biochemical, and other evidence, that

protein-energy malnutrition was prevalent in the target population of

preschool children in the three trials. In a few cases, such evidence was

available from other studies. But mainly, information on nutritional status

that was collected during the trials is included here because substantiation

by the studies themselves is more valuable than inferences drawn from other

samples in assessing the extent of protein-energy malnutrition and the

appropriateness of the intervention.

This evidence is reviewed to ascertain whether it is likely that amino

acid fortification of the diet of preschool children would improve their

nutritional status. Amino acid fortification is used to increase the

proportion of dietary protein that is available for use at the ~eLLular level

(utilizable protein). If the pattern of amino acids in a dietary protein is

different from the pattern used by the bOdy's cells, the protein is said to

have an unbalanced amino acid pattern. In that case one amino acid will be

depleted before the others; this amino acid is called the limiting amino

acid. Once the limiting amino acid is depleted other amino acids cannot be

used for incorporation into protein. Thus, fortification with the limiting

amino acid improves the pattern of amino acids and increases the amount of
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utilizable protein. To benefit from fortification requires that the original

proteins in the diet be unbalanced and that under the conditions prevailing

the increased utilizable protein is available for protein synthesis. One

condition in which utilizable protein is not used for protein synthesis is

when it is used for energy. This happens when energy intake is inadequate.

Therefore protein nutrition cannot be considered independently of energy

nutrition.

1. Evidence from Dietary Surveys

In looking for evidence of protein-energy malnutrition in the dietary

survey data available from the three studies t the Task Force focused on

two-year-old children t because this is a time of nutritional stress t

particularly with respect to protein nutrition (Viteri !! !l.t 1964). By this

aget most children are no longer breastfed and must derive all of their

protein from the diet. Data on two-year old children are shown in table 1.
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TABLE I Dietary Surveys of Two-Year Old Children

Sample Method Body
Weight
(kg)

Energy Intake
Daily % of standard:
Intake (100 kcal/kg)

Protein Intake Kilocalories
Daily % of standard: from
Intake(g) (1.19 g/kg) Protein (%)

Guatemala One-week recall for 86
each child, done by
mother using family­
specific measures.
This survey was done
weekly for each child
under three years of
age during the length
of the project (N • 65)

105 82 16.8 164 9.5

w
,J:-

Thailand

Tunisia

Three-day weighing
survey of foods
ingested for each
child (N • 24).

Five-to seven-day
weighing survey from
the common eating
pot for the whole
family.

(not enough data)

(not available at individual level)

6.7-8.8

SOURCE: Guatemala--J. Urrutia, 1918, personal communication and Urrutia et ale in Wilcke (1976), pp 45-6, 50,
Tables 13, 14, and 18. -- --
Thailand--S. Gershoff, March 4, 1911, personal communication.
Tunisia--personal communication.

STANDARDS: FAO/WHO (1973) pp 34 and 74, tables 7 and 25.
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Both the Guatemala and Thailand studies reported adequate protein intake

8S judged in relation to the standard., if protein i. measured in absolute

amount. (g). But these standards a.sume an ideal amino acid pattern.

Therefore, the amount of protein in the diet should be examined to see how

close its amino acid balance come. to the "ideal" balance for utilization by

*the human body. For example, the biological value of the common maize

eaten in Guatemala was only 32 percent (Bressani, 1972). When the maize

protein intake reported is adjusted to reflect its biological value, the

percentage of calories derived from utilizable protein among Guatemalan

children would drop from 9.5 to 3.1 percent. Thi. is, however, an

undere.timate because the amino acid pattern of maize probably i. improved by

other protein. in the diet (e.g., from black beans).

Although no data were collected on the biological value of the Thai

protein, the investigators indicate that "the addition of small amounts of

foods with proteins of high biological value had little effect on the

biological value of the whole diet" (response to que.tionnaire).

*All protein. are not equally utilized by the body. A protein with a
biological value of 100 percent is one with amino acid. in appropriate
concentrations for maximum utilization once they are absorbed. Biological
value is conventionally defined as the percentage of absorbed nitrogen that is
retained in the body. A complete evaluation of dietary protein would also
include measurements of digestibility (Hegsted, 1974).
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Finally, neither "the protein nor calorie standards have been validated in

populations living in the environmental conditions of the study areas. Given

the uncertainties of the standards, it i. difficult to take the dietary data

collected in the trials as solid evidence of nutritional deficiency, much le••

of which nutritional deficiency--utilizable protein or calories.

2. Anthropometric Evidence

Anthropometric measures are reported for the oldest preschool children

where data were available in the three studies because it i. thought that the

greatest cumulative effects of protein-energy malnutrition on growth would be

evident in this age group.

The first three columns of table 2 present the ages and corresponding

height and weight standards (mean of the WHO growth curve. (WHO, 1983» for

each of the .tudies. The use of uniform growth standards for these studies is

based on the finding that at these ages any racial differences in mean height

and weight can account for at most only a very small proportion of the

difference between the standards and the value. in malnourished populations.

(Habicht, !! al., 1974b).

The last two columns of table 2 present the difference between ob.erved

and .tandard value. for height and weight and .how. that the growth deficit in

children in the fifth year of life was very close to the most extreme reported

in the literature for the Guatemala children. It was about sixty percent of

the extreme for the Thailand children, and about forty percent for the Tunisia

children.
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TABLE 2 Anthropometric Measures of Malnutrition in Four- to Five-Year-01d
Children

Age WHO 1983 Standard Values
for Agea

Erect Height Weight
(cm) (kg)

Deficit Compared to
Standard

Height Weight
(cm) (kg)

Guatema1ab (supine) 5.0
Thai1andc (supine) 4.5
Tunisiad (erect) 5.0

Lowest in 1itera­
turee 5.0

109.2
105.3
109.2

109.2

18.2
17.3
18.2

18.2

17
8.6
7

18

4.7
3.4
2.2

5.8

a WHO (1983).
burrutia et a1. in Wilcke (1976). p SO. Table 18. sibling 1.
cGershoff-et-a1. (1977). p 1190. Table 3.
dCa1cu1atedifrom data in Harvard (1976). pp 219. 224. 283-286.
eHabicht !!!!. (1974b).
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3. Clinical Evidence

The investigators provided the information in table 3 about the presence

of marasmus. which is attributed more to caloric deficiency. and about

kwashiorkor. which is attributed more to protein deficiency.*

Table 3 shows quantitative evidence of kwashiorkor in Guatemala.

qualitative evidence in Thailand. and no evidence for this protein deficiency

syndrome in Tunisia.

4. Biochemical Evidence

The following biochemical indicators of protein nutritional status are

usually used under field conditions:

1. The urinary urea/creatinine ratio would be expected to increase if
total dietary protein increased (Arroyave. 1969) but not if only
protein quality improved. in which case it may even decrease in
growing children. Changes in this ratio occur within less than a day
after changes in protein intake.

2. A change in the amino acid pattern is the next .ost rapid response to
improved pattern or amount of protein. whereby essential amino acids
tend to rise (Arroyave. 1969). This occurs within days (Arroyave.
1969). although a diet severely deficient in certain essential amino
acids may provoke a drop in these amino acids in the plasma within
hours (McLaughlin. 1974).

3. Within days to weeks. improved protein nutrition will result in a
rise in serum albumin. if this is low because of protein malnutrition
(Viteri and Torun. 1980).

4. Weeks to .onths after improved protein-calorie nutrition. the muscle
mass will increase enough to release signficantly.greater amounts of
creatinine which appears in the urine (Viteri and Torun. 1980). The
data are collected at timed intervals and analyzed in relation to
height to differentiate the protein nutritional status among children
of the same height (Arroyave. 1969). Means of urinary creatinine
excretion could be used if the distribution of heights is similar in
the two groups of children compared.

-Experts agree about this attribution when describing cellular nutrition
(FAO/WHO. 1971). There is some confusion about the implications of these
cellular deficiencies for designing preventive measures because many factors
can contribute to the cellular deficiencies. In the context of this report.
the inferences relative to amino acid fortification are clear. Protein
deficiency at the cellular level is a necessary but not sufficient condition
for a beneficial effect from a dietary increase of utilizable protein.
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TABLE 3 Clinical Evidence

Marasmus Without Edema

Guatemala

Kwashiorkor With Edema

Thailand

Tunisia

yes

yes

yes

none

alncidence per 100 child-years for children 0 to 3 years old.

SOURCE: Guatemala--J. Urrutia, May 5, 1977, personal communication.

Thailand--S. Gershoff, March 4, 1977 and July 13, 1978, personal
communications.

Tunisia--Harvard (1976) (Final Report of Tunisian Wheat Fortification
Study). pp 344, 350, 363.
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None of the lysine fortification studies measured any of these variables

prior to the supplementation trials. However, in Tunisia, .erum albumin was

measured in the Degache and Debili control groups, and this vas interpreted as

representative of the prevailing protein nutritional status in DouE, the

lysine-fortified delegation, prior to the trial (table 4).

The values of serum albumin reported for Tunisian children are about

0.4 g/ml lower than those found in the United States (Abraham!! !l., 1974);

but, it is not certain whether these two finding_ are co.parable, because of

the differences between laboratories. In looking at individual children, no

child in the Tunisia study had a value that could be considered evidence of

severe protein deficiency.

Both the Tunisia and Thailand studies measured hematological indicators

of iron nutrition. These are important data but they are not presented here

because they are not immediately pertinent to protein-energy malnutrition.

Although some hematological indicators rise during recuperation from

kwashiorkor (Viteri !! al., 1964) they are not sensitive indicators of protein

nutrition except in that context.

5. Evidence in Persons other than Preschool Children

The investigators reported the following'evidence of protein-energy

malnutrition in the population:

Guatemala:

Thailand:

Tunisia:

The dietary intake of pregnant women was low in protein

(56.6 ~ 1.6 g) but even lower in calories (1,942 ~ 524

kcal) relative to recommendations.

Health status of the population was poor, and there was a

high incidence of miscarriages and still births (10% of

each).

None available.
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TABLE 4 Biochemical Variable. of Protein-Energy Malnutrition in Tunisia Study--
Mean Serum Albumin

Degache ~ebili

(control) (iron and vitamin fortification)
Month after
study began: 24 30 36 42 48 54 60 24 30 36 42 48 54 60

Serum albumina

boy. 4.0 3.9 3.8 3.6 3.9 3.9 3.8 4.0 4.0 4.0 4.0 4.1 4.0
girls 4.0 3.8 3.7 3.7 3.9 3.9 3.8 4.0 4.1 4.0 4.0 4.1 4.0

a!approximate standard deviation is + .36 with 483 the highe.t number of ca.e.
per mean.

SOURCE: Harvard (1976). Final Report of Tunisian Wheat Fortification Study, p 480.
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None of these observations clearly indicates that protein-energy

malnutrition or protein deficiency is prevalent. Birthweight vas been shown

in various studies to be responsive to greater ..ternal body weight. In one

study. birthweight was shown to increase with increases in ..ternal calorie

intake but not in maternal protein intake (Lechtig. !! !l.. 1975). Morbidity.

especially diarrhea (Martorell !!!!. 1975a. b) and measles. affects

protein-energy nutritional statusi but except in kwashiorkor. the converse has

not been demonstrated in humans (Martorell unpublishedi Chen!! al. 1981).

Miscarriages and stillbirths have never been shown to be related to protein

nutrition.

C. Evidence that Amino Acid Fortification Could Result in Improved

Nutritional Status

Reaching the conclusion that improving the a.ino acid balance of a cereal

protein through fortification may improve nutritional status requires: a)

evidence that utilizable protein is inadequate at the cellular level under the

prevailing conditions. b) evidence that this deficiency is due to a poor amino

acid balance of the protein and is not due solely to an inadequate intake and

absorption of total protein or to a loss of protein to meet energy needs. and

c) evidence that fortification can improve the amino acid balance in the

diet. Even if total protein is inadequate. improving its balance will be

*beneficial because it will increase "utilizable" protein. Of course. if

*A PARO technical group (1972) has written that " ••• if existing protein
intakes are extremely low•••• fortification with amino acids is useless."
Perhaps not "useleu". but probably of limited value because total utilizable
protein will remain grossly inadequate even after fortification.
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protein intake is very high, utilizable protein will be adequate even if the

dietary protein is of poor balance so long as all essential amino acids are

present.

1. Evidence of Limiting Amino Acids

The completeness or the nutritive value of a protein source or a mixture

of food proteins can be estimated by comparing its essential amino acid

content to a reference amino acid pattern that would be "ideal" for

utilization by the human body (FAO/WHO, 1973i Hegsted, 1974i Williams !! al,

1974). The ratio of a given amino acid concentration to the concentration

found in the reference protein, multiplied by 100, constitutes an amino acid

score. The lowest score among all the essential amino acids in a protein

source provides a quantitative index of that protein's relative nutritive

value.

Generally, the four amino acids that have the lowest scores and thus are

the most limiting in cereal-based diets are lysine, threonine, tryptophan, and

the sulfur-containing amino acids, methionine and cysteine. The amino acid

scores calculated from the typical diet consumed in the Tunisia and Thailand

fortification trial areas are presented in table 5. The amino acid score is

only available for the cereal staple, .aize, in Guatemala. The score for

maize is almost always lower thaD the score for the total diet.

2. Evidence of Improved Dietary Protein Quality through Fortification

As table 5 shows, fortification did improve the amino acid score for

lysine in the diets or the staple cereal of the three trial areas. The amino

acid score does not take into account the digestibility of the protein--to do
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TABLE 5 Amino Acid Scoresa

Without
Fortification

Amino Acid Amino Acid Score
With
Fortification

.. Aaino Ac id per
I Proteinb

Lysine 55

Guatemala 52 121

Thailand 77 108

Tunisia 56 82

Threonine 40

Guatemala 100 100

Thailand 77 103

Tunisia 78 75

Tryptophan 10

Guatemala 61 R.A. c

Thailand 209 R.A. c

Tunisia 120 120

Methionine and

Cystenine 35

Guatemala c cN.A. N.A.

Thailand 83 cN.A.

Tunisia 117 114

a

b

c

In Guatemala, the only data available were related to the cereal staple,
maize. The data for Thailand and Tunista refer to the whole-family diet
as consumed.
1973 FAO/WHO amino acid standard per g protein (FAO/WHO, 1973, p 63, Table
21) •
N.A. • Not available.

SOURCE: Guatemala--J. Urrutia, May 20, 1977, personal communication.
Thailand--Gerahoff et al., 1977, p 1187.
Tunisia--el Lozy an~Kerr in Wilcke (1976), p 119.
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so requires studies in appropriate animal models. Thus, the protein quality

of a food or a representative diet can be assessed by rat bioassays, such as

the Protein Efficiency Ratio (PER), Net Protein Utilization (NPU), and

Relative Nutritive Value, (RNY) (Food and Nutrition Board, 1980; Pellett and

Young, 1980; Hegsted, 1974). One factor to note is that in these assays, the

food is available by free choice; thus, calories are not limiting. Also, the

protein content may be diluted and the protein to calories ratio is usually

lower than that in the original food.

The values obtained from one rat assay procedure cannot be converted to

values obtained from another, but each procedure provides a relative index

comparing the nutritional value of the protein under study to a reference

protein. This can be seen in table 6, which also shows that amino acid

fortification did result in a significant improvement in the protein nutritive

value of wheat, rice, and corn.

3. Human Metabolic Trials

Guatemala:

Thailand:

Tunisia:

A series of nitrogen balance studies in children receiving
adequate calories examined the effects of lysine and
tryptophan fortification of maize alone and showed marked
improvement in children's nitrogen retention with amino acid
fortification (summarized in Viteri !! !l., 1972).

No data available with total diet.

No direct metabolic studies of children on the effects of
lysine fortification of rice.

No data available with total diet.

There is some published evidence from Peru of the positive
effects of lysine fortification of wheat on weight gain and
nitrogen retention in infants (Graham, et al., 1969). There
is also evidence from Peru that enriche~flour fed at 8%
protein calories can support normal growth for many months,
as measured by linear growth, weight gain, apparent nitrogen
retention, serum albumin, plasma free amino acids, and liver
biopsy (Graham!! !l., 1971).

No data available with total diet.
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TABLE 6 Protein Aasessmenta

Before
Fortification

Cereal alone

After
Fortification

Percent of CAlories
Fed as Protein

Guatemala
(corn)

Thailand
(rice)

Tunisia
(wheat)

PER 1.26

NPU 0.64

RNV 29.00

PER 1.90-2.l9b

NPU 1.02

RNV 30.00c

10% in fortified tortilla
8% in unfortified

tortilla

5.5%

10% of daily per capita
consumption (before
fortification)

Representative diet

bGuatemala

Thailand

Tunisia

Data not available

Data not available

Data not available

apER • protein efficiency ratio; NPU • net protein utilization;
RNV • relative nutritive value.

bRange in cereal as actually fortified during the study, as compared to 2.76
in fully fortified cereal (see section D on monitoring of cereal for adequacy
of fortification).

cflour + 0.3% lysine.

SOURCE: Guatemala--J. Urrutia, May 20, 1977, P 6, personal communication;
Urrutia !! ale in Wilcke (1976), p 42.

Thailand--S. Gershoff, March 4, 1977, P 3, and July 13, 1978. P 1
based on rat studies. personal communication.

Tunisia--Harvard (1976), p 149; calculated from survey data in el
Lozy and Kerr in Wilcke (1976), p 118. Table 5.
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4. Nutrition Field Trials Directed to Issues other than Cereal
Fortification

Guatemala:

Thailand:

Tunisia:

In a five year, three village study (Scri..haw et al., 1969;
Guzman et al., 1968;) of children 0 to 5 year. of age, more
rapid growth was reported in a village receiving a
high-protein food supplement compared with control and
medical care villages. However, the design doe. not permit
one to ascribe the benefit to the supplement because of
confounding factors.

A four-year, four-village study (Yarbrough et al., 1978;
Lechtig et al., 1975; Habicht et al., 1974)-of-Pregnant
mothers and-children 0 to 7 years-old reported greater fetal
and postweaning growth among those receiving supplementary
feeding compared to those who refused supplementation or who
were "poorly" supplemented (consumed less than 20,000
kilocalories of food supplement during pregnancy). Fetal
growth for those receiving protein and calorie supplements
was no greater than for those receiving only a calorie
supplement. Although greater postnatal growth was shown for
those receiving the protein-calorie supplement, the design
did not permit one to ascribe the benefit to the protein part
of the supplement.

No relevant field trials.

No relevant field trials.

D. Experimental Design and Procedures

The success of the experimental design and implementation of all three

trials can be judged according to the following question: Is it possible,

with a limited battery of outcome measures, to show a beneficial effect from

lysine fortification of cereals in the populations chosen? Factors that enter

into this question, which will be reviewed in this section, deal with the

population groups selected for study and comparison, the fortification

procedure and coverage, and data collection methods and procedures.

