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approach
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Livestock-derived animal source foods (ASF) provide macro and micronutrients required for child
growth and development, yet are under-consumed in many parts of the world where undernutrition
persists. Using a modified conceptual framework of the social determinants of health, this study
investigates the interrelationship between livestock ownership, ASF consumption, and child
undernutrition (wasting, stunting, and underweight) in Rwanda. Using Demographic and Health
Survey (DHS) data from 3438 children aged 6-59 months and employing a multilevel mixed effects
model, we investigate these interrelationships nationally, then focus on the Eastern Province and
Nyagatare district, an area of high livestock production. Findings reveal that livestock ownership

is significantly negatively associated with stunting (—0.056, p = 0.048) and underweight
(—0.047, p = 0.003); no significant association was found with wasting. No direct relationship
between ASF consumption and child undernutrition was identified at the national level, though
children who consumed ASF and lived in households with livestock were 6% (—0.063, p = 0.048)
less likely to be stunted and 3.6% (—0.036, p = 0.047) less likely to be underweight. The effect of
livestock ownership was particularly pronounced in Nyagatare district, where children in households
with livestock were 35% (—0.355, p = 0.032) less likely to be stunted than children in households
without livestock. The study also found important associations with other social determinants of
health, including maternal education and economic status, among others. Findings underscore the
important role of livestock ownership in Rwanda and the need for a multi-disciplinary approach in
leveraging increased ASF consumption to improve child nutrition outcomes.
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Nutrition plays a key role in child growth and development, and global efforts have consequently focused on
improving indicators of child undernutrition. Despite these efforts, high rates of child malnutrition persist,
particularly in low- and middle-income countries (LMIC). Animal source foods (ASF) have been heralded as an
effective tool for reducing malnutrition, particularly in children; however, ASF are expensive to purchase!, and
keeping livestock for consumption of one’s own ASF comes with risks as well as benefits®. Following the UNICEF
framework for child nutrition, a child’s nutritional status is largely determined by factors that are embedded
in society, including religion, gender norms, educational status of the mother, and myriad others factors that
determine diet and disease in that child. Rwanda is a LMIC who has made substantial strides in improving its
development indicators, including under five mortality’; however, malnutrition is a persistent problem and,
consequently, a high priority for the government. Using data from the 2019-2020 Demographic and Health
Survey in Rwanda and a modified framework for social determinants of health, this study aims to explore and
describe the predictors of child nutritional status with a focus on understanding the livestock ownership—ASF
consumption—undernutrition nexus.
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Background

In 2020, an astounding 148 million children under five (CU5) were estimated to be stunted (short for their age),
while 45 million were estimated to experience wasting (low weight relative to height)*; fully 91% of stunted CU5
are living in LMICs®. Poor nutrition in early-life is also associated with a wide range of negative developmental
outcomes, including reduced cognitive function, language acquisition, sensory-motor skills, overall mental
development, academic achievement, and future intellectual potential6, all of which are impediments to various
forms of productivity and progress. Chronic malnutrition during early childhood is estimated to contribute to
45% of deaths in CU5’ but also a substantial economic burden in LMICs, reinforcing cycles of poverty®.

Similar to other health outcomes, factors influencing child nutritional status are embedded in multifactorial
and complex systems, which can be understood through social determinants of health. These determinants
include income, employment, housing and various other social factors, that interact to shape the conditions
in which people live®. These factors interact to affect both the immediate (diet and disease) and underlying
(food security, care behaviors, and health system and the environment) determinants of child nutrition!®.
Lack of access to nutrient-dense foods constrains diet quality, particularly of young children, with important
short and long term health consequences. Animal source foods (ASF) are a rich source of nutrient-dense foods
but are often missing in the diets of about 800 million people worldwide!!. Increased consumption of ASF in
LMICs has the potential to address the nutrient inadequacies common in predominantly starch-based diets!2.
Numerous studies have consistently shown a positive link between increased ASF consumption and improved
child growth, cognitive function, and immune response'®, though ASF consumption varies across regions,
cultures, and households. In some regions, ASF consumption patterns are based on location and seasonality
of available ASF'%; while in other cultures, perceptions and beliefs regarding certain foods affect the frequency
of ASF consumption'>!6. Several studies have shown that varying religious and cultural norms, including
intrahousehold food allocation practices, have impacted ASF consumption and its link to child nutrition!’.

