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ABSTRACT

The biological efficacy of nutritional supplements to complement usual diets in poor populations is well established. This knowledge rests on

decades of methodologic research development and, more recently, on codification of methods to compile and interpret results across studies.

The challenge now is to develop implementation (delivery) science knowledge and achieve a similar consensus on efficacy criteria for the

delivery of these nutrients by public health and other organizations. This requires analysis of the major policy instruments for delivery and well-

designed program delivery studies that examine the flow of a nutrient through a program impact pathway. This article discusses the differences

between biological and program efficacy, and why elucidating the fidelity of delivery along the program impact pathways is essential for

implementing a program efficacy trial and for assessing its internal and external validity. Research on program efficacy is expanding, but there is a

lack of adequate frameworks to facilitate the process of harmonizing concepts and vocabulary, which is essential for communication among

scientists, policy planners, and program implementers. There is an urgent need to elaborate these frameworks at national and program levels not

only for program efficacy studies but also for the broader research agenda to support and improve the science of delivering adequate nutrition

to those who need it most. Adv. Nutr. 5: 27–34, 2014.

Introduction
A successful dialogue to translate nutritional science knowl-
edge into improving nutrition in populations is based on an
initial agreement that interventions to improve nutrition in
populations show evidence of biological efficacy. Without a
strong evidence-based foundation, we cannot expect inter-
ventions, no matter how well organized and conducted, to
achieve the goals of improved nutrition. Decades of research
and dialogue about codifying the evidence for the biological
efficacy of a number of nutrients have led to improving child
growth and preventing illness and death. This has led to de-
finitive evidence of efficacy for vitamin A, iron/folate, and
mixtures containing these nutrients (1). Moreover, the evi-
dence on efficacy in specific segments of the population

(e.g., pregnant women) has been established. These very sig-
nificant accomplishments were achieved under the leader-

ship of WHO, in collaboration with many other organizations

and individuals. This demonstrates how effectively the interna-

tional nutrition community can pull together when institutions

provide leadership to fulfill internationally agreed-upon

mandates.
It has taken decades of investments and dedicated re-

search to produce this biological foundation. Similar invest-

ments must now be made to acquire evidence on how to

deliver these nutrients, as well as to explicate the roles of

other factors that determine effectiveness. That investment

will need to encompass many different issues and will re-

quire inputs from different types of scientists, policy makers,

and program implementers and from the communities in

which interventions are seated. Furthermore, it will also re-

quire a dialogue to establish a consensus about basic con-

structs and terms.
A primary purpose of this article is to describe some basic

constructs related to the delivery of efficacious interven-

tions, to the evidence that giving a nutrient can improve
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nutrition, and to how one might deliver that nutrient to a
population.

A second purpose is to propose some steps to enhance
the mutual understanding among interlocutors concerned
with improving public nutrition (2). As implementation sci-
ence develops in nutrition, it will be important to establish
venues and opportunities for cross-disciplinary and cross-
community communication.

Biological Efficacy: Dialogue Is Essential for
Demonstrating Efficacious Biological
Interventions in Free-Living Populations
Outside of the Laboratory and the Clinic

This section is a brief review of the first step of the process
to demonstrate biological efficacy in a community setting.
Efficacy is “the extent to which a specific intervention .
produces a beneficial result under ideal conditions.” “Effec-
tiveness is a measure of the extent to which a specific inter-
vention .when deployed in the field, does what it is
intended to do for a defined population” (3).

The difference between efficacy and effectiveness is clear
for therapeutic drugs used in medical practice. The “ideal
conditions” for drugs are controlled trials in clinical settings;
effectiveness is the impact in usual medical practice. In con-
trast to testing drugs, the “ideal condition” to ascertain pub-
lic health efficacy is a field trial where the deployment is as
perfect as can be devised, especially for the delivery of the
intervention. For example, in a vitamin A efficacy study us-
ing capsules, a research staff member directly provides the
capsule to the child or observes its ingestion. “Effectiveness”
relates to the outcomes in a usual public health program. For
example, in a vitamin A effectiveness study in which capsules
are delivered by community health workers (CHWs)3,
the ingestion is not observed.

