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Background: Nutrition-sensitive livestock interventions have the potential to

improve the nutrition of communities that are dependent on livestock for their

livelihoods by increasing the availability and access to animal-source foods. These

interventions can also boost household income, improving purchasing power for

other foods, as well as enhance determinants of health. However, there is a lack of

synthesized empirical evidence of the impact and effect of livestock interventions

on diets and human nutritional status in Africa.

Objective: To review evidence of the effectiveness of nutrition-sensitive livestock

interventions in improving diets and nutritional status in children younger than

5 years old and in pregnant and lactating women.

Methods: Following PRISMA guidelines, we conducted a systematic review

and meta-analysis of published studies reporting on the effect of livestock

interventions on maternal and child nutrition in Africa. Data were extracted,

synthesized, and summarized qualitatively. Key outcomes were presented in

summary tables alongside a narrative summary. Estimation of pooled effects was

undertaken for experimental studies with nutritional outcomes of consumption

of animal-source foods (ASFs) and minimum dietary diversity (MDD). Fixed effects

regression models and pooled effect sizes were computed and reported as odds

ratios (ORs) together with their 95% confidence intervals (CI).
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Results: After the screening, 29 research papers were included in the review,

and of these, only 4 were included in the meta-analysis. We found that

nutrition-sensitive livestock interventions have a significant positive impact on

the consumption of ASFs for children < 5 years (OR = 5.39; 95% CI: 4.43–

6.56) and on the likelihood of meeting minimum dietary diversity (OR = 1.89;

95% CI: 1.51–2.37). Additionally, the impact of livestock interventions on stunting,

wasting, and being underweight varied depending on the type of intervention and

duration of the program/intervention implementation. Therefore, because of this

heterogeneity in reporting metrics, the pooled estimates could not be computed.

Conclusion: Nutrition-sensitive livestock interventions showed a positive effect

in increasing the consumption of ASFs, leading to improved dietary diversity.

However, the quality of the evidence is low, and therefore, more randomized

controlled studies with consistent and similar reporting metrics are needed to

increase the evidence base on how nutrition-sensitive livestock interventions

affect child growth outcomes.

KEYWORDS

children, women, livestock intervention, undernutrition, nutrition outcome, Africa

Introduction

Children in Africa continue to be at a high risk of
undernutrition (stunting, wasting, and being underweight) and this
is a serious public health concern in the majority of countries in
the continent (1). Despite some progress in combating all forms of
malnutrition globally, an estimated two out of every five children
under 5 years old and one in every four children under 5 years old in
Africa are stunted and affected by wasting, respectively (2). Poverty
and malnutrition are responsible for over 250 million children
being at risk of not meeting their full development potential later
in life (3). Therefore, combating the challenge of undernutrition
may contribute to progress in attaining the second and third
Sustainable Development Goals (SDG): ending hunger and all
forms of malnutrition; and good health and wellbeing. However,
for this to happen, there needs to be multi-sectoral strategies
and approaches, employing both nutrition-specific and nutrition-
sensitive interventions across communities while building more
resilient, equitable, and sustainable food systems for improved
nutritional outcomes (4–6).

For a majority of rural households in sub-Saharan Africa,
agriculture (including livestock) is a key source of livelihood,
food, and nutrition security (7, 8). This is supported by previous
reviews that have assessed the contribution/impact that general
agricultural interventions focusing on home gardening for fruits
and vegetables, aquaculture, livestock production, health, cash
crops, and biofortified crops have on nutrition (9–20). These
reviews have highlighted the growing evidence of the role of
nutrition-sensitive agriculture interventions in improving nutrition
and documented some pathways through which agriculture can
contribute to nutrition. The same can be said of animal-source
foods (ASFs), which provide highly bioavailable nutrients that are
vital for child growth (21, 22). Livestock and by extension ASFs play
a critical role in supporting livelihoods and nutrition security for

many communities in sub-Saharan Africa. This role is even more
critical for pastoralist communities who inhabit arid and semi-arid
areas that have limited potential for crop agriculture due to frequent
climatic shocks (23, 24). However, despite the beneficial effects of
livestock on child nutrition, livestock keeping is associated with
potential adverse effects in women and children due to increased
infection and morbidities (25, 26).

Livestock interventions may influence human nutrition
through several pathways (27). These include (a) increasing
production diversity and consumption of ASFs associated with the
ability to meet minimum dietary diversity at the household and
individual levels; (b) increasing household income levels through
trade in livestock and livestock products, leading to improved
household diets (19, 28); (c) women empowerment through
increasing women’s socio-economic influence in household
decision-making on intra-household food allocation or decisions
on food and health expenditure (29–32); and (d) improving
productivity through crop-livestock interactions through the
provision of manure in the field, and draft power (33). Although
livestock interventions are critical as a driver for food and nutrition
security, such interventions can impact nutrition both positively
and negatively (26). Therefore, when designing and implementing
livestock interventions/programs the health impacts need to be
well understood and monitored as there may be unintended
consequences on social dynamics or the environment (34).
Livestock is also associated with negative effects on human health
through exposure to zoonotic diseases or proximity to manure
and contaminated water or soil (35, 36). However, the nexus
between the malnutrition-environment-infection axis is complex,
and evidence, particularly on the effect of infectious zoonotic
diseases on child nutritional status, is limited (37). Furthermore,
livestock interventions may also lead to nutritional risks (25, 38).
For example, increased household income through the sale of milk,
meat, or eggs may not translate into improved nutrition as a result
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of household social dynamics (39–41). On the other hand, livestock
interventions may also have potentially negative consequences on
women’s available time for child care and may increase health and
nutritional risks associated with exposure to livestock (19, 42).

As such, livestock interventions targeting dairy production,
small livestock husbandry, backyard poultry production, breed
improvement, aquaculture, livestock transfer, livestock feeds
improvement, and livestock value chain programs, among others,
have the potential to improve production diversity, availability, and
access to ASFs, dietary diversity at individual and household levels,
and impact human nutritional outcomes. However, empirical data
on the net contribution of livestock intervention on the nutritional
status of vulnerable people in Africa is scant. Therefore, the
objective of this review was to synthesize the available evidence
on the effectiveness of nutrition-sensitive livestock programs on
nutritional outcomes in children under 5 years old and in pregnant
and lactating women in Africa. The findings of this study are
beneficial for defining current and future program decisions and
also for facilitating policy development and advocacy to promote
nutrition and food security.

Materials and methods

Protocol and registration

This review follows the preferred reporting items for systematic
reviews and meta-analysis (PRISMA) guidelines (43). The protocol
for this review was prospectively registered on the international
prospective register of systematic reviews (PROSPERO) ID:
CRD42020203843, https://www.crd.york.ac.uk/prospero/display_
record.php?ID=CRD42020203843.

Detailed protocol for this review has also been published
elsewhere (44).

Definitions
Livestock interventions−for the purposes of this study,

livestock interventions were defined as all livestock-related
interventions or programs with an objective of increasing
production diversity, access to and consumption of animal-
source foods (ASFs), and income generation to the households.
Such interventions include the provision of livestock feed,
provision of animal healthcare, livestock breed improvement,
livestock donations, provision of water, provision of shelter, and
training/extension services among others.

Livestock−this study loosely defined livestock as all
domesticated animals, birds, fish, and insects used as a source
of food. This included cattle, camels, goats, sheep, pigs, other small
ruminants, poultry/chicken, fish, and bees.

Criteria for considering studies for the
review

Study and participant types
This review included studies that evaluated the effect

of livestock-oriented programs/interventions on nutritional
outcomes in children younger than 5 years old and in pregnant

and lactating women in Africa. Nutritional outcomes were
defined as anthropometric indices measured by mid-upper arm
circumference (MUAC), stunting or height-for-age (HAZ) z-scores,
wasting or weight-for-height (WHZ) z-scores, and underweight
or weight-for-age (WAZ) z-scores. Furthermore, dietary diversity,
micronutrient status (mainly hemoglobin concentrations and
prevalence of anemia), and dietary intake of animal-source foods
(diet interventions) were also considered.

Types of interventions
We targeted studies that used livestock-based interventions

with pregnant and lactating mothers and children below 5 years old
as intervention groups. The interventions/programs ranged from
livestock donations, livestock value chain improvement, livestock
ownership compared to not owning any livestock, livestock
breed improvement, livestock market participation, provision
of livestock inputs and training, supplementation of children’s
diets with animal-source foods (ASFs), social behavior change
communication (SBCC) intervention to promote the consumption
of ASFs, and animal healthcare interventions (vaccination and
parasite control).

Information source and search strategy
We completed literature searches in major electronic databases

including PubMed, Web of Science, and Scopus. The search was
conducted by two independent reviewers to identify relevant peer-
reviewed publications and online reports. To complement the
search, all the reference lists of all studies identified through
the database searches and relevant research papers and reports
considered were reviewed and the “forward citation” tool in Google
Scholar was applied to find research papers that cited these studies.
Reference lists of previous systematic reviews conducted on similar
study themes were also reviewed.

