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Abstract
Nutrition‐sensitive interventions to improve overall diet quality are increasingly needed to

improve maternal and child health. This study demonstrates feasibility of a structured process

to leverage local expertise in formulating programmes tailored for current circumstances in South

Asia and Africa. We assembled 41 stakeholders in 2 regional workshops and followed a

prespecified protocol to elicit programme designs listing the human and other resources required,

the intervention's mechanism for impact on diets, target foods and nutrients, target populations,

and contact information for partners needed to implement the desired programme. Via this proto-

col, participants described 48 distinct interventions, whichwe then compared against international

recommendations and global goals. Local stakeholders' priorities focused on postharvest food sys-

tems to improve access to nutrient‐dense products (75% of the 48 programmes) and on produc-

tion of animal sourced foods (58%), as well as education and social marketing (23%) and direct

transfers to meet food needs (12.5%). Each programme included an average of 3.2 distinct ele-

ments aligned with those recommended by United Nations system agencies in the Framework

for Action produced by the Second International Conference on Nutrition in 2014 and the

Compendium of Actions for Nutrition developed for the Renewed Efforts Against Child Hunger

initiative in 2016. Our results demonstrate that a participatory process can help local experts identify

their own priorities for future investments, as a first step in a novel process of rigorous, transparent,

and independent priority setting to improve diets among those at greatest risk of undernutrition.
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diet quality, food systems, malnutrition, nutrition‐sensitive agriculture, priority setting, programme

design

1 | INTRODUCTION AND MOTIVATION

Suboptimal diets are among the world's leading causes of death and

disability (Black et al., 2008; Steiber et al., 2015), including through

the contribution of low diet quality to poor maternal and child health

outcomes (Allen, 2013). Associations between suboptimal diet and

maternal and child health outcomes are especially important in Sub‐

Saharan Africa (SSA) and South Asia, where current diets contribute to

widespread stunting, wasting, and intrauterine growth restriction as well

as micronutrient deficiencies in women and children (Black et al., 2008).

Governments around the world now acknowledge that improving

diet quality is of increasing importance (United Nations, 2016a; United
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Nations Children's Fund, World Health Organization, & World Bank,

2015) and have defined nutrition‐related targets such as those

outlined in the Sustainable Development Goals (SDGs; United Nations,

2016b), the Nutrition for Growth Summit in 2016 (“Nutrition for

Growth Summit”, 2016), and the Second International Conference on

Nutrition (ICN2) in 2014 (Food and Agriculture Organization & World

Health Organization, 2014). The United Nations (UN) declared 2016

the start of a “Decade of Action on Nutrition” (the Decade) to acceler-

ate progress in achieving global nutrition targets. The Decade calls for

global, national, and regional stakeholders to take action on nutrition

commitments outlined by the ICN2 and SDGs (Food and Agriculture

Organization & World Health Organization, 2016).

To achieve global development goals, an important next step is to

build consensus on which programmes and policies should be priori-

tized. Previous studies have compared interventions that deliver spe-

cific nutrients through supplementation or fortification (Bhutta et al.,

2008; Fiedler & Puett, 2015; Shekar, Dayton Eberwein, & Kakietek,

2016), but the task of improving diets—which may be more effective

in the long term—calls for a more diverse and complex set of mecha-

nisms (Burlingame & Dernini, 2011; Jacobs & Tapsell, 2007). As a

result, the 2013 Lancet Series on maternal and child nutrition specifi-

cally called for the “development of methods to allow comparison

and evaluation of complex programmes with many objectives and joint

outcomes” (Ruel et al., 2013).

This study describes the first steps in a novel approach towards

systematic comparative effectiveness and cost‐effectiveness analysis

of interventions to improve diets, using mixed methods to identify a

high‐priority set of programmes and policies for further analysis and

potential implementation in SSA and South Asia—the regions of the

world with the least contemporary progress and largest remaining bur-

dens of malnutrition (Black et al., 2008). Identifying the most promising

programmes and policies for scale‐up could help decision makers opti-

mize resource use and achieve nutrition goals as efficiently as possible,

achieving the very large total economic and social gains available from

well‐designed interventions (Alderman, Behrman, & Puett, 2017).

