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Nutrition-Sensitive Agriculture: A Systematic
Review of Impact Pathways to Nutrition Outcomes
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The role of agriculture in reducing undernutrition is widely recognized, yet there is also consensus on the need to make the sector nutrition-
sensitive. Evidence on the impact pathways from nutrition-sensitive agriculture (NSA) interventions, agricultural interventions with specific nutrition
objectives, and actions detailing each temporal stage to reach nutrition outcomes is limited, however. We thus synthesized study results regarding
impact of NSA interventions on nutrition outcomes relating to undernutrition, and constructed an impact pathway by mapping the evidence on
each temporal stage from interventions to nutrition outcomes. We used Preferred Reporting Items for Systematic Reviews and Meta-Analyses to
conduct and report our systematic review of studies on NSA interventions implemented in low- and lower-middle-income countries. Forty-three
studies that met the inclusion criteria were extracted and synthesized across impact and pathways analyses. We carried out a thematic analysis of
the effect of NSA interventions using evidence-based indicators and constructed the pathways by adopting a published framework on agriculture
to nutrition pathways. Our findings reveal that NSA interventions can significantly improve dietary practices, and have the potential to enhance care
practices and reduce occurrence of diseases, indicating their effectiveness in simultaneously addressing multiple determinants of undernutrition.
However, NSA interventions have a lesser impact on nutritional status. NSA interventions lead to nutrition outcomes through 5 key pathways: food
production, nutrition-related knowledge, agricultural income, women's empowerment, and strengthening of local institutions. We emphasize the
need to carefully design, implement, and evaluate interventions with consideration for factors affecting impact pathways. Future research should
focus on the effect of interventions combining multisector components, and pathways through non-food-production-related income, women's
empowerment, strengthening of local institutions, food prices at intervention level, and expenditure on health care. Adv Nutr 2021;12:251-275.
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Introduction

Undernutrition is a major global health problem, contribut-
ing to 45% of deaths among children under the age of
57y (1) and 21% of disability-adjusted life-years (2). The
effects of undernutrition are multifaceted and go beyond
health, and include reduced educational attainment and loss
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of productivity (3). Children and women are most often
adversely affected by undernutrition, with 1 in 5 children
under the age of 5 y having a low height for their age, and
7.5% of children exhibiting wasting (4). Likewise, anemia
among women remains globally high, with 32.8% anemic
in 2016, which has slightly increased from 31.6% in 2000
(4). In addition, progress in addressing undernutrition is
extremely slow, and countries are off-track in achieving the
2030 Sustainable Development Goals targets for reducing
anemia, childhood stunting, and wasting (4). More effective
approaches are therefore needed to address the problem of
undernutrition.

The agriculture sector can potentially play a crucial
role in responding to the problem of undernutrition by
directly addressing inadequate access to nutrient-rich food,
which is a key underlying determinant of malnutrition (5-
7). Food- and agriculture-related factors contribute to one-
third of stunting (8), and the majority of the population in
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low- and lower-middle-income countries (LMICs) depends
on agriculture for their livelihoods (6, 9), which increases
the role of the agriculture sector to address the problem.
The EAT-Lancet Commission also highlighted agriculture
and the food system as a current major contributor to poor
health, and urged the transformation of food production
and diets (10). Past studies highlight the contribution of
agriculture to nutrition outcomes through 4 key pathways: 1)
agricultural production improving availability of and access
to nutrient-rich foods (6, 8, 11-14), 2) agricultural income
increasing purchasing power (6, 8, 11-14), 3) agricultural
policies affecting food price (6, 11, 13), and 4) agricultural
interventions empowering women to improve their nutrition
outcomes and those of their children (12, 14).

There is a broad realization that agricultural interventions
will have to become nutrition-sensitive to improve food
access and attain global nutrition targets. One approach has
been the concept of nutrition-sensitive agriculture (NSA).
NSA interventions go beyond the conventional idea of in-
creasing food production by incorporating specific nutrition
objectives and actions in the design and implementation
of agriculture interventions (15, 16). A review highlighted
the potential of NSA interventions to address all underlying
causes of undernutrition (17) identified in the framework of
UNICEEF: household food insecurity, inadequate care prac-
tices, lack of access to health services, and unhealthy house-
hold environments (7). Thus, as a part of the broader mul-
tisectoral response to nutrition, NSA can shape not only di-
etary practices but also underlying health- and environment-
related causes that go beyond access to food (17).

Although several studies published in the last 15 y have
focused on agriculture interventions (6, 13, 14, 16, 18-25)
and their impact on nutrition-related outcomes (6, 17-27),
reviews have rarely explicated the impact pathways from
agricultural interventions with specific nutrition objectives
and actions detailing each temporal stage to reach nutrition
outcomes. Five of these studies reviewed the impact and
pathways of agriculture interventions to nutrition outcomes,
irrespective of whether they included specific nutrition
actions and objectives, and also have not detailed each stage
from interventions to impact (13, 14, 19, 23, 27). Some of
these studies focused either on specific regions in South
Asia (14, 19) or India (13), on a single pathway through
women’s empowerment (23), or on a single intervention on
input subsidy (27). Two reviews that looked exclusively at the
interventions regarding specific nutrition objectives did not
investigate the temporal stage of pathways from interventions
to nutrition outcomes (16, 22), and 1 of the 2 did not have a
focus on LMICs (22). Thus, there is limited evidence on the
pathways depicting the effect on each temporal stage from
NSA interventions to nutrition outcomes: for example, from
interventions to food production to income to food expen-
diture to dietary practices to nutritional status, or another
pathway from interventions to womens empowerment to
food expenditure to dietary practices to nutritional status.
A few studies have also stressed the need for assessments
of interventions that focus not only on their impact on
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nutritional status, but also on a full spectrum of underlying
determinants, such as food access, dietary practices, food
security, women’s empowerment, health environment, and
health status (17), and the pathways through which these
interventions affect agriculture, nutrition-related practices,
and nutrition outcomes (17, 25). To address these gaps,
we systematically reviewed the evidence on agriculture
interventions with specific nutrition objectives and actions
to I) synthesize the impact on nutrition outcomes relating
to undernutrition, and 2) construct pathways by mapping
the evidence on each temporal stage, from the interventions
to the nutrition outcomes. Such evidence will help maxi-
mize the role agriculture can play in achieving long-term
nutrition outcomes. Enhanced understanding of the impact
pathways and their temporal progression can facilitate
early identification of potential bottlenecks that may inhibit
agriculture’s full potential, and stimulate adaptive actions
during implementation of interventions. Furthermore, our
evidence can prompt agricultural programs to pursue a
broader spectrum of specific nutrition objectives beyond
food production, thus simultaneously addressing multiple
underlying causes of undernutrition.