Search strategies were hinged on the population, intervention,
comparison, and outcome (PICO) criteria. These keywords were
generated through a preliminary general search in major electronic
databases to identify the most used keywords in the publications.
Medical Subject Headings (MeSH) search terms were used to
identify potential keywords and choose appropriate terms as
previously described (44). Boolean operators’ terms “AND,” “OR,”
and “NOT” were used to connect the search terms to either narrow
or broaden the search. Truncation/wildcard symbol (∗) was used
for words where variations may be possible (Table 1).

Study selection and data abstraction

Article search results were uploaded to Rayyan QCRI1 to
facilitate collaboration among reviewers during the article selection
process. Duplicate articles were removed and the remaining articles
were screened by two independent reviewers. Titles and abstracts
were screened for eligibility and full-text versions were searched
when abstracts did not provide sufficient information to facilitate
decision-making.

1 https://www.rayyan.ai/
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TABLE 1 Keywords and search terms used in the database searches.

Indicator Description

Population Child OR infant OR pediatric OR “young adult” OR preschool OR
pregnant OR woman OR women OR lactating OR breastfeeding OR
adolescent OR toddler

Intervention Trial OR programme OR intervention OR experiment OR
supplementation OR implementation OR feed OR consumption OR
“Livestock production” OR “livestock ownership” OR pastoral OR
livestock OR cattle OR camel OR goat OR sheep OR small ruminant
OR poultry OR chicken OR fish OR aquaculture OR fish pod OR pig
OR meat OR beef OR mutton OR pork OR dairy OR egg OR honey
OR “animal-source food” OR “animal products” OR “foods of animal
origin” OR “nutrition sensitive agriculture” OR value chain OR
beekeeping OR “animal healthcare” OR water OR shelter OR
training OR extension services

Outcome Nutrition OR nutrition status OR nutrition outcome OR growth OR
linear growth OR malnutrition OR undernutrition OR stunting OR
wasting OR underweight OR micronutrient OR micronutrient status
OR anemia OR hemoglobin OR hemoglobin OR folate OR vitamin
OR vitamin A OR vitamin B12 OR iron OR ferritin OR zinc OR
calcium OR MUAC OR anthropometric OR height-for-age OR
weight-for-height OR weight-for-age OR dietary diversity

Geographical
location

Developing countries OR Africa OR Africa, Northern OR Africa
South of the Sahara OR sub-Saharan Africa OR Africa, Central OR
Africa, Eastern OR Africa, Southern OR Africa, Western OR Algeria
OR Angola OR Benin OR Botswana OR Burkina Faso OR Burundi
OR Cameroon OR Cape Verde OR Central African Republic OR
Chad OR Comoros OR Congo OR “Cote d’Ivoire” OR Djibouti OR
“Democratic Republic of the Congo” OR Egypt OR Eritrea OR
Ethiopia OR Gabon OR Gambia OR Ghana OR Guinea OR
Guinea-Bissau OR Kenya OR Lesotho OR Liberia OR Libya OR
Madagascar OR Malawi OR Mali OR Mauritania OR Mauritius OR
Morocco OR Mozambique OR Namibia OR Niger OR Nigeria OR
Rwanda OR Senegal OR Seychelles OR Sierra Leone OR Somalia OR
South Africa OR Sudan OR Swaziland OR Tanzania OR Togo OR
Tunisia OR Uganda OR Zambia OR Zimbabwe

MUAC−mid-upper arm circumference.

Inclusion and exclusion criteria
Studies were included if they were published in Africa, the

study population was children under 5 years old or pregnant and
lactating women and involved livestock interventions/programs
contributing to the production or consumption of animal-source
foods. The outcome of interest in the included studies was
nutritional outcomes, including anthropometry [height-for-age
z-score, weigh-for-height z-score, weight-for-age z-score, mid-
upper arm circumference (MUAC)], micronutrient status, and
health-related outcomes. Peer-reviewed articles and online reports
published up to 9 December 2021 were included. Studies designed
as experimental, quasi-experimental, observational studies, cross-
sectional, longitudinal intervention-control comparisons, and
randomized field trials were included. Literature reviews, studies
conducted in other continents, and studies with crop agriculture
interventions, biofortification, home gardening, and irrigation
programs were excluded (Table 2).

A two-stage screening process was employed in all the retrieved
articles from the database searches. First, titles/abstracts were
screened by two independent reviewers to check for relevance to
the review question. Second, full texts of possible relevant articles
were reviewed by two independent reviewers to ascertain if the
methods used in the studies selected at stage one adhered to the

TABLE 2 Inclusion and exclusion criteria used to assess study eligibility.

Criteria Include Exclude

Location Studies conducted in Africa Studies conducted in
other continents

Population Children under 5 years old, OR pregnant
women OR lactating women

Intervention Livestock interventions contributing to the
production and consumption of
animal-source foods (milk, meat, eggs, and
fish) and livestock value chains

Crop agriculture
Biofortification
Home gardening
Irrigation programs

Outcome Nutritional outcomes including
anthropometry (weight-for-age z-score,
height-for-age z-score, weigh-for-height
z-score, MUAC, micronutrient status, and
health-related outcomes)

Health outcomes not
directly related to
nutrition

Publication
date

Studies published up to 9 December 2021

Publication
type

Peer-reviewed articles and online reports Unpublished reports

Study designs Experimental, quasi-experimental and
observational studies, cross-sectional
longitudinal intervention-control
comparisons, and randomized field trials

Literature reviews

Publication
language

English Other languages

set inclusion criteria. All articles selected by both reviewers were
included for review and data extraction. For articles where there
were disagreements between the two reviewers, discussions were
carried out with a third reviewer and consensus was sought.

Data abstraction
Data were abstracted from relevant articles after a full-text

review by the two independent reviewers. Decisions on articles that
would be included in the meta-analysis were made independently
by each reviewer and discussed between them before arriving at
a consensus. Data abstraction variables included study author(s),
year and country, study title, study design, study participants
and sample size, intervention type, study outcome measured, the
effect of the intervention on nutrition, statistical significance, study
findings, study limitations, and conclusion.

Data analysis

Data were synthesized both qualitatively (presenting a
summary of key outcomes in the form of summary tables
together with a narrative description of the relevant studies) and
quantitatively, and key outcomes were presented. The quantitative
analysis involved the use of the statistical software Review
Manager (RevMan version 5.4.1)2 to conduct the meta-analysis.
The outcome measures included were consumption of ASFs
and minimum dietary diversity. Notably, meta-analysis was not
performed on the outcome of nutritional status measured by
anthropometric indices (MUAC, stunting, wasting, and being

2 https://training.cochrane.org/online-learning/core-software/revman
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underweight) due to a lack of enough studies reporting similar
metrics. The pooled effect of livestock interventions on the
consumption of ASFs and meeting MDD was summarized
using odds ratios (OR) and their corresponding 95% confidence
intervals (CIs). The statistical heterogeneity between studies
and its effect on the meta-analysis was determined using the
statistical measure of heterogeneity (I2 statistic) and findings were
recorded and interpreted as I2 statistic (I2 = 0%: no heterogeneity;
I2 = > 0–≤ 25%: low heterogeneity; I2 = > 25–≤ 50%: moderate
heterogeneity; I2 = > 50–≤ 75%: high heterogeneity and
I2 = > 75–≤ 100%: very high heterogeneity). Fixed and random
effects models were used to estimate the OR (95% CI) based on
the level of heterogeneity of the studies included. The results were
presented graphically using a forest plot and a summary estimate.

Bias assessment

Individual studies were assessed for study validity/risk of bias
using the grades of recommendations, assessment, development,
and evaluation (GRADE) guidelines (45). Studies were scored
as either low, medium, or high quality based on five criteria:
counterfactual analysis, sample size and power calculations,
nutritional outcome assessment, intermediate outcome assessment,
and confounding bias assessment. The overall assessment of the risk
of bias for each study was determined through a weighted judgment
of these established criteria.

Results

Selection of studies

In total, 29,450 articles were retrieved from PubMed (12,990),
Web of Science (16,315), and Scopus (145). After excluding
4,799 duplicates, 24,651 articles remained from which 24,559 were
excluded after title/abstract review and 66 after full-text review.
Three articles were identified through reference list review making
a total of 29 articles for which qualitative synthesis was conducted.
Of these, four articles were included in the meta-analysis due to the
homogeneity of reporting metrics (Figure 1).

The studies included in the review were from 10 African
countries: Ethiopia (n = 8), Malawi (n = 7), Kenya (n = 5), Uganda
(n = 3), Rwanda (n = 2), Ghana (n = 2), Zambia (n = 1), Senegal
(n = 1), Tanzania (n = 1), and Burkina Faso (n = 1). One study was
a regional study involving data from Kenya, Ethiopia, and Uganda
(Figure 2).