2 | METHODS

The methods we use to identify high‐priority dietary interventions

combine best practices in evidence synthesis and participatory research

(Hill, Gonzalez, & Pelletier, 2011; Holdsworth et al., 2015; Sharma et al.,

2017), while offering a novel approach to comparative effectiveness and

cost‐effectiveness analysis. The consultative methodology is designed

around the data needed to measure the health consequences of dietary

changes, based on input from independent experts convened in global

and regional advisory groups to provide a wide range of expertise and

overcome concerns about lack of transparency and potential bias in

previous cost‐effectiveness studies. The prespecified sequence we

followed was designed and implemented with support from the Bill &

Melinda Gates Foundation over a 4‐year period ending in 2017.

To identify the most promising nutrition‐sensitive strategies for

improved maternal‐child health in SSA and South Asia, we followed a

four‐step procedure: (a) identification of the most relevant diet–disease

targets for maternal‐child health in these regions, based on qualitative

expert assessments to design systematic reviews and quantitative

meta‐analyses of the diet–disease relationships with strongest evi-

dence; (b) identifying categories and characteristics of potential inter-

ventions, based on consultation with global experts and qualitative

reviews; (c) prioritization and formulation of specific programmes, based

on participatory consultation and deliberation with multidisciplinary

regional and national experts from diverse sectors; and (d) validation of

those results by comparison with lists made by international organiza-

tions. The resulting set of specific interventions presented in this paper

will also be used in future studies for cost‐effectiveness analysis, by val-

idating cost estimates against budgets for other activities andmeasuring

effectiveness based on epidemiological models of risk reduction.

2.1 | Identification of relevant diet–disease targets

To select relevant diet–disease targets, we performed consultations

with experts to solicit recommendations regarding diet–disease relation-

ships having high‐quality evidence on the following: (a) reliable data on

current intake levels and etiologic effects, (b) high magnitude of current

disease burden in South Asia and SSA, and (c) ability to intervene with

one or more dietary interventions (Table S1). This process identified five

pairs of dietary risk factors and associated diseases: iron and anaemia,

zinc and stunting, zinc and diarrhoea, animal protein and stunting, vita-

min A and mortality, and omega‐3 fatty acids and neurodevelopment.

Details on criteria for selection of diet–disease pairs are provided in

Table S1. Examples of other diet–disease pairs that were considered

and not incorporated were iodine and neurodevelopment (omitted due

to dominance of fortification strategies over dietary ones) and diet diver-

sity and underweight (omitted due to insufficient evidence on effect size).

For each of the identified diet–disease pairs of interest, we sepa-

rately summarized the available data for etiologic effects, including

heterogeneity in these effects based on underlying characteristics of

the intervention or targeted population, based on systematic reviews

and meta‐analyses. Some of the preliminary results of these quantita-

tive meta‐analyses have been reported (Pimpin et al., 2016; Pimpin,

Kranz, Fawzi, Duggan, & Mozaffarian, 2016; Shulkin et al., 2016); the

final analyses are ongoing and will be reported separately.

Key messages

• Interventions targeting diverse foods and risk factors are

needed to improve maternal and child nutrition.

• Setting priorities for dietary interventions requires a

wide range of expertise, methods, and data.

• We use a novel participatory approach involving 41 local

experts to identify a set of 48 priority interventions for

eight countries in South Asia and Africa.

• Priorities defined through regional consultations align

with recommendations and goals of international

organizations, with emphasis on combining multiple

interventions to improve diet quality and target

transfers of food, vouchers, or other resources to at‐

risk mothers and children.
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2.2 | Categories and characteristics of nutrition‐
sensitive programmes

To describe a set of potential interventions for comparative effective-

ness and cost‐effectiveness analysis, we convened a cost‐effective-

ness advisory group (CEAG) and performed a qualitative review of

existing nutrition‐sensitive programmes focusing on maternal and child

health. The CEAG is composed of independent researchers and techni-

cal experts with a diversity of expertise regarding cost‐effectiveness

analysis for maternal and child health (Table S2). We focused on eight

priority nations, based on their high burdens of malnutrition and

maternal‐child disease as well as Gates Foundation nutrition priorities,

including three in South Asia (India, Nepal, and Bangladesh) and five in

SSA (Ghana, Tanzania, Uganda, Nigeria, and Ethiopia).

Through consultation with the CEAG and review of existing

programmes, we identified six domains of nutrition‐sensitive

programmes of high relevance and promise, largely consistent with

the foci of the Lancet series paper on nutrition‐sensitive actions (Ruel

et al., 2013), including (a) targeted and conditional transfers; (b)

mass media and community‐based education; (c) preschool and

school‐based feeding; (d) small‐scale and household production; (e)

food processing and fortification; and (f) food markets and prices.