Laboratory and clinical research should precede field ef-
ficacy trials to establish a high likelihood that the interven-
tion is likely to lead to the desired outcome (3). Progress in
the demonstration of biological efficacy in the community
has depended on improvements in scientific techniques of
sampling and data collection. It also has depended on the
development of agreements about the interpretation of
data, with a common terminology, that permitted the codi-
fication of evidence to “prove” efficacy. This codification re-
quired an enormous investment of time and resources over
more than half a century and continues today. The process
of this codification has been presented by Peña-Rosas et al.
(4) and was updated by Tovey (5) in this issue. The codified
methodology establishes proof that nutrient molecules
prevent impaired growth, health, and survival due to
malnutrition.

An essential step in the codification for biological efficacy
is the demonstration through a randomized controlled trial
(RCT) of an effect on a nutritional outcome when a nutrient

or combination of nutrients is directly administered to indi-
viduals who are either already malnourished or who are very
likely to become malnourished. The interpretation of posi-
tive effects of RCTs is generally straightforward when the
results show statistically significant effects. When they are
replicated in further studies with the same results, confi-
dence grows that biological efficacy is established. However,
there is less codification about how to respond to negative
studies that show no effect. The problem with negative stud-
ies is that the lack of significant results can be due to a num-
ber of different causes. One cause is that the recipients could
not benefit from the nutrient because they were not deficient
in that nutrient. Another cause is that the dose was too small
to fulfill the need (6). Other causes include that the response
was prevented because another essential nutrient was also
deficient, the participants did not receive the nutrient due
to a lack of fidelity in implementing the intervention, or be-
cause the pill was not ingested—or simply to statistical bad
luck.

To demonstrate biological efficacy, 2 causes of lack of im-
pact must be prevented by the research design and its imple-
mentation. The first is lack of potential to benefit from the
doses delivered; the second is not delivering the doses. Un-
less these causes are rejected, one can infer nothing about bi-
ological efficacy from the trial. As an example, all of the
biological efficacy trials included in meta-analyses for bio-
logical efficacy of vitamin A to prevent deaths were under-
taken in populations with demonstrable vitamin A deficiency,
and the studies ensured the dose ingestion by delivering
the verified doses to the child by research staff. A lack of im-
pact issuing from such a design should trigger in-depth in-
vestigations into reasons for a lack of benefit, and into the
delivery procedures and their verifications (1). It is a tribute
to the quality of past researchers, whose results were in-
cluded in previous meta-analyses, that the meta-analytic re-
sults are so clear. Another interpretation of the uniformity of
benefit is that the potential to benefit was high in these pop-
ulations, and one would therefore expect the same benefits
in other populations with similar evidence of vitamin A de-
ficiency. This evidence of external validity is important both
in determining generalizability and in setting the conditions
for achieving impact elsewhere.

Dialogue about Delivering Nutrition
Proof of biological evidence is of little import if the effica-
cious agent cannot be delivered to those who can benefit
from it. However, the dialogue about how to use such evi-
dence is much less developed than it is for nutrient efficacy.
There is not even an agreed-upon term that refers to “deliv-
ering nutrition to populations.” This lack of agreement is re-
flected by the fact that we do not have agreement on whether
there is a difference between “public nutrition” (2) and
“public health nutrition.” To make progress in this arena
we need to define terms and codify their meanings. When
a term refers to an outcome or a process we need to codify
the terminology for how the process is described and how
the outcome is achieved.

3 Abbreviations used: CHW, community health worker; DEVTA, Deworming and Enhanced

Vitamin A; GRADE, Grades of Recommendation, Assessment, Development, and Evaluation;

PIP, program impact pathway; RCT, randomized controlled trial.
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Although we lack adequate codification for dialogue, we
do have a common understanding about certain principles.
We agree that we should give priority to delivering sub-
stances that have proven biological efficacy. We have less
consensus about the role of other factors, which must also
be in place for nutrients to be ingested. These factors can
be listed under the general headings of “social and economic
resources” and “knowledge and motivation.” In principle,
we also agree that we should use nutrition delivery systems
that have been shown to “work.” However, we do not agree
about what constitutes “work.”