Summary of study characteristics and
their evidence

The studies are described based on nutritional outcomes, study
design, and type of livestock intervention. Based on nutritional
outcomes, the studies were classified as either addressing dietary
diversity, consumption of animal-source foods (ASFs), hemoglobin
concentration or prevalence of anemia, stunting or HAZ z-scores,

wasting or WHZ z-scores, and underweight or WAZ z-scores.
Some studies had multiple outcomes. For the nutritional outcomes
measured, dietary diversity was reported by 9% (n = 5) of the studies
(46–50), consumption of ASFs by 18% (n = 10) of the studies (27,
46, 50–57), hemoglobin concentration and prevalence of anemia by
7% (n = 4) of the studies (51, 58–60), stunting or HAZ z-scores
by 33% (n = 18) of the studies (27, 46–48, 51–53, 55–57, 61–68),
wasting or WHZ z-scores by 15% (n = 8) of the studies (27, 46,
47, 51, 55–57, 61), and 18% (n = 10) reported on underweight
or WAZ z-scores (27, 46–48, 53, 60, 61, 68–70) Based on study
design, of the 29 studies reviewed, 14% (n = 4) were livestock
oriented impact evaluations, 4% (n = 1) evaluated dairy sensitive
value chains, 41% (n = 12) were observational studies, and 41%
(n = 12) were experimental studies (Supplementary Table 1).

Of these studies, 24% (n = 7) focused on the provision of ASFs
in diets, 14% (n = 4) were livestock donation interventions, 14%
(n = 4) were on ownership of dairy cows and association with
nutritional outcomes, 10% (n = 3) were on livestock ownership and
child nutrition and health outcomes, 10% (n = 3) were on poultry
interventions, and 7% (n = 2) were on the consumption of ASFs. In
addition, 3% (n = 1) of the studies were on nutrition-sensitive dairy
value chains, 3% (n = 1) on fish farming, 3% (n = 1) on analysis
of national datasets, 3% (n = 1) on milk market participation, 3%
(n = 1) on animal health intervention, and 3% (n = 1) reported on
an SBCC intervention on consumption of ASFs.

Meta-analysis

Of the four research papers included in the meta-analysis, the
majority (n = 3) were on poultry-related livestock interventions.
However, some also included an additional component of training
on either health and nutritional behavior change communication
or livestock husbandry training (Table 3).

Pooled effect estimates

The pooled effects of nutrition-sensitive livestock interventions
on the consumption of ASFs and MDD outcomes in
children < 5 years of age were estimated. Generally, nutrition-
sensitive livestock interventions were associated with increased
odds of consumption of ASFs, (OR = 5.39, 95% CI = 4.43–6.56).
However, substantial heterogeneity was detected between the
studies (I2 = 98%, p = < 0.00001), as shown in Figure 3.

Additionally, nutrition-sensitive livestock interventions were
associated with an 89% increase in the likelihood of children
aged < 5 years attaining minimum dietary diversity (OR = 1.89,
95% CI = 1.51–2.37). Moderate heterogeneity was reported for this
sub-group with the I2 proportion being 74% (Figure 4).

Rating quality of evidence

Based on the GRADE quality of evidence assessment approach,
the overall quality of evidence of this review was rated low, mainly
due to limitations of performance, inconsistency, and selection
biases; for more details see Table 4.
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FIGURE 1

PRISMA flow diagram for inclusion of articles, adapted from Moher et al. (43).

Discussion

This review synthesized existing evidence of the effect of
nutrition-sensitive livestock-oriented programs/interventions on
diet and nutritional outcomes in children below 5 years old
and in pregnant and lactating women in the African setting.
We synthesized the findings of peer-reviewed articles from three
databases. The analysis of evidence related to the association of
livestock interventions/programs with the nutritional status of
women and children showed that despite the drawbacks associated
with keeping livestock, such as a risk factor for disease and
mortality in children (74), livestock interventions have positive
dietary benefits.

Evidence on how livestock programs/interventions influence
child nutritional outcomes has increased and improved since the
reviews reported by Grace et al. (11) and Leroy and Frongillo
(12). In 2018, Ruel et al. (19) synthesized evidence on the linkages
between nutrition-sensitive agriculture programs and nutritional
outcomes. However, their review is different from ours because
the former focused on general agriculture interventions including
homestead food production systems, home vegetable gardens,

biofortified crops, livestock, and irrigation projects and their effect
on nutrition in the general population. Our review focused mainly
on livestock-oriented interventions and their effect on nutrition in
children under 5 years old and/or pregnant and lactating women
specifically in Africa.

Based on our evidence synthesis, a sizeable percentage of
articles showed that livestock interventions improved access to
and consumption of nutrient-dense animal-source foods (27, 46,
50–57), attaining minimum dietary diversity (46–50), hemoglobin
concentration, and prevalence of anemia (51, 58–60). Additionally,
some livestock interventions improved children’s stunting or
height-for-age (HAZ) z-scores (27, 46–48, 51–53, 55–57, 61–68),
wasting or weight-for-height (WHZ) z-scores (27, 46, 47, 51, 55–
57, 61), and underweight or weight-for-age (WAZ) z-scores (48, 61,
68, 69), which are indicators of chronic and acute nutritional status
in children. This positive effect is because livestock and livestock
products are a source of essential, nutrient-dense, and highly bio-
available ASFs and are a source of household income through sales
of livestock and livestock products, which translates to improved
nutritional status among women and children in underserved and
vulnerable populations.
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FIGURE 2

A map of Africa showing the countries where the studies included in the review were conducted and the number of studies in each country.

Overall, effects were reported on children’s diets including
consumption of animal-source foods, meeting minimum dietary
diversity. Linear growth and better HAZ z-scores were reported
specifically for milk consumption interventions. However, the
effect on stunting, wasting, and being underweight varied, with
some studies reporting effects on WAZ and WHZ z-score but not
on HAZ and vice-versa depending on the type of intervention. For
example, a livestock transfer program in Rwanda, the distribution
of small animals through revolving funds in Malawi, and the
establishment of small-scale egg production centers in Zambia
documented positive effects on the consumption of animal-source
foods (46, 51, 52). Overall, this review reported successes in
increasing production diversity and consumption of animal-source
foods. The documented effect of interventions evaluated was
mainly the improved access to and consumption of nutrient-dense
animal-source foods and improved dietary diversity. However,
the effect reported on nutritional status measured by height-for-
age z-scores (stunting), weight-for-height z-scores (wasting), and

weight-for-age z-scores (underweight) was either weak or not
present at all. Similarly, evidence of the impact on micronutrient
status was also uncommon with only one study reporting an effect
on Hb concentrations in children (58). Marquis et al. (48) assessed
the impact of a livestock intervention involving the donation of
improved chicken for egg production, provision of inputs, and
husbandry training on diet diversity in Ghana. It was found that
children in the intervention group met minimum dietary diversity
and had higher HAZ, and WAZ z-scores (48). An animal health
intervention in rural Kenya increased the consumption of ASFs
and improved child growth. This intervention involved vaccination
of chicken against Newcastle disease and parasite control while
the control group received only parasite control. The intervention
increased both HAZ and WHZ z-scores in the intervention group
relative to the control group (57).

Similarly, a few studies showed that livestock interventions
improved child HB concentrations thus reducing anemia in
children. In rural Senegal, a cluster randomized controlled
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TABLE 3 Description of four studies included in the meta-analysis based on country, study design, and intervention components.

Study, country (reference) Study design Intervention component

Inputs Training

Poultry/eggs Livestock Health/nutrition
BCC

Livestock
husbandry

(48) Ghana cRCT X X X

(50) Rwanda cRCT X X

(56) Malawi RCT X X

(49) Malawi RCT X

cRCT, cluster randomized controlled trial; BCC, behavior change communication.

FIGURE 3

Effects of nutrition-sensitive livestock interventions on the consumption of ASFs in children < 5 years of age.

FIGURE 4

Effect of nutrition-sensitive livestock interventions on minimum dietary diversity in children < 5 years of age.

trial (58) tested the effect of using a dairy value chain to
distribute micronutrient-fortified yogurt to improve hemoglobin
levels (Hb) and reduce iron deficiency anemia among children
aged 24–59 months and showed improved Hb concentrations
and reduced prevalence of anemia. In eastern Ethiopia, the
consumption of camel milk by pastoralist communities was
associated with a lower prevalence of anemia when compared
to cow milk consumption (72). Additionally, a small animal
revolving funds intervention program in Malawi yielded a decrease
in the prevalence of anemia in pregnant women and preschool
children (51). Notably, this very program was implemented as an
integrated package that included iron supplementation and malaria
control, hence it was difficult to attribute the effect to a specific
component of the program.

