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Agriculture nutrition-sensitive agriculture (NSA) to achieve their development goals. While consensus exists on pathways
Diets through which agriculture may influence nutrition-related outcomes, empirical evidence on agriculture's con-
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tribution to nutrition and how it can be enhanced is still weak. This paper reviews recent empirical evidence
(since 2014), including findings from impact evaluations of a variety of NSA programs using experimental de-
signs as well as observational studies that document linkages between agriculture, women's empowerment, and

nutrition linkages. The paper summarizes existing knowledge regarding impacts, but also pathways, mechan-
isms, and contextual factors that affect where and how agriculture may improve nutrition outcomes. The paper
concludes with reflections on implications for agricultural programs, policies, and investments, and highlights

future research priorities.

1. Introduction

A growing number of governments, donor agencies, and develop-
ment organizations are committed to supporting nutrition-sensitive
agriculture to achieve their development goals. Nevertheless, nutrition-
specific interventions alone, even if implemented at scale, will not meet
global targets for improving nutrition (Bhutta et al., 2013; WHO, 2014).
Other sectors need to contribute as well, and agriculture has strong
potential due to the many ways in which it can influence the underlying
determinants of nutrition outcomes (Black et al., 2013), including
through improving global food availability and access and through
enhancing household food security, dietary quality, income, and wo-
men's empowerment. Globally, the need for agriculture to support
better nutrition and health has been recognized and was reflected in the
discussions leading up to the United Nations’ 2030 Agenda for Sus-
tainable Development (United Nations, 2017), and regionally, it is re-
flected in the growing number of initiatives to support countries in
integrating nutrition interventions into their agricultural investment
plans, as illustrated by the Comprehensive Africa Agriculture Devel-
opment Programme investment plans (Rampa and van Seters, 2013).
Countries like Nigeria and Ethiopia, for example, have recently devel-
oped nutrition-sensitive agricultural plans, a clear manifestation of the
greater political priority being given to improving the nutritional im-
pact of investments in the agricultural sector.

Making agriculture more nutrition-sensitive (See Box 1 for defini-
tions of nutrition-specific and nutrition-sensitive interventions or

programs), however, requires a new way of thinking, planning, im-
plementing, and partnering, as well as the active engagement of a
variety of stakeholders from multiple sectors. It also requires identi-
fying critical entry points where nutrition goals can be incorporated
into agro-food systems (Jaenicke and Virchow, 2013). Some of the in-
itial steps undertaken to bring the relevant stakeholders and sectors
together include designing and agreeing on conceptual frameworks that
identify the multiple pathways by which agriculture can impact nutri-
tion. This topic has been the subject of an extensive body of work in-
cluding the development of several conceptual frameworks that high-
light the dynamic and multifaceted linkages between agriculture,
health, and nutrition (Headey et al., 2012; Herforth and Harris, 2014;
IFPRI, 2011; Jaenicke and Virchow, 2013; Kadiyala et al., 2014;
Pinstrup-Andersen, 2012; World Bank, 2007). Ruel and Alderman
(2013) identified six pathways through which agricultural interven-
tions can impact nutrition: (1) food access from own-production; (2)
income from the sale of commodities produced; (3) food prices from
changes in supply and demand; (4) women's social status and empower-
ment through increased access to and control over resources; (5) wo-
men's time through participation in agriculture, which can be either
positive or negative for their own nutrition and that of their children;
and (6) women's health and nutrition through engagement in agriculture,
which also can have either positive or negative impacts, depending on
exposure to toxic agents and the balance between energy intake and
expenditure. The characterization of the pathways by which agriculture
and nutrition are linked and of the unequivocal mediating role of
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Definitions of nutrition-specific and nutrition-sensitive interventions or programs.

Source: Ruel and Alderman (2013).

Nutrition-specific interventions or programs are those that address the immediate determinants of fetal and child nutrition and devel-
opment—adequate food and nutrient intake, feeding, caregiving and parenting practices, and low burden of infectious diseases.
Nutrition-sensitive interventions or programs are those that address the underlying determinants of fetal and child nutrition and devel-
opment— food security; adequate caregiving resources at the maternal, household and community levels; and access to health services and
a safe and hygienic environment—and incorporate specific nutrition goals and actions

women's status and empowerment in these linkages has been instru-
mental in stimulating the development of new initiatives and invest-
ments to leverage agriculture to improve nutrition.

Although conceptual frameworks and hypothesized impact path-
ways are a critically important first step, efforts to support agriculture
so that it delivers on nutrition need to be grounded in evidence. A
number of reviews of evidence have been published in the past two
decades (see, for example, Berti et al., 2004; DFID, 2014; Fiorella et al.,
2016; Leroy et al., 2008; Masset et al., 2012; Pandey et al., 2016;
Randolph et al., 2007; Ruel, 2001; Webb-Girard et al., 2012; Webb and
Kennedy, 2014), and all of them agree that evidence on what and how
agriculture can contribute to nutrition is extremely scant. The reviews
cover a range of agricultural programs including homestead food pro-
duction systems; home vegetable gardens; biofortified crops; small an-
imals; livestock; fisheries; dairy; and irrigation projects. In spite of
differences in the sets of studies reviewed and the methods and nutri-
tion indicators used in the original studies, the findings from these re-
views are surprisingly consistent. Overall, they find evidence that
agricultural development programs that promote production diversity,
micronutrient-rich crops (including biofortified crops), dairy, or small
animal rearing can improve the production and consumption of tar-
geted commodities, and some evidence that such improvements lead to
increases in dietary diversity at the household and sometimes the ma-
ternal and child level. The reviews report a few cases, especially with
biofortified vitamin A-rich sweet potatoes, in which increased pro-
duction and consumption led to improvements in vitamin A status and
health in young children, but little evidence overall of impacts on child
stunting, underweight, or wasting; in addition, very few studies have
looked at impacts on maternal nutritional status. The inclusion of a
strong behavior change communication (BCC) intervention to promote
optimal diets and child feeding practices, and a focus on improving
women's status and empowerment through agriculture, are consistently
reported as key to enhancing the potential impacts of agriculture on
diets and other nutrition outcomes. Another main conclusion of the
reviews is that most studies so far have had serious methodological
limitations that may hamper their ability to demonstrate impacts,
especially on anthropometric outcomes. The most common weaknesses
include poor evaluation designs, inadequate sample sizes, short dura-
tion, and the wrong age group targeted and analyzed for achieving and
demonstrating impacts on child anthropometry (Leroy et al., 2016;
Masset et al., 2012; Ruel and Alderman, 2013; Webb-Girard et al.,
2012).

The links between agriculture and nutrition have also been explored
using data at the farm level from observational studies. Motivated by
the agricultural household model (Sing et al., 1986), these studies show
that when markets are imperfect, the separability between production
and consumption decisions breaks down, and farm production can have
a direct effect on consumption, and consequently, nutrition. This lit-
erature is reviewed in the editors’ introduction to a special issue of the
Journal of Development Studies on farm-level linkages between agri-
culture and nutrition (Carletto et al., 2015).

The proliferation of reviews, reports, and special journal issues (for
example, Carletto et al., 2015; Strange et al., 2013a, 2013b) focused on
the linkages between agriculture, food systems, and nutrition in recent
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years testifies to renewed interest in the topic and calls for investments
in closing the evidence gap and moving toward more gender- and nu-
trition-sensitive agriculture and food systems (FAO, 2013; Global Panel
on Agriculture and Food Systems for Nutrition, 2016, 2014; Pinstrup-
Andersen, 2010). Indeed, a 2012 inventory of agriculture-nutrition re-
search identified 151 planned or ongoing projects being undertaken by
49 institutions throughout the world (Hawkes et al., 2012).

This paper reviews findings from new empirical research published
from 2014 onwards that may fill some of the knowledge gaps identified
in previous reviews regarding agriculture's contribution to nutrition. It
reviews impact results from new studies that were not included in
previous reviews and that used experimental or quasi-experimental
approaches to evaluate different types of nutrition-sensitive agricultural
programs (NSAP), including biofortification, homestead food produc-
tion systems, livestock transfer programs, value chains for nutritious
foods, and irrigation programs. In addition, and by contrast with pre-
vious reviews, our review also includes new observational studies that
use cross-sectional data to document associations between agricultural
practice and nutrition outcomes. These studies do not provide the same
level of causal inference as experimental studies, but they are useful in
generating hypotheses and helping shed light on key design elements
for the success of future NSAP. For both impact evaluations and ob-
servational studies, we review information available regarding path-
ways, mechanisms, and contextual factors that affect where and how
agriculture may improve nutrition outcomes. The paper does not re-
view the literature on the topic of food systems and nutrition, which,
although critically important, is beyond the scope of this more focused
review. Also, the paper addresses issues of maternal and child under-
nutrition but does not cover the emerging nutrition transition and re-
lated problems of overweight, obesity, and noncommunicable diseases.
Other excellent reviews and conceptual papers cover these important
topics (see, for example FAO, 2013; Gillespie and van den Bold, 2017;
Global Panel on Agriculture and Food Systems for Nutrition, 2016;
Goémez et al.,, 2013; IFPRI, 2016; Pinstrup-Andersen, 2011, 2010;
Popkin, 2014). The paper concludes with reflections on implications for
agricultural programs and investments, and suggests priorities for fu-
ture research.