Methods

Protocol and registration

We conducted this review using the guideline from Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(28), and registered the protocol in the International
Prospective Register of Ongoing Systematic Reviews as
CRD42018108308 (29).

Search strategy

We systematically searched published studies in the elec-
tronic bibliographic databases PubMed, Embase, Web of
Science, and Scopus in 3 steps. First, we identified 5 search
concepts: agriculture, nutrition outcome, multiple sectors,
nutrition-sensitive interventions, and LMICs (29). We then
explored subconcepts, e.g., homestead food production
(HFP) (6, 14, 16, 18, 22), nutrition indicators, health sector,
and countries within LMICs (30). This resulted in the
following general search syntax: [(agriculture general topic,
value chains/value crops, (bio-) fortification, homestead
production, livestock and dairy, water management, aqua-
culture, and agricultural extension) AND (food OR diet OR
nutritional status) OR nutrition-sensitive interventions AND
(multisector general topic, health, education, water, sani-
tation and hygiene, social protection and natural resource
management) AND LMICs]. Third, we scanned the reference
lists of key articles, such as Ruel et al. (16), verified their
inclusion in the search results, and expanded the syntax.
Although this syntax may look complex, it allowed us to
uncover a number of relevant and insightful articles not
included in previous reviews, thus contributing to the body
of evidence on this topic. The search strategy was piloted in
PubMed in March 2019 and replicated in the other databases,
as Supplemental Table 1 presents.



Eligibility criteria

As Table 1 shows, we used 8 criteria to determine eligibility
for inclusion: peer-reviewed, empirical studies published
after 2000 in the English language, based on lower- and
middle-income countries, with specific participants, inter-
ventions, comparison, and outcomes (28). The participants
were women, children, or household members in general.
Adapting from past reviews (6, 16), NSA interventions
were defined as agriculture interventions with an objective
to improve nutrition-outcomes and incorporate specific
nutrition actions to achieve the objective. We further limited
the review to studies that used either a comparison between
intervention and control, differences within a single pop-
ulation before and after interventions, or a cross-sectional
comparison between beneficiaries and nonbeneficiaries. The
final inclusion criterion for studies was reporting on >1 of
the 3 levels of outcomes concerning undernutrition (17),
namely nutritional status, using biochemical or anthropo-
metric measurements; diet, health status/disease, or food
consumption; or food access, care practices, and health
environment.

Study selection

We exported search results to EndNote X8 software (Clari-
vate Analytics), where we removed duplicates, screened the
titles and abstracts for eligibility, and read the remaining
full texts for inclusion. The selection process trialed by the
first and second authors during a preliminary search yielded
25 articles and revealed a high interrater agreement. The
preliminary search syntax included the effect on nutritional
status and 1 other outcome, such as dietary practices. We
subsequently refined the syntax, based on an insight from a
past review that NSA interventions should measure impact
on intermediate outcomes, such as dietary practices, in
addition to the nutritional status (17). The selection that used
the refined syntax was carried out by the first author and
generated 43 articles for inclusion, including the original 25.
We further grouped the studies into impact and pathways
analyses, because not all studies reporting on impact detailed
the elements of the pathways. That means we cannot say
with a high level of certainty how and through which entry
points (e.g., food production, agricultural income) these
interventions contributed to the nutrition outcomes (see
Table 1). The impact analysis group included studies with
a quantitative design that measured effects on nutrition
outcomes, regardless of the information about the entry
points to the pathways. The pathways analysis, on the other
hand, only included studies reporting 2 types of findings: I)
nutrition outcomes using either a quantitative or qualitative
design, and 2) >1 entry point to pathways that led to
nutrition outcomes, such as food production, agricultural
income, food price, and women’s empowerment (6, 11, 13,
14, 16), or as emerged during data synthesis.

Data collection process
Data collection included the following information: publica-
tion details, study setting, study design, interventions, data

collection method, study population, data analysis, nutrition
outcome, and pathways. The first 2 authors independently
extracted data from 30% of the studies, with continuation by
the first author in the remaining studies and review by the
second author.

Risk of bias assessment

We selected 2 tools to assess the risk of bias in the reviewed
studies. We used the tool developed by the Effective Public
Health Practice Project for quantitative studies, because it
uses a generic scale that is comparable across a range of study
designs (31, 32). Welabeled the high-quality studies as having
a low risk of bias, medium quality as medium risk of bias,
and low quality as high risk of bias. For qualitative studies, we
applied the Critical Appraisal Skills Programme scale to rate
the risk of bias as 9-10 (low), 6-8 (medium), and <6 (high)
(33).