1. Population Groups and Sample Sizes Included in the Studies

Population groups studied are shown in table 7. Table 8 provides more

detailed information on preschool children.
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TABLE 7 Groups Studied

Pregnant Newborns Infants Preschool Other
Mothers (3-12 mos) Qli1dren

Guatemala X X X (0-12) X ( 1 to 8 yr)

Thailand X (1-1/2 to 9 yr)

Tunisia X (0-1 mo) X (1 to 6-1/2 yr)

SOURCE: Guatema1a--Urrutia, et a1. in Wi1eke (1976), pp 28-68.
Thai1and--Gershoff, ~1. (1977), p 1185.
Thai1and--Harvard (1976)7 pp 311-335; e1 Lozy and Kerr in
Wi1eke (1976), pp 113-133.
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TABLE 8 Preschool Children in Villages

wi th Amino Ac id
Fortification
Number of Range of n
Villages per

Village

With Other
Fortification
Number of Range of
Villages n per

Village

With No
Fortification
Number of Range of n
Villages per

Village

Guatemala 1 84la 0 0

Thailand
day care 7 N.A.b 5c M.A. 6d M.A.
no day care 5 N.A. 6e N.A.

Tunisia 3 176-500 4f 179-459 3 334-354

N.A. • not available

aA total of 841 children were studied semi-longitudinally between 0 and 8 years of
age in the course of the study. (J. Urrutia, 1978, personal communication (comments
on drafts results chapter), pp 17-18). Approximately 300 children were born June
1972 - January 1976 (Urrutia et al., 1976, Table 35).

bThe number of children per village is not available. The total number of children
studied ranged from 1,265 aged 1/2 to 5 years at the beginning of the study to 2,250
aged 1/2 to 9 years at the end of the study (Gerahoff et al., 1977, p 1186).

c Other fortification consisted of the standard mixture-Without the lysine or
threonine, i.e., vitamins and iron only (Gershoff et al., 1975, pp 171, 175).

dThese villages received non-fortified grains and were-a placebo control.
eThese villages received no premix grains.
fOther fortification consisted of the standard mixture without the lysine (el Lozy
and Kerr in Wilcke, 1976, p 115; M. el Lozy, August 14, 1978, p 17, personal
c01llDlUnication).
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2. Fortification Process

Examination of the fortification process should include determination of

what the fortification processes were and how they fit into the .illing

operation; to what extent quantitative and qualitative leakages of the

fortified nutrients were measured, monitored and controlled for in .illing,

transport, storage and cooking; to what extent the fortified product reached

the target population; and to what extent consumer acceptability regarding

organoleptic and cooking properties was ascertained and, if necessary, either

the product adjusted accordingly or the acceptability improved by informing

the consumer on the proper use of the product. The fortification mixtures

used in each trial are shown in table 9. The following description of each

fortification process and comments on problems encountered are abridged from

the investigators' published reports and questionnaire responses.

Guatemala:

"Women or female children carried the nixtamal (maize soaked in lime] to

either one of the mills; at the mill the nixtamal of all the customers was

weighed. Then they were asked if they wanted the fortification. When the

answer was affirmative, the proper measuring cup was utilized to deliver the

mixture into the nixtamal. The measuring cups were constructed to deliver 8%

of the fortifying flour in accordance to the weight of the nixtamal. However,

as determined by biochemical analysis, the real fortification was at a level

of 6-8%. A record of the number of nixtamal poundS, and of the number of

measures utilized was registered in a precoded form. Thereafter the nixtamal

plus the fortifying mixture was placed into the hopper of the .ill for

grinding. During the process of grinding (the nixtamal and flour into dough].

the nixtamal and the fortifying flour were mixed with a wood spatula. Then

the women collected the maize dough and prepared the tortillas at home. In



TABLE 9 Fortification Per 100 g of Cereal

Country Cereala L-lysine Thiamin Ribo- Niacina- Retinol Iron
HCl flavin mide
(mg) (mg) (mg) (mg) (ug) (mg)

-
Guatemala dry 120 2.1 1.3 15.4 187.8 B.5b

maize

Other

7.8 g
soy bean flour

._---------------------------------------------------------------------------------------------------------------
Thailandc

Tunisia

polished
dry rice

wheat
flour

200

300

0.5

0.85

0.4d

0.54 6.38

815

1000 IU
vit A

2.0b

5.59

100 mg
L-threonine

200 IU
vit D

\,It....

alOO g of dry maize contains about 400 kcal; 100 g of polished dry rice and of wheat flour contain about 365
kcal each.

bElemental iron equivalents as ferric othophosphate.
CAfter storage and cooking, the percentage of nutrients available was as follows: lysine, 82%; thiamine, 76%;
retinol, 50%; and ferric orthophosphate, 36%.

dAdded at end of first year.

SOURCE: Guatemala--Urrutia et al. in Wilcke (1976), p 29, Table 1.
Thailand--Gershoff et al. (1975), p 172.
Tunisia--Harvard (1976); p IS, Table 8.
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the (above) process, the only intervention was the weighing of the corn and

the adding of the (fortifying) flour; no other modifications were introduced

in the traditional process of cooking maize or preparing tortillas."

(from response to que.tionnaire)

Thailand:

"The rice fortification grains (RFG) were really a mini-pasta made by the

Ajinomoto Company. It made a dough-like mixture to which the desired

nutrients could be added. After the grains were extruded, a coating was

applied so the simulated grains would not fall apart during the cooking

process. The fortified material was added to rice at the village mills at a

level of 1%. The rice being consumed in the area where the work was conducted

was glutenous, and was steamed so that leaching of nutrients was not much of a

problem as demonstrated by laboratory animal and analytical tests. There was

no riboflavin in the initial fortified grains. As the study went on, it was

felt that riboflavin was required and the fortified grains, which had been

hard to find in rice, became easily visible. The yellow color of the

fortified grains was not objectionable to the people involved."

(from Gershoff, 1976)

"Approximately 90% of the rice consumed in Thai villages is milled by

small village mills. The farmers bring their paddy to the mill and pay for

the milling either with cash or by giving the miller the bran. In the latter

case, the rice is often over milled. In either instance, the village mills

crack a very high percentage of the rice Irains. In the villages of this

study, payment for milling has been in cash. Villages were selected with a

single mill and a cooperative miller. The mills were equipped with dispensers

built in Thailand and adapted from rice enrichment feeders designed at CleUlson

University. The RFG dispensers cost about $50 to construct and could easi1y
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be adjusted to add RFG at a 1% level to the milled rice as it streamed forth

from the mill. Daily measurements of the amounts of rice milled in each mill

and the aaount of RFG used indicate that in the field studies conducted, RFG

has been added daily to 1.0 ! 0.03. All dispensers have been examined at

least once a week. At no time during the study has there been any trouble

with the performance of the feeders."

(from Gershoff !! al., 1975)

Tunisia:

"The delegation of Degache was the control area, and continued to receive

unfortified wheat products. All wheat products shipped to the other two

delegations were processed in specific mills under control of project

personnel. All wheat products going to the Debili delegation were enriched

while those going to the Douz delegation were enriched with the same mixture

plus lysine. Neither mix affected the color, taste, or cooking properties of

the wheat products.

"The premixes were all made by Pillsbury Company in Minneapolis from

edible grade lysine donated by the Ajinomoto Company of Tokyo and vitamins

donated by Merck and Hoffman-LaRoche. In addition to preparing the premixes,

testing them for key nutrients and shipping them to Tunis, the Pillsbury

Company also provided the iron (metallic iron) used in the fortification. In

addition, Pillsbury sent a mill engineer to Tunis to help select the mills to

be used, ordered and supervised the installation of the fortification

machinery, and periodically checked on its operation."

(from el Lozy and Kerr, 1976)
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Problems .ffecting the fortification aspect of the various field trials

involved the mech.nics, logistics, acceptibility, and coverage of the

fortified cereals. Only the Th.iland project conducted a pilot study of the

fortification procedure. Pilot tests would presumably have picked up

significant problems encountered in the following areas:

Fortification process

Guatemal.: Quality control procedures during the study revealed that

the fortification was about one-fourth less than expected.

Thail.nd: It was discovered in the pilot project that the

fortification premix grains stuck together when stored in a

hot, humid climate. Thus, the appropriate changes in the

gr.in co.ting were m.de before the fortific.tion project

began. Shipping problems were also discovered during this

pilot study: rocks were received instead of the premix.

These were also remedied before initi.tion of the project.

Tunisia: During the beginning of the project, there were .....11

problems for 2-4 months" (fram response to questionnaire)

which would have been identified by a pilot project. No

other problems with the supply of fortificants, the aixing

of the fortificant to the cere.l, or the flow of the

fortified cereal to the points of distribution and

consumption were reported.

Acceptability and coverage

Guatemala: Fortified maize paste .nd tortillas made from this paste

spoiled more quickly than the unfortified maize paste and

tortill.s. This problem resulted in • permanent drop of



Thailand:
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acceptable participation rates from 95% to 36%. The

acceptability problem was solvable. but it was too late to

raise the participation rates.

One year after the project began. riboflavin was added to

the fortification mixture. The resulting fortified rice

grains remained hard after cooking. and this led to a

permanent fall in participation rates. This undesirable

hardness was quickly remedied. but the drop in

participation was not.

Tunisia: No acceptability problem.

Dilution of fortified cereal by unfortified staples

Guatemala: Dilution occurred by choice of the villagers and was

measured at the family level. Two measured variables

related to participation were multiplied to deliver a

fortification index equal to the percent of days fortified

maize was received times the percent of nixtamal fortified.

Thailand:

Tunisia:

Dilution occured by choice of the villagers and was

measured for the last three years of the study.

Measurement was expressed in percent participation. which

was ascertained by inspecting for the yellow fortification

cereals in the lunch rice children brought to the day-care

center and in the rice at home during fortnightly visits.

Dilution could occur only if non-fortified wheat were grown

or imported. One careful and one rapid survey revealed

that such non-fortified wheat constituted less than 10% of

the wheat available to the villagers in the fortification

areas.
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Five procedures were used at various t~es in the trial. to monitor the

fortification process, as shown in table 10: animal a.say for protein quality

(A). biochemical assay for amino acid score (B), ob.ervation of the process

(0). tracers. such as coloring (T). and physiological evidence of iDlestioD

(p).



TABLE 10 Monitoring· of the Fortific.tion Proce••.

Pr_ix At Mill At Ret.il In Ha.e A8 Con.u.ed

Gu.tewul. A + B 0 not pertinent none A + 8

frequency. daily - - .onthly for 8
firn-I ..t d.te 5/72-2!7S - - 5/72-2/75
doc\dlent.tion ae••ureaent ---publi.hed---

of p.rticipation
u.ed in .n.ly.i.

, .
Th.il.nd A none not pertinent none T (color) P (urin.ry P (he.o-

thi••ine) alobin)
frequency 4 per ye.r - - - 26/ye.r once one/ye.r

ae••ureaent
of p.rti-
cip.tion

U1.....
fint-I..t d.te 9/71-7/75 - - - I•• t initi.lly 1971-1975
doc\dlent.tion publi.hed 3 ye.n

ae••ure-
aent of unpubli.hed publi.hed
p.rticip.tion

-
Tuni.i. 8 T (ribofl.vin) 0 8 none P (urin.ry P (he.aalobio)

ribofl.vin)
frequency e.ch e.ch .hi.-ent weekly e.ch - 2/ye.r for fir.t 2/year

.hip- of whe.t to ye.r 3 ye.r.; none for
aent • tudy .re. l .. t 2 ye.r •

fir.t-l •• t d.te ---------- 3/71-12/74 -----------------
doc\dIent.tion Pill.bury none none

------- 3/71-12/74 ----------
Reported to AID Reported to AID

.Procedure. u.ed to 8Onitor the fortific.tion proce•• were .ni..l ••••y for prote1R-qu.lity (A). bioch_ic.l
••••y for ••ino .cid .core (8). ob.erv.tion of the fortific.tion proce•• (0). tr.cer•••uch •• colorina (T) •
• nd phy.iologic.l evidence of inge.tion (P).

SOURCE: Gu.te..l.--Urruti. et .1 •• in Wilcke (1976). p 42; J. Urruti•• May 20. 1977. pp 13-17 .nd 1978. p 28.
per.on.l coaaunic.tion-.-
Th.il.nd--Ger.hoff in Wilcke (1976). p 146i Ger.hoff et .1 (1977). pp 1186. 1191. S. Ger.hoff. March
4. 1977. p 3, .nd July 13, 1978, p 2. per.on.l coaaunic.tion.
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No deficiencies in the fortification procedures were picked up by these

methods for the Tunisia and Thailand studies. The Guatemala study found that

the baseline PER of 1.26 (unfortified tortillas) did not increase to 2.76

(fully fortified tortillas), but only to a range of 1.90 to 2.19 in the

tortillas as actually fortified. Thus, the fortification actually occurred at

only 69-80% of the level expected. The findings from analysis of the

physiological indicators of ingestion are shown on table 11. The coverage of

fortification is explained in table 12.

3. Data Collection

The kinds of data related to protein-energy malnutrition which were

collected in each trial are summarized in table 13. Table 14 shows the
,

coverage of data collection for birthweight measures. Coverage with

anthropometry and other measures that are unrelated to protein-energy

malnutrition or to the study population are also noted.
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TABLE 11 Physiological Indicators of Ingestion of Lysine-Fortified Cereal

Variable Before
Fortification

After
Fortification

Increment

Guatemala

Thailand

urinary
thiamin

no physiological indicators measured

collected and analyzed but
not available--raised from unaccep­
table to very satisfactory amounts"

hemoglobin original data not available
of 5-year-old
children

Tunisia

1.0 g .! 1.6a

1.1 g .! l.sa

urinary
riboflavin
(ppm)

hemoglobin

0.8b

10.2 + 0.30b

1.1 + 0.6c (161)

11.6 +1.4

aMean and standard deviation for 17 children in first group; 30 in second
group who participated 1/10 of time (Gershoff, July 13, 1978, personal
communication, p 2).
~an of period means for periods I, III, and IV. Rough estimate only based

on incomplete data (Harvard, 1976 pp 477; el Lozy, August 14, 1978, personal
communication, p 29).

CReported mean, standard deviation and sample size for lysine group, period
VI. Equivalent values for control group were 0.60 + 0.32 (138) (Harvard,
1976, p 477). -

dThis.was not seen in the delegation with unfortified wheat.
eThe investigators could not exclude the possibility that this was due to

changes in laboratory procedures. From el Lozy and Kerr in Wilcke (1976),
p 117, Table 4 and p 130, Table 13.
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400 0 1100
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TABLE 12 Coverage of Fortification in Children by Type of Participationa

With AIIino Acid With Other
Fortification Fortification
No. D % Good % Poor No. % Good % Poor

Guat_la 841 36 64 _c

Thailand 800 15 25 400 7d 7

Tunisia 1.400 100 100 2.000 100 0

With No
Fortification
No. % Good % Poor

aFor each study. participant. vere divided into children who participated enough voluntaril, durinl one ,ear
to be considered good participant•• and those who participated .0 little during one ,ear that the, were
considered :ror particifints. Participation is expressed a. the percent of the sa.ple that va. cla•• ified a.
good (% Good and poor % Poor) participants as described belov:

Guat_la: The good participant. had a fortification index of greater than 40; the poor participant. had a
fortification index of less than 20. The fortificaion index as described in this project i. the
product of the percent of days a fa.ily participated ti.es the percent of pre.ix added relative
to the a-aunt that could have been added on days when that f..il, participated. The index ranle.
fra. 0 to 100. .

Thailand: The good participants were children who con.~d the fortified rice at lea.t two-third. of the ti...
The poor participants vere children who consu.ed pre.ix Ira in. Ie•• than one-tenth of the ti... One
Iroup of villages received no pre.ix grains and thus. 100 percent of that Iroup are con.idered "poor
participant•• " The nu~er of children in each group is approxi..te. E.ti..te. vere ba.ed upon a
reported total of 2260 di.tributed randa.ly into five Iroups.

Tuni.ia: Participation va. con.idered to be 100 percent in each delelation becau.e. e••entiall,. all of the
wheat consu..d b, each Iroup vas either fortified or not fortified.

bAae ranle of participatinl children in each •.-ple as 0 to 8 ,ear. for Guat_la. 1/2 to 9 ,ear. for Thailand.
and 1/4 to 6 1/2 ,ear. for Tuni.ia. The.e children could have consu..d fortified cereal for up to 3 ,eat. in
the Guat_la study. up to 4 ,ear. in Thailand and up to 5 1/2 ,ear. in Tuni.ia dependinl upon when the, entered
and left the stud,.

CNot Applicable • ­
dNot Reported • 7

SOUICE: GUltelll.--J. Urrutia, 1978, p 17-18. personal c~nication; Urrutia !! al. in Wilek. (1976), p 58.

Thai1and--Ger.hoff et a1. (1977). p 118S-94. .
Tuni.ia--el Loay an3rKerr (1976), p 115; Heilht data for ••a.ination period. I and IX.

I
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Table 13 Mea.urement of Outcome. Related to Protein-Energy Malnutrition

"

..
c.
.'
I'

Variable

Guatemala:
Intrauterine
growth

Po.tnatal growth

Morbidity

Mortality

Dietary intake
in pregnant
women and pre­
school children

Age

Thailand:

Physical
examination

Method

Weight, height, head
and che.t circumference
.ea.ured at birth.

Weight, height, head,
and chest circumference
.ea.ured every three
three month••

Weekly home visits to
the cohort children by
field physicians.

Death records. History
and/or observation of
the fatal illness.

Weekly recall method
using family-specific
measuring units (cups,
spoons, tortilla size,
etc.)

Birth records were kept
by clinic .taff for
all children in the
.tudy.

Measure.ents of supine
length, weight, head,
arm circumferences,
tricep., and .ubscapular
.kinfolds were done
twice a year.

Hand-wrist x-rays were
taken once a year.

Standardization

Mea.ure. collected by the field
physicians Urrutia and Reynoso,
M.D... Both were .tandardized by
bimonthly exerci.es.

Collected by one anthropometrist

Criteria of illnesses and causes of
death were standardized

Collectd by two dietary surveyors.
Both were standardized.

No record was kept of the standardi­
zation data, nor are any component.
of measurement variability available.

All measurements were done by the
.ame team in all areas.
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Standardization

Thailand
Morbidity

Age

Tunisia
Anthropometric
variables:

Data were obtained for
each child every 15
days for 3 years.

Determined by birth Certificates "were very reliable
in the area in which we worked"

No records were kept of
standardization data nor are
any components of .easure.ent
variability available.