One way of determining that a nutrition delivery system
“works” is that the steps to accomplish the delivery have oc-
curred. Selecting indicators for some of these steps is often
used in project management and monitoring. Nutrition in-
terventions can be conceptualized as a set of flows. One flow
delivers nutrients from a source to a beneficiary. Other flows
deliver other kinds of resources and information to those in-
volved in the nutrient flow.

The delivery flow of nutrients is the easiest to conceptu-
alize. However, it should be noted that one does not actually
track the nutrient itself, but only the container, which covers
the nutrient. Examples of nutrient containers are food forti-
ficant mixes, foods, pills, or other kinds of supplements. The
nutrient container may also change along the flow. For ex-
ample, fortificants are mixed into a food, and that food is
then mixed with other foods. Following the sequence of nu-
trient containers is not always easy, particularly when forti-
fied foods are delivered through the free market. For others,
such as vitamin A capsules, it is easier to follow the container
because the nutrient enters and exits the program in the
same container. Even in this case following the container
is less straightforward than one might think. The container
is rarely transferred directly to the beneficiary from its entry
into the program. It usually passes from 1 delivery subsys-
tem to another (Table 1).

If the handovers between subsystems, and the movement
between handovers, are efficient, the whole system is effec-
tive in delivering the containers. We find it useful to differ-
entiate movement between handovers from the handover
activities themselves, because the nutrient flow is often im-
periled at the handovers. Some aspects of container move-
ment within a subsystem, such as the movement of trucks,
are usually well monitored. This is well understood for
food relief logistics. However, it is at the handover steps after
the truck arrives that the system often falters.

Using the container as a proxy to follow a nutrient flow is
dangerous unless the container retains the nutrient. In our

experience, some genetic biofortification programs do not
adequately evaluate and track how the nutrient is affected
by shelf life. On the other hand, well-run salt-fortification
programs routinely check the salt for its fortificant (e.g., io-
dine) content.

Other resource flows that are part of the process of inter-
vention delivery have similar characteristics to nutrient
flows. Some aspects have concrete characteristics, such as
money or firewood, which can be measured and monitored.
Others, particularly flows of knowledge and motivation, are
frequently less systematically monitored. They are part of
the “black box” that is often referred to with respect to be-
havior change interventions.

Knowledge flows are certainly measurable, but they are
more difficult to operationalize than tracking the flow of
the nutrient container. For instance, the handover from
the person who transfers the knowledge to the recipient de-
pends on the amount of knowledge of the knowledge trans-
feror and his/her efficacy of transfer to the recipient.
Moreover, the efficacy of transfer depends not only on the
transferor but also on the recipients’ capacity to receive
knowledge, as well as other factors that impinge on knowl-
edge delivery and reception (7). Research on this handover is
so poorly developed that, at present, it requires a research
context to examine it.

In fact, research into the difference between delivery and
acceptance for all handovers in the delivery of nutrition is so
poorly developed that it is not clear what acceptance means
nor what term to use for this concept.

Program Efficacy Studies
The need for systematic attention to the development of sus-
tainable programs to deliver nutrition interventions is now
widely recognized. In addition to sustainability, these pro-
grams have to be capable of wide coverage that will reach
those in need. Among the factors that impede progress is
the lack of an established framework for assessing the effi-
cacy of delivery systems comparable to the one developed
by WHO for establishing the biological efficacy of nutrients.
There are many frameworks in the literature, but none are
systematized by a respected body, such as WHO, which
has the mandate and the authority to do this internationally.

In the absence of such a framework, a number of differ-
ent approaches have been used, some of which are directed
to the examination of program efficacy whereas others focus
on program effectiveness. The success of the RCTmodel for
establishing biological efficacy has led to its application as an
approach to assess program efficacy (8). Some of these program
efficacy RCTs (9–11), especially when they are augmented by
other information (12–14), have provided useful informa-
tion, not only for program development but also for policy.
Our experience in undertaking program efficacy trials (10,11)
is that certain prerequisites are necessary. These are shown in
Table 2.