In LMICs where livestock serves as a major source of livelihood, ownership of livestock becomes a crucial
factor shaping child nutritional outcomes. Livestock ownership can directly affect child nutrition through
increased ASF availability and consumption!®!®. Cows provide milk, beef, and dairy products, while chickens
offer eggs and meat, and sometimes, depending on the region, they are a source of income?. Milk or meat
consumption is generally positively associated with livestock-ownership?!, and ASF consumption has been
found to improve child nutrition status?. Livestock species that contributes most to ASF consumption vary
substantially across regions and cultures?*?*. ASF consumption offers sufficient nutritional content even when
consumed in small volumes, warranting more benefits for children who have limited gastric capacities!>>.

Raising animals provides families with various other pathways for better health?. Livestock production
serves as an important income-generating activity in many resource-limited settings, potentially enhancing child
nutrition, by improving access to healthcare, education, sanitation, and other nutritious food?’. Research suggests
that owning livestock in Africa has been linked to a rise in consuming nutritious animal products, potentially
improving nutritional outcomes®®. A conceptual framework demonstrating typical social determinants of health
with livestock ownership and ASF consumption embedded is represented in Fig. 1.

Despite the conceptual benefits and supporting evidence, however, the relationship between livestock
ownership and nutritional outcomes is hardly understood. Human-livestock interactions are complex and may
pose health risks as well as benefits, due to increased exposure to pathogens that can cause clinical diseases?’.
Livestock ownership has been shown to play a dual role, serving both as a protective factor against chronic
malnutrition and a risk factor for mortality?>%.

Rwanda is a small land-locked country located in East Africa. Despite recent strides in improving various
development indicators®’, malnutrition remains a major concern (33% stunting rate). The Rwandan government
has recognized and sought to harness the potential benefits of increasing ASF access to improve nutritional
outcomes, having implemented initiatives such as the “One Cow per Poor Family” program?®' and the “One
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Fig. 1. Interrelationship between livestock ownership, ASF consumption and child nutritional status within
social determinants of health.
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Egg a Day” program for children®’. However, translating policy into practice requires navigating a complex
landscape of challenges. Factors such as poverty, limited land resources, and the threat of disease outbreaks can
notably hinder livestock ownership and ultimately, constrain ASF availability for Rwandan households®*. Thus,
this study aims to understand the predictors of child nutritional status by unraveling the livestock ownership-
ASF consumption-undernutrition nexus in Rwanda, using a modified framework of the social determinants of
health. Within Rwanda, this study will compare and focus on child growth outcomes in Nyagatare district, which
has among the highest livestock densities and dairy production of all districts*’. High rates of malnutrition,
combined with the government’s emphasis on the benefits of ASF consumption, makes Rwanda and ideal case
study for this research.

Materials and methods

Data source and setting

This paper utilizes data from the 2019-20 Rwandan DHS, covering all Rwanda provinces and districts®>. The
Rwandan DHS, conducted every five years, is a cross-sectional survey implemented by the National Institute
of Statistics of Rwanda (NISR) in collaboration with Ministry of Health (MoH). The data were collected from a
nationally representative sample of 12,949 households in a way that allows national and regional level estimates
of indicators. This study uses data from the child file, focusing on children aged 6-59 months. Because we are
focused on ASF consumption, children under six months of age, who should by WHO recommendations receive
only breastmilk, are not included in our sample. The final sample included 3,438 children selected to investigate
dietary practices. Children who were not assessed for Minimum Dietary Diversity (MDD) per DHS guidelines—
thus no data on ASF consumption—or with missing values in the outcome variables (child wasting, stunting,
and underweight) were excluded from the analysis.

Variables

The primary outcome of this paper is child growth outcomes, which are assessed and used as standard measures
of malnutrition: stunting, wasting, and underweight. The empirical analysis of child these outcomes uses
standardized anthropometric indicators: Z-scores for height-for-age (HAZ), weight-for-age (WAZ), and weight-
for-height (WHZ), all calculated according to the 2006 World Health Organization (WHO) Child Growth
Standards. Children were classified as stunted, underweight, or wasted if their HAZ, WAZ, or WAZ z-scores,
respectively, fell below -2. Consequently, primary outcomes are binary, coded as “1” for malnourished and “0”
otherwise.

The key explanatory variables in the study are livestock ownership and ASF consumption. Livestock
ownership is coded as a dichotomous indicator, with “1” representing a household that reports owning any type
of livestock, herds, or farm animals. We also assessed the intensity of livestock ownership by calculating the
Tropical Livestock Unit (TLU) using the number and type of livestock. The measurement of TLU generates an
index for livestock ownership by assigning higher weights by size of the livestock (0.8 for horses, 0.5 for cattle,
0.2 for pigs, 0.1 for small ruminants, 0.02 for rabbits and 0.01 for chickens). These weights are further multiplied
by the number of each type of livestock.