The mechanisms of impact that these nutrition‐sensitive programmes

utilize to alter dietary intake include the following: (a) transfer of

resources to alter the purchase or use of home‐grown foods (hereafter

referred to as resource transfers); (b) changing food prices and transac-

tion costs to alter purchasing behaviour (hereafter referred to as

access changes); (c) changing dietary preferences to alter the purchase

or use of foods with existing household resources (hereafter referred

to as preference changes); and (d) transfer of food items that are con-

sumed without altering other choices (hereafter referred to as food

transfers). We excluded programme domains whose mechanisms of

impact were through more distal and indirect pathways, such as

programmes focusing on economic development, women's empower-

ment, and the national supply of foods through agricultural production

and international trade. We also excluded nutrition‐specific

programmes that introduce particular nutrients through supplements

rather than foods, but we did invite participants to consider including

interventions that would scale‐up use of existing nutrient‐dense prod-

ucts such as biofortified crops or improved infant foods. Research and

development efforts to formulate and produce these foods, as well as

nutrition‐specific programmes such as breastfeeding promotion or

supplementation with particular nutrients, are outside the scope of

the present investigation. This ensured that our process would identify

all available nutrition‐sensitive approaches to dietary change.

2.3 | Prioritization and formulation of specific
interventions

To characterize and formulate a set of specific programmes for priori-

tization for the eight countries of interest, we incorporated the diverse

perspectives and expertise of regional experts through two separate

meetings: one for South Asia, held in Kathmandu on December 8–

10, 2015; and one for SSA, held in Addis Ababa on February 24–26,

2016. These meetings aimed to engage a diverse and representative

set of stakeholders from civil society, private, academic, and nongov-

ernmental organization sectors, including multilateral and bilateral

organizations, specializing in the areas of nutrition, health, agriculture,

policy, and economics. Potential participants were identified by the

investigators, the CEAG, Gates Foundation contacts, and other expert

contacts, based on their policy experience, scientific contributions, or

positions in decision‐making bodies in the food system. Details about

the attendees and the organizations represented are provided in Table

S3.

Using standard principles of participatory research (Hill et al.,

2011; Holdsworth et al., 2015), we sought active engagement through

transparency and openness to diverse points of view. In‐depth discus-

sion was facilitated by alternating between plenary group discussion

periods and small breakout groups comprising four to six regional

experts coupled with a facilitator and a recorder. Each intervention

domain was introduced in plenary session, after which each breakout

group then further developed and formulated a specific priority inter-

vention in that domain.

The groups were instructed to formulate a nutrition‐sensitive

intervention of their choice based on the following criteria: (a) interest

in comparative effectiveness and cost‐effectiveness; (b) potential

impact on dietary intake, from current in‐country experiences and

other available evidence; (c) logistical and practical feasibility, as evi-

denced by implementation in similar contexts or other expert knowl-

edge; and (d) likelihood of improving health disparities or meeting

another specific population need. A fifth criterion, (e) legal and political

feasibility, was also considered, with the caveat that highly promising

interventions that met the other criteria but seemed currently legally

or politically infeasible could be included, as the findings from the pres-

ent process might improve their legal or political feasibility. Meetings

utilized Chatham House Rules (i.e., all information would be recorded

and utilized, but without specific attribution to neither the identity

nor affiliation of any specific participant) to allow free and frank discus-

sion of all available evidence.

For each priority programme, breakout groups described the fol-

lowing: (a) resources (human, financial, and inputs) required for inter-

vention implementation; (b) mechanism for impact on diet; (c) target

foods and/or nutrients to be increased; (d) location and demographic

characteristics of the target population; (e) the lead authority and

implementing organization for the intervention; (f) start‐up and recur-

ring resources and the activities costs associated with implementation,

maintenance, and evaluation; and (g) additional expert contacts rele-

vant to the intervention. Following the meeting, documentation of

each proposed programme was compiled, standardized, and shared

with the regional experts and, if relevant, additional expert contacts

to verify accuracy, clarify any discrepancies, and maintain transparency

and accountability.

2.4 | Validation of results against international
benchmarks

National governments and international organizations use many differ-

ent forums to share evidence and coordinate their actions, most nota-

bly through the UN system. The most recent and thematically closest

benchmark for validating the interventions addressed in this study is
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the set of nutrition‐sensitive priorities for agriculture and food systems

published in late 2016 as the Compendium of Actions on Nutrition

(CAN) by the UN Network for Scaling Up Nutrition (Renewed Efforts

Against Child Hunger and Undernutrition [REACH], 2016). For context,

we also compare our results to the broader and earlier set of recom-

mendations made at the ICN2 convened by UN agencies in November

2014 (Food and Agriculture Organization & World Health Organiza-

tion, 2014) and the SDGs adopted by UN member states in late

2015 (United Nations, 2016b).