Measurers' S.D.a of the
differences:
Between Measurer Same Measurer

height
length

crown-rump length
leg length
head circumf.
chest circumf.
arm circumf.
weight

Skin-folds:
triceps, biceps,
subscapular, and
suprailiac

Chest, width and
depth

Suitable anthropo­
meter

Metal tape

Beam balance of 3 dif­
ferent capacities.
Weighed naked, or under­
wear weighed separately.

Harpenden calipers

Anthropometers

4.2 DID

4.2

4.3
5.4
not available
5.0
not available
30.0

not available

not available

1.3 DID

1.3

2.6
2.1

2.9

7.00g

In all cases, standardization
of the above anthropometry was
done in a test village prior
to each measurement sea.on,
and all area. were .easured by
the same measures. There was
little personnel turnover.
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Variable

(Tunisia)

Biochemical
variables:

he.,globin,
hematocrit
serum protein,
serum albumin,
urinary creatinine,
N-methyl nicotin­
amide, and riboflavin

Method

Performed as in ICCND
..nual

Standardization

Informal attempts at standard­
ization were ..de and occasional
samples were measured in blind
duplicate. Occasional samples
were sent to other laboratories.

Morbidity

Mortality

Age

Other:
birthweight and
length and neo­
natal mortality

E.sentially not done
because reasonable relia­
bility wa. never attained.

Obtained from weekly re­
porting, confirmed by
census every 6 months
in population under 6
years of age. Life tables
constructed from 3 com­
plete enumerations of
population of study
villages.

An initial interview,
asking for age and birth date
of child and then using the
birth certificates as a base
or questioning to ascertain
the age of the child at
registration.

Limited standardization
of weights and length.
Close to 100 percent of
of births were recorded for about
one year, due to financial
incentive to midwives.
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TABLE 13 Continued--Footnote and Source

as.D. • [!(Measurement A - Measurement B)2/2n]l/2 where n • nuaber of
children each measured by both team A and B for S.D. between mea.urer and
n • nuaber of children measured twice by .ame mea.urer to deliver S.D. for
.ame measurer.

SOURCE: Guatemala--J. Urrutia. May 20. 1977. 1978 per.onal com.unication.
Thailand--S. Ger8boff. July 13, 1978. personal communication; Final
Research Report. p. 5.
Tunisia--el Lazy and Kerr in Wilcke (1976). pp 115. 126. el Lazy.
August 14. 1978. personal communication, p 33. Harvard (1976). pp 194
202. 204-209. 385. 390. 427.



TABLE 14 Birthweight Coverage Fortification Groups

With Amino Acid Fortification
Number % Good % Poor

With Other Fortification
Number % Good % Poor

With No Fortification
Number % Good % Poor

Guatemalaa 222 32 56

Thailand Data are available on a "couple of hundred babies"
Breakdown not available.

Tunisiab 239 100 o 242 100 o 242 100 o

aGood participants had a fortification index score of greater than 40. poor participants of less than 20.
bAll inhabitants in each delegation are considered good participants.

SOURCE: Guatemala--Urrutia et ale in Wilcke (1976). Calculated from Table 16. p 48.
Thailand--S. Gershoff.~uly 13. 1978. P 1. personal communication.
Tunisia--Harvard 1976. p 314.

I
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Regarding coverage of anthropometry by fortification group, the inves­

tigators reported the following:

Guatemala: Data not available.

Thailand: "In each ca.e when physical examinations were done .are than

99% of the population sample wa. evaluated" (from

S.N. Gershoff, response to draft chapter V, July 1978).

Tunisia: "Essentially 100% of the children who were below 5-3/4 years

at the start of the study or born after the .tudy started

were measured every six months" (M. el Lazy, re'pon.e to

draft chapter V, August 1978). A comparison of the .ample

sizes in tables 20 and 23 indicate••ome data lo.s.

In the Guatemala trial, only data related to protein-energy malnutrition

were collected. The Thai .tudy collected fecal .ample. for examination of

intestinal parasites, and the Tunisia study measured trace mineral nutritional

.tatus from hair and serum .amples.

Other data that were collected and could be used in future analy.es were

the following:

Guatemala: In accordance with the original design, the Guatemala .tudy

took mea.urements of dietary intake, intrauterine and

postnatal growth, and mortality in a "control" village.

These data were not used in the analysis because the village

was not considered comparable to the one that received

fortified cereal.

In addition, data were collected on the families in the

fortified cereal village who participated more than 25 but

less than 50 percent of the time (13 percent of village

families) •



Thailand:

Tunisia:
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Data were collected on many children who were not classified

as "participants" or "non-participants" in the analysis:

those who participated between 10 and 66 percent of the time.

Mone.

E. Typical Results by Outcome Variable

1. Types of Outcome Analysis

Depending upon the experimental design. there are many ways to compare the

amino acid fortified group with the control group to determine if there is a

difference between them. The three lysine fortification trials collected data

that could be used for cross-sectional analyses and incremental analyses.

Cross-sectional analyses in the lysine fortification trials compared

different children of the same age. For instance. a before-after analysis

compared mean values for children of a given age at a given time with mean

values for other children of that age at a later time. Table 15 shows the

possibilities for this kind of analysis.



TABLE 15 Possible Comparison Groups Using Cross-Sectional Dataa

Fortification: Amino At:. ids, Vitamins Hon-
Vitamins and Iron Fortified
and Iron only Premix
(A.A.) (V.I.) (H.F.)

Beforea a v n
Participated

Aftera A V H

Did not Before - - -a v n
participate

After A V H

Ho
Premix
Control

c

c

Summary
Symbol

xb

xb

Ib

ib
0\
OIl

I

a"Before" or "after" refers to time in relation to the onset of the fortification program.
bSubsets of X and x are:

Y• non-participants after fortification, except A, a subset of X.
Y • participants after fortification except A. a subset of x.
y • participants before fortification except a, a subset of x.
y • non-participants before fortification. except i, a subset of x.
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If there were no confounding influences, A could be compared to any or all

of the other 13 cell. to .how whether there is an effect of amino acid

fortification. However, confounding influences are usually found in field

studies and should be controlled for.

Confounding refers to an influence other than the amino acid fortification

that affects A and makes it appear spuriously that the fortification cau.ed an

effect. Confounding in outcome variables .uch a. growth that are due to

~proved or deterioriating circumstances over time are often referred to as

secular trends. This can be examined by comparing the difference before and

after fortification among participants of the same age (X - x) minus any

differences before and after fortification among non-participants of the .ame

age (X - i). Other confounding could be related to self-selection for

voluntary participation in the program, which may be associated with improved

outcome quite independently from any effect of fortification (A - Y), or to

the effects of vitamins and iron in the fortification mixture rather than of

the amino acid alone (A - V). The best analysis from table 15 to control for

all of these confounding factors would show the difference between

participants' of the .ame age from before to after fortification (A - a),

minus any change found in non-participants from before to after fortification

(A - .), minus any change found among those who received vitamin-fortified

cereals l(v - v)- (V - ;»). The cells not involved in this best comparison

would be important to explain results of the comparison if the difference was

le.s than expected.

Only the Thailand .tudy could even theoretically permit such an analysis.

However, it would have to exclude the confounding of day-care center.. This

exclusion is al.o theoretically possible given their design.
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In every comparison it is important that each cell have enough appropriate

replicates. Replicates provide an estimate of how much difference one could

expect in a comparison if there were no fortification. It is the comparison

of the differences known not to be due to fortification to the difference

presumed to be due to fortification which provides a statistical test of the

effect of fortification. However, that test is false if the replicates do not

contain the full range of non-fortification influences that affect the

fortification cell A and the comparison cell(s). In other words, in addition

to having enough replicates, the replicates in the fortification cell A must

be comparable to the replicates in the comparison cells.

The Tunisia study provides insight into this need for comparability. It

was presumed that children in each area were comparable to children in the

others, but it was then reported that the differences in growth found between

the children measured before and after the studies were not the same in the

control and in the vitamin-iron fortified villages, (V - v);(C - c),

contradicting that presumption. These latter were, in fact worse off.

Of the many possible cross-sectional comparisons in table 15, we have

chosen to present the one that was used most often in the reports from the

three studies: the difference before and after fortification in the amino acid

fortified villages, A - a. Where possible, we have included the difference

between participants in placebo or non-amino acid fortified areas before and

after fortification, Y - y, and the difference between those in the control

villages before and after the studies, C - C, to compare to A - a.

Incremental analyses compare across treatment groups the differences

between two measurements taken from the same child over an interval of time.

The possible comparison groups in the lysine fortification trials are shown in

table 16.



TAiLE 16 Po.sible Coaparison Groups UsinS Incre.ental Oataa

Participated in Aaino Acid, Vit..ins Vit..ins and Iron Non-Fortified Pre-ia
Fortification and Iron (A.A.) only (V.I.) Preab (H.F.)

Yes A V H

'1 V -No. H

No Preai.a
(Control)

~

.....ry
8"01

Ib

Ib

aLetters in individual cells are .eans for participants or non-participants of the differences between .easureaents
taken froa the sa.e child at two different ti.es.

bSubsets of ~ and a are:
Y • participants in fortificatiort eacept A, a subset of X
Y• non-participants in fortification except i, a subset of r

"....
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If there were no confounding, A could be compared to any or all of the

other 6 cells to show an effect of amino-acid supplementation. eomparisons

that go beyond that try to control for confounding effects of secular trends

(X - X), for characteristics associated with voluntary participation (A - Y),

and for the effects of vitamins and iron (A - V). The best analysis to

control for all these confounding variables at once would be [(A - A) - (v ­

V)], which shows the change in participants over non-participant., minus any

change from vitamins alone.

Of the ~ossible incremental comparisons in table 16, we have chosen to

present the one that was used most in reports from the three studies: the

change in participants versus non-participants in amino acid fortified

villages, A-A. Where possible, we have included the change in participants

versus non-participants in placebo or non-amino acid fortified villages, Y - Y

for comparison, as well as the change over time of the control group, C, to

compare to A.

Another way of presenting incremental data is to compare growth or some

other outcome during a period with the amount of lysine-fortified cereal

consumed during that period. Both the Guatemala and Thailand studies

collected data that could be analyzed this way. The Guatemala study provided

such correlation analyses, and these are presented when available.

Of course, this lysine regression effect is confounded by other

characteristics associated with voluntary participation. The confounding

could be discarded by comparing the regression of outcome to lysine-fortified

cereal to the regression of outcome to non-lyiine-fortified cereal. These

data could be obtained from the experimental design of the Thailand study, but

not from the Guatemala study.
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The cro.s-.ectional and incremental compari.on. that follow cover the main

variable. that would be expected to improve with better protein nutrition:

children'. height (tables 17-19). weight (table. 20-22). birthweight (tables

23-24). biochemical mea.ures (table 25) • .arbidity (tables 26-34). and

.artality (tables 35-38). Table 39 highlights overall re.ult. by the outcome

variables presented in tables 17-38.
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2. Height in Five-Year-old Children

TABLE 17 Attained Height (cm)

Before After Difference
Fortification Fortification

Guatemala
A.A.

Thailand

Tunisia
A.A

V.I.

Control

92.2 + 4.4 92.7 + 4.1 +0.5 N.S.a Sibling com-

(66)b
parison by

(66) paired "t"
test

Data not available

100.7 101.1 + 0.4 N.S.
(24) (38)

104.8 103.8 - 1.0 N.S.
(29) (66)

100.9 102.1 + 1.2 N.S.
(36) (35)

aN.S•• not statistically significant.
bNumbers in parenthesis denote number of families in .ample.

SOURCE: Guatemala--Urrutia et al •• in Wilcke (1976) p 50. Table 18.
Tunisia--Calculated~ro;Tunisian height results tables 1. 2.17. 18
Results for period I vs. period IX.
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Table 18 Incremental Height: Comparison of Groups

Guatemala

Thailandb
A.A.

V.I.
N.F.
Control

Growth in C1Da

not available

27.7 + 2.2 (17)

28.0 + 3.1 (30)
not available
not available
not available

Difference

-0.3 N.S.

Level of Participation

Above two-thirds

Below ten percent

Tunisiac
A.A.

V.I.

Control

Boys
Girls
Boys
Girls
Boys
Girls

8.6 (22)
7.9 (15)
8.3 (19)
8.3 (19)
8.0 (11)

10.2 (15)

Full participation

Full participation

No participation

aSa1Dple size in parentheses
bHeight change for 5 year olds. 1971-1975. longest period for which data are

available.
cHeight change fro1D first to second birthday in last year of study.

SOURCE: Thailand--Gershoff et ale (1977). p 1191. Table 4.
Tunisia--el Lozy an~Kerr in Wilcke (1976). p 126. Table 11; Harvard
(1976). pp 216-217.

TABLE 19 Incre1Dental Height: Correlation Analysis Between Participation and
Growth

r N Significance Comment

Guatemala 0.10 55 N.S. Incre1Dent fr01D
3 to 5 years of
age

SOURCE: Urrutia!!!!. in Wilcke (1976). p 50. Table 19.
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3. Weight in Five-Year-Old Children

TABLE 20 Attained Weight (Kg)

Before
Fortification

During
Fortification

Difference

Guatemala
A.A.

Thailand

Tunisia
A.A.
V. I.
Control

13.51 + 1.50 13.62 + 1.58 0.11 N.S.a Sibling

(66)b
comparison

(66) by paired
"t" test

Data not available

15.73 (24) 16.13 (39) 0.40 N.S. Comparison by
16.58 (39) 15.66 (65) -0.92 N.S. independent
15.52 (36) 15.66 (35) 0.14 N.S. t-test

aNot significant
bSample size in parentheses.

SOURCE: Guatemala--Urrutia et al. in Wilcke (1976) p 50, Table 18.
Tunisia--Calculated~r~Tunisian Weight Results for periods I vs lX-­
Tables 21, 22, 37, 38.
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TABLE 21 Incremental Weight: Ca.parison Between Groups

Gain in Weight

Guatemala Data not available

'lba i land Data not available

Tunisia
A.A. Boys 2.71a

Girls 2.50

V.I. Boys 2.48
Girls 2.40

Control Boys 2.26
Girls 2.35

Level of Participation

Full participation

Full participation

No participation

aWeight gain from one to two years of age was the only age-sex comparison
Where the amino acid fortified group showed better growth than the control
group; and even within this age group, the difference was not statistically
significant.

SOURCE: el Lozy and Kerr in Wilcke (1976), p 126, Table 10.

TABLE 22 Incremental Weight: Correlation Analysis Between Participation and
Growth

Guatemala

r

0.169

N

56

Significance

N. S.

CODllllent

Increment from
three to five
years of age

SOURCE: Urrutia!! !!., in Wilcke (1976) p 50, table 14.
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4. Birthweight of Infants Born in Fortified Groups

TABLE 23 Birthweight: Comparison Between Groups

Before
Fortification

After Difference
Fortification

eo-ent

Guatemala 2,569 ~ 307 2,634 ~ 380 +65 (76)a Siblings from
saae mothers;
paired one­
tailed t-test
not significant.
Fortification
index not
reported.

Thailand Data not available

Tunisia
A.A. Not collected 2923 + 468 Cannot be

(232)a calculated
V. I. Not collected 2943 + 471

(232)
Control Not collected 2975 + 485

(236)

aSample size in parentheses

SOURCE: Guatemala--Urrutia et ale in Wilcke (1976), Table 18, p 50.
Tunisia--Kerr in Harvard (1976, p 321, Table 1.

TABLE 24 Correlation Analysis Between Maternal Participation and Birthweight

r N Significance Comment

Guatemala -0.115 189 N.S. Includes only full-term
gestadons

SOURCE: Urrutia ~!!. in Wilcke (1976), p 47, Table 15.
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5. Biochemical Measures Associated with Protein-Energy Malnutrition

TABLE 25 Albumin

Before
Fortification

Guatemala Not collected

Thailand Not collected

Tunisia
A.A. Not collected
V.I. Not collected
Control Not collected

After
Fortification

4.0
4.0
3.9

Couuaent

Findings at the end of
the study (period X)
for boys and girls
combined.

SOURCE: el Lozy and Kerr in Wilcke (1976) p 130, Table 13.

6. Morbidity

Guatemala:

Morbidity and mortality are the only two variables reported to show an
association with participation in the Guatemala study; therefore more extensive
data, as they were published by the investigators, are presented for these two
variables.

TABLE 26 Episodes of Infectious Illnesses per Categories of the Fortification
Index, Santa Maria Cauque, June 1972-January 1976

Groups of Age Intervals, .onths
Fortificationa 12-17 18-23 24-29 30-35

0-19 5.4b 5.4 5.2 3.9
20-39 4.5 4.3 4.8 4.5
40-100 5.2 5.3 4.9 3.4
pc N.S. N.S. N.S. N.S.

aClassified by fortification index.
bAverage number of episodes of infectious illnesses per child.
CStatistical significance from analysis of variances; N.S. • not significant.

SOURCE: Urrutia!! al. in Wilcke (1976), p 55, Table 24.
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TABLE 27 Percent of the Time III with Upper Respiratory Tract Infections,
Santa Karia Cauque, June 1972-January 1976

Groups of Age Intervals, months
Fortificationa 12-17 18-23 24-29 30-35

0-19 10.9b 9.1 9.5 9.8
20-39 10.1 7.6 8.3 6.7
40-100 6.8 5.3 6.5 5.3
pc <.005 <..005 <..005 <.005

aClassified by fortification index.
bAverale number of episodes of infectious illnesses per 100 child-days.
CStatistical significant by Chi-square test co~aring 0-19 group to
40-100 group.

SOURCE: Urrutia!!!l. in Wilcke (1976), p 56, Table 25.

TABLE 28 Percent of Time III with Lower Respiratory Tract Infection, Santa
Karia Cauque, June 1972-January 1976

Groups of Age Intervals, months
Fortificationa 12-17 18-23 24-29 30-35

0-19 8.3b 7.4 8.8 4.0
20-39 6.8 5.4 2.9 3.7
40-100 5.7 3.1 4.6 4.6
pc <.005 < .010 < .005 N.S.

:C1assified by fortification index.
Rate per 100 child-days.

CStatistica1 significance by Chi-square test comparing 0-19 group to
40-100 group.

SOURCE: Urrutia!!!l. in Wilcke (1976), p 56, Table 26.
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TABLE 29 Percent of Time III with Diarrhea, Santa Karia Cauque,
June 1972-January 1976

Groups of Age Intervals, months
Fortificationa 12-17 18-23 24-29 30-35

0-19 16.8b 13.6 15.8 9.5
20-39 12.1 7.2 9.8 8.6
40-100 7.6 9.9 6.9 8.4
pc <.005 <.005 < .005 N.S.

aClassified by fortification index.
bRate per 100 child-days.
CStatistical significance Chi-square test comparing 0-19 group to 40-100 group.