Synthesis of results

We synthesized the impact and pathways analyses using
2 strategies. The impact analysis included the outcomes
measured using correlation, chi-square, ORs (association),
difference-in-difference estimates, and treatment or inter-
vention effects. We used P values when the effect size was not
available. The pathways analysis involved a 3-step process:
1) construction of pathways as reported in each study, 2)
grouping individual pathways across similar intervention
categories, and 3) merging interventions-based pathways
into a consolidated framework. We constructed the pathways
by adapting the framework of Kadiyala et al. (13) and
mapped each element of the pathways across temporal stages.
This framework recognizes 6 pathways: food production;
agricultural income; food prices; women in agriculture,
intrahousehold decision-making, and resource allocation;
maternal employment in agriculture, childcare, and feeding;
and women in agriculture and maternal nutrition and health
status (13). We repackaged the 3 gender-related pathways
into 1 “women’s empowerment” pathway because the studies
reviewed focused on empowerment of women and lacked
explicit information on agriculture-gender linkages. We
mapped the pathways constructed across each temporal stage
of outputs; short-, medium-, and long-term outcomes; and
the impact using the logic model of the Strong Through Every
Mile program (34). We hypothesized that NSA interventions
deliver outputs on food production (13, 35) and knowledge
on nutrition; water, sanitation, and hygiene (WASH); or
health (35), resulting in short-term outcomes on agricultural
income/selling, food price, food preservation, processing
and storage, nutrition-related attitude, and women’s em-
powerment. The short-term outcomes precede the medium-
term outcomes concerning the underlying determinants
of malnutrition, namely care practices, household food
security, household living environment, and services (7). The
medium-term outcomes contribute to long-term outcomes
representing immediate causes of undernutrition and include
dietary practices and diseases, eventually resulting in the
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(Continued)

TABLE 1

Screening phase applied Rationale

Excluded

Included

LMICs, based on the World Bank’s

Criterion

Title, abstract, and full text LMICs are mostly affected by

Upper-middle-income and high-income

Location

undernutrition.

countries

classification (30).

Inclusion for impact and pathways analysis?

Descriptive analysis presenting proportions

Full text

Studies presenting proportion only, without

The impact analysis included outcomes

Information on impact

only allows making summations about

the change and may reflect bias.

studying significant effect and/or

difference between groups.

measured using correlation, chi-square,

ORs (association), difference-in-difference
estimates, and treatment or intervention
effects. We used P values when the effect

size was not available.
Studies reporting entry points of pathways

Impacts alone do not give insights into the

Full text

Studies reporting on impact only without

Information on pathways

pathways.

pathways.

from NSA to nutrition, such as food

production, agricultural income, food

price, women’'s empowerment (6, 11-14),
and knowledge on nutrition, WASH,

and/or health.

'LMICs, low- and lower-middle-income countries; NSA, nutrition-sensitive agriculture; WASH, water, sanitation, and hygiene.

2This criterion emerged during analysis, because not all studies reporting on impact detailed the elements of the pathways, for which we cannot say with a high level of certainty how and through which entry points (e.g, food production or

knowledge or income or women's empowerment) these interventions contributed to the nutrition outcomes.

impact on nutritional status (7). For the elements not listed
in the above categories, we classified them as they emerged
from the studies we reviewed.

Results

Study selection

The search of bibliographic databases retrieved 20,896
studies, resulting in the final inclusion of 43 articles that
reported on the impact of NSA interventions (n = 37)
and their pathways to nutrition outcomes ( n = 29) (see
Figure 1).

Study characteristics

Most studies used a quantitative design (n = 39) and were
published in 2017 (n = 9). They represented 18 countries
(see Figure 2), but were mostly from Mozambique (n = 6).
The quantitative studies included randomized controlled
trials/experiments (n = 22), quasi-experiments (n = 6),
repeated cross-sectional designs (n = 4), longitudinal/cohort
studies (n = 3), a 1-time cross-sectional study comparing
beneficiaries and controls (n = 2), nonrandomized inter-
ventions (n = 1), and a pair-matched design (n = 1). The
studies reported 13 types of interventions and 3 categories of
outcomes among children, women, men, adults, elderly, and
sick persons. Thirty-six studies compared outcomes between
intervention and control groups, or between beneficiaries
and nonbeneficiaries, whereas 7 compared the effects within
the same group before and after an intervention. Most
studies using a quantitative design had a medium risk of bias
(n = 21), followed by high (n = 15) and low ( n = 3) risk.
All studies applying a qualitative design had a medium risk
of bias (n = 3), and those employing mixed-methods designs
had a high risk of bias. Table 2 shows the study character-
istics and findings, with details presented in Supplemental
Table 2.

Effects of NSA interventions on nutrition outcomes
The 37 studies included in the impact analysis reported 11
categories of interventions: HFP of vegetables and/or fruits
and poultry (n = 11); orange-fleshed sweet potato (OFSP)
( n = 8); HFP of vegetables and/or fruits, without poultry
(n = 4); vegetable and livestock (n = 4); school garden
(n = 4); livestock focusing on the dairy goat (n = 1); farm
crop diversification (n = 1); HFP of fish and vegetables
(n = 1); HFP of poultry (n = 1); food production
using a community-based early child development (ECD)
center ( n = 1); and mixed interventions on integrated
food and livelihoods-based models, with nutrition-specific
interventions and institutional delivery (n = 1). All interven-
tions included education or behavior change communication
(BCC) on nutrition, WASH, and/or health, with some includ-
ing gender, health-service integration, and micronutrient
supplementation.