REACH is a partnership between the major UN system agencies

involved in maternal and child nutrition, namely, the Food and Agricul-

ture Organization, the United Nations Children's Fund, theWorld Food

Programme, the World Health Organization, and the International

Fund for Agricultural Development. The CAN was developed through

a participatory process that involved interagency discussions and

exchanges with subject area experts. The goal of REACH is to aid

national governments in the scale‐up of nutrition actions and promote

official support at the highest levels of international cooperation. The

CAN identifies nine actions that fall into five categories (livestock

and fisheries; crops/horticulture; food processing, fortification, and

storage; food consumption practices for healthy diets; and enabling

environment) that fall within the scope of this project (Table 1). Other

potential actions in the REACH framework that fall outside the scope

of this project are interventions in maternal and childcare, health sys-

tems, and nutrition governance.

Beyond validation against the REACH framework, we also compare

our results to the broader recommendations about all aspects of human

nutrition identified at the ICN2 in November 2014 (Food and Agricul-

ture Organization & World Health Organization, 2014). The ICN2 was

an intergovernmental meeting with representatives from government,

civil society, and the private sector—all of which engaged in plenary dis-

cussions focused on nutrition issues. The outcome of ICN2 was a set of

60 recommendations of which seven are in scope for this project,

involving recommended actions for sustainable food systems promot-

ing healthy diets, nutrition education, and social protection. Finally, we

benchmark our results against targets set for the SDGs adopted by

UN member states themselves in September 2015 (United Nations,

2016b). The SDGs are the broadest of all global frameworks, specifying

169 targets in pursuit of 17 goals, of which our project aims at the first

two targets specified for Goal 2 to end hunger, achieve food security,

and improve nutrition (United Nations, 2016b).

3 | RESULTS

Our participatory process identified 48 nutrition‐sensitive interven-

tions across the six intervention domains (Table S4). Our meeting loca-

tion led to many programmes designed for delivery in Nepal or

Ethiopia (N = 7 each); with somewhat fewer designed to be imple-

mented in each of the other countries of interest (N = 4–6 for each

country other than Ghana), the South Asia region overall (N = 4), or

the SSA region overall (N = 6). Details on this geographic pattern are

provided in Figure S1.

Our study results span programmes that are either currently being

implemented are additions to existing programmes or are new

interventions not currently being implemented but showing significant

promise in the target countries. The range includes programmes that

directly transfer food or resources, use media and education campaigns

to change dietary preference, or alter the food environment to improve

access to more healthful foods. To validate the participatory process

results, we compare them to the international recommendations.

3.1 | Comparison with UN system frameworks

The 48 interventions described at our regional expert meetings align

closely with the UN system agencies' priorities for agriculture and food

systems to promote healthy diets, as listed inTable 1. Many of the pro-

posed programmes include actions in more than one of the five

REACH categories, but are listed here by their primary objective. Of

the 48 interventions identified, 7 aim primarily to raise more livestock

and fish; 5 target production of staple crops and horticulture; 6 address

food processing, fortification, and storage; 7 focus on food consump-

tion practices; 17 involve creating and strengthening the enabling envi-

ronment; and 6 act through social protection. This degree of alignment

reveals a relatively strong interest among regional experts in activities

other than farm production, focusing on how crop and livestock prod-

ucts are transformed and used in off‐farm food systems after harvest.

It is particularly notable that one eighth (six of 48) of the interventions

chosen at our regional meetings focused on cash or food safety net

transfers.

The outcome of our participatory process can also be compared

with recommendations of the broader ICN2 Framework for Action

(Food and Agriculture Organization & World Health Organization,

2014). The ICN2 provided seven distinct recommendations for inter-

ventions within our project's scope. The interventions identified

through our workshops often align with more than one recommenda-

tion, especially the 12 interventions that aim to both (a) strengthen

local food production and processing and (b) promote dietary diversifi-

cation. An additional 17 interventions aim to improve storage, preser-

vation, transport, and distribution, whereas 5 interventions aim to

implement nutrition education and information interventions; 6 aim

to conduct appropriate social marketing campaigns; and 8 incorporate

nutrition objectives into social protection, or use cash and food trans-

fers to improve diets. Benchmarking against the ICN2 framework, again

our participatory process is notable for its general alignment with UN

priorities and focus on postharvest food systems and social protection.