2. Methods

This paper updates key reviews of the nutrition impacts of agri-
cultural programs with new empirical evidence published from 2014
onwards, using the definition from Ruel and Alderman (2013), which
states that programs and interventions are nutrition-sensitive if they (1)
have a clearly stated objective of improving nutrition and (2) in-
corporate specific nutrition interventions to achieve this goal (See Box
1). We started with the Ruel and Alderman (2013) review, which
summarized key findings from reviews of agriculture and nutrition
programs published before 2013 (see online Supplementary material,
web appendices Table 3 (Ruel and Alderman, 2013)) and consulted new
evidence reviews as they became available (DFID, 2014; Domenech,
2015; Fiorella et al., 2016; Pandey et al., 2016; Webb and Kennedy,
2014). These evidence reviews helped formulate the search strategy
and identify the types of agricultural programs to include in the review.
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Table 1

Search topics and terms used in the review of nutrition-sensitive agricultural programs.
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Topic Search terms
Nutrition "nutrition* outcome", "nutrition* status" "diet* diversity"'diet* diversification" micronutrient* anthropom®*
Biofortification biofortif* OR bio-fortif* OR "harvestplus" OR "harvest plus"

Homestead production
Livestock and dairy
Agriculture Extension
Irrigation

Aquaculture

Value chains
Nutrition-sensitive agriculture

"homestead production" "homestead food production" "home garden" "homestead garden" "home gardening"
"livestock* programs" "livestock* production” "livestock* ownership" "dairy* production"'dairy* program"
"agricultur* extension"
Irrigation AND impact
Aquaculture OR fisheries or fishpond

("value chain" OR value-chain) AND (nutrition OR diet)
("nutrition-sensitive" OR "nutrition sensitive") AND agriculture

The programs were classified into the following categories: biofortifi-
cation, homestead food production systems and home gardening,
aquaculture, livestock and dairy programs, agriculture extension, nu-
trition-sensitive value chains, and irrigation studies. All these programs
focused on promoting production diversity and increasing access to
nutritious foods such as biofortified staple crops, nutrient-rich vege-
tables or fruits, and animal source foods. Our search also included all
observational studies published from 2014 onwards that looked at as-
sociations between agriculture production and nutrition outcomes
(with the exception of one study published in 2012 (Bhagowalia et al.,
2012) that we included because it provides unique information on the
linkages between income, agricultural production conditions and nu-
trition outcomes).

Table 1 lists the search terms used to identify articles for the review.
We used a search term for nutrition AND a term for each type of pro-
gram as listed above. The search term “OR” was used for those words
that have multiple stylizations (for example, biofortification OR bio-
fortification). A search was also carried out for the terms “nutrition-
sensitive” AND “agriculture”.

The following databases and online repositories were used for our
search which was carried out in January 2017: Scopus, Web of
Knowledge, PubMed, and IFPRI Ebrary. The search was restricted to
articles published in English since the Ruel and Alderman (2013) re-
view. The number of articles identified in the first stage are reported in
Table 2, by topic and database (duplicates are included).

The total number of articles found in this round of search was 8166
(see Fig. 1). Using a reference management software (EndNote), 1502
duplicates were removed and the remaining 6664 articles were
screened via their titles and abstracts using the inclusion/exclusion
criteria listed in Table 3. This resulted in 38 articles. Using collective
knowledge from the team, and after contacting key agriculture, nutri-
tion, and health experts, we added 12 articles. A total of 50 articles
were screened using the full-text of the article; 6 were removed in this
round of screening because, after reading carefully, we found that they
did not meet the eligibility criteria (for example, they were either de-
scriptive, conceptual or review studies, impact evaluations without a
baseline survey and/or a valid control or comparison group, or feasi-
bility studies); and 44 were included in the review (see Fig. 1). Our
review was limited to peer-reviewed journal articles, published ab-
stracts, and working papers available on line.

Table 2
Number of articles identified, by type of agricultural program and database.

While we followed a systematic search process for this review, the
review is not a systematic review because we did not strictly follow
standard guidelines such as the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) (Moher et al., 2009).

3. Results

Table 4 and 5 present the list and key characteristics of the studies
included in this review, by type of agricultural intervention. The first
set of studies (n=16) includes impact evaluations that used mostly
experimental or quasi-experimental designs to document the impacts of
agricultural interventions on nutrition outcomes and, where available,
information on impact pathways and mechanisms through which im-
pact was achieved (see Table 4 for the main characteristics of studies in
this set). The second set of studies includes 28 papers that aimed to
document associations between different types of agricultural systems
or practices and nutrition outcomes (see Table 5 for the characteristics
of studies in this set). Although we could have included studies covering
agricultural investments in a broader range of activities related to
technological or institutional innovation, either on-farm or postharvest,
or those related to input or output markets, we did not find any eva-
luations of such investments that looked at their impacts on nutrition or
described attempts to make them nutrition-sensitive.

3.1. Evidence from impact evaluations

This section reviews new evidence from impact evaluations focused
on NSAP. Our search identified three papers on biofortification, 8 on
homestead food production and home gardening programs, three on
livestock programs, one on a nutrition-sensitive (dairy) value chain,
and one on an irrigation program. All programs included approaches to
promote production diversity and increase access to— and consumption
of — nutrient-rich foods such as vitamin A-rich orange flesh sweet
potato, fruit and vegetables, eggs, and dairy.

3.1.1. Biofortification

Biofortification, the breeding of staple crops that are richer in es-
sential micronutrients than traditional varieties, has been shown to be a
feasible and cost-effective approach to addressing deficiencies in vi-
tamin A, iron, and zinc (Bouis and Saltzman, 2017).

Data base Types of agricultural programs
Biofortification Homestead Food Production Irrigation  Agricultural Livestock and Aquaculture Value Nutrition-sensitive
System (HFP) extension dairy chain agriculture
Scopus 1624 189 1284 84 678 2437 206 223
Pubmed 216 7 11 21 34 274 13 26
Web of Knowledge 353 27 129 11 101 71 36 47
IFPRI Ebrary” 15 10 5 3 6 2 2 21

@ IFPRI Ebrary is a repository of IFPRI publications.
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Records identified
through database search
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2 Studies included in the
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Fig. 1. Search strategy flow diagram (adapted from Moher et al., 2009).

Evidence of the effectiveness of biofortification has been docu-
mented for orange-fleshed sweet potato (OSP) in Mozambique and
Uganda, showing impacts on vitamin A intake among mothers and
young children in both countries and on child vitamin A status in
Uganda (Hotz et al., 2012a, 2012b). Three new papers on this two-
country study were published since 2014, adding specificity to previous
results. The first paper showed that the magnitude of impacts on chil-
dren's vitamin A intake and dietary diversity increased with the level of
farmers’ participation in the program (de Brauw et al.,, 2015a). A
second paper used causal mediation analysis and showed that maternal
knowledge of the nutrition messages communicated by the program
had a small effect on adoption of biofortified OSP in both Mozambique
and Uganda, and on vitamin A intake in Uganda (de Brauw et al.,
2015b). Additional analyses also documented that the program had

Table 3

Inclusion and exclusion criteria used for review of nutrition-sensitive agriculture programs.

large impacts on reducing the prevalence and duration of diarrhea in
children younger than five years, with reductions of 11.4% points (ppts)
among children younger than five years and 18.9 ppts among children
younger than three years (Jones and de Brauw, 2015). These results
support the well-known role of vitamin A in protecting immunity. Ef-
fectiveness studies of other biofortified crops with other micronutrients
are underway, including iron-biofortified beans in Guatemala, iron-
biofortified pearl millet in India, and zinc-biofortified wheat in Pakistan
(HarvestPlus, 2017).

3.1.2. Homestead food production types of programs

We reviewed 8 papers reporting on findings from impact evalua-
tions of homestead food production programs (See Table 4 for a sum-
mary of the studies). Results from the first cluster-randomized

Criterion Include

Exclude

Publication type
Publication years
Language

Study type

2014-
English
Any quantitative, qualitative, or mixed-methods design

® Biofortification
® Homestead production / home gardening
® [rrigation

Agriculture

® Value chains
® Livestock
® Agricultural extension
Nutrition
birth weight)

® Infant and young child feeding knowledge and practices (breastfeeding; complementary
feeding, including minimum meal frequency, minimum dietary diversity, and minimum

adequate diet)
® Anemia/hemoglobin
® Diet / dietary diversity
® Macronutrient intake (protein, fats, carbohydrates)

Peer reviewed articles, published working papers and abstracts, and online reports

® Anthropometry (WHZ, HAZ, WAZ, stunting, wasting, underweight, MUAC, weight, height,

® Micronutrient intake (vitamin A, iodine, iron, zinc, folic acid)

® Micronutrient status (vitamin A, iron, zinc, folic acid)
Location Low- and middle-income countries

Other

Unpublished abstracts, reports, and briefs

® Literature reviews
® Feasibility studies
® Food systems

® Food safety

® Health outcomes not directly related to nutrition
(such as delivery complications)

® Nutrition information/awareness

® Food security

High-income countries
Animal/plant outcomes

Abbreviations: HAZ = height-for-age z-score; MUAC = mid-upper arm circumference; WAZ = weight-for-age z-score; WHZ = weight-for-height z-score.
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controlled trial (CRCT) that assessed the impact of a carefully designed
enhanced homestead food production (EHFP) program with a strong
gender component on child nutrition outcomes in Burkina Faso were
published in 2015 (Olney et al., 2015). The program was implemented
by Helen Keller International (HKI), a nongovernmental organization
with 25 years of experience designing and implementing homestead
food production programs aimed at improving nutrition outcomes
(Haselow et al., 2016). The EHFP model implemented in Burkina Faso
targeted households with women and children in the first 1000 days of
life (pregnant women and children up to 2 years of age) through in-
tegrated agriculture production interventions with a strong nutrition
and health BCC strategy plus women's empowerment activities, with
the explicit goal of improving children's nutrition outcomes. Im-
plemented in Gourma Province in Burkina Faso, the program worked
with mothers to establish homestead gardens, providing inputs and
trainings in gardening, irrigation, and small livestock rearing. Bene-
ficiary women were also trained in essential nutrition actions focused
on women and young children (including optimal IYCF practices)
through home visits twice a month provided by either an older woman
leader or a health committee member. The evaluation found that,
compared with a control (no intervention) group, the group that re-
ceived the two-year integrated program with BCC delivered by a health
committee member significantly improved in several child outcomes,
including increases in hemoglobin (Hb) (4 0.7 g/dL) and reductions in
anemia (—14.6 ppts) in children 3.0-5.9 months of age at baseline; and
reductions in diarrhea (—16.0 ppts) and wasting (—8.8 ppts, margin-
ally significant [p = 0.8]), but not stunting, among children 3.0-12.9
months at baseline. Positive impacts were also found on several ma-
ternal outcomes, including increased intake of nutritious foods (fruit,
meat, and poultry), greater dietary diversity, improvements in several
dimensions of women's empowerment, and reductions in maternal
underweight (—8.7 ppts) (Olney et al., 2016a). Supporting these po-
sitive maternal and child impacts, the study documented statistically
significant improvements on several outcomes along the impact
pathway, including increases in agricultural production, household
access to and consumption of nutrient-rich foods, and dietary diversity.