SOURCE: Urrutia!!!! in Wilcke (1976), p 57, Table 27.

TABLE 30 Percent of Time III with Associated Illnesses,a Santa Karia Cauque,
June 1972-January 1976

Groups of Age Intervals, months
Fortificationb 12-17 18-23 24-29 30-35

0-19 7.3c 6.5 6.7 3.5
20-39 6.0 5.7 4.9 2.6
40-100 4.6 2.7 2.9 2.4
pd . <:.005 < .005 <. .005 < .025

aRespiratory plus diarrhea; respiratory plus conjunctivitis and/or
stomatitis; conjunctivitis plus stomatitis; respiratory plus diarrhea
plus conjunctivitis and/or stomatitis.

bClassified by fortification index.
CRate per 100 child-days.
dStatistical significance by Chi-square test comparing 0-19 group to

40-1000 group.

SOURCE: Urrutia!!!!. in Wilcke (1976), p 57, Table 28.



- 82 -

TABLE 31 Percent of the Time III with Infectious Illnesses. Santa Maria
Cauque. June 1972-January 1976

Groups of
Fortificationa 12-17

Age Intervah. months

0-19
20-39
40-100

pc

33.3b
32.8
22.8
< .005

29.6
24.5
19.5
C'.005

32.8
21.1
17.8
< .005

20.7
20.2
19.8
N.S.

:Classified by fortification index.
Rate per 100 child-days.

CStatistical significance Chi-square test comparing 0-19 group to 40-100 group.
N.S. • not significant.

souaCE: Urrutia!!!!. in Wilcke (1976). p 58. Table 29

TABLE 32 Percent of the Time III with Fever Santa Maria Cauque.
June 1972-January 1976

Groups of
Fortificationa 12-17

Age Intervals. months
18-23 24-29 30-35

0-19
20-39
40-100

pc

9.2b
7.4
4.0
< .005

7.8
4.8
4.3
< .005

10.4
5.8
3.7
<.005

5.1
5.5
5.6
N.S.

aClassified by fortification index.
baate per 100 child-days.
CStatistical significance by Chi-square test comparing 0-19 group to 40-100 group.
N.S. • not significant.

SOURCE: Urrutia!! al. in Wilcke (1976). p 58. Table 30.
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TABLE 33 Percent of Time III with Diarrhea of 7 or More Stools per Day, Santa
Karia Cauque, June 1972-January 1976

Groups of Age Intervah, months
Fortificationa 12-17 18-23 24-29 30-35

0-19 4.8b 4.6 4.6 1.9
20-39 5.0 2.2 2.7 2.7
40-100 1.4 1.8 1.3 2.1

pc <.005 <.005 ('.005 N.S.

aC1assified by fortification index.
baate per 100 child-days.
CStatistica1 significance by Chi-square test comparing 0-19 group to 40-100
group.

SOURCE: Urrutia!!!!. in Wi1cke (1976), p 59, Table 31.

Thailand:

TABLE 34 Effect of Participation on Total Morbidity

Groups Partici-
pation 1

Mean %Days III in 1974 by Age
234 5

Amino acids, yesa 6.5 (17)a 6.8 (11) 6.4 (19) 2.9 (18) 8.9 (16)
vitamins, iron noc 4.9 (23) 8.0 (30) 5.1 (22) 3.5 (33) 7.9 (46)

Vitamins and yes 3.9 ( 6) 4.1 (11) 2.0 (11) 5.3 (17) 2.2 (10)
iron no 4.8 (17) 4.7 (11) 5.4 ( 8) 3.0 (14) 3.3 (14)

Premix without yes 4.9 (11) 5.2 (16) 6.0 (19) 4.0 (15) 2.5 (20)
fortification no 5.0 ( 8) 8.1 (14) 5.4 (14) 3.9 ( 5) 3.4 (17)

·Participated 2/3 or more of the time.
bPigures in parentheses denote number of children.
cParticipated less than 10% of the time.

SOURCE: Gershoff!!!!. (1977) p 1193, Table 6.
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7. Mortality

TABLE 35 Mortality: Deaths/1000 Children at Riska , June 1972-January 1976

Age

Guatemala

Phase of
Fortification

Participation
High Low

High/Low
Differenceb Source

Stillbirths

Infant

2 years
3 years
4 years
5 years
2-5 Total
0-5

During
Before
Changeb

After
During
Before
Differencee

During
During
During
During
During
During

17 (1l5)C
39 (206)

-220

98 (124)
27 (113)
71 (198)

-54+

24 (126)
8 (118)
o ( 88)
o ( 81)

10 (413)

36 (166)
31 (255)
+50

83 (178)
94 (160)

105 (247)
00

31 (163)
21 (143)
19 (103)
11 ( 89)
22 (498)

-190

+ 80

-27od

+150

-67+
-340

-58oe

-70

-130

-190

-110

-120

+f

Table 37
Table 36
Calculated

Urrutia, 1983
Table 37
Table 36
Calculated

Urrutia in
Wilcke et
al., 1916
pg. 64

Calculated

Thailand Data collected, but not analyzed because "not too happy about the
way it was collected"

Tunisia (Neonatal Death Rates--Deaths 0-30 days/1000 livebirths), from
Antar Project Newborn Study, Harvard 1976, p 330, Table 10).

A.A

V.I.

Control

After boys 124 (113)
girls 83 (108)

After boys 123 (114)
girls 80 (112)

After boys 65 (123)
girls 53 (113)

·Stillbirths/1000 births, Neonatal deaths/1000 live births, Infant
deaths/1000 live births, and 2-5 year old deaths/1000 children of that age.

bo • not significant, + • p~ 0.05
CActual number of children at risk in parenthesis.
dThis difference takes into account both secular trends between periods and

the mortality of participant groups during periods without fortification.
It was examined not only by direct comparison of differences between changes
across participation groups, and of differences between participation groups
over time, but also by testing the interaction of particiption status and
phase of fortification by logit analysis.

eDifference between the mean rate for the 2 periods without fortification
and the period with fortification.

fStatistically signifiant by sign test (p (K {0/5, .50) • O. 031 ~O. 05)
(Daniel, 1978). All five age groups showed a lower mortality among those
with high participation during the fortification program.
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TABLE 36 Infant Mortality before Corn Fortification. Santa Karia Cauque.
January 1964-Kay 1972

I

Faailies by Number of Number of Deaths
Fortification Deliveries Still- 0-11 Total
Indexa births months

0-19 255 8 26 34
20-39 43 0 5 5
40-100 206 8 14 22
Total 504 16 45 61

Infant
Mortality
Rateb

105
116

71
92

aClassified by subsequent participation in the program.
bDeaths (excluding stillbirths) per" 1000 live births; calculated as Deaths

0-11 months/(~umber of Deliveries - Stillbirths).

SOURCE: Urrutia!!!!. in Wilcke (1976). p 62. Table 34.

TABLE 37 Infant Mortality during Corn Fortification, Santa Maria Cauque.
January 1964-May 1972

Families by Number of Number of Deathsb
Fortification Deliveries Still- 0-11 Total Infant
IndexA births months Mortality

RateC

0-19 166 6 15 21 94d
20-39 23 0 4 4 174
40-100 115 2 3 5 27d
Total 304 8 22 22 74

·Classified by previous participation in the prograa.
bChildren who died during earthquake of February 4, 1976 not included.
cDeaths (excluding stillbirths) per 1000 livebirths; calculated as in

previous table.
d94-27 • 67; p<.05; calculated by normal deviate. z, derived from the

normal approximation to the binomial; (Snedecor and Cochran, 1982);
Z • 2.188.

SOURCE: Urrutia!! al. in Wilcke (1976), p 63, Table 35.



TABLE 38 Second to Fifth Year Mortalitya During Corn Fortification. a
Santa Maria Cauque , June 1972-January 1976 (fro. Wi1cke. 1916)

Mortality Groups of Fa.i1ies by Fortification Index
(yean) 0-19 20-39 40-100 Total

No. of No. of Rate No. of No. of Rate No. of No. of Rate 10. of 10.-0-£ Rate
Children Deaths Children Deaths Children Deaths Children Deaths -"

Second . 163 5 31b 24 4 161 126 3 24b, c 313 12 38

Third 143 3 21b' 24 0 0 118 1 8b, c 285 4 14

Fourth 103 2 19b 18 3 161 88 0 Ob,c 209 5 24

Fifth 89 1 11b 15 0 0 81 0 Ob,c 185 I 5
I

Total 00
2nd-5th 498 11 22 81 1 86 413 4 10 992 22 22 Q'\

alate per 100 children of that age.
bp <.10 (one tailed) for total and age specific ca.parisons.
cNone of these rates are significantly different by Z-test (derived fro. no~l approxi..tion to the bino.ial) fro. the

age specific rates before fortification (January 1964-May 1912). The ca.parative .artality rates before fortification
(January 1964-May 1972) are:

Year of age 2 3 4 5 Total

10. of children 454 398 316 351 1.561
No. of Deaths 26 13 5 1 45

·Rate per 1000
children of
tha~ age 51 33 13 3 29
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TABLE 39 Summary of Resultsa by Outcome Variable

Outcome Variable Ref
Table

Cross-sectional
Analyses

Guat. Thailand

Incremental
Analyses

Tunsia Guat. Thailand Tunsia

Height (5 yr olds) 17,18 0

Weight (5 yr. olds) 20, 21 0

Birthweight
in fortified groups 23 0

Biochemical-albumin 25

Morbidity 26-34 +b mixed

Mortality 35c-38
stillbirth 0
infant +d
2-5 +

o

o

o

o o (1)

o

·0- no statistically significant difference
+ - significant difference and effect is in direction expected if
fortification has benefical effect.
blank - data not available or not collected.

bAge groups analyzed were 12-17, 18-23, 24-29, 30-35 months. Epsiodes of
infections illness (Table 26) was not significant at all ages. Percent time
ill with upper respiratory tract infections (27) or with associated illness
(30) were significantly different at all age groups. Percent time ill with
lower respiratory tract infection (28), with diarrhea (29), with infections
illness (31), with fever (32) or with diarrhea 7 stools a day were
significant for all but the highest age group.

CDeaths/1000 at risk
dNS if (High participation after - High Before) - (Low after - Low before).
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F. Design Control and Measurement of Possible Confounding Variables

Confounding variables are factors associated with the fortification

program which were not controlled by the experimental design or by the

comparison groups in the data analyses and which could have affected the

outcome variables in the studies. Examination of confounding requires that

one formulate the possible biases, examine the data to see whether these

biases can be excluded, and make inferences about the effect the biases may

have had on the result of the study.

The number of possible biases in any study is almost limitless. In this

section, the study design is reviewed for each study to see how well it

controls for confounding. In addition, the Task Force tried to identify

potential biases in each study, formulate them as hypotheses, and extract

pertinent data from the results to address the hypotheses.

1. Guatemala:

The original experimental design called for a comparison of results from

the village that received fortified maize with results from a similar village

that did not. Even this design would not have permitted firm inferences about

whether different trends observed between the two villages were due to the

fortification, because such inferences require treatment and control

replicates. At any rate, the data were not analyzed according to this design,

but according to levels of voluntary participation in the fortification

program. The analysis compared the attained and incremental values of those

who did participate (fortification index greater than 40) with those who did

not participate (fortification index less than 20). This design does not

control for any confounding factors associated with voluntary participation.
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Comparisons of mortality and attained anthropometry were made between

siblings who attained a given age before fortification began and their younger

siblings who attained the same age after having consumed the fortified maize

for three years. Furthermore, mortality rates were compared in participating

and non-participating families before and during supplementation. These

comparisons control for stable but no unstable family factors associated with

voluntary participation.

Thus, the confounding variables of concern in the Guatemala study are

those related to voluntary participation in the maize fortification program,

which may have accounted, on the one hand, for the lack of growth reported in

participating children and, on the other, for the correlation between

participation and reduced morbidity and mortality. These confounding

variables are examined in the following pages.

1. Confounding that might explain the lack of growth response in newborn

infants and preschool children:

Hypothesis l.a: Only the poorest families participated, and their diets

were deficient compared to non-participants.

Conclusion: As shown in table 40, there is no evidence that the intake

of calories or protein in the home diets of the

participants in the fortification program was poorer than

that of non-participant preschool children. The

association between lack of greater birthweight and

greater calorie intake among the participating mothers

compared to non-participating mothers contradicts the only

other study in the literature which showed an effect of

increased energy intake on birthweight--a study that,

incidentally, was also done in Guatemala.
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TABLE 40 Daily Intake of Participants versus Non-Participants, Guatemala Study

Participantsa Non-Participantsb Difference Statistical
Significance

Pregnant mothers
Calories 2024 (40) 1801 (41)
Protein (g) 55.3 (40) 46.1 (41)

2-years-olds
Calories 733 + 360 (32)C 712 + 289 (28)
Protein (g) 17.8-+10.8 (32) 16.5 + 7.3 (28)

3-year-olds
Calories 1019 + 273 (24) 1121 + 349 (15)
Protein (g) 26.3 + 7.3 (24) 26.7+7.9 (15)

aFortification index 40-100.
bFortification index 0-19.
cSample size in parentheses.

+223 p<.0.005
+9.2 p to 0.005

+21 N.S.
+1.3 N.S.

+102 N.S.
-0.4 N.S.

SOURCE: Urrutia et ale in Wilcke (1976) p 45, Table 13; p 46, Table 14;
Urrutia -r1976) Annual report to AID/I0/74-12/75, Table 45
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Hypothesis l.b: Only the poorest families participated, and their growth

was deprelsed because of other factors.

Conclusion: There wal no difference in socioeconomic statuI between

participating and non-participating families (See table

41).

Hypothesis l.c: Maternal characteristics confounded the differences

between participants and non-participants.

Conclusion: Table 42 shows no association between participation and

maternal characteristics affecting birth weight.

Hypothesis l.d: thole who participated had more disease.

Conclulion: According to tables 26-34 just the opposite occurred.

thole who participated had less morbidity.

2. Confounding that might explain the aSlociation between participation

in the fortification program and reduced morbidity and mortality.

Hypothesil 2.a: Participants were better off economically.

Conclusion: Table 41 shows no difference in socioeconomic status

between participating and non-participating families.

Hypothesis 2.b: Participants were more intensely involved with preventive

and curative medical services.

Conclusion: There was no difference in visits to the clinic or in

preventive medical care among participants and

non-participants (See table 43).
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TABLE 41 Family Socioeconomic Index, Guatemala Study

Fortification Number of Socioeconomic Index
Index Cases ~19 20-23 24-27 28-31 32-36

0-19 108 9 (8)a 24 (22) 38 (35) 32 (30) 5 (5)

20-39 22 0 8 (36) 5 (23) 9(41) 0

40-100 93 7 (8) 17 (18) 38 (41) 28 (30) 3 (3)

Land Tenure Scho1arity Shoewear

0-19 108 1.98 + 0.83b 1.94 + 0.67 2.24 + 0.98

20-39 22 2.05 + 0.84 1. 73 + 0.63 2.09 + 1.02

40-100 93 2.06 + 0.76 1.88 + 0.64 2.17 + 0.98

aNumber of cases (rounded percentage).
bKean + one standard deviation.

SOURCE: Urrutia!! a1. in Wi1cke (1976) pp 40-41, Tables 9-10.
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TABLE 42 Maternal Characteristic. of Participants and Non-participants,

Guatemala Study

Variable Participant Non-Participant Difference P

Number 71 124

Birth order 4.8 + 3.6 4.1 + 3.1 +0.7 N.S. a

Mother's height (cm) 144 + 4.7 143 + 4.2 +1.0 N.S.

Gestational agea (weeks) 39.1 + 1.5 39.3 + 1.2 0 N.S.

Birth . h b (g) 2571 + 314 2643 + 324 -72 N.S.we1g t

8N.S. • not significant.
bPremature (less than 37 weeks) were excluded from these analyses.

SOURCE: Urrutia,!! ale in Wilcke (1976) p 48, Table 16.
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TABLE 43 Medical Consultation of Preschool Children in Relation to Maize
Fortification, Santa Maria Cauque, June 1972-December 1975

Fortification Child-Months Number of Number of Mean Number of
Index of Children Consultations Consultation. per

Observation 100 Qlild-Months

0-19 4,339 203 1,243 28.6

40-100 3,930 165 1,171 29.8

SOURCE: Urrutia et ale in Wilcke (1976) p 41, Table 11.
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Hypothesis 2.c: Participants were more concerned about health in general,

resulting in better health care in participating families.

Conclusion: One would expect that the group of non-participants, who

on the whole had higher morbidity (Tables 26-34) and

mortality (tables 35-38), would seek more medical

consultations. In fact, this was apparently not the case

(see table 43), which might indicate that non-participants

were less concerned about health than were participants.
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2. Thailand:

The design of the Thailand field trial controlled for confounding effects

due to the mechanics of the treatment, as well aa for confounding factors

associated with voluntary participation, by comparing those who voluntarily

consumed the fortified rice grains acroas different villages receiving rice

grains of different kinds and levels of fortification (different premix). A

further intervention, day-care centers, was applied to some villages and not

to others.

Theoretically, this experimental design would have permitted the

investigators to differentiate the effects of the different kinds of

intervention from effects due to non-nutritional characteristics asaociated

with participation in the fortification program and from effects associated

with using the day-care centers.

The confounding due to factors associated with participation could be

discounted after comparing participants across the different types of premix

they received in their rice if the participants were comparable. However, the

differential participation rates across different kinds of "fortification",

shown in table 44, raises the possibility that perceived benefits were

different for the different types of premix, meaning that the good

participants might not be comparable across premix groups. Confounding

variable are examined in the following pages.

Hypothesis 2.a: Amino acid fortified rice only appealed to those who

were most needy and would have been worse-off without

the rice, while the non-fortified rice appealed to

those who would benefit less from rice fortification.
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TABLE 44 Participation Rate. by Type of Premix Added, Thailand Study, 1974

ParticipationPremix

A.A.

V.I.

N.F.

Yes (N)

81

60

81

No (N)

154

64

58

Ratio of Good Participant. to

Good and Poor Participantsa

aNo middle group because data are unobtainable.
bSignificantly different from each other (p < .01).
CSignificantly different from each other (p < .05).

SOURCE: Calculated from data in Table 34.
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This hypothesis would explain the lack of a benefical

finding among persons consuming the fortified rice.