A third validation approach was to compare the objectives of our

48 interventions with the development goals of UN member states

(United Nations, 2016b). The scope of our priority setting process falls

within SDG 2 “to end hunger and to end hunger, achieve food security

and improved nutrition”, and particularly its first two targets: “2.1 By

2030, end hunger and ensure access by all people, in particular the

poor and people in vulnerable situations, including infants, to safe,

nutritious and sufficient food all year round” and “2.2 By 2030, end

all forms of malnutrition, including achieving, by 2025, the internation-

ally agreed targets on stunting and wasting in children under 5 years of

age, and address the nutritional needs of adolescent girls, pregnant and

lactating women and older persons.” All 48 of our interventions aim at

both of these targets, by making existing food more nutritious and

available to those at risk of undernutrition.
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In summary, the 48 interventions identified through our participa-

tory process align closely with the UN agencies' REACH, CAN, and

ICN2 Framework for Action, in pursuit of targets 2.1 and 2.2 of the

SDGs. Relative to these international benchmarks, it is notable that

participants in our workshops placed a strong emphasis on postharvest

food systems and targeted transfers and often chose interventions that

cut acrossmultiple sectors and categories. In otherwords, interventions

developed by participatory means through our project aimed at the

TABLE 1 Priority programme interventions identified by our participatory approach as compared to REACH compendium of actions for nutritiona

REACH category and action Identified priority programmes

Livestock and fisheries

Animal husbandry, fisheries, and insect farming • Backyard poultry production in Nepal
• Household animal and horticulture production in Ghana
• Aquaculture development in Uganda
• Aquaculture development and nutrition education in Uganda
• School livestock programme in Ethiopia
• Conditional livestock transfer in Ethiopia
• Targeted cash and chicken transfer in Uganda

Crops/horticulture

Diversification and locally adapted varieties • Home gardens in India
• Kitchen gardens in Bangladesh
• School‐based fruit production in Tanzania
• Home gardens and small livestock production in Uganda
• Home gardens and small livestock production in Bangladesh

Food processing, fortification, and storage

Food processing (excl. fortification) • Complementary food processing programme in Ghana

Fortification (including salt iodization and fortification of complementary
foods)

• Point of consumption fortification in Nepal
• Micronutrient sachets for home fortification in India
• Home‐based fortified flour production in Nepal
• Complementary food production in Ethiopia
• Mass media campaign on fortification with dried fish in Nigeria

Food consumption practices for healthy diets

Food‐based nutrition education • School‐based feeding and nutrition education in Ethiopia
• Adolescent health and nutrition education in South Asia
• School‐based nutrition education in Ghana
• School‐based nutrition education in Uganda
• School‐based agriculture education in Ghana

Creating supportive environments to promote healthy diets in different
settings

• School snack programme in Nepal
• Preschool feeding in Bangladesh

Enabling environment

Fiscal policy • Milk transport subsidy in Nepal (livestock and fisheries)
• Decreasing transport costs in Tanzania (food consumption)
• Rice subsidy in Nigeria (food processing, fortification, and storage)
• Food tax and subsidy in Ghana (food consumption)
• Solar drier subsidy in Nepal (food processing, fortification, and storage)

Legislation, regulations/standards, protocols, and guidelines • Food marketing association in Ghana (food consumption)
• Improved traditional wet markets in Tanzania (food consumption)
• Local market development in Nepal (food consumption)
• Quality assurance for infant complementary food (food consumption)
• Government quality certification seal (food consumption)
• Integrating nutrition into agriculture and health services in Tanzania

(crops/horticulture)

Social norms: Education/sensitization, behaviour change communication,
and social marketing

• Technology‐enabled behaviour change communication in Nigeria (food
consumption)

• Nutrition education and media campaign in India (food consumption)
• Diet diversity media campaign in India (food consumption)
• Maternal nutrition media campaign in India (food consumption)
• Media and education campaign in Ethiopia (food consumption)
• Edutainment in Ethiopia (food consumption)

Vouchers or transfers (not defined by REACH)

• Targeted and conditional cash transfer in India

• Conditional cash transfer in Nigeria

• Conditional cash and food transfers in Bangladesh

• Food vouchers in India

• Food vouchers in Tanzania

• Conditional food transfer in Ethiopia

aRenewed Efforts Against Child Hunger and Undernutrition. “Food, agriculture & healthy diets: Compendium of actions for nutrition” 2012. Accessed at:
http://www.reachpartnership.org/compendium‐of‐actions‐for‐nutrition
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same objectives as UN agencies and member states, but often did so

through systemic, cross‐cutting programmes that address several dif-

ferent kinds of REACHactions, ICN2 recommendations, or SDG targets.