The program also increased the value of agricultural assets of
women in intervention compared with control villages (van den Bold
et al., 2015), whereas the value of men's agricultural assets in inter-
vention villages decreased. Although the project had no impact on the
area of land cultivated by either men or women, qualitative work in-
dicated that gender norms became more favorable toward women's
landownership in treatment compared with control areas. In addition to
distributing inputs and providing training to women beneficiaries, the
project negotiated with the community for land on which women could
establish a village model farm. Departing from the practice in past HKI
projects in other countries, where village model farms were often run
by male farmer leaders, this project worked with communal farms run
by women. Some of those who reported changing their opinion about
women's owning land attributed the change to the project and to what
they had observed in the village model farms (van den Bold et al.,
2015).

Preliminary findings from a second phase of the Burkina Faso study
carried out between 2012 and 2014 suggested similar positive impacts
of the EHFP program on child anemia, but larger impacts when a water,
sanitation, and hygiene (WASH) intervention was added to the pro-
gram's package of interventions, and even larger impacts when both
WASH and a small-quantity lipid-based nutrient supplement for young
children were integrated into the program (Olney et al., 2017). These
results confirm that improving nutrition requires more than just in-
creasing household access to food. It requires multisectoral approaches
that simultaneously address the multiple determinants of under-
nutrition, including improving access to health and WASH services and
providing specially formulated nutrient-rich foods or products to fill the
nutrient gap in mothers and children during the first 1000 days.

In Nepal, an evaluation of the same HKI EHFP model with a poultry
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component documented impacts similar to those in Burkina Faso on
child anemia and maternal underweight (Osei et al., 2017). Using a
CRCT with two repeated cross-sectional surveys (baseline and endline),
the study showed impacts on anemia in EHFP program beneficiaries
compared with a control group. The program mitigated the rise in both
maternal and child anemia that was observed in the study areas over
the course of the project (2.5 years). No impacts on child anthro-
pometry were observed, however. Although the age range of children in
the Nepal and Burkina Faso studies was different (and therefore anemia
levels were not entirely comparable), overall, childhood anemia was
much higher (almost universal) in Burkina Faso, with more than 77% of
children 24-40 months of age being anemic at endline, compared with
one-third of children 12-48 months of age in the Nepal sample (31% in
the treatment compared with 42% in the control group) at endline.
Regardless of these differences, EHFP was effective at reducing anemia
in both contexts. Also, as was found in Burkina Faso, the Nepal eva-
luation showed significant impacts on various household and maternal
intermediary outcomes along the hypothesized program impact
pathway, strengthening the plausibility of the results. More specifically,
the EHFP program in Nepal significantly improved household food se-
curity and production of eggs and vegetables; several maternal breast-
feeding, complementary feeding, and hygiene practices; and the use of
preventive health services during pregnancy and the first few years of
the child's life.

Also in Nepal, HKI tested the addition of a micronutrient powder
(MNP) to its EHFP and poultry program using a CRCT with three
comparison groups: (1) EHFP + MNP, (2) EHFP, and (3) control (Osei
et al., 2015). The EHFP platform was used to deliver the MNP (60 sa-
chets containing 10 micronutrients) to children ages 6-9 months at
baseline and 6 months later. Anemia decreased in all three groups (and
Hb increased) over the one-year duration of the project (as expected as
children age), but the change was only marginally larger in the two
EHFP groups combined, and no differences were found between the two
intervention groups (EHFP + MNP compared with EHFP only). As the
authors noted, one of the potential reasons for the lack of statistical
significance between intervention and control groups in spite of the
large anemia reductions achieved (—12 ppts and —9 ppts in EHFP +
MNP and EHFP, respectively) may have been the study's low statistical
power due to its small sample size (about 100 children per group).
Small sample sizes and short study duration may also explain the lack of
impacts on child anthropometry. Overall, however, the experiment
showed that EHFP could be a useful platform to deliver MNP and re-
lated BCC to reduce anemia, given the very high delivery rate (91%)
and compliance (97%) achieved.

A similar homestead food production project implemented by
Concern Worldwide, the RAIN (Realigning Agriculture to Improve
Nutrition) project in Zambia, also targeted children younger than two
years with an integrated package of agriculture, nutrition, and com-
munity-based gender sensitization interventions (Kumar et al., 2017). A
CRCT design was used to compare three groups that received (1)
agriculture, gender, and women's empowerment interventions; (2) the
same package of interventions plus nutrition BCC; and (3) the standard
government services. The agriculture component, which aimed to in-
crease year-round availability of and access to nutrient-rich foods, in-
cluded the same types of inputs as those in the HKI projects (distribu-
tion of seeds, chickens and goats, agricultural tools, and training). In
areas that received a nutrition and health intervention, the project staff
trained existing community health volunteers to lead nutrition BCC
sessions with beneficiary women. In addition, some communitywide
gender sensitization and information activities were undertaken in both
intervention arms. The RAIN project had positive impacts on several
outcomes along the pathways from agriculture to nutrition, including
agricultural production, several aspects of women's empowerment
(social capital, access to and control over assets, and financial and
agricultural decision-making power), and maternal knowledge of
breastfeeding practices and optimal timing of introduction of nutritious
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foods in a child's diet. The project also had a small impact on children's
weight-for-height z-scores (WHZs) and on reducing the prevalence of
infections (cold/cough and diarrhea) in children younger than five
years. The project, however, did not have any impacts on IYCF practices
or on child stunting. The lack of impact on stunting appears to be due,
at least in part, to the strong positive trends in stunting reduction al-
ready occurring in the country, which resulted in all three comparison
groups experiencing dramatic stunting reductions between baseline and
endline (as high as 13-18 ppts, with the largest reductions in the con-
trol group). Positive trends in maternal IYCF knowledge and practices
were also observed in all three groups over the study period, possibly
contributing to reductions in stunting. There was some evidence,
however, that engagement in the project's agriculture intervention
constrained women's time—women in the RAIN areas spent more time
on agricultural work and less time on childcare, domestic activities, and
leisure than women in the control group. Overall, the project benefited
women in some aspects of empowerment and in improving their access
to nutritious foods and their nutrition knowledge, but as cautioned by
many (Johnston et al., 2015), agricultural projects should more ex-
plicitly include measures to protect women's time in order to prevent
unintended negative effects.

A study conducted in Bangladesh examined the impact and cost-
effectiveness of training poor rural women in home gardening and
nutrition (Schreinemachers et al., 2016). The study used a difference-
in-differences estimation approach (comparing changes between base-
line and endline between intervention and control households), but the
intervention was not randomized and no attempts were made to match
the comparison and control groups on key observable characteristics
(weakening the strength of inference that can be derived from the
comparison between groups). The study found that the intervention
was associated with greater vegetable production, diversity, and con-
sumption, and with a higher household supply of micronutrients from
the garden. The estimated average increase in household vegetable
supply was relatively small, however: 31 kg per year (or 16.5g per
capita per day), contributing 8.2% of the recommended daily intake of
vegetables.

A study in Andhra Pradesh, India, also assessed the effects of in-
troducing a homestead garden and backyard poultry intervention
linked to the Integrated Child Development Services (ICDS) program in
eight villages (Murty et al., 2016). The goal was to improve maternal
and child micronutrient intake during pregnancy and the first 24
months of the child's life by increasing access through agricultural
production and using BCC to improve knowledge and practices. The
study assessed program effects using a three-year before-and-after de-
sign without comparison groups and showed positive changes in a
variety of outcomes, including high rates of adoption of a homestead
garden (an increase from 30% at baseline to 70% after three years);
better knowledge, attitudes, and practices regarding food taboos during
pregnancy and IYCF practice; regular preparation and intake of green
leafy vegetables; and increased frequency and quantity of egg con-
sumption. The authors also reported a gradual decline in the percentage
of children 6-24 months of age who suffered from moderate to severe
malnutrition (using weight-for-age information; cut-off not defined),
but these results were generated from the growth charts maintained at
the ICDS centers for all children and therefore changes cannot be at-
tributed to the program.

3.1.3. Livestock-oriented programs

Livestock-oriented programs, many of which involve livestock
transfers, have been implemented primarily as interventions to reduce
poverty and improve livelihoods, and secondarily to increase farm
households’ production and consumption of animal-source foods.
Because of their primary focus on poverty reduction, they traditionally
have not included specific nutrition interventions even though they
may have had nutrition goals, such as increasing consumption of an-
imal-source foods or improving household dietary diversity and, in
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some cases, child nutritional status. Three recent impact evaluations of
Heifer International's livestock transfer programs reported on such
studies (See Table 4 for a summary of the studies).