Generally, livestock ownership is associated with increased
consumption of animal-source foods such as milk, meat, and
eggs. Milk consumption was positively associated with child linear
growth, particularly in households that owned milking animals
(75). The majority of the livestock-oriented observational studies
reviewed showed an association between livestock ownership,
consumption of animal-source foods, household, or individual
dietary diversity, and in some cases child nutritional status.

However, these associations were context-specific, and several
effect modifiers on the association between livestock ownership
and consumption of ASFs and child nutritional outcomes were
identified. These included market access, socioeconomic status,
income, number of livestock owned, livestock diseases, and food
security status. Market access was the main effect modifier on the
effect of livestock ownership and consumption of animal-source
foods and nutritional outcomes of children. This suggests that
milk market development and access to milk markets can be an
alternative to household livestock ownership (53). To support this,
a study conducted in Nepal reported that food markets regulate
dietary intake and households with better access to markets are less
vulnerable to seasonal variations in dietary intake and nutritional
status (76).

The studies on dairy cow ownership showed that dairy
production is associated with increased milk consumption and
better child nutritional outcomes in Ethiopia, Uganda, Tanzania,
and Kenya. In Ethiopia, specifically, cow ownership was also
associated with a lower prevalence of childhood stunting, and
increased linear growth (53). However, this association was
context-specific and dependent on market access. No association
was observed between cow ownership and stunting in households
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with good access to local markets. In Uganda, cow ownership was
associated with increased milk consumption and reduced stunting
(HAZ) but not with underweight (WAZ) and wasting (WHZ).
Even then, the reduced stunting was only seen in households with
large farms (27). In Tanzania, dairy production predicted reduced
levels of stunting, wasting, and being underweight although this
association was only observed among poorer households (61).
In Kenya, child nutritional outcomes among children from dairy
farmers and dairy customers were compared to those from rural
households not practicing dairy farming. It was found that milk
consumption was a good predictor of better nutritional outcomes
for all levels of stunting, wasting, and being underweight for
dairy farmers and dairy customers with the same household
income compared to households not practicing dairy farming
(70). A pathway analysis of the relationship between ownership
of improved dairy cow breeds and child nutritional outcomes
in Uganda showed that milk consumption was associated with
improved HAZ z-scores (27).

Diet interventions involving the consumption of ASFs showed
improved nutritional outcomes. Long et al. (65) evaluated a
5-month comparison feeding intervention of an animal-source
foods program on toddler growth in rural Kenya. The program
involved the provision of plain porridge (no ASF), meat porridge,
and milk porridge (65). It was found that linear growth was
significantly greater for the milk group than the meat group and
plain porridge group although the small sample size and short
follow-up period limited the clarity of the results. In addition,
Argaw et al. (66) evaluated a fish oil supplementation intervention
on linear growth, morbidity, and systemic inflammation among
children aged 6–24 months in Ethiopia. Surprisingly, no significant
effect of fish oil supplementation on linear growth was found
(66). Furthermore, when Lutter et al. (49) assessed the impact
of a 6-month egg complementary feeding intervention in Malawi
on energy intake and dietary diversity among children aged 6–
9 months, there was an improvement in usual energy intake
and dietary diversity in the intervention group compared to the
control group (49). Bierut et al. (67) examined the effect of daily
supplementation of bovine colostrum/egg in Malawi compared
to isoenergetic corn/soy flour on linear growth faltering among
children aged 9–12 months. The intervention reduced growth
faltering among children in the intervention group compared to
those in the control group (67). Caswell et al. (54) assessed the
impact of an egg intervention on nutrient adequacy among young
Malawian children and found that the intervention resulted in
increased intakes of protein and several micronutrients.

Not all studies reported a positive or beneficial relationship
between livestock interventions and nutritional outcomes in
women and children. Many studies reported no significant
differences between intervention and control groups. A dairy goat
donation program in Ethiopia did not find any differences in the
consumption of animal-source foods, which the authors attributed
to the evaluation being conducted too early to detect any accrued
improvements (71). Similarly, no effect on child HAZ z-scores was
demonstrated in a livestock transfer project in Rwanda (46). In
Malawi, Prado et al. (73) and Stewart et al. (56) examined the effect
of an egg intervention on child development scores and child linear
growth, respectively, among children participating in a project. The
project involved the provision of one egg per day to children aged
6–15 months coupled with guidance on hygiene and handwashing
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during food preparation to mothers of both the intervention and
control groups. No significant difference was observed between
the intervention and control groups on child development scores
(73). Similarly, no significant intervention effect on height-for-age,
weight-for-age, and weight-for-height z-scores was observed (56).

Generally, the design and methods of studies on the effect
of nutrition-sensitive livestock interventions have improved.
This is attributed to the adoption of experimental and quasi-
experimental designs, coupled with clearer objectives and better
control study arms. However, the greatest limitations that hinder
the generalizability of findings from these studies remain as small
sample sizes and shorter periods of intervention implementation.
This is in addition to the complexity of the majority of the programs
being integrated, which makes it difficult to assess the effect of
individual program components on nutritional outcomes. The
small sample sizes and short periods of program implementation
might explain the lack of effect of the interventions on height–for–
age (HAZ) z-scores in some of the studies, as stunting is a long-
term measure. The quality of the livestock-oriented observational
studies reviewed was varied. There is a general improvement in
quality with recent studies using better statistical methods, and
well-defined age groups of study participants as they assessed
nutritional status indicators. However, these observational studies
used a cross-sectional design making it impossible to infer causality.
Additionally, some studies used nationally representative datasets
such as DHS, which could have large variations in some observed
characteristics.

Important to note is the increase in the number of experimental
studies looking at the effects of livestock interventions on child
nutritional outcomes, especially the randomized controlled trials.
Of the 12 randomized controlled trials (RCTs) reviewed, 7 were
on the provision of animal-source foods in diets (49, 54, 56, 65–
67, 73); 3 involved poultry interventions coupled with a training
program (48, 55, 68); 1 was on SBCC on the consumption of
animal-source foods (50); and 1 was on vaccination of chicken
against Newcastle disease (77). All these studies likely presented
good-quality evidence since they were randomized controlled
trials with counterfactual analysis. These interventions were either
implemented alone or incorporated nutrition and health behavior
change communication (SBCC) strategies. Coupled with this,
the analysis methods used were either baseline and end-line
comparisons or regressions to determine the treatment effect for
intervention-control comparisons.

Women empowerment in decision-making and engagement in
livestock programs is a key pathway from livestock to improved
child nutrition (31, 78). Women have been shown to play a
significant role in household nutrition (79–81). Thus, livestock-
oriented nutrition-sensitive programs should target animals or
animal products that women have access to and control so
as to ensure maximum benefits for women’s and children’s
nutrition (82).

Although infection/morbidity was not considered as an
outcome in the present review, livestock interventions, particularly
keeping livestock, may be a significant risk factor for increased
risk of disease and thus, could negatively influence nutritional
outcomes in women and children (36, 38, 62). As such, much
as livestock ownership has a positive association with the
consumption of nutrient-dense animal-source foods and better
nutritional outcomes, it also predicts negative health consequences

due to increased exposure to animal waste. In Ethiopia, Headey
and Hirvonen (62) found a positive association between poultry
ownership and child height-for-age z scores. However, the practice
of corralling poultry in household dwellings overnight was
negatively associated with child height-for-age z scores. This is
possibly due to increased children’s exposure to chicken feces,
leading to an increased risk of infection (62).

In rural Kenya, a one-year cohort study that followed up
children below 5 years old found no association between livestock
ownership and child growth. The authors attributed this to a
potentially high disease burden among the children (64). However,
this study could not determine whether the disease burden was due
to the actual transmission of diseases between livestock and humans
or the impact of livestock diseases on household economies. In
Ghana, it was observed that children from households owning
livestock were less likely to have anemia compared to those
from non-livestock-owning households. Additionally, livestock
ownership was not associated with child morbidity (59).

The effect of livestock ownership on child morbidity is varied,
with some studies hypothesizing that livestock ownership may
indirectly be associated with negative effects, particularly morbidity
due to exposure to animal feces (62). This means that hygiene might
be an important mediating factor linking livestock ownership to
child growth. Future reviews on this topic should incorporate
infection status and morbidity for both women and children,
especially in African settings. Consequently, since livestock is
hypothesized to expose children to animal feces, especially chicken
and animal diseases, there is a need to integrate such programs
with sanitation, and hygiene (WASH) plans. Furthermore, studies
on fecal pathogen pathways should be studied when assessing
nutrition-based interventions. In addition, there is increasing
evidence of the negative impacts of livestock on child gut health and
child nutrition (25). Exposure to enteric pathogens leads to chronic
infection of the intestines and inflammation of the gut leading to
dietary deficits. To ensure a comprehensive assessment of the effects
of livestock on nutrition and health outcomes, there is an urgent
need to include poor gut health as an immediate determinant
of child undernutrition, hence effectively expanding the UNICEF
framework to include inadequate dietary intake, disease, and poor
gut health as immediate causes of malnutrition (25).