ASF consumption was measured using a 24-h recall for each type of ASF (eggs, fish, meat, flesh, milk, or
dairy). First, ASF consumption in children is measured as binary and coded as “1” if any of the ASF food groups
are reportedly consumed by the child; otherwise, “0”. Furthermore, to analyze the impact of different types of
ASF on child growth, we analyzed each type of ASF individually. This disaggregation was conducted in order
to understand whether the consumption of different ASF types have varied effects on child nutrition®. For
example, dairy is considered separately from meat, due to its high-quality protein content, typical lower cost, and
reduced sensitivity to economic insecurity®’. The disaggregation of ASF by type is also crucial, as different types
of ASF offer different nutritional values, particularly for iron, vitamin A, and iodine, which are among the most
deficient nutrients globally?. Additionally, milk was separated from dairy products due to its high prevalence and
consumption in Nyagatare district compared to other regions of Rwanda.

Other socio-demographic covariates were selected based on the existing literature, following social
determinants of health framework, and availability of those indictors in DHS dataset. These include various
individual, maternal, household and community-level characteristics known to influence child nutritional
status. Individual factors include birth order and child’s birth size, and maternal factors include mother’s age
and education level. At the household level, the study controls for type of cooking fuel, number of antenatal care
(ANC) visits, ownership of agricultural land, income level (using wealth index), and health insurance coverage.
Community-level factors include place of residence (rural/urban).

Statistical analysis

To evaluate the relationship between child nutritional status, livestock ownership and ASF consumption, we use
separate regression models for stunting, wasting and underweight. Due to the hierarchical nature of the DHS
data, where child characteristics are nested in the community, multilevel mixed-effect linear regression models
were employed. Because the children are nested within rural-urban areas and these regions are nested within
the districts, we fit a three-level mixed model with random intercepts at both rural/urban and district levels. The
three-level mixed model can be specified as:

ChildNutrition i, = livestock;i 1 + ASFConsumption i B2
+XBs + Z3uS) + Z0uP + ) (1)
ik ; B
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Fori =1,.....,n first level (child) observations nested within j = 1, ... .., M} second-level groups (rural/
urban), which are nested within £ = 1,....., M third-level groups (district level). Child Nutrition refers
to the different measurement of child growth outcomes of stunting, wasting and underweight; livestock and
ASFConsumption refer to the livestock ownership and ASF consumption, respectively; and X refers to the
vector of other covariates, e.g. sociodemographic factors that are used in the model. All the explanatory variables

and error term in multilevel mixed effect models will have a row dimension 7 k.Z](.?uﬁ) + Zﬁ)uﬁg are the
random effects associated with the district level and rural/urban level variations. The terms uﬁ) and uﬁ)

represent the random intercept at the district and rural/urban levels. The numbers in superscripts (3 and 2)
refer to the design matrix and random effects at third and second levels respectively. Before, including these
covariates into the regression models, a bi-variate analysis was done to determine the significance. Some of the
covariates such as mother’s Body Mass Index (BMI), anemia status, mother’s smoking behaviour, ANC visits,
health insurance, agricultural land ownership, child sleeping under the mosquito nets, improved water and
sanitation facilities were tested but dropped from the final model due to their insignificant association. The
frequencies of all the variables considered in regression model are reported in Table 1.

For total sample in Rwanda and Eastern province, a three-level (individual, rural/urban, and district level)
mixed effect linear regression was used to estimate the effect of livestock ownership and ASF consumption on
child growth outcomes along with the other covariates. The models at the district level (Nyagatare) were only
adjusted for two levels, individual and rural/urban clustering.

The fixed effects were used to estimate the association between child nutrition status, livestock ownership,
ASF consumption and other covariates at individual, maternal household, and community level factors.

Furthermore, interaction terms between livestock ownership and ASF consumption were used to disentangle
the independent effects of livestock ownership and ASF consumption and to better understand their combined
effect as well. For example, livestock ownership may lead to greater ability to consume specific types of ASE, such
as dairy products while also potentially limiting access to other types, like meat.We also interacted livestock
ownership with different types of ASF when conducting heterogenous analysis to uncover how various ASF
interact differently with livestock ownership. For example, children from households with access to dairy-
producing animals can have different nutritional outcomes that those with primarily meat-producing livestock.
By analyzing these interactions, we explore whether the relationship between livestock ownership and nutritional
outcomes is specific to certain ASF types or whether broader patterns emerge across all ASFs.