Miller et al. (2014) conducted a 2-year longitudinal evaluation of a
community development program in 6 communities in the Terai and
hill regions of Nepal, pair-matched and randomly assigned to receive
Heifer community development activities at baseline (intervention) or 1
year later (control) (Miller et al., 2014). The participatory community
development activities included the distribution of livestock and
training to rural women, working through women's groups, with a focus
on income generation, women's empowerment, social mobilization,
group savings and microlending, and enterprise development. A pair of
goats was given to each beneficiary family after 1 year of participation
in the program. Child anthropometric outcomes were assessed at
baseline and every 6 months over the course of the 2-year study, al-
though program activities did not focus specifically on child nutrition
or health. Findings from the 12-month evaluation (prior to livestock
distribution), showed that in the Terai areas, where program im-
plementation was stronger, the intervention group had increased in-
come and ownership of animals and land, improved sanitation prac-
tices, better child anthropometric outcomes (weight and height), and
reduced reported sick days, compared with control. In all districts,
longer participation in Heifer activities was associated with larger im-
provements in child height-for-age z-scores (HAZs).

A follow-up analysis of child dietary diversity using data from the
same study, but with measurements after 2 years of program exposure,
showed that benefits associated with the program differed depending
on agroecological region and season (Darrouzet-Nardi et al., 2016).
Children living in the hills (poorer, but more suitable region for live-
stock production) who had been exposed to the program for 2 years
were 2.20 times more likely to have consumed food from an additional
food group in the day prior to the interview, 1.38 times more likely to
have consumed animal-source foods, and 1.27 times more likely to have
achieved minimum dietary diversity, compared with those who had
been exposed to the program for 1 year. Similarly, greater effects were
achieved during the hungry season compared with the harvest season.
These dose-response effects were not observed in lowland areas (the
Terai, an agroecology more appropriate for crop cultivation) or during
the harvest season. The authors concluded that to deliver expected
impacts, community-level development programs should be carefully
tailored to address the unique contextual and seasonal constraints faced
in the targeted agroecological zones.

The nutrition impacts of dairy cow and meat goat transfer programs
were also assessed in Rwanda (Rawlins et al., 2014). The study was
based on a cross-sectional survey conducted in 2011 in two regions and
relied on Heifer's selection criteria for its livestock recipients to classify
the sample into “beneficiaries” (those who had already received live-
stock), “potentials” (qualified applicants who had not yet received li-
vestock), and “nevers” (applicants who were rejected by program staff).
Regression models and matching methods were used for the analysis,
and although they do not allow us to infer causality, they showed an
association between beneficiary status and milk consumption for cow
beneficiaries and a marginally statistically significant association with
meat consumption for goat beneficiaries. The study documented some
associations with child anthropometry, but these results were only
marginally significant, possibly due in part to small sample sizes.

3.1.4. Nutrition-sensitive value chain interventions

Although several initiatives in recent years have focused on devel-
oping conceptual models, tools, and approaches to making value chains
more nutrition sensitive, only one study so far has published results
from a CRCT impact evaluation. The study, conducted among pastor-
alists in a remote area of northern Senegal, assessed the impact of a
nutrition-sensitive dairy value chain on child nutrition (Le Port et al.,
2017). The purpose of the study was to test whether a dairy value chain
could be leveraged to distribute a micronutrient-fortified yogurt
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produced using the milk supplied by the dairy farmers to improve Hb
and reduce anemia among preschool children from participating dairy
farmer households. The micronutrient-fortified yogurt was produced by
a local dairy firm that established a contractual arrangement with dairy
farmers and used the micronutrient-fortified yogurt as an incentive to
increase milk supply from farmers, especially during the dry season.
Farmers who supplied a predetermined minimum amount of milk 5
days per week were eligible to receive the micronutrient-fortified yo-
gurt and were instructed to give it to their 24- to 59-month-old children
to address the severe problem of anemia in the region. The project
targeted women and therefore distributed the micronutrient-fortified
yogurt at the milk collection points, where women usually took care of
the transactions. The project also included a BCC strategy focused on
the promotion of optimal IYCF practices, including use of micro-
nutrient-fortified foods or products for young children. Compared with
a control group that received only BCC, children exposed to the BCC +
micronutrient-fortified yogurt intervention had statistically sig-
nificantly greater increases in Hb over the 1-year study period
(+0.55 g/dL), with larger impacts in boys (+0.72 g/dL) than in girls
(+0.38 g/dL; not statistically significant). Anemia prevalence was ex-
tremely high in this population (80% at baseline) and dropped to close
to 60% over 1 year, but differences between the groups were not sta-
tistically significant. To our knowledge, the study is the first proof-of-
concept study that has used an experimental evaluation design to
document the effectiveness of a nutrition-sensitive dairy value chain at
improving nutrition among preschool children living in a remote pas-
toralist population. Examples of other ongoing experimental studies
testing the nutrition impact of nutrition-sensitive value chains include a
study of chicken value chains including a nutrition and WASH inter-
vention in Burkina Faso and a study of dairy value chains in Kenya.

3.1.5. Irrigation studies

Irrigation interventions have the potential to impact nutrition and
health through several pathways. A review of the linkages between
irrigation, food security, and nutrition described five pathways (some
positive and other negative) through which irrigation can affect nutri-
tion (Domenech, 2015). The review concludes that, although there is
evidence that irrigation contributes to improving food security, there is
no evidence of impacts on nutrition because of the lack of studies that
have actually sought to document nutrition impacts.

One study examined the impact of solar-powered drip irrigation
using solar market gardens on crop production diversity and dietary
diversity in Benin (Alaofe et al., 2016). The intervention specifically
aimed to enhance food and nutrition security by installing solar market
gardens in two villages, working in conjunction with women's agri-
cultural groups engaged in horticulture. The two treatment villages
were pair-matched with control villages based on location, adminis-
trative status, and size. Women's agricultural groups in control villages
grew vegetables on hand-watered plots, as did those in treatment vil-
lages prior to the solar market gardens intervention. The intervention
led to increases in the variety of fruits and vegetables produced and
consumed between baseline and endline (one year later) in treatment
compared with control villages. The majority of women's group
households receiving solar market gardens also reported using the ad-
ditional income from the sale of produce to purchase food items that
further improved the diversity of family diets, including beans and fish.
The study showed that introduction of the solar-powered drip irrigation
technology could improve diets through direct consumption and in-
creased income. As the authors noted, greater impacts on micronutrient
intakes (a critical nutrition problem in the country) could probably be
achieved by incorporating a BCC intervention into the program or by
coordinating with other approaches to improve micronutrient status.

3.2. Evidence from observational studies

Observational studies have been used extensively to examine
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associations between different agricultural practices and nutrition
outcomes. Such studies do not allow researchers to derive the same
level of causal inference as do well-designed and -implemented ex-
perimental trials, but they are useful in unveiling or confirming lin-
kages and associations between hypothesized drivers and outcomes,
and for generating new hypotheses about potential impact pathways.
For example, early evidence regarding the role of women's empower-
ment in childcare practices and nutrition outcomes was generated from
studies that documented associations between women's social status
and indicators of child feeding and care practices or nutritional status
(for example, Smith et al., 2003). Similarly, the mediating role of wo-
men's empowerment in linkages between agriculture and nutrition was
uncovered mostly by observational studies (Malapit et al., 2015;
Sraboni et al., 2014). For these reasons, we include in this review a
summary of key findings from papers published since 2014 that help
build evidence on the linkages between agriculture and nutrition using
observational (association) studies.

Table 5 presents a summary of the 29 observational studies identi-
fied in the search process. Of these, 2 papers used nationally re-
presentative datasets to examine relationships between agricultural li-
velihoods, diet, and child nutrition; 11 focused on the relationship
between crop production diversity and nutrition outcomes; 10 looked at
livestock keeping, sanitation, and nutrition and health outcomes; and 2
looked at associations between climatic variability and nutrition out-
comes. Finally, 5 studies (including 1 that also contributed to the work
on production diversity) looked at how women's empowerment in
agriculture mediates and in some cases mitigates agriculture-nutrition
linkages.

3.2.1. Income growth, agricultural livelihoods, diets, and child nutrition
outcomes

Two papers looked, respectively, at the contributions of household
income, livelihoods, and sociodemographic factors in explaining child
nutrition outcomes in India (Bhagowalia et al., 2012) and at the drivers
of nutrition changes over time in Ethiopia (Headey, 2014). Both studies
used publicly available, nationally representative datasets and focused
on child anthropometry and dietary diversity as their main outcomes.
In India, income growth alone was only modestly associated with child
anthropometry, whereas stronger associations were found for female
secondary education, access to safe water and sanitation facilities, and
use of antenatal and child preventive health services (Bhagowalia et al.,
2012). The authors concluded that income growth alone would likely
have modest impacts on child nutrition unless accompanied by im-
proved education and access to health services. In contrast, the study in
Ethiopia identified income growth and improved food security as the
main forces driving nutrition change between 2000 and 2011 (Headey,
2014). The contrasting results are likely due to vast structural and
economic differences between India and Ethiopia, but also the nature of
the analyses conducted—in India, the analysis was cross-sectional and
looked at determinants of nutrition at one point in time; in Ethiopia, the
analysis was prospective and modeled drivers of changes in nutrition
outcomes over time. Relative to dietary diversity, both studies identi-
fied agriculture as playing an important role. In India, the authors
identified irrigation, crop diversification, and livestock ownership as
possible entry points for diversifying household diets; in Ethiopia, cow
ownership, along with several other factors including household assets,
parental education, antenatal care exposure, and maternal age were
correlated with children's dietary diversity. Although the dietary di-
versity measures differed, these studies came to similar conclusions
regarding the role of livestock ownership and agricultural production
conditions as correlates of dietary diversity. They also both made the
point that income growth or agriculture alone is not sufficient to im-
prove dietary diversity or child anthropometry.
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3.2.2. Crop production diversity, market access, dietary diversity, and child
nutrition outcomes

The number of papers published on the topic of production diversity
(n=11) since 2014 illustrates increased interest in exploring whether
production diversity (defined in different ways) is indeed an important
driver of better diets and nutrition (See Table 5 for summary of studies).
Several of the studies explicitly considered the role of markets in the
linkages between production and consumption diversity, whether using
a measure of the distance to markets or of the degree of commerciali-
zation. The key findings of this body of research are that there is gen-
erally a positive association between crop production diversity (or crop
species richness, as in Jones, 2017) and dietary diversity, but that the
extent to which on-farm production diversity matters differs according
to context and is more important in more physically isolated locations
(Jones, 2014) or those with imperfect market infrastructure (Zambia in
Kumar et al., 2015; and Nepal in Shively and Sununtnasuk, 2015),
compared with those located closer to well-functioning markets. In-
deed, studies from settings as diverse as Ethiopia (Hirvonen and
Hoddinott, 2014; Sibhatu et al., 2015); Indonesia, Kenya, and Malawi
(Sibhatu et al., 2015); and Nepal (Malapit et al., 2015) have suggested a
positive association of farm production with dietary diversity in some,
but not all, contexts. In contexts where farm production diversity is
already high, the dietary diversity relationship may not be significant or
may even turn negative, owing to the forgone income resulting from
farm diversification beyond optimal levels (Sibhatu et al., 2015).