The pathways from livestock interventions to improved
nutritional outcomes could be mediated by many factors, including
household incomes, access to markets, and seasonality. In
Ethiopia, higher levels of milk production, household income,
dietary diversity, and child nutritional status were observed
in milk market participating households compared to non-
participating households (47). However, despite the significant
differences in household milk production between milk market
participating households and non-participant households, no
significant differences were observed in the consumption of
ASFs generally and milk consumption specifically. Therefore, the
better dietary diversity and nutritional status of children in milk
market participating households could potentially be attributed to
increased household income.

Incorporating a training component or a social behavior
change communication (SBCC) component in nutrition-sensitive
livestock programs could be beneficial in improving nutritional
outcomes. In Rwanda, Flax et al. (50) investigated the effect of
a social behavior change communication intervention promoting
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the consumption of ASFs on maternal ASFs knowledge, child
milk consumption, and dietary diversity among beneficiaries of a
livestock transfer program (50). The intervention was associated
with increased maternal knowledge of ASFs and child milk
consumption. However, there were no significant differences
between the intervention and control groups on diet diversity.
Similarly, the SBCC intervention did not influence household milk
retention or the decision to sell milk, depicting that nutritional
education alone is not enough to change nutritional outcomes
in households with poor food security. Similarly, no differences
in anthropometric indices (HAZ and WAZ z-scores) between
the intervention groups were observed in Malawi when Passarelli
et al. (68) assessed the impact of a poultry intervention with
or without an additional nutrition BCC component on child
nutritional status (68). Further, in Burkina Faso, McKune et al.
(55) evaluated the effect of livestock intervention (chicken gifting)
and a culturally tailored behavior change package on child egg
consumption and nutritional status. The intervention involved two
components, full intervention (gifting chicken + nutrition BCC)
and exclusive Nutrition BCC. Both interventions significantly
increased egg consumption compared to the control group while
full intervention significantly decreased wasting and children being
underweight (55).

Social behavior change communication interventions had an
impact on the increased consumption of ASFs. However, this
consumption was influenced by production and food security
situation. For effective and impactful SBCC interventions, they
could be tailored with the objective to increase production
diversity. Furthermore, these interventions should aim to influence
decision-making around the retention of animal-source products
for home consumption. Finally, SBCC interventions should target
influencing how proceeds from the sale of animal-source products
could be used for household nutrition.

Although promising, livestock programs for improved
nutritional outcomes still need more evidence to be able to
confirm causal inference (19). For example, of the 29 articles
included in the evidence synthesis, 12 were randomized controlled
trials reporting on varied livestock interventions/programs and
nutritional outcomes. The increase in the number of randomized
trials on nutrition-sensitive livestock programs is encouraging and
will help elucidate empirical evidence on the influence of livestock
interventions/programs on nutritional outcomes. However,
livestock interventions/programs are by nature integrated,
complex, and involve multiple outcomes that need to be taken
into account when designing such trials. A recent research paper
by Leroy et al. (83) provided guidance on how to strengthen
causal inference from randomized controlled trials of complex
interventions to ensure such trials are conducted adhering to
the highest scientific standards. Such guidelines will be critical
for future nutrition-sensitive livestock programs in providing
the much-needed empirical evidence of their effectiveness in
improving nutritional outcomes.

Our review is subject to some limitations that ought to be
taken into account when interpreting the study’s findings. One
limitation is that we synthesized evidence from heterogenous study
designs and outcome variables that potentially affect some of the
research conclusions. The second weakness of the review is that
we synthesized evidence based on the direction of the association
and focused on the positive effects of livestock interventions
and did not consider infection status and morbidity outcomes,

and therefore the review did not provide a holistic approach
to the effect of livestock interventions on health and nutrition.
The other potential limitation is that we only had a very small
(four) number of studies that were included in the meta-analysis
and from which pooled effect sizes were calculated, which might
have reduced the precision of our estimates. This was because of
heterogeneity in reporting metrics of the studies included in the
review. Furthermore, we left out other important outcomes such
as women empowerment and seasonality of malnutrition in our
review, which could have provided a clearer picture of the pathways
from livestock interventions to improved nutritional status.

Despite the aforementioned limitations, our review has several
strengths that render the study’s findings useful and contributes
to the body of evidence in this field. The computation of pooled
effect sizes on the impacts of livestock interventions on nutritional
outcomes is the first step in providing the much-needed evidence of
the impact of nutrition-sensitive livestock interventions/programs
on nutritional outcomes for vulnerable communities. Second, the
focus of our study in the less-studied African continent provides
evidence for governments and development partners for decision
decision-making. Furthermore, focusing on livestock interventions
provides an excellent opportunity to elucidate evidence of the net
contribution of livestock to human nutritional outcomes and could
provide evidence for a policy shift in nutrition-sensitive programs,
particularly for livestock-dependent communities.

Conclusion

Generally, our review found considerable evidence
underscoring the beneficial effects of nutrition-sensitive livestock
interventions on the nutritional outcomes of women and
children. This was mainly through increased consumption of
ASFs, improved dietary diversity, and, in some instances, child
nutritional status (stunting, wasting, and being underweight).
Substantial heterogeneity in reporting metrics across studies was
detected, which limited the number of studies and outcomes that
could be included in the computation of pooled effect sizes. Overall,
despite the growing number of studies on this subject, the quality
of the evidence is still low, particularly in the African setting.

Program and policy recommendations

Despite the growing body of proof of the link between
nutrition-sensitive livestock interventions on nutritional outcomes,
there is still a paucity of empirical evidence and consensus on
the effectiveness and cost-effectiveness of these programs on
nutritional outcomes. For example, none of the studies reviewed
carried out an economic evaluation of the interventions. In
addition, much as economic evaluation studies of agriculture,
nutrition, and health projects are gaining prominence with the
development of guidelines by the Action Against Hunger (ACF)
(84), there is an urgent need for data on the cost-effectiveness of
livestock-oriented nutrition-sensitive interventions on nutritional
outcomes. Future studies need to incorporate an economic
evaluation component to determine the cost-effectiveness of
nutrition-sensitive livestock interventions in improving nutritional
outcomes in women and children.
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Although livestock interventions have shown the potential to
improve children’s diets through the consumption of nutrient-
dense ASFs and improving dietary diversity, more research is
required to understand the risks posed by animal rearing on child
nutrition, particularly on morbidity, disease, and gut health in the
African setting (25, 74).

Most of the programs reviewed were implemented based
on donor funding cycles that were limited to 1–2 years on
average with no scale-up strategies being reported. This short-term
implementation duration may have masked the true magnitude of
the effects of these interventions. There is, therefore, a need for
longer-term interventions with scale-up strategies to meaningfully
influence nutritional outcomes, such as stunting. Better-designed
randomized controlled trials are required to better determine the
effectiveness of livestock interventions on nutrition outcomes of
stunting, wasting, and being underweight. Such studies should
be designed from the onset with these nutritional objectives and
should be powered to determine treatment effects on stunting,
wasting, and being underweight. There is also a need for studies
with designs that allow causal inferences on the observed effects.

Furthermore, livestock productivity and subsequent child
nutritional outcomes are prone to seasonal variations and climatic
shocks. This means that nutrition-sensitive livestock interventions
that prevent seasonal variation in child nutritional outcomes can
potentially improve nutritional outcomes. However, evidence on
the effect of livestock programs that address the seasonality of
malnutrition is limited. There is, therefore, need for studies that
explore the effect of livestock interventions on nutrition during
emergencies or climatic shocks such as drought. Finally, since
several factors have been confirmed to modify the effect of livestock
interventions on child nutritional outcomes, there is a need to
describe the pathways through which these outcomes are achieved.

Author contributions

JM, NM, BO, and ST designed and planned the study protocol,
conducted database searches and screening, participated in data
analysis, and drafted the manuscript. All authors planned the study
protocol, and designed, revised, and approved the final manuscript.

Funding

The research was made possible through the support
provided by the Office of Technical and Program Quality,
Bureau for Humanitarian Assistance, US Agency for International

Development [720FDA18IO00035]. Research reported in this
publication was supported by the Fogarty International Center and
the Institute of Allergy and Infectious Diseases of the National
Institute of Health under Award Number D43TW011519 as part
of JM’s doctoral fellowship.