Results

Descriptive statistics

A total weighted sample of 3,438 children, between 6-59 months old were included in the study. Table 1
represents the descriptive statistics of all the variables included in the analysis separately for Rwanda, Eastern
province, and Nyagatare district. In Rwanda, the prevalence of childhood malnutrition is high with stunting rate
at 35.1%; slightly lower rates are observed in Eastern Province 31.4% and in Nyagatare district 32.4%. Wasting
is less prevalent in the country (Rwanda: 1.1%; Eastern province: 0.97%; Nyagatare: 0%). The prevalence of
underweight is around 7.8% in Rwanda, 7.7% in Eastern province, and considerably less in Nyagatare (3.5%) as
compared to the province and national average. These numbers are slightly different than Rwanda DHS report
(2020) as our sample consists of children aged 6-59 months as opposed to 0-59 months used in the country
report.

As expected, ASF consumption is high in Nyagatare district (50%) compared to province and national
average (Eastern province: 44.1%; Rwanda: 39.5%). The difference is primarily due to milk consumption in the
district: in Nyagatare, 45.6% of children were reported to be fed milk, compared to 34% in Eastern province
and 26% in Rwanda overall. Conversely, consumption of all other ASF type is lower in Nyagatare compared to
Eastern province and Rwanda overall. In examinging ASF consumption patterns by type, it is also noticeable that
fish is the second most common ASF in Rwanda, where 14% of the household report feeding their children fish
(Eastern province: 15.7%; Nyagatare: 8.8%).

Around 46.4% of the households in our sample reported owning livestock, herd, or farm animals. Livestock
ownership is more common in Nyagatare district (51%) compared to the Eastern province (47.9%) and Rwanda.
The average tropical livestock unit (TLU) was around 2 in Rwanda overall as well as Eastern province and in
Nyagatare district. However, the relationship with intensity of the livestock (TLU) was not found to be significant.

Regarding other covariates, 17.3% of children are reported as small at birth in Rwanda, compared to 16.4%
in Eastern Province and 12.1% in Nyagatare. Additionally, more than two thirds of mothers have primary
education in Rwanda (65.5%). This percentage is even higher in Eastern Province (68.2%) and Nyagatare district
(73.8%).Around 80% of the households has health insurance coverage in Rwanda (79.6% in Rwanda; 77% in
Eastern province and Nyagatare district). Around 50% of the women visited for their ANC visits 1-3 times.
Categorical variables for elevation levels were also included in the model. Most of the households were reported
to be residing between 1000-2500 m of elevation. Table 1 also shows that most of the population in our sample
resides in the rural area (around 80%).

Prevalence of child malnutrition in Rwanda across districts

Figures 2, 3, 4 demonstrate the spatial distribution of child growth outcomes in children aged 6-59 months in
Rwanda across districts. In 2019/20, districts in the Northern and Western Provinces had the highest stunting
rates (over 40%), while wasting was found to be most prevalent in some districts in the Southern Province
(Nyaruguru and Gisagara districts). Prevalence of underweight was highest in the southern province and some
of the eastern province districts (Kayonza) and northern province (Burera).
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Rwanda Eastern province | Nyagatare

Sample characteristics % (N) % (N) % (N)
Child Nutrition

Stunting 35.1(1207) | 31.4 (260) 32.4 (47)
Wasting 1.1 (38) 0.97 (8) -
Underweight 7.8(267) 7.7 (64) 3.5(5)
ASF consumption (Any) 39.5(727) | 44.1(182) 50 (34)
Milk 26.3 (483) 34.1(141) 45.6 (31)
Eggs 5.8 (106) 5.6 (23) 4.4 (3)
Fish 14.4 (265) | 15.7 (65) 8.8 (6)
Meat 3.3(60) 3.2(13) 2.9 (2)
Livestock

Livestock ownership 46.4 (1594) | 47.9 (397) 51.0 (74)
Tropical livestock Unit (TLU) (mean) | 0.21 0.24 0.2
Number of large ruminants (mean) 0.19 0.21 0.1
Number of small ruminants (mean) 0.46 0.75 0.86
Birth order

Firstborn 23.9 (821) |23.6(196) 18.6 (27)
2-4 54.3 (1867) | 53.8 (446) 60 (87)
>.5 21.8(750) | 22.6 (187) 21.4 (31)
Child size at birth

Small 17.3(591) | 16.4 (134) 12.1(17)
Average 52 (1778) 52.4 (429) 52.1(73)
Large 30.7 (1050) | 31.2 (255) 35.7 (50)
Mother’s age (mean) 32.1 31.8 31.8
Child slept under mosquito net 51.2 (1755) | 41.9 (346) 49.3 (71)
Had diarrhea recently 15.9 (2891) | 12.7 (105) 15.2(22)
Had fever in last two weeks 19.7 (676) | 17.7 (147) 20.7 (30)
Attended ANC visits