Market access, typically measured as distance to the nearest market
and availability of off-farm income sources, comes up in many studies
as a key factor that modifies the relationship between production and
dietary diversity. In Ethiopia (Abay and Hirvonen, 2016; Hirvonen and
Hoddinott, 2014) and Malawi (Koppmair et al., 2017), for example,
market access was found to mitigate the potentially negative effect of
low crop production diversity on dietary diversity. In Malawi, access to
markets for buying food and chemical fertilizers and selling produce
was found to be more important for dietary diversity than diversity in
farm production (Koppmair et al., 2017). Similarly, a pooled analysis of
data from Ethiopia, Malawi, Kenya, and Indonesia showed that market
access had stronger effects on dietary diversity than did production
diversity (Sibhatu et al., 2015). The study documented that reducing
distance to market by 10 km had the same effect as increasing farm
productivity by 1 additional crop or livestock species; producing 1
added crop, on the other hand, resulted in a small 0.9% increase in the
number of food groups consumed, although effect sizes varied by
country. Overall, market participation in the four countries studied had
a greater effect than production diversity, and it reduced the role of
production diversity on dietary diversity (Sibhatu et al., 2015). Wo-
men's empowerment was also identified as an effect modifier of the
association between production and consumption diversity in Nepal
(Malapit et al., 2015). In that study, higher women's empowerment
helped mitigate the negative effects of low production diversity on
maternal and child dietary diversity. Similarly, in Malawi, the asso-
ciation between production diversity and household dietary diversity
was modified by gender, wealth, control of household decisions, market
access, and the specific nature of farm diversity (Jones et al., 2014).

Although the relationship between crop diversity and dietary
quality appears robust, linkages between crop diversity and nutritional
status are generally weaker, and some studies have found that it varies
by child age. In Zambia, Kumar et al. (2015) found strong associations
between production diversity and dietary diversity among younger
children, ages 6-23 months, but significant associations between pro-
duction diversity and HAZs and stunting only among older children,
ages 24-59 months. This finding is not entirely surprising, given that
stunting is a cumulative process that reflects chronic undernutrition
over time. A lagged effect between improvements in dietary diversity
(say, when children are 6-23 months of age) and their effect on chil-
dren's linear growth (detectable at an older age) is entirely plausible. In
Ethiopia, Abay and Hirvonen (2016) found that children living closer to
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markets had more diverse diets and higher mean WHZs and weight-for-
age z-scores (WAZs). They also showed, however, that market access
did not mitigate seasonal fluctuations in children's weights. In Nepal,
Shively and Sununtnasuk (2015) found higher shares of roots and
production of animal products, as well as increased market orientation,
to be associated with reductions in the probability of stunting and
improvement in HAZ.

Commercialization is different from market access and is usually
measured using the proportion of crop production that is sold (although
some studies use a binary dummy variable for whether any part of the
produce is sold). A three-country analysis of nationally representative
panel surveys from Malawi, Tanzania, and Uganda found little evidence
of a relationship between increased commercialization and child nu-
tritional status (Carletto et al., 2017). In fact, the study found a weak
negative relationship between nutrition indicators and women's share
of the portion of household output that is sold, possibly indicating ne-
gative effects of greater female market participation on time allocated
to childcare and domestic responsibilities.

3.2.3. Livestock, animal-source food consumption, and nutrition and health
outcomes

Livestock ownership provides households with a rich source of high-
quality protein and bioavailable micronutrients, a potential source of
income (through sales of livestock products), and productive assets.
Since 2014, 10 published papers have examined livestock production-
consumption (and in some cases, nutrition) linkages, of which 4 spe-
cifically focused on dairy cows and milk consumption, and 3 on the
potential health and sanitation implications of exposure to livestock
feces (2 papers) and diseases (1 paper) (See Table 5 for summary of
studies).

Milk has long been recognized as an important food for young
children, especially for its stimulating effect on linear growth (De Beer,
2012), thought to be due to its rich content of high-quality proteins,
minerals, and insulin-like growth factor-I (Mglgaard et al., 2011). Four
of the studies reviewed focused on dairy cows and confirmed dairy
production's association with increased milk consumption and lower
prevalence of childhood stunting (or higher HAZs) in Ethiopia
(Hoddinott et al., 2015), Uganda (Kabunga, 2014), Tanzania (where
milk consumption was also associated with higher WAZs and WHZs)
(Kidoido and Korir, 2015), and Nepal (Bageant et al., 2016). The
magnitude of these associations varied by context; in Ethiopia, the as-
sociation between cow ownership and linear growth was found only
among households that had limited access to markets (Hoddinott et al.,
2015); in Uganda, it was found only among households with large farms
(Kabunga, 2014); and in Tanzania, it held only among poorer house-
holds (Kidoido and Korir, 2015). In Nepal, the association was affected
by conflict, with reductions in milk consumption during conflict felt
more strongly among households with fewer cattle (Bageant et al.,
2016).

A three-country analysis of Demographic and Health Survey (DHS)
data looked at the association between livestock ownership and
stunting, but without documenting the potential intermediary effect of
livestock on milk consumption. The results showed that a tenfold in-
crease in livestock ownership was associated with a small reduction in
the prevalence of child stunting in Ethiopia and Uganda, but not in
Kenya (Mosites et al., 2015). The authors attributed the relatively small
effect to the complex relationships between livestock ownership and the
potential health risks associated with increased exposure to animal
feces, as well as livestock health and productivity constraints. A study
in Afghanistan documented an association between sheep ownership,
mutton consumption, and decreased anemia among women of re-
productive age, with the authors noting that the results were driven by
own-consumption in a situation with imperfect market access (Flores-
Martinez et al., 2016). A study of pastoralist households in Kenya
(lannotti and Lesorogol, 2014) found cattle and chicken ownership to
be a positive determinant of dietary diversity, and livestock ownership
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in general a predictor of the adequacy of key vitamins and minerals
including vitamin A, vitamin B;,, and zinc.

Benefits from owning livestock must be weighed against the pos-
sibly negative effects animals may have on human health. Recent stu-
dies have looked at livestock ownership and child nutrition and health
outcomes taking into consideration the risk of increased exposure to
animal feces. Headey and Hirvonen (2016) found that although poultry
ownership was positively associated with child HAZs in Ethiopia, the
practice of corralling poultry (but not other livestock species) in the
household dwelling overnight was negatively associated with HAZs,
probably because it increased children's exposure to chicken feces
(Headey and Hirvonen, 2016). An analysis of data from Bangladesh,
Ethiopia, and Viet Nam also found the presence of animal feces in the
compound to be significantly and negatively correlated with child HAZs
in Bangladesh and Ethiopia, but not in Viet Nam, where baseline nu-
tritional status was better and handwashing with soap was commonly
practiced (Headey et al., 2016). Mosites et al. (2016), tracking a cohort
of young children in western Kenya, found no association between li-
vestock ownership and child growth, and attributed this finding to the
potentially high disease burden among children in these households
(Mosites et al., 2016). Whether this burden is due to actual transmission
of disease between livestock and humans or because livestock diseases
result in lower household wealth cannot be convincingly disentangled
in this study.

3.2.4. Environmental and climatic factors affecting agriculture and child
nutrition outcomes

Two studies examined the influence of environmental and climatic
factors affecting agriculture and child nutrition (See Table 5 for sum-
mary of studies). Shively et al. (2015) estimated the probability that a
child was stunted or wasted using data from the 2011 Nepal DHS as a
function of the Normalized Digitized Vegetation Index (NDVI), a proxy
for growing conditions and food supply, as well as geographic in-
dicators to control for topographic and climate variation and house-
hold, mother, and child characteristics (Shively et al., 2015). They
found stunting and wasting to be correlated with fluctuations in en-
vironmental conditions, with HAZ effects less strong in the Terai,
however, owing to better agricultural, market, and health infrastructure
than in the hills and mountains. Interestingly, positive deviations from
the NDVI when the child was in utero or during the first year of life
were associated with a higher probability of stunting, possibly owing to
higher agricultural workloads for women in years of higher agricultural
output. In contrast, positive deviations in the NDVI in the same period
of the child's life were associated with a lower probability of wasting,
suggesting that better growing conditions were associated with better
access to food in the short term, which in turn helped prevent or reduce
wasting.