Acknowledgments

We thank the Food and Agriculture Organization of the United
Nations (FAO) for the financial and technical support provided.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Author disclaimer

The opinions expressed in this article are those of the
author(s) and do not necessarily reflect the views of the US
Agency for International Development or the US Government.
The content is solely the responsibility of the authors and
does not necessarily represent the official views of the National
Institute of Health.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2023.
1166495/full#supplementary-material

References

1. World Health Organization [WHO]. Nutrition in WHO African Region.
Brazzavile: World Health Organization (2017).

2. UNICEF / WHO / World Bank Group. Levels and trends in child
malnutrition UNICEF / WHO / World Bank Group Joint Child Malnutrition
Estimates Key findings of the 2021 edition. Geneva: World Health
Organization (2021).

3. Black M, Walker S, Fernald L, Andersen C, DiGirolamo A, Lu C, et al. Advancing
early childhood development: from science through the life course. Lancet. (2017)
389:77–90. doi: 10.1016/S0140-6736(16)31389-7

4. Ruel M, Alderman H. Nutrition-sensitive interventions and programmes: how
can they help to accelerate progress in improving maternal and child nutrition? Lancet.
(2013) 382:536–51. doi: 10.1016/S0140-6736(13)60843-0

Frontiers in Nutrition 12 frontiersin.org

https://doi.org/10.3389/fnut.2023.1166495
https://www.frontiersin.org/articles/10.3389/fnut.2023.1166495/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2023.1166495/full#supplementary-material
https://doi.org/10.1016/S0140-6736(16)31389-7
https://doi.org/10.1016/S0140-6736(13)60843-0
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-10-1166495 July 1, 2023 Time: 14:43 # 13

Muema et al. 10.3389/fnut.2023.1166495

5. United Nations Economic and Social Council. Report of the inter-agency and
expert group on sustainable development goal indicators note.the oxford handbook on
the United Nations. New York, NY: United Nations (2016).

6. Development Initiatives. 2020 Global Nutrition Report: action on equity to end
malnutrition. The Global Nutrition Report’s Independent Expert Group. Bristol, UK:
Development Initiatives (2020).

7. Oecd/Fao. Agriculture in Sub-saharan Africa: prospects and challenges for the next
decade, OECD-FAO Agriculture Outlook 2016-2025. OECD-FAO Agricultural Outlook
2016-2025. Paris: OECD Publishing (2016). p. 59–95. doi: 10.1787/agr_outlook-2016-
5-en

8. Fao, Unicef, Who. The State of Food Security and Nutrition in the World 2022.
Repurposing food and agricultural policies to make healthy diets more affordable.
[Internet]. Rome: FAO (2022).

9. Ruel M. Can food-based strategies help reduce vitamin A and iron deficiencies?
Washington, DC: International Food Policy Research Institute (2018).

10. Berti P, Krasevec J, FitzGerald S. A review of the effectiveness of agriculture
interventions in improving nutrition outcomes. Public Health Nutr. (2004) 7:599–609.
doi: 10.1079/PHN2003595

11. Grace D, Dominguez-Salas P, Alonso S, Lannerstad M, Muunda E, Ngwili N,
et al. The influence of livestock- derived foods on nutrition during the first 1,000 days
of life. Anim Front. (2018) 9:24–31. doi: 10.1093/af/vfz033

12. Leroy J, Frongillo E. Can interventions to promote animal production ameliorate
undernutrition? J Nutr. (2007) 137:2311–6. doi: 10.1093/jn/137.10.2311

13. Randolph T, Schelling E, Grace D, Nicholson C, Leroy J, Cole D, et al. Invited
review: role of livestock in human nutrition and health for poverty reduction in
developing countries. J Anim Sci. (2007) 85:2788–800. doi: 10.2527/jas.2007-0467

14. Girard A, Self J, McAuliffe C, Olude O. The effects of household food production
strategies on the health and nutrition outcomes of women and young children: a
systematic review. Paediatr Perinat Epidemiol. (2012) 26:205–22. doi: 10.1111/j.1365-
3016.2012.01282.x

15. Webb P, Kennedy E. Impacts of agriculture on nutrition: nature of the
evidence and research gaps. Food Nutr Bull. (2014) 35:126–32. doi: 10.1177/
156482651403500113

16. Harvey M, Dangour A, Lambert R, Alemu M, Ashton-Griffiths E, Green
T, et al. Can agriculture interventions promote nutrition? London: Department for
International Development (2014).

17. Fiorella K, Chen R, Milner E, Fernald L. Agricultural interventions for improved
nutrition: a review of livelihood and environmental dimensions. Glob Food Secur.
(2016) 8:39–47. doi: 10.1016/j.gfs.2016.03.003

18. Pandey V, Mahendra Dev S, Jayachandran U. Impact of agricultural
interventions on the nutritional status in South Asia: a review. Food Policy. (2016)
62:28–40. doi: 10.1016/j.foodpol.2016.05.002

19. Ruel M, Quisumbing A, Balagamwala M. Nutrition-sensitive agriculture: what
have we learned so far? Global Food Sec. (2018) 17:128–53. doi: 10.1016/j.gfs.2018.01.
002

20. Margolies A, Kemp C, Choo E, Levin C, Olney D, Kumar N, et al. Nutrition-
sensitive agriculture programs increase dietary diversity in children under 5 years:
a review and meta-analysis. J Glob Health. (2022) 12:08001. doi: 10.7189/jogh.12.
08001

21. Neumann C, Harris D, Rogers L. Contribution of animal source foods in
improving diet quality and function in children in the developing world. Nutr Res.
(2002) 22:193–220. doi: 10.1016/S0271-5317(01)00374-8

22. Zhang Z, Goldsmith P, Winter-Nelson A. The importance of animal source foods
for nutrient sufficiency in the developing world: the Zambia scenario. Food Nutr Bull.
(2016) 37:303–16. doi: 10.1177/0379572116647823

23. Lindtjørn B, Alemu T, Bjorvatn B. Dietary pattern and state of nutrition among
children in drought-prone areas of southern Ethiopia. Ann Trop Paediatr. (1993)
13:21–32. doi: 10.1080/02724936.1993.11747621

24. Habaasa G. An investigation on factors associated with malnutrition among
underfive children in Nakaseke and Nakasongola districts. Uganda. BMC Pediatr.
(2015) 15:134. doi: 10.1186/s12887-015-0448-y

25. Chen D, Mechlowitz K, Li X, Schaefer N, Havelaar A, McKune S. Benefits
and risks of smallholder livestock production on child nutrition in low- and
middle-income countries. Front Nutr. (2021) 8:751686. doi: 10.3389/fnut.2021.75
1686

26. Zerfu T, Nguyen G, Duncan A, Baltenweck I, Brown F, Iannotti L, et al.
Associations between livestock keeping, morbidity and nutritional status of children
and women in low- and middle-income countries: a systematic review. Nutr Res Rev.
(2022) 16:1–18. doi: 10.1017/S0954422422000233

27. Kabunga N, Ghosh S, Webb P. Does ownership of improved dairy cow
breeds improve child nutrition? A pathway analysis for Uganda. PLoS One. (2017)
12:e0187816. doi: 10.1371/journal.pone.0187816

28. Sadler K, Mitchard E, Abdi A, Shiferaw Y, Bekele G, Catley A. Milk Matters: the
impact of dry season livestock support on milk supply and child nutrition in Somali
Region, Ethiopia. Field Exch Emerg Nutr Netw ENN. (2012) 44:8–11.

29. Lufuke M, Bai Y, Fan S, Tian X. Women’s empowerment, food security, and
nutrition transition in Africa. Int J Environ Res Public Health. (2022) 20:254. doi:
10.3390/ijerph20010254

30. Sariyev O, Loos T, Zeller M, Gurung T. Women in household decision-making
and implications for dietary quality in Bhutan. Agric Food Econ. (2020) 8:13. doi:
10.1186/s40100-020-00158-0

31. Moore E, Singh N, Serra R, McKune S. Household decision-making, women’s
empowerment, and increasing egg consumption in children under five in rural Burkina
Faso: observations from a cluster randomized controlled trial. Front Sustain Food Syst.
(2022) 6:1034618. doi: 10.3389/fsufs.2022.1034618

32. Jin M, Iannotti L. Livestock production, animal source food intake, and young
child growth: the role of gender for ensuring nutrition impacts. Soc Sci Med. (2014)
105:16–21. doi: 10.1016/j.socscimed.2014.01.001

33. Banda L, Tanganyika J. Livestock provide more than food in smallholder
production systems of developing countries. Anim Front. (2021) 11:7–14. doi: 10.1093/
af/vfab001

34. Dury S, Alpha A, Bichard A. What risks do agricultural interventions entail for
nutrition? Working Papers MoISA 201403, UMR MoISA: Montpellier Interdisciplinary
center on Sustainable Agri-food systems (social and nutritional sciences): CIHEAM-
IAMM, CIRAD, INRAE, L’Institut Agro. Montpellier: Montpellier SupAgro (2014).