The reason for the first prerequisite is that judgments
about efficacy depend entirely on the biological outcome
to ascertain whether or not the agent was actually delivered

TABLE 1 Activities that flow a vitamin A supplement from
1 subsystem to another in a community

1. Program receives the capsule to pass on to the CHW1

2. Program delivers the capsule to CHW
3. CHW gives the capsule to the mother
4. The mother or CHW puts capsule directly into mouth
5. Vitamin A is ingested, absorbed, and metabolized
6. Vitamin A produces biological outcomes (e.g., no death)
1 CHW, community health worker.
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to the intended beneficiary. Only if the agent’s biological ef-
ficacy is already ascertained can one know that a lack of pro-
gram impact is due to failures in the delivery system and/or
the biological status of the recipients with respect to their
potential to benefit. Without that certainty, one does not
know if improving or changing the delivery system is worth-
while. In other words, a program efficacy trial should never
be used to assess biological efficacy. The second prerequisite
is a prerequisite for both biological efficacy trials and pro-
gram efficacy trials. The third prerequisite relates to being
sure that the program is worth studying. This prerequisite
is analogous to the prerequisite of biological potential in bi-
ological efficacy trials. Why conduct an RCT of a delivery
system that does not work? Obtaining evidence that a pro-
gram is working well requires qualitative research to be sure
that it is worth studying. The fourth prerequisite is also es-
sential. We have found that no matter how good our training
and supportive supervision is, failures in the flow occur [e.g.,
(12)]. Thus, information about program inefficiencies and
the steps taken to correct them is essential for interpreting
“negative” results and for generalizing the findings beyond
the study site.

At present, program efficacy studies use the same criteria
that are used for biological efficacy studies. The differences
between different types of efficacy studies were described
in 2004 (8), but the next steps, laying out the implications
for how to evaluate them, have not been undertaken in
the intervening decade. This absence leads to confusion
and contradictions in interpretation. For example, many
RCTs are purported to be successful because the results are
significant (P < 0.05), but the reports lack the complemen-
tary information (15) that is essential for program develop-
ment. Adherence to the criteria listed in Table 2 for program
efficacy studies is even more important when the results of
the studies are negative.

Program Impact Pathways
To facilitate communication about the analysis of program
efficacy and intervention management, a construct we find
to be particularly helpful is the idea of “program impact
pathways” (PIPs). A key feature of this construct is the con-
cept of flow, referred to above. This idea of “flow” is implicit
in discussions about “value chains” (16) of products as they
progress from original producer to consumer. It is more
explicit in causal diagrams (17) and in the program theory
of interventions (18). For nutrition, we suggest that the

construct of a PIP be used to refer to a specific kind of
flow: the flow from a nutrient’s introduction into a program
to its biological outcome. Table 1 depicts an abbreviated PIP
for a vitamin A supplementation program that uses CHWs
as the platform to deliver the capsule. This is the simplest
of examples. The container, the capsule containing the vita-
min A, is followed as it is handed over at crucial steps until
its contents are released into the mouth of the beneficiary
and is then transformed into performance, health, and sur-
vival outcomes. A complete PIP would also identify ineffi-
ciencies in the flows of the nutrient. It identifies other
flows at each step that increase or decrease efficiencies.

A PIP is a prerequisite for designing an intervention be-
cause it allows the program planners to identify the re-
sources and behaviors essential for each step. It is also
essential for the management of a program because it iden-
tifies the steps where efficiency must be improved. It is nec-
essary for evaluation because it increases the plausibility of
the findings (8). Finally, it is essential for predicting general-
izability about implementing a program elsewhere because it
helps to identify and predict the inefficiencies that are likely
to arise in the new environment, and how to prevent these
failures (19). For these reasons we suggest that an explicit
PIP should always be included in program efficacy trials be-
cause it provides a basis for generalizability of the results and
thus for the trial’s external validity.