The studies reported the effects of NSA interventions on
outputs; their short-, medium-, and long-term outcomes; and
impacts. The outputs were food production, knowledge of

NSA interventions: impact pathways to nutrition 255
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FIGURE 1 Flow diagram of the study selection process, nutrition-sensitive agriculture impact pathways to nutrition outcomes.

nutrition/health/WASH, and service delivery. These outputs
contributed to the short-term outcomes on agricultural
income, attitude/preference on nutrition, women's empower-
ment, and household living environment. The interventions
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increased nutrition-related expenditure, household food
security, and care practices in the medium term, which
resulted in long-term outcomes on dietary practices and
diseases, eventually contributing to the impact on nutritional
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FIGURE 2 Distribution of studies reviewed across LMICs, nutrition-sensitive agriculture impact pathways to nutrition outcomes (n = 43).
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status. The effects follow, with further details provided in
Table 2 and Supplemental Table 2.

Outputs

The interventions reported on food production; knowledge
on nutrition, WASH, and health; and increased service deliv-
ery through increased opening days of the local institution.
Twelve of 14 studies reported improved production of >1
food item, but the effect varied across different food groups.
The studies reported the increase in production of OFSP
(3 of 3) (36-38), vegetables (5 of 8) (39-43), legumes, nuts,
and pulses (2 of 3)(38, 39), fruits (2 of 4) (40, 42), and
animal source foods (ASFs) (2 of 5) (38, 43). Thirteen of 14
studies reported improved knowledge of >1 topic related to
nutrition, WASH, or health, with diverse effects. All studies
reporting outcomes on knowledge of vitamin A (37, 44),
maternal nutrition (45), general nutrition (36, 44, 46-49),
and health and nutrition-related diseases (44, 45, 49, 50)
reported improvements. At least half of the studies looking
at children’s knowledge of nutrition (1 of 2) (51), and WASH
(3/4) (42, 49, 51) documented improvements. Knowledge of
infant and young child feeding (IYCF) varied across specific
topics, with 3 of 4 studies reporting improved knowledge
on aspects of [YCF measured (38, 42, 52). Furthermore, an
intervention delivered through a community-based childcare
center increased the number of opening days of the center,
with marginal improvement in the enrollment of children
(38).

Short-term outcomes
The interventions improved income, nutrition-related atti-
tude and preferences, and women’s empowerment. Three

of 4 studies looking at the effect on income/selling showed
improvements in food items, such as vegetables (2 of 3)
(39, 40), OFSP (36), as well as a nonfood item (cottonseed)
(39). Three studies reported changes in mothers’ attitudes
on meal preparation, mothers’ ability to convince their
children to eat vegetables (1 of 1) (49), and children’s
probability of consuming vegetables and fruits (2 of 2) (51,
53). Four studies also reported improvement in >1 domain
of women’s empowerment. Specifically, the interventions
improved women’s involvement in decision-making (3 of 4)
(40, 54, 55) on purchasing (3 of 3) (40, 54, 55). However,
interventions did not improve women’s decision-making on
health care (54, 55), family planning (54, 55), or IYCF (55),
perception of gender equality, or control over selling (52).
In addition, interventions improved women’s agriculture
empowerment score (1 of 1) (52), access to money or
financial empowerment (1 of 1) (52), social status or social
capital score (2 of 3) (40, 52), spousal communication
and relationship (1 of 3) (54), and time allocation or
self-determination of daily workload (1 of 1) (40). One
study reported increased time allocation in agriculture, but
decrease in time in domestic work and childcare practices,
and buying power (52).

Medium-term outcomes

In the medium term, the studies reported effects on house-
hold living environment, household food security, nutrition-
related expenditure, and children’s care practices. The impact
on the household living environment was less strong, because
only 1 of the 4 studies reported improved access to hygiene
and sanitation facilities (56), with no impact on access to
drinking water sources (56, 57) or water quality (58). The
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interventions improved household food security (3 of 5) (43,
62,77), increased expenditure on food (3 of 6) (40, 49, 55) and
health care (1 of 1) (40), and reduced expenses for vegetables
owing to increased production (1 of 1) (47). The interven-
tions further improved children’s care practices and IYCE,
especially breastfeeding and complementary feeding (2 of 5)
(43, 45) and handwashing (2 of 2) (48, 58). However, studies
lacked evidence regarding the effect on women’s care prac-
tices, except for caregivers’ handwashing practices (1 of 1)
(48).

Long-term outcomes

NSA interventions had positive effects on long-term out-
comes regarding dietary practices (food consumption, di-
etary diversity, and nutrient intake) and diseases, with less
strong effects among women than among children. The
interventions improved children’s consumption of OFSP (4
of 4) (36, 46, 69, 70) and vegetables (3 of 7) (46, 53, 57),
fruits (2 of 6) (46, 57), ASFs (4 of 8) (41, 56, 59, 63), and
pulses, legumes, and nuts (3 of 4) (39, 46, 63). The studies
reported improved household consumption of vegetables (3
of 7) (40, 41, 48), fruits (3 of 5) (40, 48, 55), ASFs (3 of 6)
(45,55, 77) and pulses, legumes, and nuts (1 of 2) (39). The
effect on consumption in women was reported for fruits (2
of 4) (44, 55), OFSP (2 of 2) (69, 70) vegetables (1 of 4) (44)
or ASFs (2 of 4) (59, 63). The interventions also improved
children’s dietary diversity (9 of 13) (38, 43, 46, 56, 57, 61, 63,
65, 68), minimum acceptable diet (4 of 5) (43, 56, 57, 61), and
minimum meal frequency (3 of 5) (43, 52, 61), followed by
dietary diversity at the household level (3 0of 6) (41, 62, 77), yet
lacked a strong effect among women (0 of 5) (39, 41, 44, 55,
63). Likewise, the effect on nutrient intake was also stronger
for children than for women. The interventions improved the
nutrient adequacy ratio of children (1 of 2) (68), with one
study reporting on women with no effect (63). In children,
the interventions further increased intake of vitamin A (5 of
6) (36,46, 68, 69, 70), iron (3 of 5) (36, 38, 46), vitamin B-6 (3
of 3) (36, 38, 46), zinc (1 of 5) (38), thiamin, and/or niacin (2
of 4) (36, 46), riboflavin (2 of 4) (36, 46), energy (3 of 4) (36,
38, 46) , and protein (3 of 5) (36, 38, 46), with no change in
calcium (36, 46, 59). Four studies reported nutrient intake for
women, with improvements in vitamin A (3 of 3) (44, 69, 70)
and B-carotene (1 of 1) (44), yet with no evidence of effect
on the intake of energy (44, 59), iron, protein, calcium, zinc,
thiamin, riboflavin, or niacin (59). In children, a few studies
documented reductions in diarrhea (4 of 7) (42, 52, 66, 71),
fever (1 of 4) (41), intestinal parasitic infections (58) or acute
respiratory infections or colds/cough (1 of 2) (52). One study
reported that children consuming OFSP were 15.9 percent-
age points less likely to experience diarrhea (71). Among
women, one study reported no difference in the prevalence
of diarrhea (41). Two studies reported mixed effects based
on the combination of a third intervention component with
agricultural production and nutrition-related education. An
enhanced homestead food production (EHFP) intervention
alone reduced diarrhea among children, whereas there was
no effect after adding micronutrient powder (66). Further, a