35. Penakalapati G, Swarthout J, Delahoy M, McAliley L, Wodnik B, Levy K, et al.
Exposure to animal feces and human health: a systematic review and proposed research
priorities. Environ Sci Technol. (2017) 51:11537–52. doi: 10.1021/acs.est.7b02811

36. Klous G, Huss A, Heederik D, Coutinho R. Human-livestock contacts and their
relationship to transmission of zoonotic pathogens, a systematic review of literature.
One Health. (2016) 2:65–76. doi: 10.1016/j.onehlt.2016.03.001

37. Schaible U, Kaufmann S. Malnutrition and infection: complex mechanisms and
global impacts. PLoS Med. (2007) 4:e115. doi: 10.1371/journal.pmed.0040115

38. Marshak A, Young H, Bontrager E, Boyd E. The relationship between acute
malnutrition, hygiene practices, water and livestock, and their program implications
in eastern Chad. Food Nutr Bull. (2017) 38:115–27. doi: 10.1177/037957211668
1682

39. Flax V, Ouma E, Schreiner M, Ufitinema A, Niyonzima E, Colverson K, et al.
Engaging fathers to support child nutrition increases frequency of children’s animal
source food consumption in Rwanda. PLoS One. (2023) 18:e0283813. doi: 10.1371/
journal.pone.0283813

40. Galiè A, Teufel N, Girard A, Baltenweck I, Dominguez-Salas P, Price M, et al.
Women’s empowerment, food security and nutrition of pastoral communities in
Tanzania. Glob Food Secur. (2019) 23:125–34.

41. Musyoka, M, Bukachi S, Muga G, Otiang E, Kwoba E, Thumbi S. Addressing
child and maternal nutrition: a qualitative study on food prescriptions and
proscriptions determining animal source food consumption in rural Kenya. Food
Secur. (2023). doi: 10.1007/s12571-023-01368-2

42. Komatsu H, Malapit H, Theis S. Does women’s time in domestic work and
agriculture affect women’s and children’s dietary diversity? Evidence from Bangladesh,
Nepal, Cambodia, Ghana, and Mozambique. Food Policy. (2018) 79:256–70.

43. Moher D, Liberati A, Tetzlaff J, Altman D. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. J Clin Epidemiol. (2009)
62:1006–12.

44. Muema J, Oyugi J, Bukania Z, Nyamai M, Jost C, Daniel T, et al. Impact
of livestock interventions on maternal and child nutrition outcomes in Africa: a
systematic review and meta-analysis protocol. AAS Open Res. (2021) 4:1.

45. Guyatt G, Oxman A, Schünemann H, Tugwell P, Knottnerus A. GRADE
guidelines: a new series of articles in the Journal of Clinical Epidemiology. J Clin
Epidemiol. (2011) 64:380–2. doi: 10.1016/j.jclinepi.2010.09.011

46. Rawlins R, Pimkina S, Barrett C, Pedersen S, Wydick B. Got milk? The impact
of Heifer International’s livestock donation programs in Rwanda on nutritional
outcomes. Food Policy. (2014) 44:202–13. doi: 10.1016/j.foodpol.2013.12.003

47. Lenjiso B, Smits J, Ruben R. Smallholder milk market participation, dietary
diversity and nutritional status among young children in Ethiopia. J Gend Agric Food
Secur. (2016) 1:129–47.

48. Marquis G, Colecraft E, Kanlisi R, Aidam B, Atuobi-Yeboah A, Pinto C, et al.
An agriculture–nutrition intervention improved children’s diet and growth in a
randomized trial in Ghana. Matern Child Nutr. (2018) 14:1–10. doi: 10.1111/mcn.
12677

49. Lutter C, Caswell B, Arnold C, Iannotti L, Maleta K, Chipatala R, et al. Impacts of
an egg complementary feeding trial on energy intake and dietary diversity in Malawi.
Matern Child Nutr. (2021) 17:1–11. doi: 10.1111/mcn.13055

50. Flax V, Ouma E, Izerimana L, Schreiner M, Brower A, Niyonzima E,
et al. Animal source food social and behavior change communication intervention
among girinka livestock transfer beneficiaries in Rwanda: a cluster randomized
evaluation. Glob Health Sci Pract. (2021) 9:640–53. doi: 10.9745/GHSP-D-21-0
0082

51. MacDonald, A, Main B, Namarika R, Yiannakis M, Mildon A. Small-animal
revolving funds: an innovative programming modelto increase access to and

Frontiers in Nutrition 13 frontiersin.org

https://doi.org/10.3389/fnut.2023.1166495
https://doi.org/10.1787/agr_outlook-2016-5-en
https://doi.org/10.1787/agr_outlook-2016-5-en
https://doi.org/10.1079/PHN2003595
https://doi.org/10.1093/af/vfz033
https://doi.org/10.1093/jn/137.10.2311
https://doi.org/10.2527/jas.2007-0467
https://doi.org/10.1111/j.1365-3016.2012.01282.x
https://doi.org/10.1111/j.1365-3016.2012.01282.x
https://doi.org/10.1177/156482651403500113
https://doi.org/10.1177/156482651403500113
https://doi.org/10.1016/j.gfs.2016.03.003
https://doi.org/10.1016/j.foodpol.2016.05.002
https://doi.org/10.1016/j.gfs.2018.01.002
https://doi.org/10.1016/j.gfs.2018.01.002
https://doi.org/10.7189/jogh.12.08001
https://doi.org/10.7189/jogh.12.08001
https://doi.org/10.1016/S0271-5317(01)00374-8
https://doi.org/10.1177/0379572116647823
https://doi.org/10.1080/02724936.1993.11747621
https://doi.org/10.1186/s12887-015-0448-y
https://doi.org/10.3389/fnut.2021.751686
https://doi.org/10.3389/fnut.2021.751686
https://doi.org/10.1017/S0954422422000233
https://doi.org/10.1371/journal.pone.0187816
https://doi.org/10.3390/ijerph20010254
https://doi.org/10.3390/ijerph20010254
https://doi.org/10.1186/s40100-020-00158-0
https://doi.org/10.1186/s40100-020-00158-0
https://doi.org/10.3389/fsufs.2022.1034618
https://doi.org/10.1016/j.socscimed.2014.01.001
https://doi.org/10.1093/af/vfab001
https://doi.org/10.1093/af/vfab001
https://doi.org/10.1021/acs.est.7b02811
https://doi.org/10.1016/j.onehlt.2016.03.001
https://doi.org/10.1371/journal.pmed.0040115
https://doi.org/10.1177/0379572116681682
https://doi.org/10.1177/0379572116681682
https://doi.org/10.1371/journal.pone.0283813
https://doi.org/10.1371/journal.pone.0283813
https://doi.org/10.1007/s12571-023-01368-2
https://doi.org/10.1016/j.jclinepi.2010.09.011
https://doi.org/10.1016/j.foodpol.2013.12.003
https://doi.org/10.1111/mcn.12677
https://doi.org/10.1111/mcn.12677
https://doi.org/10.1111/mcn.13055
https://doi.org/10.9745/GHSP-D-21-00082
https://doi.org/10.9745/GHSP-D-21-00082
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-10-1166495 July 1, 2023 Time: 14:43 # 14

Muema et al. 10.3389/fnut.2023.1166495

consumptionof animal-source foods by ruralhouseholds in Malawi. Combat Micronutr
Defic Food Based App. (2010):137–49.

52. Dumas S, Lewis D, Travis A. Small-scale egg production centres increase
children’s egg consumption in rural Zambia. Matern Child Nutr. (2018) 14:e12662.

53. Hoddinott J, Headey D, Dereje M. Cows, missing milk markets, and nutrition in
Rural Ethiopia. J Dev Stud. (2015) 51:958–75.

54. Caswell B, Arnold C, Lutter C, Iannotti L, Chipatala R, Werner E, et al. Impacts
of an egg intervention on nutrient adequacy among young Malawian children. Matern
Child Nutr. (2021) 17:e13196. doi: 10.1111/mcn.13196

55. McKune S, Stark H, Sapp A, Yang Y, Slanzi C, Moore E, et al. Behavior change,
egg consumption, and child nutrition: a cluster randomized controlled trial. Pediatrics.
(2020) 146:e2020007930.

56. Stewart C, Caswell B, Iannotti L, Lutter C, Arnold C, Chipatala R, et al. The
effect of eggs on early child growth in rural Malawi: the Mazira Project randomized
controlled trial. Am J Clin Nutr. (2019) 110:1026–33.

57. Otiang E, Yoder J. Vaccination of household chickens results in a shift in
young children ’ s diet and improves child growth in rural Kenya. PNAS. (2022)
119:e2122389119.