Addressing this possibility would entail comparing measures

of need among the fortification participant. across

fortification villages. This analysis was not don••

Further, such an analysis would probably not be instructive

because the hypothesis, although possible, seems unlikely.
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TABLE 45 Effect of Day-Care Centers (nec) on Total Morbidity, Thailand Study,
1974

Group Village. Use of Mean % Days III in 1974 by Age
of Village. with nec DeC 1 2 3 4 5

Raw control no no 6.0 (62)a 4.2 (57) 5.1 (54) 4.8 (70) 2.5 (68)

Premix with- yes 5.3 ( 8) 5.7 (28) 5.7 (41) 4.2 (27) 2.4 (31)
out fortifi- yes
cation no 5.6 ( 14) 8.5 ( 8) 2.7 ( 6) 3.8 ( 2) 1.1 ( 8)

Vitamins and yes 3.1 ( 3) 6.3 (22) 4.8 (25) 4.4 (42) 2.6 (26)
iron yes

no 4.4 (37) 2.8 (17) 1.1 ( 5) 1.1 ( 6) 2.5 ( 8)

Amino acids, yes 8.6 ( 12) 18.2 (22) 10.9 (19) 5.4 (34) 13.9 (24)
vitamins, and yes
iron no 5.7 (16) 2.3 ( 8) 2.8 ( 8) 2.8 ( 8) 2.2 (15)

Amino acid
vitamins, and
iron no no 4.1 (32) 4.5 (52) 4.5 (39) 2.3 (54) 3.1 (51)

aNumber of children shown in parentheses.

SOURCE: Gershoff !! a1. (1977) p 1194, Table 9.
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TABLE 46 Effects of Morbidity on Development, 1974 to 1975

Morbidity Age (yr)
Tertilea 1 2 3 4 5

Height change, cm
Male
1 7.4 6.6 5.8 5.4 5.0
2 7.6 6.2 5.7 5.3 5.2
3 7.3 6.6 5.8 5.4 5.1

Weight change, kg
1 1.7 1.3 1.3 1.5 1.6
2 1.8 1.4 1.2 1.1 1.4
3 1.6 1.6 1.2 1.3 1.5

Hemoglobin

1 11.1 12.0 11.4 11.6 1l.6
2 11. 7 12.0 11.8 ll.8 11. 7
3 11.3 1l.1 11.7 11.7 11.7

Hematocrit

1 38 38 38 39 39
2 39 38 39 39 39
3 38 37 39 39 39

Female

Height change, cm

1 7.5 6.5 6.1 5.5 5.2
2 7.9 6.9 6.2 5.7 5.4
3 7.6 6.8 6.2 5.6 5.2

Weight change, kg

1 1.7 1.4 1.2 1.3 1.4
2 1.8 1.5 1.4 1.3 1.5
3 1.6 1.5 1.4 1.3 1.3

Hemoglobin
1 11.4 12.0 11.4 1l.9 12.0
2 1l.5 1l.8 11. 7 12.0 11.7
3 11.3 11.4 11.5 1l.8 1l.7

Hematocrit

1 39 40 39 40 40
2 38 39 39 39 39
3 38 39 39 39 39
•
8Tert i1es of morbidity 1, 2, 3 (low to high) during 1974.
SOURCE: Gerlhoff, et a1., 1977, Table 7.
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General Conclusion (Thailand Study): The analyses done to date on the

data from the Thailand study do not permit one to discard the possibility that

the further analYlel peraitted by the experimental design could reveal

beneficial effectl from the amino acid fortification trials. The only

conltraint on such analyses would be sample sizes. In any case, the full

potential benefits of the design do not appear to have been used in the

analyses of the data:

lithe full potential of the design was not used in our
publications because the data collected on those children who
were molt likely to have benefited from the program (those using
amino acid fortified rice more than 2/3 of the time) indicated
that they showed no demonstrable health benefits. Many of these
analyles were done. Because they were negative we had no reason
to publish them. The computer printouts were sent to AID. We
sequestered $10,000 from our contract to analyze parts of the
data which we felt might be of value and to pay for publishing
costs. Unfortunately, AID decided to take away the money. Thus,
there have been no in-depth reports of our morbidity data or of
growth and development using our X-ray data."

(S.N. Gershoff,
letter to Task
Force in response
to draft of Chapter
IV, July 13, 1978).
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3. Tunisia:

Almost all confounding variables of major concern, such as those that

confounded both the Guatemala study and the results as analyzed in the

Thailand study, were addressed by the experimental design and the analysis of

the data in the Tunisia study. The design controlled for confounding effects

due to the mechanics of the treatment by a control fortification with vitamins

and iron but without amino acids, which could in turn be compared to an area

which received no fortification of any kind. The design controlled for

voluntary participation by fortifying all wheat in an area so that

participation was complete.

There were enough villages per treatment so that one might suppose

adequate replication of treatments. It had been presumed that enough

localities 'were studied with enough persons in each locality so that this bias

had been randomized. However, all villages that received one treatment were

in the sa~e area (delegation), and each delegation was different from the

areas of the other treatments. Thus, secular trends could, and apparently

did, affect the areas differently, and the villages within areas were thus not

true replicates. In the control, areas, some indicators of nutritional status

improved, while in the vitamin and iron fortified area, indicators did not

appear to change (see tables 17, 20). As a result, the reports of the

difference between the control and vitamin-iron fortified areas occasionally

show a difference in favor of the control areas. The amino acid fortified

areas tend to fall between these two groups.

The consequence of these findings for interpretation of the data is that

tests of significance between areas (delegations) that use the number of

individuals in the study as the units of analysis (degrees of freedom) do not
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shed any light on the effect of fortification. This is because individuals

within a village and even within one delegation are more similar to each other

than they are to those who live in other villages and delegations. This being

the case, the appropriate units of analysis for these data are the delega­

tions. Because the delegations were not replicated, there is no estimate of

variability between delegations, and no statistical testing of the effect of

fortification is possible. Thi, is an important finding which should be

analyzed further and published so that others can take this into consideration

in designing village field trials.

Conclusion: From the analyses as presented, one cannot discard the

possibility that in the amino acid fortified areas, the indicators of

nutritional status would have deteriorated significantly without amino acid

fortification.
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G. Project Management

1. Funding

TABLE 47 Project Fundinga

From AID Division
of Nutrition

P.L. 480
Funds Other

Total

Guatemala

Thailand

Tunisia

$556,356b

394,814
minus $10,000

964,158c

None

None

None

Salaries and Unknown
other expenses
paid by PARO
not available

Thai gov't. Unknown
approx.
$10,000 in-kind
services

In-Kind suppliesd $1,176,158
and services:
Ajinomoto--50,000
Pillsbury--75,000
Merck-- 25,000
Hoffman-

LaRoche-- 12,000
Harvard-- 50,000

aThese data were compiled in 1978 and no new data became available
thereafter except for the Tunisia study.

bFor period January 1,1971 - December 32, 1975.
cFunding from AID was for the period September 1, 1969 - August 31, 1976.
dAjinomoto provided lysine and freight, Pillsbury provided the premix and

services of an engineer in the field to train in the use of the equipment,
Merck and Hoffman-LaRoche provided vitamins, and Harvard provided funds for
some salaries and miscellaneous expenses.

SOURCE: Guatemala--Annual Report to AID, October 16, 1974 - December 31, 1975.
Thailand--S. Gershoff, March 4, 1977 and July 13, 1978, personal
communications.
Tunisia--F. Stare, July 5, 1984, personal communication.
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2. Costs

Of the following costs incurred in the implementation of the fortifi­

cation studies, none were available from the investigators or from AID except

for the actual cost of fortification.

Field costs include building costs, instruments used in the field, salary

of field personnel.

Laboratory costs for biochemical and animal analyses.

Computer costs and statistical consultant costs.

Management costs include costs not listed under "field costs" for those

who ran the project, travel for consultations to or from the project site, and

interactions with funding agencies and governments. Whether all such costs

were borne by the project and, if not, who paid them, is unknown.

Costs of analysis, interpretation, and writing include costs not listed

under "management costs;" above all, the salaries of those who wrote up and

typed the reports and articles.

Publication costs. Duplicating, binding, mailing, and page costs, and

other costs not listed under "management" or "analysis" costs.

Fortification costs. Fortification costs are shown in table 48.
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TABLE 48 Fortificant Quantities and Costs for Cereal Fortification

Quantityl i/kg of i/kg ofNutrient
kg of grain nutrient grain

Guatema1aa thiamine 21.4 mg 25.00 0.000535
riboflavin 13.0 mg 42.00 0.000546
niacin 154.4 mg 5.00 0.000772
vitamin A 6,250 IU 30.00 0.00001875
iron 480 mg 5.70 0.002736
soy flour 78 g 0.35 0.0273
L-1ysine-HC1 1.2 g 5.60 0.00672

Total 0.0386277

Tunisiab thiamine 8.5 g 25.00 0.00021
riboflavin 5.4 mg 42.00 0.00023
niacin 63.8 mg 5.00 0.00032
vitamin A 10,000 IU 30.00 0.00003
vitamin D2 2,000 IU 30.00 0.000006
iron 55.9 mg 2.05 0.0001l
trica1cium
phosphate 50.0 mg 2.04 0.0001

L-1ysine-HC1 3.0 g 5.60 0.0168

Total 0.012206

Thailandc thiamine 5.0 mg 25.00 0.000125
riboflavin 4.0 mg 42.00 0.000168
vitamin A 23,700 IU 30.00 0.00007
iron 80 mg 2.05 0.000164
L-1ysine-HC1 2 g 5.60 0.01l2
L-threonine 1 g 57."70 0.0577

Total 0.069427

aFrom J. J. Urrutia, personal communication (quantity/kg grain).
bFrom G. Kerr; e1 Lozy and Kerr in Wi1cke (1976), p 121, Table 8

(quantity/kg flour)
cFrom S. Gershoff, personal communication (quantity/kg grain).
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3. Peer review

Information obtained regarding peer review and related sited visits is

shown in table 49.

!ABLE 49 Peer Review and Site Visits

Guatemala

Thailand

Tunisia

Before Funding

None. Discussions only
with AID personnel and
their advisers in
Washington.

None. Discussions only
with AID personnel and their
advisers in Washington.

At least 2-3 site visits
by AID personnel and their
advisers, including Drs.
A.M. Altschul and
D. Rosenfield.

After Funding

Visit March 6-8, 1972, to
INCAP and Santa Maria Cauque
by Drs. A.M. Altschul and
Wilcke (report not available).
Visit May 1975 by Drs. Stark
Wellhousen, Rice and M.
Rechcigl (latter two from
AID) (report not available).

Site visit November 1970 by
Drs. A.M. Altschul, M.
Forman, and C. Howe (report
not available).

At least one site visit/year
by AID personnel and their
advisers, including Drs.
A.M. Altschul and
D. Rosenfield.

SOURCE: Guatemala--J.J. Urrutia, May 20, 1977, p 25, personal communication.
Thailand--S. Gershoff, March 4, 1977, p 6, personal communication
Tunisia--F. Stare, July 3, 1984, personal communication.
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4. Publications

Refereed publications arising from these trials are, where available,

listed in Appendix C. The following provides an accounting of the number of

publications by year for each trial:

Study
and

Year:

Guatemala

1973
1974
1975
1976

Thailand

1975
1976
1977

Tunisia

Reports
to AID:

Annual Report
Annual Report
Annual Report
Annual Report

?
1
1

Unrefereed
Reports in the Litera­
ture (books, abstracts,
letters to the editor):

1
1
1

1
?
1

Refereed
papers
(listed in
Appendix C):

1

1
1
1

1969
1970
1971
1972

1973
1974

1975

1976

1977

2 ?
2 1
2 1
2 1 (abstract) 2

1 (chapter)
2 2 (chapters) 2
2 2 (letters 4

4 (abstracts)
2 2 (letters) 4

1 (abstract)
1 (letter) 4
2 (chapters) 1

The sources of this information are: for Guatemala, J. Urrutia, March 25,

1983, personal communication; and for Tunisia, M. el Lazy, Augu8t 14, 1978,

personal communication, and Harvard (1976), pp 4-6.



PART THREE

EVALUATION AND IMPLICATIONS





VI. TASK FORCE EVALUATION OF THE RESULTS OF THE LYSINE FORTIFICATION TRIALS

After considering the design, approach, results,. and conclusions of the

three lysine-fortification studies as presented in Part Two, the Task Force

has prepared an evaluation of the findings and analyses of their meaning.

First, the Task Force tried to identify the main implicit questions

addressed by each experimental design. These questions, along with the

answers as inferre~ from the results, are reviewed for each study. The Task

Force also formulated other possibly relevant questions that were not

addressed by the experimental design. These questions depended upon whether

or not significant changes in outcome variables were associated with the

lysine fortification in each project:

(1) If there were ~ significant differences between the groups studied,

was this because: (a) the fortification procedure was defective or the

fortified cereals were not ingested, (b) the improved protein quality of the

cereal could not be expected to improve the outcome measured in the persons

studied under prevailing circumstances, (c) the sample sizes were too small or

the variability of the measurements was too large, or (d) confounding

influences negated a positive beneficial effect?

(2) On the other hand, if a statistically significant association was

found between fortification and an outcome variable, was this due to biases in

the selection of the comparison groups, biases introduced with the treatment,

or biases in the measurement of the outcome variables?

This is followed by a final assessment of the strengths and weaknesses of

each project and a judgment on what can be concluded about the effects of

lysine fortification from each study.
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A. Guatemala

1. Questions

The basic questions addressed by this project are the following:

Would consumption of maize
fortified with soybean flour
and lysine and supplemented
with vitamins be associated
with:

increased birthweight?

increased size in
preschool* children?

improved Irowth in
preschool children?

reduced morbidity
in preschool* children?

reduced mortality overall
in preschool* children?

Association
Found

negative

inconsistent

positive

positive

positive

Overall
Statistical
Significance

no

no

no

yes

yes

The experimental design could control for certain specified maternal and

family influences in the growth, morbidity, and mortality of preschool

children, including a control for interfamily differences in preschool size

and infant mortality, by comparing before and after fortification in the same

families. The data analysis was done accordingly.

This project also investigated the feasibility of fortifying maize with

lysine, soybeans, vitamins and iron in village mills and studied the

acceptability of the fortified cereal. Under the conditions of this study,

adding maize-like premix kernels to the maize brought by each family to the

*Includes infants
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village mill proved feasible. However, the maize as consumed contained about

one-quarter less lysine than was planned. This deficit apparently occurred at

the mill; the stability of the fortified maize is not likely to be atissue

because the fortified maize was consumed within a few days of fortification.

This study also found the acceptability to be poor, as reflected in a drop in

participation rates from 95% to 40% (Urrutia!! al., 1976). This was

apparently because the fortified maize dough kept less well than the

unfortified maize. The Task Force concludes that the fortification procedure

as performed in this study would not be a satisfactory public health measure

for the fortification of maize, but the results are promising enough so that

the procedure might prove satisfactory with minor improvements. This project

demonstrates the necessity of pilot testing the fortification process before

embarking on a full-scale field trial.

The Guatemala project did not address the following issues:

a. Examine the relative contributions of lysine, soybean flour, iron, or

vitamins to any effect observed.

b. Differentiate the effects of nutritional intervention from the effects

of non-nutritional influences associated with the voluntary consumption

of fortified maize, except by assessing a congruency of results from

special analyses directed to this issue. This precludes examination of

any meaningful interaction between weaning and the effect of

fortification.

2. Interpretation

The Guatemala study showed no consistent or statistically significant

difference in postnatal growth between the participants and non-participants
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in the maize fortification program. More complex analyses might reveal such

differences, but this seems unlikely.

This project had extensive information that severe growth stunting and

protein-energy malnutrition existed in the village studied. It also provided

for careful surveillance to assure that the fortification was adequate as

consumed and included adequate numbers of children. The staff also had a

reputation for taking careful measurements. Thus, in trying to explain the

absence of a growth response to the amino acid fortification, one can

eliminate questions of whether protein malnutrition was a real problem in the

first place, whether fortification of the maize was adequate (even though the

fortification levels were lower than planned), and whether collection of

participation measures or outcome measures was adequate.

The experimental design, however, links the intake of fortified maize so

strongly to characteristics related to voluntary participation that the Task

Force could not separate the effects or non-effects of fortification from the

influences of these confounding characteristics. Thus, those who received the

fortified maize might have been less well-off than the non-participants, which

would have negated or reduced the visibility of beneficial effects of

fortification. Some of the factors associated with volunteering were measured

and their effects were examined. On the basis of these analyses, we know that

the fact that the fortified children did not grow better than the control

children was not due to the following growth stunting influences among the

volunteers: a poorer home diet, more disease, poorer determinants of birth

weight, or greater socioeconomic deprivation in the home. Other less obvious

possibilities, of course, remain.
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In this study there was a positive but not statistically significant

increase in birthweight of siblings in the fortification program, as well as a

clear statistical association of biological significance in morbidity and

mortality favoring those children who participated. However, because of the

confounding of fortification with volunteering, it is impossible to state

whether this finding is due to the fortification.

The investigators were able to discard the possibility that the difference

in morbidity and mortality might have been due to different preventive

measures or therapeutic treatment. Preventive measures were applied to all

children. If researchers found any child ill during their fortnightly home

visits, they had the physician visit that child at home. One could imagine,

however, that those families most concerned about good health would be more

likely to participate and that they would also undertake other activities to

improve health. Perception of incipient illness may be better in such

families, leading to timely and better therapy. That possibility seems to be

borne out by the fact that the participants' self-initiated clinic visits to

see the physician were higher in spite of lower morbidity and mortality.

Sanitation in the home of participants may have been better. And one could

imagine yet other likely mechanisms to account for the difference in morbidity

between participants and non-participants--differences that were not measured

and could not all be measured.

Another way of controlling for confounding associated with volunteering is

presented in table 35 (footnote d) for analyzing the association of infant

mortality with fortification. This analysis takes into account the slightly

lower mean infant mortality experience of the high relative to the low

participants during periods before and after the study. Even if the results
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had been statistically significant in these analyses, one could still imagine

factors jointly affecting participation and mortality during the study which

could have confounded the results.

Regardless of how many putative confounding factors are measured and

subsequently shown not to be different between participants and non-partici­

pants, one can always think of other characteristics that are not related to

fortification but are related to participation, and which could have caused a

different outcome between participants and non-participants. In the absence

of an appropriate design (e.g., properly conducted randomized intervention

with adequate number of replications which incorporates the possibility of

confounding factors into the statistical probability statement of causal

association) one must try to identify and control for the more likely

confounding factors.

For infants, but not for older children, many of these factors were

controlled in table 35 by comparing death rates in participant and in

non-participant families between periods before and after participation with

death rates during participation. An analysis of variance by the minimum

logit chi-square method (Snedecor and Cochran, 1980) revealed that the

reduction in stillbirth death rates during fortification in participating

families was not statistically significant when death rates in these same

families before fortification and the trend in death rates of

non-participating families are taken into account. Similar analysis of infant

death rates also revealed no statistically significant decrease in participant

families during fortification, when secular trends and the mortality of the

participant groups during periods without fortification were taken into

account.
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A congruent change in some indicators of nutritional status, such as

growth and biochemistry would have given further evidence that the

improvements in morbidity and mortality were due to improved nutrition. This

was lacking in the Guatemala study.