school-based intervention integrating installation of WASH
facilities reduced intestinal parasitic infections but not the
helminth infection rate (58).

Impact

The impact of NSA interventions is less strong for nutritional
status based on anthropometric measurements than for mi-
cronutrient status. Eight of 12 studies reported improvements
in childhood micronutrient status (36, 42, 43, 49, 50, 67,
70, 77), by either increasing hemoglobin (3 of 8) (42, 49,
50) or reducing anemia (4 of 8) (42, 43, 49, 67), low serum
retinol or vitamin A deficiency (3 of 3) (36, 70, 77). For
anthropometric indexes among children, 7 of 21 studies
reported improvements in nutritional status (36, 38, 45,
49, 65, 73, 77). The highest number of studies reported
reductions in underweight/weight-for-age z scores (6 of 16)
(36, 45, 49, 65, 73, 77), followed by stunting/ height-for-
age z scores (4 of 17) (38, 49, 65, 77) and wasting/ weight-
for-height z scores (1 of 15) (36). Among women, the
interventions reduced anemia (1 of 3) (43) and inadequate
vitamin A (4 of 5) (44, 67, 69, 70) but lacked effects on
hemoglobin concentrations (41, 44, 67). Further, studies
reported a reduction in underweight or improved BMI
among women (2 of 5) (43, 55), but had no impact on their
midupper arm circumference (44).

As with long-term outcomes, impact on nutritional
status varied according to the integration of intervention
components. For example, adding micronutrient powder to
EHFP marginally reduced anemia, but EHFP alone did not
bring the change (66). An agriculture-gender intervention
significantly improved the weight-for-height z score among
children, whereas adding a BCC component did not result in
the same effect (52). Likewise, an EHFP intervention alone
largely reduced anemia among children, but adding a fish
component did not bring the same effect (67).

Factors contributing to the effect of NSA interventions
on nutrition outcomes

Studies indicated 11 factors that influence the effect of
NSA interventions on nutrition outcomes. These factors are
program participation intensity, program duration, nutri-
tional status of the target population at baseline, age and
sex of children, access to roads, seasonality, agroecology,
purchasing power, wealth status, and maternal education.
The most intense program participation contributed to
improved weight-for-age z score (73) and higher coefficient
of dietary diversity (68). Villages with the longest program
duration reported improved weight-for-age z score of chil-
dren (73). Populations that were undernourished at baseline
had the significant reduction of undernutrition, particularly
regarding BMI in women (55) and stunting and underweight
in children (49). Furthermore, the interventions reduced
undernutrition more among young children than among
older children. For example, studies reported reductions in
stunting among children aged 6-24 mo (38), and inadequate
vitamin A among children aged between 12 and 35 mo (70)
with no effects on stunting among children 36-72 mo of age
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(38), or inadequate vitamin A in 3- to 5-y-old children (70).
Similarly, gender played a part in the outcomes reviewed,
with 1 study reporting higher hemoglobin status for boys
than for girls (50). Further, access to roads affected selling,
because a greater mean quantity of sweet potato was sold
in households closer to the main road (46). Seasonality
also affected outcomes: for example, increased expenditure
during harvest season (46) and increased womens and
children’s dietary diversity in winter (64). Agroecology also
influenced the effect, because an intervention improved
child dietary diversity in winter in the plains, but had no
effect in mountain regions (64). Low purchasing power also
adversely affected dietary diversity (46), whereas maternal
education and better wealth status had a positive impact on
consumption of nutritious foods (57).

Impact pathways

The 29 studies included in the pathways analysis reported 5
pathways to nutrition outcomes from 11 categories of inter-
ventions. Most studies reported on HFP of vegetables and/or
fruits and poultry (n = 8) followed by crops and livestock
(n = 4), OFSP (n = 4), HFP of vegetables and/or fruits
(n = 3), school garden (n = 3), livestock focused on goats
(n = 2), farm crop diversification (n = 1), HFP of poultry
(n = 1), food production using community-based ECD (
n = 1), community-based grain banks (n = 1), and micro-
credit/financial support (n = 1). The interventions integrated
nutrition education (n = 29), WASH education (n = 9),
linkages with health services (n = 4), gender components
(n = 6), and micronutrient fortification/supplementation
(n = 3). The studies reported 5 pathways from agricultural
production (n = 21) ( 35-43, 45-49, 56, 57, 59, 60, 72, 75,
76); agricultural income (n =9) (35, 36, 39, 40, 45, 46, 53,75,
76); knowledge of nutrition, health, and/or WASH (n = 17)
(35-38, 42, 44-53, 74, 75); women's empowerment (n = 6)
(40, 52, 54, 55, 74, 75); and strengthening of local institutions
(n =1) (38). However, multiple combinations of these were
often reported within a single study. Most studies reported
on 2 entry points to the pathways (n = 11) (production and
knowledge, production and income, knowledge and women’s
empowerment, and knowledge and income), followed by
single (n =11),3 (n =6),and 4 entry points (n =1). Figure 3
shows the pathways, with further details presented in Table 2,
Supplemental Figure 1, and Supplemental Table 2.