58. Le Port A, Bernard T, Hidrobo M, Birba O, Rawat R, Ruel M. Delivery of
iron-fortified yoghurt, through a dairy value chain program, increases hemoglobin
concentration among children 24 to 59 months old in Northern Senegal: a cluster-
randomized control trial. PLoS One. (2017) 12:e0172198. doi: 10.1371/journal.pone.
0172198

59. Lambrecht N, Wilson M, Baylin A, Folson G, Naabah S, Eisenberg J, et al.
Associations between livestock ownership and lower odds of anaemia among children
6–59 months old are not mediated by animal-source food consumption in Ghana.
Matern Child Nutr. (2021) 17:e13163. doi: 10.1111/mcn.13163

60. Muleta A, Hailu D, Stoecker B, Belachew T. Camel milk consumption is
associated with less childhood stunting and underweight than bovine milk in rural
pastoral districts of Somali, Ethiopia: a cross-sectional study. J Nutr Sci. (2021) 10:e78.

61. Kidoido M, Korir L. Do low-income households in Tanzania derive income and
nutrition benefits from dairy innovation and dairy production? Food Secur. (2015)
7:681–92.

62. Headey D, Hirvonen K. Is exposure to poultry harmful to child nutrition? an
observational analysis for rural Ethiopia. PLoS One. (2016) 11:e0160590. doi: 10.1371/
journal.pone.0160590

63. Mosites E, Rabinowitz P, Thumbi S, Montgomery J, Palmer G, May S, et al.
The relationship between livestock ownership and child stunting in three countries in
eastern africa using national survey data. PLoS One. (2015) 10:e0136686. doi: 10.1371/
journal.pone.0136686

64. Mosites E, Thumbi S, Otiang E, McElwain T, Njenga M, Rabinowitz P, et al.
Relations between household livestock ownership, livestock disease, and young child
growth. J Nutr. (2016) 146:1118–24. doi: 10.3945/jn.115.225961

65. Long J, Murphy S, Weiss R, Nyerere S, Bwibo N, Neumann C. Meat and
milk intakes and toddler growth: a comparison feeding intervention of animal-
source foods in rural Kenya. Public Health Nutr. (2012) 15:1100–7. doi: 10.1017/
S1368980011002746

66. Argaw A, Wondafrash M, Bouckaert K, Kolsteren P, Lachat C, Belachew T,
et al. Effects of n-3 long-chain PUFA supplementation to lactating mothers and their
breastfed children on child growth and morbidity: a 2 × 2 factorial randomized
controlled trial in rural Ethiopia. Am J Clin Nutr. (2018) 107:454–64.

67. Bierut T, Duckworth L, Grabowsky M, Ordiz M, Laury M, Callaghan-Gillespie
M, et al. The effect of bovine colostrum/egg supplementation compared with corn/soy
flour in young Malawian children: a randomized, controlled clinical trial. Am J Clin
Nutr. (2021) 113:420–7.

68. Passarelli S, Ambikapathi R, Gunaratna N, Madzorera I, Canavan C, Noor A,
et al. A chicken production intervention and additional nutrition behavior change
component increased child growth in ethiopia: a cluster-Randomized trial. J Nutr.
(2020) 150:2806–17.

69. Aiga H, Matsuoka S, Kuroiwa C, Yamamoto S. Malnutrition among children
in rural Malawian fish-farming households. Trans R Soc Trop Med Hyg. (2009)
103:827–33.

70. Hoorweg J, Leegwater P, Veerman W. Nutrition in agricultural development:
intensive dairy farming by rural smallholders. Ecol Food Nutr. (2000) 39:
395–416.

71. Kassa H, Ayalew W, Habte Gabriel Z, Gebre Meskel T. Enhancing the role of
livestock production in improving nutritional status of farming families: lessons from
a dairy goat development project in Eastern Ethiopia. Livest Res Rural Dev. (2003)
15:31–9.

72. Muleta A, Hailu D, Belachew T. Camel milk consumption was associated with
lower prevalence of anemia among preschool children in rural pastoral districts of
Somali, eastern Ethiopia. Nutrition. (2021) 86:111170. doi: 10.1016/j.nut.2021.111170

73. Prado E, Maleta K, Caswell B, George M, Oakes L, Debolt M, et al. Early child
development outcomes of a randomized trial providing 1 egg per day to children age 6
to 15 months in Malawi. J Nutr. (2020) 150:1933–42. doi: 10.1093/jn/nxaa088

74. Kaur M, Graham J, Eisenberg J. Livestock ownership among rural households
and child morbidity and mortality: an analysis of demographic health survey data from
30 sub-Saharan African countries (2005–2015). Am J Trop Med Hyg. (2017) 96:16–64.
doi: 10.4269/ajtmh.16-0664

75. De Beer H. Dairy products and physical stature: a systematic review and
meta-analysis of controlled trials. Econ Hum Biol. (2012) 10:299–309.

76. Mulmi P, Block S, Shively G, Masters W. Climatic conditions and child height:
sex-specific vulnerability and the protective effects of sanitation and food markets in
Nepal. Econ Hum Biol. (2016) 23:63–75. doi: 10.1016/j.ehb.2016.07.002

77. Otiang E, Campbell Z, Thumbi S, Njagi L, Nyaga P, Palmer G. Vaccination
of household chickens results in a shift in young children’s diet and improves
child growth. Proc Natl Acad Sci. (2021) 119:e2122389119. doi: 10.1073/pnas.21223
89119

78. Moore E, Wood E, Stark H, Wereme N, Diaye A, McKune S. Sustainability and
scalability of egg consumption in Burkina Faso for infant and young child feeding.
Front Nutr. (2023) 9:1096256. doi: 10.3389/fnut.2022.1096256

79. Onyango A, Tucker K, Eisemon T. Household headship and child nutrition:
a case study in Western Kenya. Soc Sci Med. (1994) 39:1633–9. doi: 10.1016/0277-
9536(94)90077-9

80. Kurz K, Johnson-Welch C. Enhancing women’s contributions to improving
family food consumption and nutrition. Food Nutr Bull. (2001) 22:443–53. doi: 10.
1177/156482650102200418

81. Ibnouf F. The role of women in providing and improving household food
security in Sudan: implications for reducing hunger and malnutrition. J Int Womens
Stud. (2009) 10:144–67.

82. Dumas S, Maranga A, Mbullo P, Collins S, Wekesa P, Onono M, et al. “Men Are
in Front at Eating Time, but Not When It Comes to Rearing the Chicken”: unpacking
the Gendered Benefits and Costs of Livestock Ownership in Kenya. Food Nutr Bull.
(2018) 39:3–27. doi: 10.1177/0379572117737428

83. Leroy J, Frongillo E, Kase B, Alonso S, Chen M, Dohoo I, et al. Strengthening
causal inference from randomised controlled trials of complex interventions. BMJ Glob
Health. (2022) 7:e008597. doi: 10.1136/bmjgh-2022-008597

84. Puett C. Assessing the cost-effectiveness of interventions within a humanitarian
organisation. Disasters. (2019) 43:575–90.

Frontiers in Nutrition 14 frontiersin.org

https://doi.org/10.3389/fnut.2023.1166495
https://doi.org/10.1111/mcn.13196
https://doi.org/10.1371/journal.pone.0172198
https://doi.org/10.1371/journal.pone.0172198
https://doi.org/10.1111/mcn.13163
https://doi.org/10.1371/journal.pone.0160590
https://doi.org/10.1371/journal.pone.0160590
https://doi.org/10.1371/journal.pone.0136686
https://doi.org/10.1371/journal.pone.0136686
https://doi.org/10.3945/jn.115.225961
https://doi.org/10.1017/S1368980011002746
https://doi.org/10.1017/S1368980011002746
https://doi.org/10.1016/j.nut.2021.111170
https://doi.org/10.1093/jn/nxaa088
https://doi.org/10.4269/ajtmh.16-0664
https://doi.org/10.1016/j.ehb.2016.07.002
https://doi.org/10.1073/pnas.2122389119
https://doi.org/10.1073/pnas.2122389119
https://doi.org/10.3389/fnut.2022.1096256
https://doi.org/10.1016/0277-9536(94)90077-9
https://doi.org/10.1016/0277-9536(94)90077-9
https://doi.org/10.1177/156482650102200418
https://doi.org/10.1177/156482650102200418
https://doi.org/10.1177/0379572117737428
https://doi.org/10.1136/bmjgh-2022-008597
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

	The impact of livestock interventions on nutritional outcomes of children younger than 5 years old and women in Africa: a systematic review and meta-analysis
	Introduction
	Materials and methods
	Protocol and registration
	Definitions

	Criteria for considering studies for the review
	Study and participant types
	Types of interventions
	Information source and search strategy

	Study selection and data abstraction
	Inclusion and exclusion criteria
	Data abstraction

	Data analysis
	Bias assessment

	Results
	Selection of studies
	Summary of study characteristics and their evidence
	Meta-analysis
	Pooled effect estimates
	Rating quality of evidence

	Discussion
	Conclusion
	Program and policy recommendations

	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Author disclaimer
	Supplementary material
	References