In addition, interventions that arose out of our workshops are unique in

that theywere whole food based, selectedwith specific nutrient targets

in mind, and highlighted the importance of altering dietary patterns in

achieving population‐level improvements in nutrition outcomes.

3.2 | Targeted populations, mechanisms, and
nutrients

For the purposes of this analysis, each programme element is defined

in terms of one kind of change to one dietary risk factor in a particular

population. Programmes are built of multiple elements, and to summa-

rize the evidence base by which each element would alter diets, we

create a matrix of target population, target nutrient, and the mecha-

nism of impact (resource transfer, food transfer, preference change,

and access change), as shown in Table 2. This matrix approach allows

us to use a single framework in which to compare 48 programmes,

each of which may employ multiple mechanisms to reach several tar-

gets. For example, a programme involving both children under five

and also pregnant women would be categorized as having separate

elements for each of these target populations. In our matrix, there

are 152 programme elements. The largest number of programme ele-

ments targeted children under five (N = 45), followed by the general

population (N = 42), and pregnant/lactating women (N = 36). On aver-

age, programmes had 3.2 elements per intervention.

We identified both similarities and differences in the populations

most often targeted in each region. In both South Asia and SSA,

programmes targeting rural populations were most common. In con-

trast, pregnant and/or lactating women and especially children under

5 years were nearly equally targeted in SSA, but not in South Asia

(Figure 1). In both regions, programmes targeting adolescents, school‐

age children, and urban populations were the least commonly

described. Further details on the target population(s) for each pro-

gramme are provided in Table S4.

Of the four possible mechanisms for impact on dietary intake,

food transfers were the most common accounting for a majority of

all programme elements (N = 66; Table 2). The food transfer impact

mechanism was particularly prominent among programme elements

targeting children under five (N = 35) and pregnant/lactating women

(N = 20). Programme elements involving resource transfers (i.e., cash

TABLE 2 Characteristics of 48 identified priority programme interventions by target nutrient, target, population, and mechanism of dietary impacta

Target nutrientb

Target population and mechanism of impacta Iron Zinc Vitamin A Animal protein Omega‐3 fatty acids Total

Children under five 10 10 11 9 5 45

Resource transfer 0 0 1 1 0 2

Food transfer 8 9 8 6 4 35

Preference change 1 1 1 2 1 6

Access change 1 0 1 0 0 2

Schoolchildren/adolescents 3 3 5 3 4 18

Resource transfer 0 0 0 0 0 0

Food transfer 1 1 2 2 2 8

Preference change 2 2 3 1 2 10

Access change 0 0 0 0 0 0

Pregnant/lactating women 8 6 10 8 4 36

Resource transfer 3 1 3 1 0 8

Food transfer 3 4 5 5 3 20

Preference change 2 1 2 2 1 8

Access change 0 0 0 0 0 0

Reproductive age women 3 2 3 2 1 11

Resource transfer 0 0 0 0 0 0

Food transfer 1 1 1 1 1 5

Preference change 1 1 1 1 0 4

Access change 1 0 1 0 0 2

General population 10 8 7 12 5 42

Resource transfer 0 0 0 0 0 0

Food transfer 5 3 3 5 2 18

Preference change 1 1 1 1 0 4

Access change 4 4 3 6 3 20

Total 34 29 36 34 19 152

aProposed programmes often targeted multiple populations and multiple nutrients.
bTarget populations are specified in greater detail in Table S2.

Numbers in bold are subtotals or totals.
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transfers) were the least common (N = 10). Among programme ele-

ments targeting all consumers, impact pathways focused on changing

environments and access (e.g., programmes aimed at food markets

and prices) were most common (N = 20).

The programmes specified through our consultative process

targeted distinct maternal and child health outcomes. Among the

programmes proposed for South Asian countries, interventions aimed

at child mortality and maternal/child anaemia were most common

(25%; Figure 2). In contrast, for SSA, programmes equally prioritized

child mortality (22%), child/maternal anaemia (22%), child stunting

(22%), and child diarrhoea (22%). Programmes targeting childhood cog-

nitive development were the least common in both regions (12% in

South Asia; 13% in SSA).