Also in Nepal, Mulmi et al. (2016) correlated data on child an-
thropometry from the 2006 and 2011 Nepal DHS with satellite ob-
servations of variations in the NDVI (Mulmi et al., 2016). They found
that boys were more vulnerable to variations in the NDVI during their
second trimester of gestation and girls in their first three months after
birth. Both kinds of vulnerability were eliminated in households with
toilets and greatly reduced in districts that had more active food mar-
kets, consistent with the studies on market access. In other words, the
authors found that climate affected child growth only in districts where
households’ food consumption was primarily from own-production.

3.2.5. Women's empowerment in agriculture and diet and nutrition
outcomes

The recent availability of a standardized measure of women's em-
powerment in agriculture, the Women's Empowerment in Agriculture
Index (WEAI) (Alkire et al., 2013), has greatly increased the use of
women's empowerment measures in surveys and in the analytical work
looking at the mediating or mitigating role of women's empowerment in
agriculture for nutrition outcomes at the household and individual
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levels. Four studies on this topic were published since 2014 (See Table 5
for summary of studies).

Sraboni et al. (2014), using nationally representative data from
Bangladesh, found increases in women's empowerment in agriculture to
be positively associated with energy availability and dietary diversity at
the household level. In Nepal, a study found that women's overall
empowerment in agriculture and in 3 specific domains of empow-
erment—satisfaction with leisure time, access to and decisions re-
garding credit, and autonomy in production—was positively associated
with length-for-age z-scores among children less than 2 years of age
(Cunningham et al., 2015). Using a different sample that included all
children 0-5 years of age and only women who participated in agri-
culture, Malapit et al. (2015) found that the domains of women's em-
powerment in agriculture associated with maternal versus child nutri-
tion outcomes did not always overlap. In their sample from Nepal,
overall empowerment, women's group membership, control over in-
come, and reduced workload were positively associated with greater
maternal dietary diversity and body mass index (BMI), whereas control
over income was associated with higher child HAZs, and a lower gender
parity gap was associated with both higher HAZs and greater dietary
diversity in children younger than 5 (Malapit et al., 2015).

Associations between nutrition and women's empowerment in
agriculture also vary across cultures due to the context specificity of
gender norms and differences in levels of empowerment, both overall
and by domain. In northern Ghana, women's empowerment was found
to be strongly associated with the quality of IYCF practices but only
weakly associated with child nutritional status, and associations of
empowerment indicators with child outcomes varied by the sex of the
child. Similar to the findings in Nepal, domains of empowerment that
were associated with women's nutrition outcomes were different from
those associated with children's diet and nutrition outcomes (Malapit
and Quisumbing, 2015).

Agriculture may also affect nutrition through changes in women's
time allocation. Several studies in our review highlighted that agri-
cultural programs and interventions put constraints on women's time,
which in turn may have negative consequences on nutrition and health
by reducing time for childcare, healthcare seeking, food preparation,
and leisure (Carletto et al., 2017; Cunningham et al., 2015; Jones et al.,
2012; Kumar et al., 2017; Shively and Sununtnasuk, 2015).

4. Discussion

Our review of recent evidence on NSAP unveiled a rich set of studies
published over a short three-year time span (since 2014). The body of
evidence on how agriculture can contribute to nutrition has rapidly
expanded, with the publication of 16 peer-reviewed papers analyzing
impact evaluations of different types of NSAP, livestock, value chain,
and irrigation programs, and 28 papers using survey data to explore the
linkages between agriculture, women's empowerment, diets, and nu-
trition. We focus our discussion on what we have learned from this new
body of evidence, the remaining research gaps in knowledge, and
priorities for research.

4.1. What have we learned?

4.1.1. Impact evaluation studies

The most consistent finding from our review of NSAP, in which all
programs aimed to increase household access to nutrient-rich foods, is
their impact on household and child dietary diversity (where studied)
and on the consumption of animal-source foods or fruits and vegetables
(when targeted). Impacts on micronutrient intakes were also found in
studies that measured dietary intake though a 24-h recall (de Brauw
et al., 2015b). These results were achieved in diverse settings and
through a variety of program models including biofortified vitamin
A-rich OSP, gender-sensitive EHFP, livestock and dairy value chain
programs, and a fruit and vegetable solar market gardens irrigation
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program. Overall, these programs were highly successful at meeting
their production and consumption goals and, more specifically, at
achieving their main objective of improving household and individual
access to nutrient-rich foods.

The studies reviewed in this paper also generated evidence of the
impacts of EHFP (with chickens) on child Hb and anemia in Burkina
Faso (Olney et al., 2015) and Nepal (Osei et al., 2017), where it was
assessed. These studies add to previous evidence of impacts on micro-
nutrient status (vitamin A) provided by the evaluation of biofortified
vitamin A-rich OSP in Uganda (Hotz et al., 2012b). The studies that
used an EHFP or a dairy value chain platform to distribute micro-
nutrient-fortified sprinkles or yogurt targeted to young children also
documented impacts on anemia (Osei et al., 2015) and Hb (Le Port
et al., 2017), concluding that agricultural programs could be effective
platforms to deliver micronutrient-fortified products targeted to young
children. Of the six studies that measured child anthropometry, how-
ever, none found an impact on stunting (with the exception of a live-
stock study that found impacts in one of the two geographic areas
studied (Miller et al., 2014)) and impacts on WHZ or wasting were
small or only marginally significant (Olney et al., 2015; Kumar et al.,
2017; Miller et al., 2014 in one region only; Rawlins et al., 2014). Three
studies documented reductions in diarrhea prevalence or days sick in
young children (Jones and de Brauw, 2015; Olney et al., 2015; Miller
et al., 2014), and two showed reductions in the prevalence of maternal
anemia and underweight (Olney et al., 2016a; Osei et al., 2017).

Overall, the studies published since 2014 have expanded the
breadth of agricultural programs studied (from traditional home gar-
dens to EHFP systems with small animals, livestock programs, dairy
value chains, and irrigation) and the set of nutrition outcomes mea-
sured in children (from anthropometry and diets to micronutrient status
and morbidity). New studies also started to document some of the un-
tapped potential of agriculture to improve women's nutritional status,
especially in countries such as Burkina Faso, Nepal, and Zambia, where
maternal undernutrition is a critical nutrition problem. The studies also
used more consistent indicators of household, women's, or children's
dietary diversity, allowing for comparability across contexts. The range
of effects on production and consumption varied between studies, but
in general, impacts on maternal and child dietary diversity, food intake,
micronutrient status, and weight-specific nutritional status indicators
were modest. For stunting, the lack of impacts may be explained at least
in part by the relatively short duration of most programs (1.0-2.5 years)
and the wide age range targeted by many, often well beyond the first 2
years of life, when the greatest benefits on child growth from nutrition
interventions can be expected (Black et al., 2013; Leroy et al., 2016). As
documented before, studies also may have been underpowered to detect
effects on stunting (Herforth and Ballard, 2016). Finally, several new
studies specifically documented impacts along the project-specific hy-
pothesized pathways, strengthening the plausibility of impacts on ma-
ternal and child diets and nutritional status outcomes. For example,
results from the evaluation of EHFP in Burkina Faso and Zambia
showed impacts on specific dimensions of women's empowerment such
as social capital, ownership of and control over assets, and decision
making in selected domains, and a number of studies documented im-
pacts on maternal IYCF knowledge, practices, or both (Kumar et al.,
2017; Miller et al., 2014; Murty et al., 2016; van den Bold et al., 2015).
These findings confirm the hypothesized mediating (and in some case
modifying) role of women's empowerment and improved knowledge
and practices in fostering nutrition impacts from agriculture (SPRING,
2014).

Our review also found marked improvements in recent studies both
in program design and in the quality and rigor of impact evaluations. In
contrast with the studies included in previous reviews, most of the
agriculture and nutrition programs reviewed here were truly nutrition
sensitive (except for some of the livestock studies and the irrigation
study) in that they had both explicit nutrition goals and carefully de-
signed nutrition interventions. Nutrition, health, and hygiene BCC were
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the most common nutrition-related interventions provided, but a few
studies also delivered micronutrient-fortified products, recognizing that
in some contexts, increasing household access to nutritious foods may
not be sufficient to meet the high micronutrient requirements of chil-
dren in their first two years of life. Several of the programs also had a
strong focus on gender equity and women's empowerment, which in-
cluded not only targeting women but also engaging women, men, and
communities through trainings and social mobilization and carefully
designed promotional activities. The purpose of these gender-focused
activities was not only to improve the quality and productivity of wo-
men's lives but also to ensure that resources would be used more effi-
ciently to support children's nutrition, health, and well-being. Only two
studies specifically documented impacts on women's empowerment
outcomes, however.

In addition to having improved program designs, the new studies
have tended to pay more attention than before to implementation
quality, and a few of them documented working with researchers to
design a program impact pathway framework (Rawat et al., 2013) and
to measure, through process evaluations, implementation fidelity,
quality of service delivery, use of the program, and the perceptions of
program implementers and users (Olney et al., 2015, 2016a, 2016b;
Osei et al., 2017). Finally, the quality of impact evaluation designs and
analyses also improved in the newly published studies, with some using
CRCTs or quasi-experimental approaches. More studies than before
used baseline and endline surveys and valid comparison groups
(through either randomization or matching) to document impacts, al-
though weaknesses remained in some studies, including the lack of a
valid control group or of baseline information.