Production pathway.

Fifteen studies reporting improved food production also
noted improved dietary practices through greater food
consumption, dietary diversity, or nutrient intake (15 of
17) (35-41, 43, 45, 46, 48, 59, 60, 75, 76). Of these,
1 study reported an association between greater veg-
etable production and improved dietary diversity (41).
Food production contributed to food consumption through
preservation, processing, and storage (3 of 3) (46, 48,
76); household preparation of food (3 of 3) (45, 48, 49);
and household distribution of food products (1 of 1)
(53).
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Income pathway.

Five of 9 studies that looked at agricultural sales or income
reported on expenditure (35, 40, 46, 48, 75). Of these, 4
increased food-related expenditure (35, 40, 48, 75) including
purchases by nonintervention households (1 of 1) (48) and
purchasing eggs from the market (1 of 1) (35). One study also
reported increased expenditure on health care, education,
clothes, and productive assets (40). Income also translated
into a reduced need to borrow money for food, a common
coping mechanism for food-insecure persons in LMICs (1 of
1) (76).

Knowledge pathway.

Most of the interventions improving knowledge on nutrition,
WASH, or health also contributed to improved dietary
practices and, sometimes, improved care practices. Eleven of
15 studies reporting an increase of knowledge also recorded
an improvement in >1 dietary practice (35-38, 44-46, 48,
52,74, 75) and 4 reported improved children’s care practices
on IYCF (4 of 5) (35, 45, 48, 75) or handwashing (2 of 3)
(48, 45). Five studies specifically looked at the contribution
of a knowledge pathway on dietary practices (56, 52),
diarrhea (52, 42), or nutritional status (49, 50). Of these,
3 studies reported that adding nutrition education/BCC
improved children’s dietary diversity (56) or minimum meal
frequency (52), or reduced diarrhea among children (42,
52). One study reported improvement in hemoglobin, and
reduction in diarrhea and anemia among children when BCC
was delivered by health-center members (rather than older
women leaders), highlighting the role of BCC provider (42).
Two studies reported on the pathway to nutritional status.
First, a study that compared BCC with the combination
of micronutrient fortification and BCC in a dairy value
chain program found improved micronutrient status in both
groups, asserting that improved nutritional status may be the
result of knowledge obtained from BCC (50). The second
study revealed an association between nutrition-related
knowledge among mothers and weight of their children (49).

Women’s empowerment pathway.

Six of 29 studies that reported on gender interventions also
described elements of women’s empowerment (40, 52, 54,
55, 74, 75), of which 3 studies reported 2 subpathways.
The first subpathway emerged from intrahousehold decision
making and resource allocation. A study revealed a 1.9
of the overall 7.5 percentage points reduction in wasting
attributable to women’s empowerment owing to spousal
communication as well as decision making on purchases,
health care, and family planning (54). The second study,
which revealed increased weight-for-height z score in the
agriculture-gender group, also reported improved women’s
financial empowerment, access to assets, and agricultural
empowerment (52) with no effect on decision making, sale
of assets, or spousal relationship (52). The third study,
using a qualitative approach, reported a case wherein a
respondent (male) had knowledge about undernutrition
and was involved in children’s caring practices that led to
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greater variety of food consumption. However, the study
did not make explicit whether the change was because of
the change in knowledge or gender norms or both (74).
The second subpathway was centered on women’s time and
appeared through a trade-off, wherein women spent more
time in agriculture, leaving less time for domestic work
and childcare practices (52). Although 4 studies reported
an increase in self-determination among women in terms
of prioritizing daily workload (40), financial empowerment
(52) or decision-making on purchasing (40, 54, 55), only one
assessed nutrition outcomes among women which reported
reductions in underweight (55).

Strengthening existing institutions pathway.

Out of the 10 studies that reported on interventions involving
local institutions on health, agriculture, education, and
ECD (35, 38, 42-44, 51-53, 56, 75), 3 hypothesized that
strengthening service delivery would contribute toward
nutrition outcomes (35, 38, 44). One study reported lack
of adherence to program design and inadequate qualifi-
cation and motivation of staff, resulting in weaknesses in
service delivery (35). These studies suggested the improved
delivery of NSA interventions through local institutions—
e.g., ECD and health care service centers (38, 44)—and
recommended strengthening program implementation and
promoting higher participation to improve child nutrition
outcomes (52). One study reported the effect on stages of the
pathway (38) and showed increases in the number of opening
days of a community-based childcare center and the number
of meals (38) offered by it. The intervention also increased
dietary diversity and reduced stunting among children aged
6-24 mo (38).

Findings on the pathways from dietary diversity to
nutritional status are conflicting. A study integrating crops
and livestock reported no significant association between
children’s dietary diversity and mean height-for-age z scores
(56). An HFP intervention improved children’s minimum
dietary diversity and reduced anemia, but did not have
impact on child growth (43). Likewise, only one of the 4
studies reporting improved child dietary diversity improved
the anthropometric measurements (38). The evidence on
women is even scarcer, because only 1 study measured both
dietary diversity and undernutrition. This research revealed
reductions in underweight among women despite marginal
improvements in dietary diversity (55). As such, the link
through which greater dietary diversity may consequently
improve nutritional status is still unclear.