A PIP provides the means not only for identifying ineffi-
ciencies in the flow of delivery, it is also useful for specifying
the points in the delivery process where a “handover action”
takes place. For example, in biological efficacy trials, the ul-
timate handover of the intervention is at the end of the flow
when the vitamin A is fed to the child. In a program efficacy
trial, there are more intervention handover locations, begin-
ning with the point at which the funding to acquire vitamin
A is allocated to a program level. The following section dem-
onstrates why establishing and following the PIP is necessary
not just for external validity but also for internal validity.

The DEVTA trial: an example of confusing biological ef-
ficacy research with program efficacy. The Deworming
and Enhanced Vitamin A (DEVTA) trial was designed to de-
liver a vitamin A supplement to 1 million preschool children
in north India every 6 mo through the governmental pri-
mary health care system (20). The capsules were delivered
to the program. The CHWs were trained in capsule delivery
and relevant reporting. According to the investigators, the
monitoring and evaluation system they set up showed
good compliance in the delivery of the capsules, and in
the measurement of biological outcomes through sampling
mothers and their children.

The study found no difference in mortality between the
supplementation group and the control group. The re-
searchers concluded that vitamin A was not biologically ef-
ficacious to reduce mortality. The investigators came to this
conclusion because the only step in the PIP pathway they
considered was the final outcome because they believed
they had examined and ruled out earlier failures in the

TABLE 2 Prerequisites for conducting a program efficacy trial

1. Proven efficacy of the agent that is to be delivered
2. Proven “potential to benefit” on the part of the recipients in both
intervention and control groups

3. The benefits most likely outweigh the risk of harm
4. Very high likelihood that the delivery system can deliver the inter-
vention under the conditions of the study

5. Rigorous methods to identify and correct program inefficiencies over
the course of the study
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flow. Is this the only possible explanation, or is it even plau-
sible? A review of how well the DEVTA study met the pre-
requisites in Table 2 provides some insights to answer this
question.

The study protocol presented the following 2 objectives
relative to vitamin A: 1) to determine how reliably, effi-
ciently, and sustainably the Anganwadi system can deliver
safe, simple health services (in this case, anthelminthics and
micronutrient supplements) and 2) to determine whether ret-
inol supplementation at 6-mo intervals can somewhat im-
prove child survival during ages 1–6 y (21).

The first prerequisite in Table 2 is “proven efficacy of the
agent that is to be delivered.” The investigators’ first objec-
tive is a program efficacy study. Its goal is to test the quality
of a specific delivery system as a vehicle for a specific nutrit-
ion intervention. This is correct, because vitamin A supple-
mentation already has proven biological efficacy. However,
the second objective implicitly calls into question whether
vitamin A is biologically efficacious in this environment. If
there was doubt about this efficacy, the study of the delivery
system should not have been undertaken. A biological effi-
cacy trial would be the only appropriate study to answer
this question because it is the only design in which the re-
searcher controls the delivery to the child. Calling into ques-
tion the efficacy of vitamin A, as is done by the second
objective, destroys the possibility of using biological impact
to present convincing evidence for the first objective that the
delivery system is efficacious.

The second prerequisite in Table 2 (“proven potential to
benefit on the part of the recipients in both intervention and
control groups”) was plausibly met by the DEVTA study.
The investigators showed that vitamin A status improved
among the children in a small opportunistic sample who
had received the capsules.

The investigators do not provide evidence related to the
third prerequisite, “very high likelihood that the delivery
system can deliver the intervention under the conditions
of the study.” Apparently the DEVTA trial introduced re-
cording procedures and the appropriate training but did
not make any other changes to the program delivery system.
Nor does it appear that formative research was conducted to
examine potential problems in the use of delivery system.
They do not report data on CHWmotivations and practices
or how these might relate to the delivery and reporting of
capsule ingestion. In fact, there are no reports about any
blemishes either in the program or about how delivery fail-
ures were identified and addressed. Thus, it is a “black box”
efficacy study with a negative outcome. Those who have ex-
perience with large-scale programs of the type used in this
study should be very skeptical that the program and report-
ing worked as the authors claimed.