In summary, the major problems in interpreting the results of the

Guatemala study lie with the fact that those who received the amino acid

fortified maize were those who volunteered for it, and there is no

satisfactory way to separate the nutritional effects of the fortified maize

from the non-nutritional factors associated with volunteering, except possibly

as done in the analysis of stillbirth and infant death rates, which however,

did not reveal a statistically significant beneficial effect from lysine

fortification of maize (See footnote d, table 35).

B. Thailand

1. Questions

The basic question related to lysine fortification that was addressed by

this project was: Would preschool children who consumed lysine-fortified rice

supplemented with iron and vitamins grow more, be larger, and have less

reported illness than children who consumed unfortified rice or rice with iron

and vitamins only? The Task Force could not ascertain the answers to these

questions from the data as presented.

Other related questions addressed by this design are the following:
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Question Association
Found

Overall
Statistical
Significanc

a. Is there any village effect on size
or morbidity due to the availability
of non-lysine-fortified rice
fortified with vitamins and iron or
of day-care centers in the villages?

b. If so, does the addition of lysine
fortification to these treatments
improve size or decrease morbidity
even more?

c. Is there a growth effect due to any of
these interventions? (The project was
designed to collect the longitudinal
data necessary to address this issue.)

analysis not done

analysis not done

analysis not done

d. Relate the fact of consumption of lysine­
fortified rice to growth in individual
children.

e. Relate the fact of consumption of lysine­
fortified rice to morbidity in
individual children.

negative

inconsistent

no

no

f. Estimate intervillage variations in the
effects of the intervention. (The design
could separate the effects
due to the interventions from other
confounding influences which affect villages.)

analysis not done

This project also investigated the feasibility of fortifying rice with

lysine, threonine, vitamins and iron at the village mill. Under the

conditions in this study, adding rice-like premix kernels to the rice brought

by each family to the village mill did prove feasible. The level of

fortification was apparently attained as planned, but acceptability was poor.

One of the detrimental influences on participation was a change in formulation

of the premix kernels during the study, which increased their hardness. This

excessive hardness was easily corrected, but the data presented do not show

what the acceptability was prior to this change or whether hardness was the

only problem in acceptability.
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This project design did not address the following issues:

a. Differentiate perfectly the effects due to the different kinds of

fortification of rice from those due to the day-care centers and other

factors that were associated with participating in the various

interventions and that could affect growth and morbidity. However,

because there were two quite different kinds of intervention (rice

fortification and day-care centers), some estimates of confounding

factors associated with cooperation could be assessed and taken into

account.

b. Distinguish among inadequate nutrition due to deficits in protein

quantity, protein quality, energy intake, or combinations of these

three.

c. Examine the relationship between consumption of fortified rice and home

diets in individual children, and examine this in relation to growth or

morbidity.

d. Elucidate a differential effect of the interventions on growth or

morbidity depending upon whether a child was or was not breast fed

during the first years of life.

2. Interpretation

The Thailand study showed no consistent or statistically significant

differences in the growth of various groups of preschool children. Since the

investigations conducted continual home surveillance of participants and

non-participants during the last three years, there was no question about the

ingestion of fortified rice during that period. The use of one data

collection team in all the villages effectively excludes measurement bias that

-~
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would have been introduced if different teams had collected measurements in

the various treatment villages. Furthermore, the design of the Thailand study

should have permitted analyses that could separate characteristics associated

with participation in the fortification program from those associated with

actual consumption of fortified rice. Also, this design should have been able

to differentiate the effect of one important possible confounding factor,

participation in day-care centers, from those factors associated with

consumption of fortified rice. These strengths were not realized because of

limited analysis of the data.

Further data analysis may have been curtailed because of questions arising

about the quality of the measurements, the proportions of children measured,

and the adequacy of the sample sizes. None of these questions decreases the

usefulness of an adequate data analysis to investigate the possibility that

illnesses acquired in the day-care centers negated the effects of

fortification in these children.

This data analysis could not, however, compensate for the lack of

physiological, biochemical, or clinical evidence that the population studied

suffered from protein malnutrition as opposed to other causes of stunted

, growth. Dietary evidence and evidence from experiments in which the staple

was fed to animals are not adequate to demonstrate protein deficiency in a

population, unless this is supplemented by some evidence in humans and by

animal feeding experiments testing the whole diet.

In summary, the analysis of data from the Thailand field trial was

prematurely curtailed, with the result that inferences about the effect of

amino acid fortification of the rice cannot be drawn. Thus, the apparently

negative results could reflect a true lack of effect, confounding factors, or
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inadequate sample sizes. and these possibilities could be investigated given

the experimental design. Further analysis might discover a positive

association between fortification and growth. Given the design. such a

finding would be important. However. if no association were found. the lack

of evidence of protein deficiency in the population might mean that protein

was not deficient in the study population and that population was not the most

appropriate one with which to test the usefulness of amino acid fortification

to improve protein nutrition.

c. Tunisia

1. Questions

The basic question that was addressed by this project was: Would

preschool children in a region supplied with lysine-fortified wheat be larger

and have lower neonatal mortality than children in two regions consuming wheat

not fortified with amino acids? The findings consistently showed no

improvement in growth or neonatal mortality rates among the children who

consumed the amino acid fortified wheat.

Other related questions that this design addressed are:

a. Would preschool children in areas supplied with lysine. vitamin. and

iron fortified wheat be larger and have lower neonatal mortality rates

than children in areas supplied with wheat fortified only with vitamins

and iron? The findings tend to answer this question in the

affirmative. but they are not statistically significant.

b. Would preschool children in areas supplied with vitamin and iron

fortified wheat be larger and have lower neonatal mortality than

children in areas supplied with unfortified wheat? The findings

indicate the reverse. occasionally with statistical significance.
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This project also investigated the possibility of fortifying wheat with

lysine. vitamins and iron in industrial mills and studied the acceptability of

this fortified cereal. The feasibility and acceptability were sufficient to

regard this as an appropriate public health fortification method under similar

conditions.

This project did not address the following issues:

a. Distinguish between regional influences on size or mortality that might

confound the effect of treatment. because there was no ~ priori reason

to believe that this effect would be greater than that expected from

the differences between villages within a region.

b. Distinguish among inadequate nutrition due to deficits in protein

quality. protein quantity. energy intakes. or combinations of these

deficits.

c. Examine individual consumption of fortified or unfortified wheat. of

other foods. or of any nutrients. Therefore. this project was not

designed to relate a dietary intake with any outcome of nutrition in

individual children.

d. Elucidate a differential effect of nutritional intervention on size.

depending upon whether a child was or was not breastfed during the

first years of life.

e. Relate the ingestion of the two kinds of fortified wheat to

improvements in growth as compared to the control area. because the

anthropometric survey data were not linked to individual children and

thus increments in growth could not be calculated.
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2. Interpretation

The Tunisia study found no consistent or statistically significant

improve.ent in birthweight, infant mortality, growth, or serum albumin levels

in preschool children in the areas that received amino acid fortified wheat as

compared to the two control areas. The control area that received vitamin and

iron fortified wheat seemed to become consistently, but not statistically

significantly, worse in the outcome measures than the area receiving amino

acid fortified wheat. The control area that received unfortified wheat was

consistently better off than the area receiving the amino acid fortified

wheat, and some of these comparisons were statistically significant.

In contrast to the Guatemala and Thailand projects, this study did not

attempt to measure the proportion of fortified cereal that was ingested by

each individual because, essentially, only fortified cereals were available in

the study areas. Nevertheless, the study entailed good quality control of

fortification from the mixing mill through the retail stores and into the

family. This chain was then verified in the preschool children; increased

urinary excretion of riboflavin was used as a fortification marker. The

careful standardization procedures for measurement of outcomes and the field

investigators' reputation for thoroughness in measurement are borne out by the

fact that this was the only study with documentation of precision for many of

the measurements. Finally, the data analysis was well focused, careful, and

appropriate. Thus, the fact that the children who consumed amino acid

fortified wheat did not appear to benefit from it cannot be explained by

deficiencies in the fortification process, by inadequate collection of outcome

measures, or by inadequate data analysis.
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The most likely explanation for the lack of effect is suggested by the

evidence that the children did not suffer from protein malnutrition. Growth

stunting was about half that found among children in the other two studies.

No cases of kwashiorkor were reported. although marasmus was common. No child

had serum albumin levels indicative of protein malnutrition.

Another possible explanation is that the amino acid fortified wheat

prevented deterioration in nutritional status. The careful analyses of trends

in the vitamin and iron fortified area hint at this. The experimental design

does not deal with this confounding. which was due to the fact that contiguous

areas would have more in common with each other than with non-contiguous

areas. Thus the possibility that amino acid fortified wheat prevented a

deterioration in nutritional status cannot be excluded.

In summary. this study was carried out in a region where protein

malnutrition did not appear to be prevalent. which probably explains the lack

of a response'to the amino acid fortification. This seems more likely than

the possibility that a biologically significant effect was masked by a serious

deterioration of well-being in the amino acid fortified area. but such

confounding cannot be excluded because it was not taken into account by the

experimental design.



VII. TASK FORCE CONCLUSIONS ABOUT THE RESULTS

Bearing in mind the evaluation of the findings of the individual field

trials as reviewed in the preceding chapter, we have tried to look at the

three studies in the context of current knowledge about protein-calorie

deficiency. The overall impression of the foregoing evaluation is that lysine

fortification of cereals has no consistent, biologically significant,

beneficial effect on preschool children. Implicit in this conclusion is the

assumption that the three studies were biological replicates, i.e., that the

type and degree of protein or energy insufficiency were similar in each area

studied. This, however, was not true.

The study in wheat eating areas of Tunisia was probably done in areas

where total calories were so limiting that moderate changes in the

availability of protein could not have been expected to have an effect.

Whether this will always, or even usually, be the case in areas where wheat is

the staple is not known because of lack of appropriate field supplementation

trials (in contrast to fortification trials). In clinical (Graham!! !l.,

1971, 1969) or institutional (Krut !! al., 1961) trials where wheat is the

only or major source of protein and calories are not limiting, lysine

fortification has been shown to improve growth. However, such conditions may

not exist anywhere in actual villages or urban areas and apparently did not

exist in the Tunisia lysine fortification trial.

In contrast to wheat eating areas, rice eating areas have been the site of

numerous supplementation trials. The results of some of these trials cannot

be interpreted (Habicht and Butz, 1979), but those designed to address the

issue of whether protein is limiting in the diet appear to indicate that it is

not (See for example, Gopalan!! !l., 1973). All these studies, however, were
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done in India, in areas with eating patterns similar to each other, and there

may be rice-eating populations elsewhere that do suffer from inadequate

protein in the daily diet.

The evidence from the Thailand trials indicates that this area might have

had inadequate calories. In this respect it may have been similar to the

Tunisia areas studied, although the evidence is less clear. The metabolic

ward research has not been done that is needed to determine whether a rice

diet alone is adequate in calories and protein for preschool children and

whether rice is acceptable in protein quality and concentration if calories

are adequate.

In contrast to the Tunisia and Thailand studies, in the Guatemala study

the nutrition of rural preschool children on a maize staple diet has been well

studied. Metabolic ward studies have shown that amino acid fortification of

maize improves nitrogen balance in preschool children who have adequate

calories and receive all their protein from maize (Viteri !! al., 1972).

However, the maize used in these studies had to be supplemented with fat,

since a young child could not ingest enough maize to reach caloric adequacy on

maize alone. The actual rural diet did not contain this added fat. Thus,

while it is possible that a maize staple diet could be improved by lysine

fortification, it is not clear that this step alone would be of benefit to the

population.

A field protein-energy supplementation trial (1969-75) done in Guatemala

in a population eating a diet similar to the one in the Guatemala

fortification study reviewed here, revealed that higher birthweight was

associated with a ten percent increase in caloric intake, whether or not any

of the calories came from protein (Lechtig!! al., 1975). Thus, it is not
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surprising that Lmproved birthweight was not correlated with participation in

the present fortification study. There was, however, an improvement in

birthweight between siblings born before and during this fortification study.

This is probably explained by the fact that mothers who had one child before

fortification was introduced and another child afterwards ate 220 kilo­

calories per day more between the two pregnancies. The birthweight difference

of 65 grams between the two siblings is of the magnitude that would be

expected from the increased caloric intake (given the uncertainties about

parity in the analysis). However, the sample size is too small to detect

statistical significance. On the whole, the findings of the fortification

trial neither support nor reject the inferences drawn from the (1969-75)

supplementation trial that increased energy rather than protein led to

increased birthweight.

In the 1969-75 supplementation trial, as well as in one that was conducted

a decade earlier (1959-64) in similar villages, growth was positively

associated with protein-energy supplementation in preschool children

(Martorell, !! al., 1982j Wilson, 1981j Yarbrough, !! al., 1978j Guzman!!

al., 1968). In the older study, factors other than supplementation could have

accounted for this association (Habicht and Sutz, 1979). This has also been

thought to be true for the more recent study, although to a lesser degree.

Whether any observed nutritional effects were caused by the protein (Wilson,

1981) or calories (Yarbrough !! al., 1978) in the supplement has not been

resolved. Indeed, a recent careful analysis of the data shows that neither

inference can be drawn and concludes that lithe energy and/or the protein

provided in Atole [the protein-energy supplement] account for the nutritional

effect" (Martorell !! al., 1982).
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Data from the more recent supplementation trial have been analyzed

extensively for a positive association between good growth and subsequent

morbidity (R. Martorell, unpublished), and no such association was found.

This negative finding was not due to inadequate statistical power because

certain kinds of morbidity had a significant negative association with

concurrent growth (Martorell !! al., 1975a, b). This resulted in the

conclusion that nutritional status had much less of an effect on morbidity

than vice versa. This conclusion contrasts with the findings of lower

morbidity among the participants in the fortification program under review,

where the inference of benefit to infants is strong, but to preschool children

is weak because of possible confounding.

The data from the 1969-75 trial were also analyzed to look at

protein-energy supplementation and infant mortality (Habicht !! al., 1974&;

Lechtig !! !l., 1974). A significant beneficial association was found, but

the results are so confounded with the use of medical care that without

further analysis no inference may be drawn about a nutritional influence on

mortality in that study. The older supplementation study (1959-64) also found

a beneficial association between protein supplementation and mortality, in

that preschool children's mortality dropped after the program was instituted

(Ascoli !! !l., 1967). Since this occurred in the control villages as well,

the inference is weak. Thus, the fact that the two supplementation studies

and the fortification study concur in associating lower mortality with protein

or protein-energy supplementation or with fortification appears to reflect

weaknesses in design or data analysis more than provide proof of the benefit

of nutritional intervention. In spite of this, the size of the fall in

mortality associated with fortification, albeit statistically not significant
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when appropriately controlled for confounding (see table 35 footnote d) and

in morbidity, albeit inadequately controlled for confounding due to partici­

pation, should be followed up in future studies in populations where maize is

the staple.

Conclusion

The total evidence available, although flawed, is adequate to conclude

that fortification of wheat in a wheat staple area where energy intake is

inadequate has no meaningful biological or public health benefit.

Theoretically, it is possible that lysine fortification may be beneficial in

wheat staple areas where energy intake is adequate because metabolic and

institutional trials have shown such benefits. The Tunisia study was the only

one that demonstrated a satisfactory lysine fortification procedure for public

health purposes, but it may be limited to areas such as Saharan oases where

each population has only one source of wheat.

Practically no evidence, even theoretical, suggests that a rice eating

rural population could benefit from lysine fortification. We do not even

know if the Thailand fortification study contains any relevant evidence in

this regard because although it had the best experimental design of the three

trials studied, the appropriate analyses were prematurely curtailed.

Evidence supporting the possibility that lysine fortification could be

beneficial in a maize staple region is much more extensive. However, the

results from the Guatemala fortification trial come from such small samples

and are so confounded by voluntary participation that they cannot address the

issue of whether lysine fortification of maize is beneficial in a village

population.
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Thus, the Task Force concludes that lysine fortification of cereals is not

likely to show any benefit where protein quantity and quality are sufficient

to provide adequate amounts of utilizable protein or where energy intake i. 80

inadequate that dietary protein which would otherwise be used for protein

synthesis is being used for energy. This important insight is most relevant

to conditions similar to those found in the Tunisia and Thailand trials. Mor

is a trial likely to demonstrate benefits if it is poorly designed or the data

are not analyzed fully. We believe that all three fortification trials

reviewed here had one or more of these deficiencies, making their finding.

inapplicable to the question of whether lysine fortification of staples can

have a beneficial effect on fetal and child growth, health, or survival in

populations where energy intake is adequate but protein intake is not--the

populations for which this intervention was implicitly defined. In the

following section, we recommend research be done to remedy this lack of

knowledge. This research must first, however, address more general issues

about the role of dietary protein and energy deficiencies in the

protein-energy malnutrition in the population.



VIII. IMPLICATIONS OF THE LYSINE FORTIFICATION TRIALS

A. Implications for Knowledge about Nutritional Benefits to be Obtained

from Lysine Fortification of Cereals

1. Current State of Knowledge

The results from the three field trials cast doubt on a number of

assumptions that formed the basis for the experimental design of the trials

and that continue to serve as a foundation for public policy. This creates

an urgent need to re-examine the relative importance of deficits of essential

amino acidS, total protein, and total calories in human protein-energy mal­

nutrition as it actually occurs in the world today.

There is a logical hierarchy in the development of scientific theory,

which progresses from the particular to the general in order to derive general

principles that are then applied to particular situations. The general prin­

ciples that point to the usefulness of lysine fortification were enunciated

over two generations ago (reviewed in Munro, 1964) and have not been seriously

called into question since. These principles are:

1. Both adequate protein and energy (calories) are necessary for adequate

performance, health, or survival.

2. If either protein or energy is inadequate, the one that is most

inadequate has the greatest influence on the extent to which

performance, health, or survival suffers. In other words, protein

and energy cannot substitute efficiently for each other. It is thus

difficult to state a recommended protein intake independent of energy

intake since at low energy intake protein is used less efficiently for

protein synthesis due to greater oxidation of amino acids for energy.
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A source of confusion can arise in putting this principle into

operation because all protein can provide energy. but not all

energy provides protein.

3. Protein adequacy in the context of these two principles is determined

by the total amount of nitrogen available for incorporation into

protein and by the amount from each of the 8-9 "essential" amino acids

that cannot be synthesized by the human body. Each essential amino

acid and the total available nitrogen limit the adequacy of a protein.

Nitrogen cannot substitute for any of the essential amino acids nor can

any amino acid substitute another essential amino acid.