Discussion

Effects of NSA interventions on nutrition outcomes

The 37 studies on the impact of NSA interventions on
nutrition outcomes concerning undernutrition indicate that
these interventions have the potential to address multiple un-
derlying determinants of undernutrition, yet have a weaker
impact on nutritional status. In line with the recommen-
dation from a previous review that indicated the potential
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role of NSA in addressing determinants of undernutrition
beyond food access, we reviewed NSA interventions using
a system approach, encompassing all underlying causes of
malnutrition (78), namely 1) household food insecurity,
2) inadequate care practices, and 3) unhealthy household
environments and insufficient health services (7). The
key effects of the interventions revolved around house-
hold food security, nutrition-related expenditure, nutrition-
related knowledge, and women’s empowerment, with a lesser
but potential contribution on household living environment
and children’s care practices on IYCF and handwashing, and
no evidence on women’s care practices. These contributed to
improved dietary practices and, to some extent, prevention
of diseases among children but not among women. Disease
prevention could be linked to improvement in handwashing
and sanitation practices resulting from the integration of
a WASH component, and one-fourth of stunting among
children aged 2 y or younger is attributable to diarrhea (79).
This indicates that NSA interventions have the potential to
address multiple underlying causes of undernutrition. The
effects of NSA interventions are strong for short-, medium-
, and long-term outcomes, but with a disconnect between
long-term outcomes and impacts on nutritional status as
measured in terms of underweight, stunting, and wasting.

Our study confirms the weak impact of NSA interventions
on nutritional status, with the lowest impact on stunting
and wasting. Past studies on agriculture interventions also
reported weak impact (19, 22, 25). This can be attributed to 3
possible reasons. First, underlying causes beyond food access
are inadequately addressed. An earlier study highlighted
the fact that agricultural programs that integrate multiple
interventions can address a large number of immediate
and underlying causes of child undernutrition (16) through
coordination with multiple sectors including education,
health, social safety nets, ECD, and schooling (6). Because
only a few studies in this review considered underlying causes
of undernutrition beyond food access, such as inadequate
care practices and poor health status, the effect may not be
enough to improve nutritional status. The second reason
for lower impact on nutritional status could be that the
short implementation period of interventions is insufficient
to bring changes in stunting, despite visible effects on dietary
practices (16). Among the studies included in this review,
only 1 measured the effect of participation intensity and
program duration on weight-for-age z score, which found a
positive correlation, suggesting further validation research is
needed. The third reason could be a lack of strong research
methods, because designs with inadequate power might fail
to detect changes in growth measurements (16, 17, 22).

The evidence reviewed regarding integrating intervention
components beyond agricultural production and nutrition-
related education is varied. Past reviews have suggested
the need to make the agriculture sector nutrition-sensitive
through a multisectoral approach (14, 16). Active engage-
ment of multiple stakeholders and sectors (16) and attention
to empowerment of women can improve nutrition outcomes,
especially for women and children (14). The majority of



studies reviewed measured the effect of agriculture combined
with a nutrition-related education component, and found
a positive effect on nutrition outcomes. Some studies also
linked agricultural production to other sectors, such as
ECD, nutrition-specific programs, financial support, and
health services. However, the evidence on the effect of
adding intervention components beyond food production
and knowledge is heterogeneous, because the effect varies
for different combinations. It could be the case that when
there is a significant effect produced by 1 intervention
component, the scope for improvements from other inter-
vention components is reduced (80). Evidence on how to
operationalize the right mix of intervention components in
different contexts is overlooked, however, as also indicated
by a past review (81). This calls for further research on
which of the multisectoral components can be best combined
within agriculture interventions and how to achieve optimal
outcomes.

Impact pathways

NSA interventions improve nutrition outcomes through
5 pathways: food production contributing to food access;
knowledge on nutrition, WASH, and health improving
dietary practices and health status; agricultural income
for nutrition-related expenditure; women’s empowerment
contributing to nutrition outcomes in children; and strength-
ening of local institutions to enhance service delivery. The
framework that we adapted does not explicitly mention the
pathway of knowledge and strengthening local institutions
(13) that emerged from our analysis of the studies reviewed.
Past reviews have highlighted food price as a potential
pathway (6, 12-14), but none of the studies reported on this,
perhaps because food price has traditionally been considered
at the policy rather than intervention level.

Although evidence on production is most dominant,
the majority of studies reported on combinations of >1
entry point to the pathways to nutrition outcomes. Thus,
the nutrition outcomes reported in this review should
be considered to reflect the combined effects of mul-
tiple pathways that interact with each other to achieve
nutrition outcomes (12). The evidence reviewed suggests
that stimulating a combination of these impact pathways
would result in the most significant effects on nutrition
outcomes. Because there is now consensus that agriculture
can contribute to addressing both forms of malnutrition (82),
NSA can potentially contribute to addressing both forms
of malnutrition as well. Nevertheless, this review explicitly
focuses on undernutrition, and hence excludes the outcomes
on obesity or overweight that some past studies have explored
(83, 84).

Most studies reported on the production pathway, fol-
lowed by knowledge. The production pathway, however,
differs across food items, thus necessitating careful design
and implementation across products. Many recent studies
have begun to consider a knowledge pathway, as they tend
to integrate nutrition education and BCC activities with
agricultural production interventions. A previous review also

highlighted integration of nutrition-related BCC as a key
strategy to enhance the impact of agriculture on nutrition
outcomes (16). Therefore, the pathway leading from the
knowledge-based behavior change component should be
considered an essential part of the design, implementation,
and evaluation of NSA interventions.