Appropriate skepticism is reinforced by the absence of at-
tention to the fourth prerequisite in Table 2, “rigorous
methods to identify program inefficiencies.” Delivery rec-
ords and biochemical response were verified only in a rela-
tively small, nonrandom, opportunistic subsample of 2106
of the 1,000,000 children in the study. There is no

information about how this small subsample was selected,
but it is likely that, as in all opportunistic selection, the chil-
dren who were included were likely to be more easily
reached and therefore received both the supplement and
the validation visits. There is no evidence that other, less eas-
ily reached children received the supplement. There is thus
no evidence that the intervention was or was not given to
those who could most benefit. The impression of inadequate
identification of program deficiencies is reinforced by the
absence of reports of any failures in the delivery system.
One concludes that the delivery system was unlikely to
have had enough fidelity to the study design to be effective.

The authors’ interpret the findings as follows:
“Interpretation: DEVTA contradicts the expectation from

other trials that vitamin A supplementation would reduce
child mortality by 20–30%, but cannot rule out some
more modest effect. Meta-analysis of DEVTA plus eight pre-
vious randomized trials of supplementation (in various dif-
ferent populations) yielded a weighted average mortality
reduction of 11% (95% CI: 5%, 16%; P5 0.00015), reliably
contradicting the hypothesis of no effect” (20).

The first sentence is a statement of fact, and the authors
could have claimed that this was an effectiveness trial that
showed no impact under these “real life” circumstances.
However, the second sentence of the “interpretation” com-
pares the DEVTA program efficacy trial to previous biolog-
ical efficacy trials, which means that the authors think that
the DEVTA trial was an efficacy trial. One would have ex-
pected that the fact of no effect would have provoked
some thought about program fidelity, and some speculation
as to why the delivery system failed. Speculation is all that
could have been done because the study was not designed
and conducted as a program efficacy trial or even as a pro-
gram effectiveness trial, and therefore it did not collect the
PIP evidence necessary to support any inferences about
where the inefficiencies occurred.

Because the authors of the DEVTA study did not differen-
tiate between biological and program efficacy, they concluded
that their study should be included in a meta-analysis with
previous biological efficacy results. However, this combining
of biological and program efficacy trials is scientifically in-
correct. The 2 types of research are conducted differently
and produce different kinds of evidence. They have com-
pletely different purposes. One tests biology; the other tests
the delivery system. Thus, we conclude that the DEVTA study
adds nothing to our knowledge about the biological efficacy of
vitamin A. It adds nothing methodologically to the scientific
literature, except as a cautionary tale. The study has sown
confusion by inappropriately undercutting the impeccable ev-
idence of previous well-conducted biological efficacy studies.

Reactions to the DEVTA report have not focused on the
underlying methodologic problem, namely the difference
between biological and program efficacy. After stating that
the “the trial authors propose that the DEVTA attenuates
the global estimates of mortality reduction by half,” an ac-
companying commentary to the DEVTA article claimed
that the “DEVTA is a courageous study, and a watershed
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for best practice in research to inform international develop-
ment” (22). The commentator, like the authors, confuses bi-
ological and program efficacy. A letter to the editor that
correctly identifies many weaknesses in the conduct of the
study (23), written by the most eminent scientists in the
conduct of vitamin A efficacy studies, challenges the appro-
priateness of including the DEVTA in meta-analyses of effi-
cacy studies because of the poor conduct of the study.
However, they did not use this as an opportunity to note
the inappropriateness of including a program efficacy trial
in a biological efficacy meta-analysis.

Addressing the Dialogue Gap
We perceive that mixing biological efficacy studies with pro-
gram efficacy studies is illogical and scientifically incorrect.
It is not just a matter of semantics because it has real conse-
quences for program and policy decisions. Similarly, confusion
about the difference between results of efficacy trials versus
effectiveness studies (3) can lead to incorrect interpretation
about the nature of the evidence base for policy decisions.