In sum, the set of studies reviewed in this paper generally had
stronger and more nutrition-sensitive program designs, clearer and
better-tailored target groups for the nutrition objectives they had set,
more rigorous evaluation designs and better-defined sample size cal-
culations, more appropriate data analysis approaches (for example, use
of double differences, control for potentially confounding factors, and
so on), and more standardized nutrition outcomes. Some evaluations
also included careful analysis of hypothesized program impact path-
ways. Additionally, most new programs evaluated were genuinely de-
signed to be nutrition sensitive, and in several cases also gender sen-
sitive. The emerging evidence from these higher-quality nutrition- and
gender-sensitive program designs, which pay careful attention to both
implementation quality and pathways of impact, and use careful and
rigorous evaluation methods, is generally positive, although effect sizes
are modest for maternal and child diet and weight-specific anthropo-
metric indicators and, so far, no impacts have been documented on
stunting.

4.2. Observational studies

An exceptionally large number of observational studies on the lin-
kages between agriculture and nutrition have been published in the
past three years, many focusing on the importance of production di-
versity for household, maternal, and child diets. The main takeaway
from this literature is that production diversity and livestock ownership
are consistently associated with household and dietary diversity and,
when measured, with increased intake of essential micronutrients.
Livestock ownership is also specifically associated with greater animal-
source food intake (especially milk in young children). Evidence of
associations with health and nutritional status outcomes is still limited,
but milk intake (in households that own livestock) is positively asso-
ciated with child linear growth, confirming the well-documented con-
tribution of milk to linear growth (De Beer, 2012). A second key ta-
keaway from this literature is that although production-consumption
diversity linkages were found in all studies, the associations were
modified by contextual factors, the most important one being market
access. Indeed, studies that included some measure of market access
highlighted its strong role as an effect modifier of the association
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between production diversity or livestock ownership and household or
child dietary diversity, and in some cases between production diversity
or livestock ownership and child nutritional status (Hoddinott et al.,
2015; Mulmi et al., 2016). Other contextual, socioeconomic, and food
environment factors were also identified as important effect modifiers
of the associations between production, consumption, and nutritional
status.

As found for the evaluation literature, the quality of the observa-
tional studies varied but was generally better than that of earlier stu-
dies, with greater attention paid to using appropriate statistical mod-
eling tools, controlling for potentially confounding factors, using
robustness checks as needed, and focusing on appropriate age groups
for nutritional status indicators. The choice of indicators of consump-
tion diversity and child nutritional status was generally consistent, but
significant variation arose in the selection of production diversity and
market access indicators, making comparison between studies difficult.

With the availability of a new indicator to measure women's em-
powerment in agriculture (the WEAI), overall and for different di-
mensions of empowerment, some of the new studies confirmed the
hypothesized association between women's empowerment, food se-
curity, and women's and children's nutrition outcomes, including child
HAZs. The studies also revealed complex relationships between dif-
ferent domains of women's empowerment and how they affect women's
and children's (and boys’ and girls’) outcomes differently, as well as the
context sensitivity of these relationships.

Overall, the main conclusions from the association literature are
that production diversity or livestock ownership is important to con-
sumption diversity and possibly nutritional status, but mostly for
households that live in remote areas and have limited access to markets,
which usually are the poorest of the poor. Women's empowerment is
also an important mediator and in some cases an effect modifier of
these relationships. The main implications of these findings are that
increasing production diversity should not be considered a main goal in
itself in all contexts (Sibhatu et al., 2015) and that market interventions
should be leveraged and combined with women's empowerment and
BCC interventions to further improve availability of, access to, afford-
ability of, and demand for nutritious foods.

4.3. What are the remaining gaps in knowledge and priorities for research?

Although encouraging progress has been achieved in documenting
agriculture, gender, and nutrition linkages in the context of community-
based programs and through analyses of existing data, much remains to
be learned about what, how, and at what cost agriculture can con-
tribute to improving nutrition. Evidence will continue to grow over the
next 5-10 years, with innovative ongoing studies on nutrition-sensitive
value chains (for example, value chains for biofortified staple crops,
dairy products, and chickens); experimentation with new platforms
such as livelihoods-focused self-help groups, government extension
services, and agriculture-targeted financial services for women in South
Asia; and research that incorporates targeted WASH interventions to
address the potential harm of homestead agriculture involving small
animal rearing (Gelli et al., 2017), to name a few (note that the studies
listed are only illustrative and by no means an inventory of all on-going
studies on the topic). The Innovative Methods and Metrics for Agri-
culture and Nutrition Actions (IMMANA) portfolio of research on
agriculture, nutrition, and health metrics should also generate a set of
innovative tools, methods, and indicators for analyzing multisectoral
programs and standardizing approaches and measurement in this area.
Large knowledge gaps remain, however, on the potential nutrition
contributions of traditional community-level agricultural programs and
value chains such as those included in the present review, but also on
the more holistic national and global agriculture and food systems and
their effects on all forms of malnutrition. We focus our discussion on
research gaps mostly regarding the former and refer the reader to other
recent reviews on agriculture and food systems for the latter (Gillespie
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and van den Bold, 2017; Global Panel on Agriculture and Food Systems
for Nutrition, 2016; Pingali and Sunder, 2017).

To further enhance our understanding of the value and contribution
of household- and community-focused agricultural programs to wo-
men's empowerment and to maternal, adolescent, and child nutrition,
we provide examples of some key research gaps that need to be filled in
the short to medium term:

e Long-term impacts and sustainability: Given the impacts of nu-
trition- and gender-sensitive agricultural programs on several out-
comes along the impact pathways, and especially impacts on wo-
men's empowerment, knowledge, and practices, we can assume that
these programs could have long-lasting impacts on women's social,
health, and nutritional status, which in turn could have impacts on
their families and future children. So far, no information exists on
the long-term impacts—or the sustainability of any impacts—of
nutrition- and gender-sensitive programs, nor on the sustainability
beyond these programs’ specific funding cycles of the practices
adopted or assets built by participants. A preliminary analysis of the
Burkina Faso EHFP suggested some spillover effects of the program
on maternal and child weight indicators, but no sustained impacts
on household assets, livestock ownership, food security, or dietary
diversity (Bliznashka et al., 2016). Research on the long-term im-
pacts and sustainability of nutrition- and gender-sensitive agri-
cultural programs should be prioritized.

Scaling up and operating at scale: The types of NSAP reviewed
were implemented at a relatively small scale and often for short
periods of time delineated by funding cycles. None of the programs
included in this review were implemented at scale, and data, in-
formation, and evidence from efforts to scale up NSAP are extremely
slim (Gillespie et al., 2015; Linn, 2012). Research is needed on how
and where to scale up or implement NSAP programs, the key factors
for success, and the cost of scaling up and achieving impacts at scale.
Research should also characterize how agricultural development
programs can fit within—and complement—the scale-up of larger
agricultural and food systems investments.

Cost and cost-effectiveness: The complexity of collecting and in-
terpreting cost data for multisectoral programs has prevented many
researchers from doing so. Moreover, cost-effectiveness assessments,
which focus on one outcome (for example, stunting), cannot capture
the multiple benefits of programs that generate impacts on a series
of outcomes (for example, women's empowerment, knowledge,
diets, nutritional status) (Bill & Melinda Gates Foundation and DFID
UK Department for International Development, 2017). Cost-effec-
tiveness assessments of such programs also cannot factor in the
benefits the programs may have on several of the underlying de-
terminants of stunting, which in turn may have long-term cumula-
tive impacts on either the targeted children, their younger siblings,
or the next generation. Cross-disciplinary research is urgently
needed to develop methodologies to assess cost-effectiveness for
programs that are designed to have impacts on a suite of outcomes.
Which target groups, which nutrition outcomes? With the recent
focus on the first 1000 days and the call for action on reducing
stunting, many agricultural development programs switched from
an earlier focus on improving household production, food security,
and dietary quality to a goal of reducing childhood stunting. As a
result, several programs shifted their targeting mechanism from the
community level (based on poverty and food insecurity) to poor
households with pregnant women and children in their first 1000
days. This shift was appropriate if the main nutrition goal of the
program was to reduce stunting, but current evidence suggests that
agriculture may in fact be more beneficial for improving household
access to nutritious food and diverse diets than for reducing
stunting, and for household members other than young children,
who have particularly high nutrient needs. Research should there-
fore continue to assess which nutrition indicators (for example, diets
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or micronutrient intake and status) are most likely to respond to
agriculture interventions, and which household members are most
likely to benefit. So far, the few studies that have assessed impacts
on women's nutritional status have found significant impacts on
diets, weight and BMI, and micronutrient status. It is likely that
other household members, including adolescent boys and girls, who
are also nutritionally vulnerable, may benefit more from agriculture
interventions than young children. Research should therefore be
undertaken to redefine which nutrition outcomes and which age
groups agriculture should aim to support in different contexts.
Research should also focus on improving the quality of, while also
simplifying, data collection and processing for dietary assessment in
different population groups.

Using agriculture programs as delivery platforms for tailored
nutrition interventions: An alternative to completely reverting the
targeting of community-level agricultural programs to households
based on poverty and food insecurity would be to develop and adopt
different models, based on household demographic characteristics
or other factors. There could, for example, be a model specifically
designed to meet the needs of households with pregnant women and
children in their first 1000 days. Similarly, some models could be
tailored to address the needs of adolescent boys and girls or the
elderly, or could explore targeting some resources (including BCC)
to specific individuals within the household and others to the
household as a whole. Such a strategy would require careful tar-
geting, monitoring, and community tracking to identify households
with the preestablished eligibility criteria for the specialized inter-
vention packages and may therefore be operationally too complex,
at least in most contexts. Research could assess the operational
feasibility and effectiveness of some variations of these approaches.
Different implementation modalities could also be assessed, in-
cluding comparing existing government delivery systems; non-
governmental organizations; and innovative approaches that link
government, private, and nongovernmental organization delivery
systems.