The above principles have been extensively confirmed in birds and ~ls,

including humans. through laboratory and metabolic ward studies. Such studies

are inadequate by themselves. however. to justify amino acid fortification of

cereals in man.

Such justification requires demonstration that amino acid fortification of

cereals will improve the total diet and that this improvement will result in

improved performance. health and survival in the populations affected. The

appropriate research to provide the demonstration logically proceeds from

animal studies to metabolic ward trials in humans. to controlled trials in

free-living human populations directed to those who would presumably benefit

most from such an intervention. and finally to field trials such as the ones

reviewed here. All these experiments and trials are directed toward

determining whether the intervention has a beneficial effect (efficacy) and i.

safe (safety). Each research step is essential to the design and

interpretation of the subsequent step. When the results in this progression
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up through pilot field trails have been successful, they would be followed by

more extensive trials to determine the feasibility and the "efficiency" of the

intervention as a practicable public health meaaure and to study possible rare

adverse results.

This kind of organized research has not been done. As a result, the

application of the three acc~pted principles about protein energy nutrition

haa been subject to wide-ranging differences of opinion over time. When the

program of fortification triala reviewed here was conceived, it was almoat

axiomatic that utilizable protein was '.imiting in the dieta of free-living

populationa. Currently, with little more evidence, it is generally thought

that such ia not the case. The major discussion today revolves around two

options: (a) whether energy ia limiting, in which case

energy-rich/protein-poor supplements could provide adequate amounts of energy

and protein in the diet for everybody, or (b) whether protein and energy are

about equally limiting in the diet, in which case the energy intake should be

increased while the protein concentration in the diet should remain conatant.

The protein intake will thua increase at the same rate as the increase in

energy intake. A third posaibility, which motivated these trials, is that

utilizable protein is limiting. This possibility is not even being seriously

considered now, although it has not yet been reaearched in the appropriate

populations, where casaava and plantain are the major sources of energy.

Many decision-makers conaider the above issues irrelevant and they argue

that improving the diet will have little effect where disease is prevalent and

impairs food intake and nutrient utilization, or where children cannot ingest

enough food to meet their nutritional requirement becauae it is too bulky.
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Again the evidence for the relative importance of these factors among

themselves and relative to improved diet is little better than it was when

these fortification trials were being ~esigned.

In summary, current knowledge is still insufficient for intelligent debate

about the relative merits of different approaches to prevent malnutrition. It

is the view of the Task Force that this situation reveals the importance for

research into the biological determinants of malnutrition, and that the

potential is particularly great today to gain useful knowledge from research

because the issues are now well defined, and thus research is more likely to

produce results which have program and policy relevance.

2. Recommendations to Obtain Information Necessary Either to Demonstrate

or To Exclude the Usefulness of Lysine Fortification of Cereals in

Free-Living Populations

The Task Force recommends that AID vigorously continue to support research

into how to improve protein-calorie nutrition. An important part of this

research is determining to what degree protein and calories are lacking in the

diet, and under what conditions. Such research should include studies in

preventing the non-dietary determinants of malnutrition such as diarrhea.

It should also include research to improve protein-calorie nutrition through

improving the diet by methods which are biologically effective and safe, and

are technically and financially feasible. This research should be defined

according to a long range program with appropriate scientific guidance. A

scientific working group might serve that purpose. Such a working group

should include members with expertise in at least the following areas:

experimental animal studies investigating the interactions of the metabolism
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of energy, essential amino acids, nitrogen, and protein; protein-energy

metabolic ward studies; protein-energy field studies; research epidemiology as

applied to field trials; statistics as applied to field trials; and data

collection, flow, storage, retrieval, and documentation as applied to field

trials in developing countries. Too large a group can be avoided if single

members each contribute more than one area of expertise.

At the present level of knowledge precise cost effectiveness, program

planning and food policy are less important. The working group, however,

should consult with appropriate experts on those operational matters in

setting priorities for research among various biologically promising options

for public health interventions.

The three basic principles listed at the beginning of the chapter permit

predictions about the utility of amino acid fortification in a specific

population given answers to the questions: a) the degree to which energy is

limiting relative to utilizable protein in the diet when the diet is consumed

with and without amino acid fortification, and b) the degree to which

utilizable protein can be increased by amino acid fortification in humans.

These two questions can, and probably should be addressed separately before

amino acid fortification trials are attempted. After appropriate animal

experimentation question ~ will require metabolic ward and field trials, and

question ~ will require metabolic ward studies.

Designing the appropriate studies presents some methodological

difficulties related to the choice of the populations to be studied and the

appropriate diet to be tested. At every stage of the human trials, studies

should focus on populations and on persons in those populations who by virtue

of their age and physiological state are the most likely to benefit from
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improved protein quality or quantity: children recuperating from kwashiorkor

or moderate protein-energy malnutrition, non-breastfed infants, one-year-old

and two-year-old children, and lactating but not pregnant mothers. All of

these persons probably have a need for higher concentration of protein in the

diet than do other members of the population, including pregnant women. They

are especially likely to be vulnerable where the diets have adequate calories

but low protein content, particularly if the protein is unbalanced. It is in

this situation where improvements in utilizable protein through fortification

are most likely to have impact. Thus, the next studies should be undertaken

in such populations.

Finally, the Task Force knows of no national or international agency which

has the commitment and resources neces.ary to resolve the ba.ic i ••ue of

whether and where better food quality can improve protein-energy nutrition.

Answers to this basic question is a prerequisites to improving nutrition for

most of the world. The Task Force recommends that AID attempt to fill this

vacuum.

3. Recommendations about Further Work to be Performed by the Three Tea-s

The Task Force feels that more research directly related to the three

field trials reviewed in this report would produce important data to address

some of the uncertainties discussed in the preceding chapters. The issue of

whether calories or protein is the first limiting nutrient is so important for

interpreting the results of the field trials that it might be useful for AID

to have assessments made in the Tunisia study area (Douz) and in the Thailand

study area to ascertain whether energy and/or protein malnutrition exist.

there now, and how it compares in prevalence, natural history, and clinical
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findings to the malnutrition prevalent at the time of the field trials, so as

to make some inferences about whether amino acid fortification could have been

expected to re.ult in any benefit in view of the principles enumerated in

section A.l above. In this research it is important to distinguish between

protein deficiency in the diet or an effect of protein deficiency on

nutritional status evidenced for instance by clinical signs (FAO/WHO, 1971).

It is unlikely that the lower exists without the later. Proof of dietary

deficiency may require intervention trials, but these are superfluous if one

doe. not find any evidence of poor protein nutritional status in the

population.

The data from Thailand have been incompletely analyzed. Thus, the Task

Force recommends that AID foster an further analysis.

Further analyses of the Tunisia data has been undertaken with funding from

the National Institutes of Health. It probably will not clarify the

ambiguities introduced by secular trends across different areas, nor will it

make up for the lack of evidence of protein deficiency in this population.

However, no analyses have addressed the issue of clustering, which is so

important for any further nutritional field trials, not only those limited to

amino acid fortification. The Task Force recommends that AID support such

analysis.

An important con.ideration in the decision to fund further analyses is a

judgment about the quality of the intervention and the data collected. Each

field study had a different kind of quality-control measure to assure that the

intervention was effective; therefore, it is difficult to make comparisons of

effective quality control. The Task Force is sure, however, that if the

quality control was done as described, the quantity of fortified cereal
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actually consumed wa. adequate to produce a biological effect. The Thailand

project in particular has most convincing data on this score. All three te&u

indicate they standardized their anthropometry with competent anthro­

pometrist•• and the Tunisia .tudy has statistical documentation to support

this claim. Furthermore. the Guatemala and Tunisia teams have an e.tablished

reputation in this regard. and Dr. Stanley Gershoff was pre.ent at all

anthropometric sessions in Thailand and assured their standardization. The

quality of other data collected is les. certain and should be reviewed

separately. depending on the analyses proposed. On the basi. of the quality

of the intervention and the anthropometry. the Task Force feels that further

analyses would be justified. and they are imperative for the Thailand field

trial.

Because the Guatemala study area has been well studied and reported over

the years and because the data from the Guatemala .tudy have been analyzed

appropriately for its design. few uncertaintie. directly related to the

fortification trial itself remain; and in any ca.e. deficiencie. in study

design cannot be remedied by further data analysi••

In making these recommendations the Task Force recognizes its inadequacy

to identify all the possible merits of more analysis of the data collected in

the three field trial.. It therefore suggests that AID elicit and fund

meritorious proposals for data analysis from the three teams.

Finally. if the institution that conducted the Guatemala study were

complemented with certain specific scientific and administrative expertise,

and if it could argue convincingly that Guatemala has the dietary conditions

that would make such a site logical, that institution would seem to be a

possible
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candidate for the further investigations outlined in B.2--for the field

trials, a. well as for the animal and human studies that should precede and

accompany these trials.

B. Implications for the management of Field Trials

1. Adequate Consideration of Previous Experience in Designing a

Nutrition Intervention Field Study

An analysis of the design and the information collected in the three field

trials must take into account the philosophy and established techniques for

evaluating and managing nutrition intervention programs. There is con-

siderable agreement on protocols and procedures for evaluating the impact of

immunization on health, but there has been less experience or concern with

testing the impact of nutrition interventions on health at the population

level. Most positive effects of nutrition interventions are known only from

controlled experiments with animals and from clinically supervised studies of

a few humans.

Perhaps the most methodical presentation of recommendations for examining

the effects of nutrition intervention are those of the United Nations' Protein

Advisory Group (PAG), which advises proceeding stepwise from chemical analysis

through biological, safety, and clinical screening, prior to population use of

novel protein sources. Those publications are:

PAG/UNU Guideline No.6. Preclinical testing of novel sources of protein,
1983 (revised). Food and Nutrition Bulletin 5(1) Guatemala City.
PAG Guideline No.1. Human testing of supplementary food mixtures, 1913.

Also of value are:

PAG Guideline No. 11. Sanitary production and use of dry protein foods.

PAG/UNU Guideline No. 15. Nutritional and safety aspects of novel protein
sources for animal feeding, 1983. (revised). Food and Nutrition Bulletin
5(1) Guatemala City.
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Two other useful guides dealing with these concepts are:

Gordon, J.E., and Scrimshaw, N.S. Field trial of
for prevention of malnutrition. World Review of
Dietetics. Vol. 15, pp. 256-88. Karger, Ba.el.

a newly developed food
Nutrition and

1972.

Gordon, J.E., and Scrimshaw, N.S. Evaluating nutrition intervention
programs. Nutrition Reviews 30: 263-65. 1972.

PAG/UNU Guideline No. 6 deal. in detail with several a.ect. of new protein

sources: safety, nutritional value, sanitation, acceptability, technical

properties, chemical analyses, microbiological examination, protein quality,

extensiveness of preclinical testing, choice of procedure., and limitations of

tests and procedures. The object of such preclinical studie. is achieved when

it has been determined that the conditions of feeding a novel dietary

component are sufficiently safe and the levels effective to warrant a cautious

program of study in human subjects.

PAG Guideline No. 7 carries this concept forward in terma of protocols

for human testing, as follows:

1. Determination of product acceptability and physiological tolerance

2. Measurement of body weight and height

3. Determination of nitrogen balance (NPU)

4. Measurement of change. in amounts of relevant blood constituents.

The Gordon and Scrimshaw documents point out that decisions regarding the

value of action programs too often depend on the judgment of those who

institute them, rather than on rigorously designed and executed field trials.

They outline and provide step-by-step procedures for such field trials,

including analysi. and interpretation.

These biological research field trial. are designed to test above all

assumptions about biological effectiveness and safety and they should precede

trial. designed to test the feasibility of large scale programs. It i. a
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mistake to confu.e the objectives and practices of a biological re.earch field

trial with the operational field trials necessary to assure large scale

program.. Experience has now shown that trying to achieve both objectives in

the same field trial is unlikely to meet either.

The more immediate future field trials on interventions to improve intake

of energy. total protein. utilizable protein (through. for instance. amino

acid fortification). or combinations of these should be clearly understood to

address the biological effectiveness and safety of putative improvements in

the diets of free-living population.. To test the biological assumption.

these trials must be in populations in which the dietary improvements are

likely to be beneficial. This may require excluding other extraneous

influences on the outcome variable of interest by changing such baseline

conditions as the extent of illness and mortality due to non-nutritional

factors to make the impact of a nutritional intervention more visible. At

this juncture of knowledge the issue is not whether the intervention has an

impact on conditions of pristine poverty. but whether it has any biological

impact under any field condition.

The magnitude of the intervention relative to research needs must be

adequate--and the form of the intervention must be appropriate for the

population. The studies reviewed in this report and many others show how

e••ential pilot trials are in tailoring interventions to be appropriate for

the population. This is essential to assure the planned magnitude of

intervention. No field research intervention trial should be initiated before

the results of such pilot trials are complete and their results reviewed.
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Some research trials must randomize the intervention to exclude

systematic biases between groups caused by confounding--such as that due to

voluntary participation. The appropriate unit of randomization for many

studies will probably be the village. The number of replicate villages

necessary would be much easier to estimate if the inter-to-intra village

variabilities in the Thai and Tunisian studies were analyzed and made

available to future researchers. The usefulness of this information

transcends issues about amino acid fortification. It is essential for any

intervention affecting child growth.

In field research it is sometimes more efficient to first investigate for

efficacy a multicomponent intervention. If the intervention is efficacious,

one can then undertake studies to ascertain which of the components con­

tributed to this efficacy. Other times it may be more appropriate to isolate

the efficacy of different components in a single study as was the case for the

Thailand and Tunisia studies which were designed to isolate, for instance, an

effect due to vitamin-iron fortification from that due to a further forti­

fication with amino acids. In the context of looking at efficacious com­

ponents of intervention it 1S essential to consider not only the outcome in

growth or health but also to consider the pathways by which this outcome is

achieved through the steps of fortification, food distribution, food

acquisition, consumption, absorption, intraindividual transfer (e.g., blood

transport) and interindividual transfer (e.g., from mother to fetus or to

suckling infant) and intracellular utilization. The measurements of variable.

that reflect the impact of intervention at these various steps for expected

and competing pathways will do much to substantiate inferences drawn about the

biological impact of the interventions. One expects variables of
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the expected pathways to change in a congruous fashion and variables of

alternative competing pathways not to. Issues of cost effectiveness and of

the appropriateness of an intervention for public programs are ~terial for

these studies of biological effectiveness and safety and should not be invoked

because they tend to weaken the experimental design necessary to prove

biological impact.

Finally, a major limitation to drawing useful inferences from most field

trials done to date is inadequate management and supervision of data

collection, flow, cleaning, documentation, storage, and retrieval. This

problem is sufficiently pervasive and similar in principle across all field

studies that the Task Force strongly recommends that AID establish routine

ongoing reporting requirements for such studies to document their management

and supervision. Documentation of standardization results is also essential

to interpret regression analysis on independent variables which have inherent

variability (see Habicht et al., 1979).

2. Adequate Review and Management Practices

Analysis of the adequacy and effectiveness of review management practices

in AID and by other contractors is critical to project formulation, funding,

and implementation. Within the Bureau of Science and Technology of AID, the

individual subject area management groups (e.g., Office of Agriculture, Office

of Population, Office of Nutrition) are constantly seeking to identify

programming principles and approaches that will improve conditions in less

developed countries. Ideas for such interventions come from specialists and

institutions associated with universities, government, foundations, and
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industry. The major stimulus for field testing the amino acid fortification

concept came from the food and agribu.ine.s group of USDA, (a program funded

by AID under a PASA agreement). On the basi. of it. advice, contractors were

identified, and their proposals were eventually funded by AID.

Prior to funding, the grant propo.als were .ubjected to two primary

reviews other than those exercised by the pertinent AID management .taff. The

first was internal, and a number of other .enior management groups may have

participated. After approval or suitable modification, proposal. proceeded to

an external scientific review group, the AID Re.earch Advi.ory Committee

(RAC), which consisted of consultant. from universitie., foundation., and

industry. In the case of the field .tudie. reviewed here, the Re.earch

Advisory Committee included specialist. in management procedures, food

science, and nutrition. However, the committee did not include any expertise

in field studies such as tho.e proposed. It should be noted that the

technical review function of the RAC as performed at that time ha. been

modified and a smaller RAC primarily advise. on policy matters. Thu., there

no longer appear. to be an agency-wide technical review system.

Supervision of the studies as they progressed wa. the responsibility of

AID staff in the Office of Nutrition. This was supplemented by a small

outside review committee in one case.

The Task Force has already made suggestions about the management of a

long range program to develop scientific information on the biological nature

of protein-energy relationships (Chapter VIII.A2). Relative to specific

studies, the Ta.k Force believe. that a better scientific review proce.s would

be beneficial for future projects of thi. nature. Such a review mechani..

might include .cientific peer review of the final proposal with .ite visits
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for expensive intervention field studies. It might also include peer review

of progress--especially at the conclusion of the pilot study phase--and

monitoring of the acequacy of the study in applying data relative to the

~plications of the intervention (see Chapter V, Part D, Item 2), of

information about data collection coverage and standardization, (see Chapter

V, Part D, Item 3), and of data flow, cleaning, documentation, and storage. A

site visit by eminent scientists in the middle of the main study might also

serve to enhance the plausability of final results and improve the diffusion

and use of those results.

Finally, and importantly, there is a need for better record-keeping of

the scientific management of AID's long term research programs. In spite of

the best intention of AID and the participants, much relevant information with

which to judge the adequacy and sometimes even the existence of a process of

project formulation, review, funding, and supervision is missing. This has

made it difficult to know whether views of constructive critics were included

in discussions at appropriate times. For instance, there appears to be no

retrievable record of who was consulted or offered advice, or of summary

statements bringing this advice together and indicating its disposition (e.g.,

incorporation into project design and implementation, rebuttal). Thus it is

difficult to judge the utility of establishing yet another type of watchdog

review of ongoing activities as has been suggested by some of the critics of

the studies who felt their views were not taken seriously.
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C. Implications for Government Nutrition Programs and Research

The overall impact of present knowledge about protein-energy malnutrition

(including importantly the results from these fortification trial.) for AlDis

research and assistance to governments in developing policy and programs was

summarized in a statement from the National Research Council's Committee on

International Nutrition Programs in 1979 as follows:

A minimum supply of nitrogen and essential amino acids is
necessary for maintenance and growth. A supply of energy
that is adequate to support basal metabolic processes and
activity and to permit the most efficient utilization of
nitrogen and essential amino acids for protein synthesis is
equally important. When energy intake is inadequate,
dietary protein is partially burned as energy rather than
used for those metabolic functions that require protein,
and when protein intake is inadequately energy cannot be
used efficiently. Other nutrients, such as vitamin A,
zinc, and other trace constituents, significantly affect
nitrogen and energy utilization. Therefore, the dietary
amount and bioavailability of these other essential
nutrients must also be considered when evaluating the needs
of a specific population group for protein and calories.
Exaggerated claims as to the relative importance of energy
or protein serve only to confuse those responsible for food
policy, especially because the total amount of protein and
the amount and mix of essential amino acids play different
roles in satisfying nutritional requir~ments for protein.