Confusion about terminology is inevitable in a period in
which research is breaking new ground, but the conse-
quences of not addressing it are particularly serious when
the research is applied to practical problems, such as the de-
livery of nutrition. Decisions on planning programs and
making policy depend on scientists and nonscientists having
a common understanding about the concepts and terms for
the facts and processes that are the basis for their decisions.
At present, we are in an early stage in the process of transla-
tional research to move from science to action in the delivery
of nutrition to populations. The lack of consensus about ef-
ficacy and effectiveness, as constructs, as terms, and partic-
ularly in relation to how to codify them, is so great that the
basis for the Grades of Recommendation, Assessment, De-
velopment, and Evaluation (GRADE) itself is called into
question, as evidenced by the confusion around the DEVTA
trial, which threatens moving forward in delivering nutrit-
ion to populations. This confusion will be compounded by
other confusions as we develop, refine, and test methods
to deliver nutrition.

In the next section, we lay out some steps that should be
taken to clarify the development of method and theory for
delivering nutrition interventions.

Describe and codify concepts and vocabulary relevant to
the delivery of nutrition. Description and codification of
concepts are essential for establishing the environment for
moving forward in the large task of translating biological
knowledge in nutrition to public health action. The WHO
has led the way with the development of GRADE. The
GRADE approach is a major advance for several reasons:
1) substantively, it differentiates between the biological
and the behavioral (programmatic) aspects of nutrition de-
livery; 2) it presents a widely accepted scientific approach to
ascertaining biological efficacy (this acceptance is aug-
mented because the approach was developed by a credible
agency and the work was carried out collaboratively with

key stakeholders); 3) the approach is being widely dissemi-
nated with clear explanation for nonscientists whose accep-
tance of findings about biological efficacy requires that
they understand them. Therefore, the confusion sown
by the DEVTA trial is easily addressed within the GRADE
approach by better conceptualization and codification of
differences between different kinds of efficacy. A glossary
of terms used by the GRADE and their uses, as well as their
conceptual definitions, is needed to avoid future confusion.

Moving forward to ascertaining the validity of program
interventions is much more difficult, and this will be a major
long-term endeavor, particularly because there is no agreed-
upon model about how this should be done. The GRADE
needs to be expanded to address delivery issues, or comple-
mentary models need to be developed as discussed below
under the section entitled “Develop a framework to guide
program-relevant research.” Equally important, this devel-
opment needs to be accompanied by formulating agreed-
upon vocabulary for central concepts. Among the concepts
that require attention are as follows: evidence-based, policy
instruments, public nutrition, delivery of nutrition, PIP, nu-
trient container, flow, efficiency, delivery, and acceptance.
The tasks are clear. It would be wise to develop a glossary-
dictionary in the format of another WHO-sponsored dictio-
nary (3) concurrently with the intellectual development and
acquisition of knowledge. This glossary would be constantly
changing as our knowledge advances, but it ensures that
communication is not lost as new words mutate to mean
the same things or the same words mean different things.
For instance, a recent WHO guideline document (24) gives
the name “explanatory trials” to what epidemiologists call
efficacy trials (3).

Develop methods to situate programs within a larger
framework of nutritional context and nutrition-related
policy instruments. Programs are one of a number of differ-
ent ways in which policies result in better or worse nutrition
in populations. Other policy instruments directly or indi-
rectly translate policy into actions that affect nutrition.
These include laws and regulations, subsidies, formal educa-
tion, and so on. Within a framework of policy instruments,
the role of nutrition-related programs must be defined con-
ceptually, both in general terms and for planning specific
programs. Through this effort it will become more apparent
which policy instruments augment or diminish the effect of
nutrition programs. For example, maternal schooling,
which may not include a nutritional component, augments
the efficiency of improving resources for nutrition to im-
prove nutrition (25). A significant part of this framework
needs to include a description of programmatic approaches
to deliver nutrition. The pioneering work of Zeitlin and Aus-
tinn (26), now 30 y old, needs to be updated and expanded
to include other policy instruments to deliver nutrition (e.g.,
fortification legislation, the WHO International Code on
Marketing of Breast-milk Substitutes), as well as a discussion
of the complementary and synergistic effects of these differ-
ent policy instruments on nutrition.
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This general framework would provide the concepts for
modeling nutrition strategies to deliver nutrition within
the context of the nutrition environment and its determi-
nants. This modeling should include information about
likely feasibility, effectiveness, and cost-effectiveness of dif-
ferent strategies and would therefore provide guidance
about selecting the most appropriate policy instruments
in specific situations.