BCC in the context of agricultural programs: Effective nutrition,
health, and hygiene BCC requires carefully designed, locally adapted
materials and tools, and well-trained and dedicated staff to deliver
it. It is generally resource intensive and requires time and active
engagement from both staff and beneficiaries. In the area of
breastfeeding, for example, evidence shows that more intensive and
better-targeted BCC and the use of multiple approaches including
combinations of home visits, community-based or service-based
sessions, and mass media tend to deliver greater impacts on
knowledge and practices than single approaches (Nguyen et al.,
2016; Rollins et al., 2016; Sinha et al., 2015). Process evaluations of
agricultural programs have identified BCC as a common bottleneck
in implementation (Olney et al., 2016b, 2009), and although most
programs have shown some impacts on knowledge and practices,
there is room for much more improvement than what is usually
achieved. Research is needed to identify best practices in designing
and implementing effective yet affordable BCC strategies in the
context of agricultural programs and how to make them attractive
and useful for beneficiaries without adding too much burden on
their time. BCC topics also need to be broadened, from the tradi-
tional focus on optimal IYCF practices to the promotion of healthy
and nutritious diets, meal planning and budgeting, and hygiene, and
health service utilization for all household members. Achieving
greater operational efficacy, impact, and cost-effectiveness from
BCC strategies is not specific to agriculture, so research in this area
should join broader efforts to strengthen BCC in all aspects of de-
velopment and food systems improvement.

Dimensions of women's empowerment that affect maternal and
child nutrition: Although there is some evidence that women's
empowerment positively affects maternal and child nutrition, a lack
of clarity remains on which specific dimensions of empowerment
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affect which nutrition outcomes. Existing research using the WEAI
suggests that different aspects of empowerment matter for different
outcomes, and that these also differ according to social and cultural
context. One criticism of the WEAI is that its focus on agriculture
may miss out on other aspects of empowerment that may be more
directly related to nutrition, such as control of nonagricultural in-
come or decision making on nutrition and health inputs. The
Gender, Agriculture, and Assets Project, Phase 2, is developing a
measure of women's empowerment that agriculture projects can use
to track project impact, with specific attention to which dimensions
of empowerment matter for nutrition. An on-going research project
under IMMANA is also developing a Women's Empowerment in
Nutrition Index. Research will be needed to test the tools in different
contexts and generate evidence on which dimensions of women's
empowerment need to be strengthened to improve maternal and
child nutrition.

Context, food environment, and gender roles: Another takeaway
from the review is the importance of broad contextual and food
environment factors that shape the agriculture and nutrition equa-
tion. There are useful frameworks to characterize—and indicators to
measure—food environments (Global Panel on Agriculture and Food
Systems for Nutrition, 2016; National Cancer Institute, 2017), and
researchers need to use them and if possible create typologies of
food environment contexts that would require or could accom-
modate different types of nutrition-sensitive agricultural interven-
tions. Similarly, gender roles are culture and context specific,
making it difficult to generalize the possible impacts of women's
empowerment interventions, because they will vary depending on
existing gender norms. As more evidence is accumulated from
evaluations in different contexts, it may be possible to create
typologies of how gender roles interact with nutrition-sensitive
agricultural interventions.

The role of markets and nutrition-sensitive market interven-
tions: The association literature showed the consistent and large
modifying effect of market access on agriculture's impact on nutri-
tion outcomes, especially access to and consumption of diverse
diets. This finding has clear implications for continued work on
market development, which in and of itself would likely improve
diets among poor households living in remote areas. Another im-
plication is that markets could be leveraged to become more nutri-
tion sensitive and provide a source of information about nutrient-
rich foods, healthy diets, and meal planning, further impacting diets
and nutrition. This approach, which has been used at a small scale
for traditional value chains (Hawkes and Ruel, 2011), would need to
identify and involve all market actors and institutions to work to-
ward the common goal of improving access to, affordability of, in-
formation about, and demand for nutritious and diverse diets. More
research on how different types of markets can support improve-
ments in diets and nutrition is needed. Research is also needed to
test effective interventions to support increased production diversity
and nutrition knowledge (through targeted BCC) in communities
where access to markets continues to be limited.

Unintended negative impacts of agriculture programs on nu-
trition: The two main types of potentially negative consequences of
agriculture documented in the set of studies reviewed include im-
pacts on women's time for child feeding and care, and the health and
nutrition risks associated with exposure to livestock and chicken
feces, especially for young children. More research is needed to
document the importance, nature, and consequences of these risks,
and to design and test effective measures to mitigate them. The
development of time- and labor-saving tools and machinery to re-
duce drudgery, particularly for women, has been proposed to ad-
dress constraints on women's time, but research is needed to assess
the extent to which such tools actually benefit women, rather than
deprive them of income-earning opportunities in situations in which
they are unable to control the use of these tools (Johnson et al.,
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2016). A systematic review of time use in agriculture and nutrition
concludes that existing studies do not provide clear-cut evidence on
the nutrition implications of agricultural interventions, even when
these interventions increase time spent in agriculture, because
households tend to use adaptive measures to adjust for changes in
time allocation (Johnston et al., 2015). These findings are en-
couraging, but more solid evidence from different contexts is needed
to rule out the potentially negative consequences of women's time in
agriculture on child care and nutrition.

5. Program and policy recommendations

New evidence from rigorous impact evaluations confirms that NSAP
improve a variety of nutrition outcomes in both mothers and children,
especially when these programs include nutrition and health BCC and
carefully designed interventions to empower women. Greater benefits
for child nutrition outcomes (for example, dietary diversity, nutrient
intakes, Hb/anemia, diarrhea, and WHZs) are achieved when programs
also incorporate actions to improve health and WASH practices and to
provide specially formulated fortified products to address children's
high nutrient requirements in areas where access to nutrient-rich foods
is limited. Impacts on stunting, however, is still very limited, in spite of
renewed efforts to strengthen the design, scope, implementation, and
evaluation of NSAP. It appears that loading agricultural programs with
multiple interventions that address a large number of direct and un-
derlying determinants of child nutrition (for example, income; food
availability and access; micronutrient adequacy; gender equity; and
nutrition, health, and hygiene knowledge, practices, and use of ser-
vices) is effective in improving several nutrition outcomes, but is in-
sufficient to achieve stunting impacts in the usual two- to four-year time
frame used for impact assessments. We question whether a high quality
of operations, implementation, and monitoring can be maintained for
such complex, multisectoral programs, and whether successful scale-up
is achievable

Given these constraints, we join the emerging consensus on the need
for agriculture to focus on supporting access to and consumption of
high-quality diets rather than on directly reducing childhood stunting.
Improving diets for all household members is a much more logical,
reasonable, and achievable goal for agriculture than addressing child-
hood stunting, and it is equally important for global development
(Global Panel on Agriculture and Food Systems for Nutrition, 2016;
Herforth and Ballard, 2016). Our review shows that NSAP consistently
improve household access to nutritious foods and the quality of mo-
thers’ and young children's diets. Although this has not yet been tested,
it is likely that NSAP can convey similar benefits to other household
members, including the nutritionally vulnerable adolescents and el-
derly. The main implication of this recommendation for NSAP is that
they should continue to be designed carefully, taking into account the
specific context in which they are to be implemented and using for-
mative research to identify the main constraints that limit household
and individual access to healthy diets, women's empowerment, and
optimal nutrition.

Previous reviews have discussed the issues of complexity and po-
tential overload in relation to NSAP and other multisectoral, nutrition-
sensitive programs, raising the question of “integration” versus “co-lo-
cation” of interventions (Ruel and Alderman, 2013). This question re-
lates to whether it is necessary to integrate multiple interventions from
different sectors into programs, at the risk of making them overly
complex and difficult to implement and scale up with quality, or
whether the same impacts could be achieved by co-locating or targeting
sectoral interventions to the same individuals, households, or commu-
nities. A recommendation to “think multisectorally, and act sectorally”
(World Bank, 2013) suggests stimulating dialogue across sectors at the
planning, monitoring, and review stages, while ensuring that each
sector uses its unique expertise to implement (sectorally) with quality
and efficiency. This approach should be rigorously tested and compared
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with integrated programs offering the same set of interventions, using
implementation and impact research tools to assess efficiency, effec-
tiveness, and cost-effectiveness.

Another main takeaway from the review is the importance of con-
text in determining how, to what extent, and under what conditions
agriculture impacts nutrition. The literature looking at associations
between agriculture and nutrition outcomes was particularly useful in
highlighting how markets modify production-consumption diversity
linkages. In general, production diversity was found to be important for
dietary diversity mostly, if not only, among households that have lim-
ited access to markets. This led Sibhatu et al. (2015) to comment that
recommendations to diversify production everywhere are misguided
and that supporting commercialization of smallholder farms may be a
far more effective strategy to improve nutrition. Several other con-
textual factors, including women's social status and empowerment;
social norms; and socioeconomic, environmental, political, cultural,
and food environment factors were identified as key aspects that affect
both associations between agriculture and nutrition outcomes and the
uptake of, response to, and nutrition impacts of agriculture programs
(Fiorella et al., 2016; Herforth and Ballard, 2016). The importance of
context makes the tailoring of programs and interventions all the more
important but greatly complicates the interpretation and general-
izability of findings across studies. This complexity, however, needs to
be addressed, and it is possible that some typologies of contexts and
related decision-making tools could be designed in the future when
results from a larger body of evidence are available.

6. Conclusions

A lot has happened in the area of agriculture and nutrition over the
past decade, and the body of evidence—and its quality—have increased
exponentially. It will be particularly important in the near future to
expand this work to look at issues of sustainability, scale-up, and cost-
effectiveness, and to explore how the new body of evidence can help
inform broader agriculture policy and investment decisions. With the
rich set of ongoing studies, a greater understanding of what agriculture
can and cannot do to contribute to nutrition improvements, and a solid
commitment to achieving the Sustainable Development Goals, the next
10 years promise to bring new evidence, action, and successes in im-
proving nutrition through agriculture.
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