Among individual dietary and nutrient factors, dietary vitamin A

and iron were most commonly targeted in South Asia; whereas in

SSA, vitamin A, iron, animal protein, and zinc were all relatively equally

targeted (Figure 3). Among different foods, nonstarchy vegetables

were the most common priority target for programmes in both regions,

whereas programmes aiming to increase consumption of fruit, beans,

and legumes were comparatively more common in South Asia, and

programmes aiming to increase seafood and milk were comparatively

more common in SSA. More details on target foods and nutrients for

each proposed programme are provided in Table S4.

When assessing the programme elements across the 48 priority

programmes, dietary vitamin A was the most commonly targeted

(N = 36 programme elements), followed by dietary iron (N = 34), and

zinc (N = 34; Table 2). For programme elements targeting children

under five, most targeted vitamin A (N = 11), iron (N = 10), and zinc

(N = 10). For programme elements targeting pregnant and/or lactating

women, the majority targeted vitamin A (N = 10), animal protein

(N = 8), and iron (N = 8). Programme elements targeting the general

FIGURE 1 Percentage of priority programmes
targeting each population category. Data
shown are out of 48 interventions developed
by participants at workshops in South Asia
(SA) and Sub‐Saharan Africa (SSA). Because
some programmes targeted more than one
type of population, values may not sum to
100%

FIGURE 2 Percentage of priority programmes
targeting each disease outcome. Data shown
are out of 48 interventions developed by
participants at workshops in South Asia (SA)
and Sub‐Saharan Africa (SSA). Because some
programmes targeted multiple disease
outcomes, values may not sum to 100%
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population largely focused on increasing dietary intakes of iron

(N = 10) and animal protein (N = 12).

4 | DISCUSSION

The results presented here represent a set of nutrition‐sensitive policy

and programme priorities defined by national and international

stakeholders in SA and SSA. These programmes were selected based

on evidence for an interest in their comparative effectiveness and

cost‐effectiveness, logistical and practical feasibility, likelihood of

improving health disparities, or another specific population needs, as

well as their legal and political feasibility. These findings offer the “on

the ground” priorities from a rigorous and novel, transparent and par-

ticipatory approach to formulating interventions for improved diet

quality and reduced maternal and child undernutrition in SA and SSA.

In addition, because some of the countries had already reached a stage

of scaling up proven interventions that were discussed at these

regional meetings, their expertise facilitated the discussions with

actual on the ground outcomes and results.

Our methodology produced a set of 48 interventions identified by

expert stakeholders from diverse institutions across government, aca-

demic, nutrition, health, agriculture, policy, and economic sectors.

Although population, dietary, and mechanistic targets were wide‐rang-

ing, two main themes emerged.

A first key finding from results reported in Table 1 is that most

interventions identified (36 of 48) targeted by local stakeholders con-

cern postharvest aspects of the food system, aiming to improve crop

diversification and raising of livestock breeds, and delivery and utiliza-

tion in the diet, reflecting accumulated evidence in the international lit-

erature (e.g., Ruel et al., 2013) and the views of local researchers and

decision makers (Holdsworth et al., 2015). Over 80% of these identi-

fied programmes use (30 of 36) address food markets and aim to help

households acquire and use more nutritious food, whereas the remain-

der transfer resources directly to people at risk of malnutrition. Among

the dozen interventions to help households grow more food, most

(seven of 12) aimed primarily at animal‐sourced rather than purely

plant‐based foods. This finding clearly reflects widespread recognition

acceptance of the need for improvements beyond households' own

production of nutrient‐dense crops, in postharvest and off‐farm sys-

tems that improve the food environment but also provide direct trans-

fers where needed.

A second key finding from results inTable 2 is that our participatory

process led to cross‐cutting interventions involving multiple compo-

nents related to target population, target nutrients, and mechanism of

impact (an average of 3.2, from 152 elements in 48 programmes). In

addition, regional stakeholders identified priorities that cut across the

multisectoral themes and recommendations presented as part of the

UNagencies' REACHactions (REACH, 2016) aswell as the ICN2 recom-

mendations (Food and Agriculture Organization & World Health Orga-

nization, 2014). From our analysis of individual programme elements

and validation with the REACH and ICN2 documents, the stakeholders'

48 priority interventions are based on a strong evidence base. Our

project's bottom‐up aggregation of stakeholder experiences led to

novel combinations of these elements whose potential synergies have

yet to be explored, such as combining cash grants with in‐kind transfers

FIGURE 3 Percentage of priority programmes targeting each dietary component. Data shown are out of 48 interventions developed by
participants at workshops in South Asia (SA) and Sub‐Saharan Africa (SSA). Because some programmes targeted more than one food or nutrient,
values may not sum to 100%
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and education. Futurework in this projectwill use existing data on base-

line risks and programme effect sizes to generate modelled estimates of

impact and cost‐effectiveness, and other kinds of research will also be

needed to identify interaction effects among interventions that may

complement or substitute for each other in any given setting.