Develop a framework to guide program-relevant research.
Turning to the importance of the advancement of what is
sometimes referred to as “implementation science” or “deliv-
ery science,” there are already a number of resources that nu-
trition can draw on, including a recent excellent WHO
guide to implementation research (24). More than a decade
ago, WHO produced a larger framework to guide funding
for the development and evaluation of public health interven-
tions (27). This framework was based on a schema for iden-
tifying implementation bottlenecks and conducting research
to address these. The framework provides a starting point
on which one could build.

A nutrition-specific program framework could be used to
identify inefficiencies in the program delivery process—the
areas that require research to provide programs with essen-
tial information on how to address them to improve deliv-
ery. For example, the biological efficacy of calcium for
maternal health in pregnancy has been established. How-
ever, the mode of delivery through economically affordable
pills is not likely to be programmatically feasible unless some
means are identified to deliver pills that are reduced in size.
Another example is the strong empirical base that has been
established concerning the importance of behavior change
communication in nutrition interventions. However, the
amount of research on the organization and management
of this essential program feature, and methods for assessing
knowledge flow in specific cultural and organizational con-
texts, is minimal. A program framework needs to include
guidance on approaches and techniques for assessment
and response to this potential bottleneck and source of inef-
ficiency in the delivery process.

A framework to guide program-relevant research would
also identify specific knowledge areas in which biological ef-
ficacy is sufficiently well established that attention should
now be directed primarily to implementation issues. Exam-
ples of knowledge in this category are the importance of
breastfeeding for infant health or the biological efficacy of
the nutrients reviewed in (1). Further replicative research
is no longer necessary to substantiate this knowledge. Of
course, more research on these issues will be necessary if
our present understanding is called into question by appro-
priate science, such as evidence that potential to benefit
is impaired in some populations but not in others. For
instance, carotene effectiveness in improving vitamin A nu-
trition is impaired by intestinal parasites or lack of fat in the
diet, which was discovered through a biological efficacy trial
(28). Another reason for performing efficacy trials might be
to show that a population no longer needs vitamin A

programs because it is no longer vitamin A deficient. This
would be a novel indication for a new round of biological
efficacy trials and deserves more reflection in the context
of developing the framework.

Another part of the framework will need to address pro-
gram implementation assessment and the components
of feasibility of implementation, effectiveness/efficacy, cost,
and other issues in the implementation context. This part
requires formulation of an integrated evaluation methodol-
ogy that includes adequacy and plausibility as well as the
more usual outcome indicators (29). It would also identify
when probability designs (e.g., RCTs) are needed and appro-
priate (30) and when other approaches will produce more
meaningful information.

Conclusions
The WHO and the nutrition community have made major
advances in establishing the evidence through the GRADE
for the biological efficacy of critical minerals and vitamins
for child and maternal health. This approach is so robust
that the threats to its success will be easily addressed, as dis-
cussed above. The success is a good harbinger for the next
difficult steps in delivering nutrition through programs
and other policy instruments. In this article we suggest
that one of the important requirements for bringing re-
search on intervention delivery to the same level as for bio-
logical efficacy is the development of frameworks for
investigating nutrition interventions within a changing nu-
trition environment, and for a systematic approach to im-
plementation research. To be successful, there will need to
be consensus. Establishing fora and systems for communica-
tion among scientists, policy makers, program planners, and
implementers will be essential. Part of the challenge is insti-
tutionalizing the kind of successful outreach that WHO and
others are doing for the GRADE. It will also require atten-
tion to a body of concepts and terms and a theoretical, as
well as empirical, structure for intervention research in
nutrition.
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