Despite extensive efforts to define the energy and protein
requirements of individuals and of populations, the
existing data are not adequate to resolve all valid
differences of opinion. Current knowledge permits
recognition of dietary adequacy in protein and energy.
Dietary data coupled with such nondietary data as
anthropometry, biochemistry, and clinical data, permit
recognition of inadequate nutrition in populations.
However, the assessment in humans of the relative
inadequacies of protein and energy intake is extremely
difficult when both are low, particularly when only one
type of data, such as dietary data, is available.
Furthermore, different societies, and subgroups within
societies, may have very different imbalances relative to
energy and protein, both because of differences in intake
and because of differences in requirements as influenced by
environment or disease.
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The Committee therefore recommends that the development
agencies and those responsible for food policy not take
extreme positions on this issue. On the one hand, this
implies a continued attempt to improve nutrition by
increaaing both the quantity and quality of the diet. On
the other hand, it implies that research should not be
limited to one of these macronutrients to the detriment of
understanding the contribution and interaction of the
other••• (Food and Nutrition Board, CINP, 1979).

Some of the specific considerations which were the basis of the above

recommendations are discussed in the following paragraphs.

• Government nutrition programs should be based on knowledge of a

population's present and future nutritional needs, of various options for

meeting those needs, and on the likely effect of different policies and

programs on those needs. Such knowledge about the need for lysine

fortification of foods does not now exist, in part because the understanding

of the dietary and other causes of protein-energy malnutrition in developing

countries is inadequate.

• It is certain that the results from the studies reviewed in this

report would not lend support to mounting cereal protein fortification or

breeding programs to improve human nutrition directly. However, such cereal

protein breeding programs may be justified as important for animal production

to improve food or cash income sources. Yield in volume and energy content

are important in such considerations and should be taken into account.

• Relative to human nutrition, it would be a mistake to infer from the

negative findings of these amino acid fortification trials that amino acids

(much less protein) are never limiting in a diet. Thus, programs and policies

that reduce the protein or essential amino acid content of the diet, such as

by substituting the cheaper but lower protein calories of cassava for those of

rice, should be avoided until studies have shown that no ill-effects of such a
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policy will accrue in tho.e countries and among those groups who need the

highest dietary protein to calorie ratio. Furthermore, no research on effects

of fortification has been conducted in countries where such low protein

staples as yams, cassava and plaintain make up a large proportion of the

diet. Thus, in those areas one should be concerned to inve.tigate whether an

improvement in the protein quantity and quality of the diet would be

beneficial.

The studies reviewed in this report were motivated by the need to develop

enough information so that one could produce low-cost, practical nutrition and

health programs that would improve the condition of people in Third World

countries. This report shows that much basic research into the biological

impact of dietary changes remains to be done before such practical questions

about applying this information to public policy can be addressed

intelligently.
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APPENDIX A

LIST OF DOCUMENTATION SUBMITTED TO THE TASK FORCE

1. Historical Documents Related to the Three Fortification Field Trials

a. Statement on USDA-AID Fortification Trials. Aaron M. Altschul. 1977.
With appended materials:

- Report 1968 to the Secretary of USDA on Activities on Amino Acid
Fortification Undertaken in the International Agricultural Development Service
from 1966.

- Current Amino Acid Fortification Programs. D. Rosenfield. In Amino
Acid Fortification of Protein. N.S. Scrimshaw and A.M. Altschul. eds.
Cambridge. Mass.: MIT Press. 1977.

- Speech of Professor Z. Kallal at the Tunisia Wheat Fortification
Work.hop. 1970.

- Remarks at the Third African Conference on Nutrition and Child Feeding.
A.M. Altschul. 1970.

b. The Protein Controversy. P. R. Crowley (Foreign Development Division.
USDA). Presented at the 20th Meeting of the Protein Advisory Group of the
United Nations System. Paris. 12-23 June 1972.

c. PAG Statement (No. 20) on the "Protein Problem." Protein Advisory
Group of the United Nations System.

d. Excerpt from letter from A.M. Altschul. 8 September 1978.

e. Improving the Nutrient Quality of Cereals I.

f. Improving the Nutrient Quality of Cereals II. H.L. Wilke. ed.
Washington. D.C.: Agency for International Development. 1976.

g. Report to the Committee on International Nutrition of the National
Academy of Sciences about the Cereal Breeding and Fortification Workshop.
Boulder. Colorado; 13-17 September 1976. J-P. Habicht.

h. Memorandum to members of the Amino Acid Fortification Committee.
January 1977.

i. AID project documents retrieved in December 1978.

Guatemala Project

(1) Project Summary 1971
(2) Annual Report. 16 October 1974 - 31 December 1975.

Thailand Project

(1) Project Summary 1971
(2) Final Research Report. 30 June 1971- 31 December 1975.
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(3) Report of Review Committee, 16 December 1974.

(4) Dr. Gershoff's comments to report of review committee, 4 April 1975.

Tunisia Project

(1) No project summary available.
(2) Final report of Tunisian Wheat Fortification Study

(1970-1975) cited under Data Sources, below.

2. Sources of Data for Chapter IV

Guatemala

a. Questionnaire and answers by Juan Urrutia, M.D., May 20, 1977.

b. Comments to first draft of Chapter IV by J. Urrutia, 1978.

c. Comments to March 1983 draft by J. Urrutia, March 25, 1983.

Report of the Maize Fortification Project in Guatemala.

J.J. Urrutia, B. Garcia, R. Bressani, and L.J. Mata. In Iaproving

the Nutrient Quality of Cereals II, H.L. Wilcke, ed. Washington,

D.C.: Agency for International Development, 1976, pp. 28-68.

d. Nutritional Improvement of Maize. R. Bressani, J.E. Brakow, and H.

Beko, eds. INCAP publication L-4. Guatemala, October 1972.

Thailand

a. Questionnaire and answers by Stanley Gershoff, Ph.D., March 4, 1977.

b. Comment on first draft of Chapter IV by Stanley Gershoff, 1978.

c. Comments on March 1983 draft of report by S. Gershoff, March 15, 1983.

d. Amino Acid Fortification of Rice Studies in Thailand. I. Background

and Baseline Data. S.M. Gershoff, R.B. McGandy, D. Suttapreyasri, A.

Mondasuta, U. Pisolyabutra, and P. Tantiwongro. Am. J. Clin. Nutr.

28: 170-82, 1975.
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e. Nutrition Studies in Thailand. 2. Effects of Fortification of Rice

with Lysine, Threonine, Thiamin, Riboflavin, Vitamin A and Iron on

Preschool Children. S.N. Gershoff, R. B. McGandy, D. Suttaprayasri,

C. Promkutkoo, A. Mondasuta, U. Pisolybutra, and P. Tantiwongre. Am.

J. Clin. Nutr. 30: 1185-95, 1977.

f. Rice Fortification in Thailand, S. Gershoff. In Improving the

Nutrient Quality of Cereals II, H.L. Wilcke, ed. Washington, D.C.:

Agency for International Development, 1976, pp. 145-49.

Tunisia

a. Questionnaire and answers by Mohammed el Lozy, M.D., 1977.

b. Comments on the first draft of Chapter IV by M. el Lozy, 1978.

c. Final Report of Tunisian Wheat Fortification Study to the Agency for

International Development. Harvard University. Individual authors:

E. Bouterlino, M.T. El Ghaury, D.M. Regsted, N. Hemaidass, Z. Kallal,

G.R. Kess, M. el Lozy, R.B. Reed, F.J. Stare, G. Tessi, M. Toski, and

R.P. Wooden. 1976 (referred to as: Harvard in text).

d. Results of Lysine Fortification of Wheat Production n Southern

Tunisia. M. el Lozy and G.D. Kess. In Improving the Nutrient

Quality of Cereals II, H. L. Wilcke, ed. Washington, D.C.: Agency

for International Development, 1976, pp. 113-33.

e. Tables for height and weight in girls and boys by age, study period

and study area; number of children, mean and standard deviations.

From M. el Lozy, 1978.

3. Documents Related to the Project

a. Letter to Amino Acid Fortification Task Force members, 1976.

b. Cover letters to questionnaire sent to investigators

(February 9, 1977).

c. Cover letters for first draft of Chapter IV, sent to investigators

and to members of the Committee on International Nutrition Programs

(CINP), 3 July 1978.

d. Responses to letter to CINP members

(1) Barbara A. Underwood, 5 July 1978.

(2) George G. Graham, 27 November 1978.
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APPENDIX B

QUESTIONNAIRES SENT TO PRINCIPAL INVESTIGATORS

QUESTIONNAIRES RELATING TO AMINO-ACID FORTIFICATION FIELD STUDIES

1. Was there protein-calorie malnutrition in the population studied?

A. By dietary survey

a) In similar populations?

b) In populations studied?

1) What percentage of target population was surveyed (baseline
information) (Give date of data collection)

2) Method used in dietary survey?

3) (a) Percentage of mean below standard (use 1965 and 1973
WHO/FAO standards)?

(b) Specifically for 2 year olds (give sample size)?

Calorie intakeo _

Protein intake"----------------
4) Percent calories from protein for 2 year olds?

5) Amino acid score (use 1965 and 1973 patterns) for 1 - 5
year old children?:

Lysine

Threonine

Tryptophan

Methionine

Any other amino acid with lower score?

B) By anthropometry

a) Mean height - Deficit in cm at 5 years of age:

b) Mean weight - Deficit in kg at 5 years of age:

r-
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C) By clinical evidence in the target population

a) Marasmus (where was this seen? How many? Prevalence or incidence?

b) Kwashiorkor? (where was this seen? How many?
Prevalence or incidence?)

D) By biochemistry

Variables?

Findings?

Interpretation?

E) Most susceptible age groups and physiological status:
The above (A - D) refers to preschool children. Therefore,
what evidence do you have that improved protein quality
might have benefited other persons (i.e., pregnant or
lactating women, etc.)?

2. What was the nature of the evidence that amino acid fortification
was anticipated to result in a dietary improvement?

A) By dietary scores

Limitin2 amino acids

Lysine

Threonine

Tryptophan

Methionine

Any other?

Score before fortification Score after fortificatu

B) By animal experiments

a) Maximum growth response and with what fortification to:

(i) Cereals studied alone:

(ii) The representative diet
(How was representative diet collected? (Directly fran
field samples, or reconstituted from dietary survey data?)
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b) NPU, PER or similar measure of protein quality

Before fortification

(i) Cereal studied
alone

(i1) Representative
diet

C) By human metabolic trials

After fortification
used in field trials
(describe this
fortification)

Percent calories
from total protein

a) With cereals alone or cereal protein alone (which one?)

1) Describe method: (Nitrogen retention, weight gain:

in children recovering from PCH, in young adult

volunteers, or in what?)

2) Percent dietary calories from protein

3) Total calories ingested relative to WHO/FAD 1973

requirements

4) Results of these studies

.b) With total diet

1) Describe method used

2) Percent calories from protein

3) Total calories ingested relative to WHO/FAD 1973

requirements

4) Results

5) How was diet constituted? (From field samples, reconstituted

from dietary surveys?)
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D) By field trials of those most likely to benefit (This does not refer

to your Field Trial under Section 3)

a) Hgw was population selected (e.g., PCM, recuperation, day care

centers, age ••• )?

b) What was the evidence that these children would be most

likely to benefit?

1) ~ dietary survey?

2) By anthropometry?

3) By clinical signs?

4) By other evidence? Which?

c) Numbers of children studied

d) Method od dietary supplementation (describe distribution

of supplement)

1) Percent of calorie requirement supplemented

2) Percent of calories in total diet received from protein

supplemented

3) Describe as in 3Ac, p. 6 if this trial did not use

same fortification as in 3.

E) Controlled field trial to investigate the question: "Can one under
the best of circumstances show an effect of the fortification on
the growth and health of a target population?" (This does not
refer to your Field Trial under Section 3).

a) Target groups?

b) How was intake measured? Can one differentiate between

the effect of calories and total protein or protein quality?

as their increment relates to an improved outcome?

c) Outcomes measured?

1)

2)
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d) Results by outcomes measured?

1)

2) -

etc.)

e) What confounding factors were controlled by design? How?

1) Medical care and immunizations?

2) Drinking water?

3) Self-selection of participants?

4) Food bulk - includes meal frequency?

5) Others?

f) What confounding variables were measured? How?

1) Morbidity?

2) Socio-economic status?

3) Self-selection?

4) Food bulk - includes meal frequency?

5) Others?

g) Results when conf~unding variables (f) were included in the analysis

h) How did results compare with expected results based on
theoretical considerations - see enclosed example of growth
response to increased calories in a field study.

3. Population Field Trials to answer the following question:
"Can one, with a limited battery of outcome measurements, show an
effect of a cereal fortification program, which covers a whole geographic
area?"
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A) a) Population group thought to benefit give age and physiological

status (described in Section 1 and where relevant in Section 2.)

b) Population benefitting from fortification:

1) Number of villages which can be analyzed separately

2) Number of target population actually benefitting

3) Percent of target population actually benefitting

compared to target population that could have participated

c) How we recontrol populations chosen:

1) Control A describe as under 3 A, B those who benefitted from

a control cereal. (What control?)

2) Control B, C, etc. describe separately as under 3A, B

any other control populations. (What control?)

d) Fortification (describe)

B) Pilot test

a) Duration of pilot test (dates)

b) Describe problems identified in pilot test and how they were

corrected

1) Fortification of distribution: - fortification at mi11s

and flow of "Premix" to mills - Flow of fortif ied cereals

to retail - Acceptance of fortified cereal - Others

2) Dilution of intervention by non-fortified food stap1es

- bought

- home production

3) Consumer acceptability

- palatability

- other organoleptic properties

- other
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4) Community cooperation

5) Outcome meuurements

6). Data flow

7)- Other

C) Was fortified cereal tested for Premix content?

1) at mill

2) at retail level

3) in home

4) in food as consumed by target groups

(For C 1-4 please address the following questions:)

1). Tested by tracers? (Describe)

2) Tested by animal experiments for protein quality?
(Describe)

3) Tested by other means?

(For each of the above questions under C please describe:)

1) Dates of first and last testing

2) Periodicity of testing

3) Documentation of results - Is this documentation available

for inspection? Is this documentation graphed? Was this documentation

graphed for quality control decisions? Is this documentation used for

analysis of results? If documentation was used in the analysis, please

append the frequency distribution curve

4) Was biological tracer testing done to confirm ingestion

of.fortified"cereal (e.g., riboflavin in urine, Vitamin A in serum, etc.)?

When? How often? In what percent of target population?

5) Describe, succinctly, the problems which were picked up

by each of these testing procedures, and the interval between the commission

of the error and its correction.
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D) Measurement of outcomes:
For each variable measured, describe (l) method succinctly,
(2) standardization procedures (including rotation of observers
across treatment groups), (3) documentation of standardization
procedures and results. If components of measurement variability
ar~ available, please append,

a) Related to protein-calorie nutrition

1) Anthropometry

2) Biochemistry

3) Morbidity and Mortality

4) Others

b) Not related to protein-calorie nutrition

1) Biochemistry

2) Others

E) Design control of confounding factors

a) Village effects and regional effects

b) Self-selection for participation

c) Medical care and immunizations

d) Others

F) Measurement of possible confounding variables: For each var~able

measured, please describe succinctly the (1) method, (2) standardiza l

procedures (including observer rotation), (3) documentation

of standardization procedures and results, and (4) if components of

measurement variability are available, please append.
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a) Self-selection (even if controlled for in design (see Eb above).

Was this variable measured? How?

b)- Food bulk and meal frequency

c)· Breast feeding or lactation, and nursing practices

d) Morbid i ty

e) Participation in medical care and immunizations

f) Socio-economic data

g) Others

G) Results by outcome variable (for most susceptible age group)

a) Mean + Standard Deviation (proportion of all eligible who were
measured)

(NOTE: Variables to be included are those under (3D) above)

Fortified Groups
Groups

After fortification

Before fortification

Difference

Control
Group A

Control
Group B

Control
Group C

Conclusion

b) Other pertinent analysis (esample: as under (a) but lowest
tercile only, or comparison of time trends)

H) Results when holding pertinent confounding variable constant

a) What evidence is there that this variable did indeed confound?

b) Selected results holding confounding variable constant

tt
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I) Peer reviews received by your project (under "who", please
also list areas of competence relative to the review).

a) What peer review did your project receive before it was
funded? When? Who?

b) Was there peer review of pilot study operations and results?
When? Who? Was it on site, or only in Washington?

c) Was there any other peer review? When? Who? Where?

d) Was there any other peer review in the field? When? Who?

J) Funding

a) Estimate of total cost (irrespective of source) of project

1) Field costs

2) Other costs (where?)

b) AID contribution from USA

c) PL 480 funds

d) Required future cost for the most important statistical
analyses to confirm conclusions, to assess for and identify
confounding factors, and to suggest why findings were negative.
These proposed analyses should either have relevance for AID
nutritional policy recommendations, or for further AID studies
into the health and nutritional significance of amino acid
fortification of staples.

K) Please outline the analyses to be done under (Jd) above, but keep
to less than 3 complete typewritten pages.



Guatemala

. Thailand

- 171 -

APPENDIX C
REFEREED PUBLICATIONS FROM THE FIELD TRIALS

none available or located

Blackwell, R.Q., L. Yen, J.T-H. Huang, Y-O. Hung, A. Nondasuta,
R. Vachananda, and S. Gershoff. 1975. Structural
identification of hemoglobin E in a group of Thai subjects.
Trop. Geogr. Med. 27: 93-94.
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Pisolybutra, and P. Tantiwongse. 1975. Amino Acid
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Gershoff, S.N., R.B. McGandy, A. Nondasuta, U. Pisolyabutra, and
P. Tantiwongse. 1977. Nutrition studies in Thailand III.
Trace minerals in human and rat hair. Am. J. Clin. Nutr. 30:
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1972. Deciduous tooth eruption in
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Turki and N. Hemaidan. 1972. Nutritional correlates of child
development in Southern Tunisia. I. Linear growth. Growth 36:
407-424.
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d'un groupe d'enfants pre-schoolaires du Sud
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Lowenstein, F.W. and D.E. O'Connell. 1974. Selected body
measurements in boys aged 6-11 years in Southern Tunisia: An
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el Lozy, M. and D.M. Hegsted. 1975. Calculation of the amino
acid requirements of children at different ages by the factorial
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