Our review also confirms the pathways from agricultural
income and women’s empowerment, although these are less
evident than the production and knowledge pathways. In-
terventions can contribute to food-related expenses through
an income improved by selling food products. However,
the evidence base lacks the role of income from nonfood
production or agricultural wages, and the contribution to
health care expenses. The studies reviewed highlighted 2
subpathways on women’s empowerment contributing to
nutrition outcomes: women’s social status, decision-making,
and resource allocation; and women’s time in agriculture, of
which the former is less evident. Trade-offs occur, because
an increase in the time allocated to agriculture appears to
mean less time for domestic work and childcare practices,
and therefore calls for measures safeguarding women’s time
in agriculture (16) should ensure that such interventions do
not contribute to an increased time and labor burden (12).
However, as highlighted by other studies, this pathway is less
evidentin research of NSA interventions (13, 14): specifically,
the contribution of women’s empowerment to their own care
practices and nutritional status is less evident. Most of the
studies reporting gender in their interventions examined
the effects on women’s empowerment without describing
how the interventions influenced the underpinning gender
dynamics that empowered women and consequently led
to nutrition outcomes. Some other studies on underlying
gender dynamics and NSA were excluded from this review
because they did not report on nutrition outcomes (85, 86).

One study we reviewed provided evidence on the tem-
poral stages of the pathway to improved nutrition out-
comes, through the strengthening of local institutions, and
2 other studies recommended mobilizing the institutions
to improve implementation and service delivery (52, 44).
Integrating nutrition into agriculture, however, requires the
establishment and strengthening of an enabling institutional
environment conducive to achieving nutrition objectives
(87). This necessitates integrating nutrition into all elements
of food systems, from food production to utilization (15,
16), but also requires an understanding of implementation
quality to design pathways, and to measure implementation
and service delivery (16). Future research could therefore
apply a combination of impact assessment along with process
evaluations investigating implementation quality in terms of
capacity, resources, supportive environment, and potential
for scaling up the interventions.

Addressing undernutrition through NSA interventions
requires careful design, implementation, and evaluation
considering several factors. The factors are types of food
group, program participation intensity, program duration,
nutritional status of the target population at baseline,
children’s age, children’s gender, access to roads, seasonality,
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agroecology, purchasing power, wealth status, and maternal
education. More efforts are required to address the confirmed
factors, for example, undernutrition in children aged 3-5
y, seasonality, and mountainous areas. In addition, multi-
sectoral interventions are required to improve purchasing
power, wealth status, women’s education, and access to roads.
Factors with mixed results, such as program intensity and
duration, should be further studied. There is also a need to
study success and failure factors within NSA interventions,
as well as external barriers and facilitators to achieving
positive effects. We can thus say that NSA interventions to
address undernutrition require a tailor-made approach to fit
the specific context and the needs of the target population
(23, 64).

Strengths and limitations

Two aspects of this review that distinguish it from similar
reviews and the studies included are an explicit focus on
agricultural interventions with specific nutrition objectives
and actions to achieve these objectives; and construction
of temporal stages of their pathways to nutrition outcomes.
Inclusion of studies reporting agriculture interventions with
nutrition objectives and actions, however, does not imply
that other interventions do not improve nutrition outcomes.
Four limitations may have affected our findings. First, several
studies reported on effects on outcomes without providing
information on entry points to the pathways, such as
food production, knowledge, or income. This limited the
construction of pathways representing all studies included.
To address this, we further selected and mapped a subset
of studies reporting on both effects and the pathways.
Nevertheless, a lack of information should be understood as a
lack of evidence, and not the absence of pathways. The second
limitation is the fragmentation of research findings regarding
the same intervention across different articles: we identified
studies reporting on the same interventions to the best of
our ability. Third, the results should be carefully interpreted
owing to the heterogeneity of study design, indicators used,
and methodological quality. For this reason, we assessed the
risk of bias to facilitate interpretation of findings. It should be
noted that the risk ratings only indicate the methodological
rigor through which the findings were produced, and are
not meant to weigh the studies as a whole. Furthermore,
the majority of these studies have a moderate or high risk
of bias, which might be due to the nature of nutrition
interventions being implemented in communities, where it
is difficult to fully control the studies through randomization
and blinding. Fourth, we did not search the gray literature,
which could have provided additional relevant, unpublished
articles on the same topic.

Conclusions

Although current evidence suggests that NSA interventions
can contribute to nutrition outcomes throughout the short-
, medium-, and long-term temporal stages, there is a
disconnect between long-term outcomes and impact on
nutritional status based on anthropometric measurements.
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The increasing volume of publications on NSA interven-
tions testifies to their potential to improve food access,
but indicates that they can also address other underlying
causes of undernutrition, namely unhealthy household en-
vironments and inadequate care practices. These outcomes
are achieved through 5 main pathways: food production,
agricultural income, nutrition-related knowledge, women’s
empowerment, and strengthening of local institutions. The
impact pathways, however, vary across the type of food
group consumed, agroecology, seasonality, access to roads,
age and gender of children, wealth status, women’s education,
program intensity, program duration, and integration of
multisectoral domains. Reconciling this complex mix of
factors requires tailor-made interventions that are cognizant
of barriers and facilitators to achieving their impacts. Further
research is required to better describe the pathways through
which women’s empowerment can contribute to women’s
own nutritional outcomes, as well as the effect of income
from nonfood production and agricultural work, food-price
changes at intervention level, and strengthening of local
institutions. Further research is also required on the impact
of integrating other multisectoral intervention components
within agriculture production and nutrition-, WASH-, or
health-based education. In addition to targeting children,
NSA intervention research should also focus on the impact
on, and the pathways to, improved women’s nutrition
outcomes, to contribute toward addressing undernutrition in
LMICs.
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