The results presented here are a first step towards more transpar-

ent, stakeholder involvement in prioritization of interventions for future

comparative effectiveness and cost‐effectiveness analyses. After this

bottom‐up identification of high‐priority programmes, the resources

needed and costs incurred for each interventionmust be validated, con-

sidering reach, scope, and scale. Evidence on effectiveness can be

derived from existing experiences and analogous interventions. Quanti-

tative models, such as country‐specific, discrete‐time microsimulation

models, can then incorporate these inputs to estimate the cost‐effec-

tiveness of the various priority interventions. Ultimately, such results

will enable governments, nongovernmental organizations, and other

institutions to prioritize the interventions in which they will invest to

improve dietary habits and maternal‐child health in these regions.

Our investigation has several strengths. One is to avoid investiga-

tor bias in the evaluation of selected programmes, achieved through

open consultation along a predefined research plan that helped iden-

tify priority programmes prior to estimating their costs and effects on

both dietary intake and disease outcomes. Another strength is the

inclusion of multisector stakeholders in the consultative process, to

ensure that the results from our future comparative effectiveness

and cost‐effectiveness analyses of nutrition interventions will generate

evidence that is relevant to those who would be funding,

implementing, and evaluating those interventions in the future. In addi-

tion, our approach is strong in that it takes into account region‐specific

information about priorities and constraints, ensuring that programme

characteristics are tailored to regional and national circumstances.

Additionally, this process can be carried out relatively quickly once a

group of stakeholders can be convened. A final strength of our

approach is our focus on pairing dietary risk factors with disease out-

comes in each of the 48 proposed interventions, thereby highlighting

the importance of improving dietary quality in mitigating disease.

The principal limitation of our study involves the cost, duration,

and extent of consultations involved in this novel effort. We con-

ducted two regional workshops with 41 local experts. Each workshop

involved 2 days of face‐to‐face discussion, with extensive preparation

beforehand and validation afterwards by the research team and a nine‐

member global CEAG. To our knowledge, this was the most intensive

effort ever undertaken to involve local stakeholders in defining priority

interventions for cost‐effectiveness analysis. This approach results in a

trade‐off between expediency and less precise costing estimates.

Results demonstrate the value of this effort, and future studies could

either replicate our intensive approach or build on our experience to

expand the participatory process with more local experts over a longer

time. Such a project could use lower‐cost tools such as video confer-

encing and online collaboration to permit even more iteration and

reflection, generating even more realistic and meaningful results than

those presented here.

Another possible limitation of our approach was an under‐repre-

sentation of current or recent government officials (Table S3).

Although meeting attendees considered programmes from a wide

range of other perspectives, political and administrative support for

these programmes could be as important as cost‐effectiveness for

their sustainability. In focusing on the technical expertise needed for

location‐specific programme design, our protocol provides just one

step in the longer process of developing programmes that go on to

attract sustained funding and political support.

5 | CONCLUSION

In summary, this study demonstrates that a rigorous and transparent

participatory process can generate an actionable set of programme pri-

orities for policymakers' consideration and for cost‐effectiveness anal-

ysis, revealing both similarities and differences between local

stakeholder priorities and international recommendations. Our

approach overcomes several important limitations of previous

research, finding that stakeholders' priorities combine multiple ele-

ments to address postharvest food systems and provide transfers

beyond what households grow themselves or are able to acquire. In

addition, we focus on diet, diet quality, and specific food and related

nutrient targets that have relevance for a wide range of disease reduc-

tion targets. Therefore, our methods can be applied to future work that

extends beyond maternal and child health and focuses on dietary

intake and chronic disease reduction targets. Our future work will

quantify the cost‐effectiveness of the interventions we identified

through this approach, and their potential to achieve the goals of inter-

national agencies, national governments, and most importantly, the

many individuals at risk of undernutrition in across Asia and Africa.
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