No 1.9 (50) 2.04 (13) 4.8(5)
1-3 51.4 (1335) | 54.9 (350) 54.3(57)
4 and more 46.7 (1213) | 43.1(275) 40.9 (43)
Mother’s Education level

No education 11.9 (410) 11.2 (93) 11.0 (16)
Primary 65.5 (2253) | 68.2 (565) 73.8 (107)
Secondary 17.9 (616) | 17.0 (141) 13.8 (20)
Higher 4.6 (159) 3.6 (30) 1.4 (2)
Mother’s Body Mass Index (mean) 2731.38 2371.4 2386.1
Mother is anemic 12.1 (415) | 10.6 (88) 5.5(8)
Smoking 0.6 (20) 0.6 (5) 0.7 (1)
Own agricultural land 57.5(1975) | 56.2 (466) 48.9 (71)
Health insurance coverage 79.6 (2738) | 77.7 (644) 77.2 (112)
Has bank account 48.3 (1662) | 39.3 (326) 31.0 (45)
Wealth index

Poorest 23.9 (824) |20.8(172) 22.1(32)
Poorer 20.8 (714) | 21.4 (177) 23.5 (34)
Middle 18.9 (651) | 22.8(189) 26.9 (39)
Richer 18.2(627) |21.4(177) 18.6 (27)
Richest 18.1(622) |13.8(114) 8.9 (13)
Improved fuel 2.8 (94) 1.7 (14) 14 (2)
Improved water 83.8 (2568) | 88.8(552) 80.9 (72)
Improved toilet 74.2 (2159) | 78.6(176) 88.9 (129)
Elevation
Less than 1000 m 0.3(9)

1000-1500 m 27.9(960) | 61.8(512) 90.3 (131)
1500-2000 m 54.2 (1863) | 38.2(317) 9.7 (14)
2000-2500 m 17.2 (592)
Continued

Scientific Reports|  (2025) 15:30443 | https://doi.org/10.1038/s41598-025-97365-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

More than 2500 0.41 (14)

Place of residence

Rural 79 (2716) 87.2(723) 80 (116)
Urban 21(722) 12.8 (106) 20 (29)
Sample 3,438 829 145

Table 1. Descriptive statistics.
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Child nutritional status, livestock ownership and ASF consumption
Table 2 presents regression results from the multilevel mixed effect regression model as specified in Eq. 1 above
separately for stunting, wasting, and underweight.

Results reveal an overall negative and significant association between livestock ownership and stunting
(Table 2). Livestock ownership reduced the probability of stunting by approximately 5%. For ASF consumption,
there was no significant association found with stunting directly, but children who were fed ASF in households
who reported livestock ownership were 6.3% lower probability of being stunted. Similar to stunting, livestock
ownership was found to be significantly negatively associated with underweight; the probability of being
underweight was 4.7% less among the children who belonged to households with livestock. Also, the probability
of underweight reduced among the children who were fed ASF and belonged to the household with livestock,
with negative and significant coefficient of the interaction term. In contrast to stunting and underweight, wasting
was not found to be significantly associated with livestock ownership and ASF consumption at a country level.

For other confounders, a child’s size at birth was found to be significantly associated with the probability
of stunting and underweight, with average and larger than average children at birth less likely to be stunted or
underweight than children born small. No statistically significant association was found for child size at birth
and wasting. Birth order (more than 4) was found to be a significant risk factor for stunting and underweight
compared to the first-born children. No significant association was found between birth order wasting. Mother’s
education level was also found to be a significant protective factor against stunting: children born to mothers
with higher education were 14-15% less likely to be stunted than children born to mothers with no education.
Mother’s education was not found to be associated with wasting and underweight in Rwanda. Interestingly, and
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Stunting | Wasting | Underweight

(1) () (3)
Livestock ownership -0.056** | 0.0038 -0.0474***

(0.0283) | (0.0062) | (0.0160)
ASF consumption (any) -0.0429 0.009 -0.0196

(0.0318) | (0.0069) | (0.0180)
ASF consumption* livestock ownership | -0.0628** | 0.0108 -0.0357**

(0.0318) | (0.0069) | (0.0180)

Child size at birth (ref=Small)

Average -0.136** |-0.0106 | -0.0817***
(0.0302) | (0.0066) | (0.0171)
Large -0.183%%* |-0.0065 | -0.115***

(0.0330) | (0.0072) | (0.0187)

Birth order (ref=1st)

2-4 0.0461 0.0028 0.0384**
(0.0296) | (0.0065) | (0.0168)

4+ 0.0984** | 0.0072 0.0906***
(0.0454) | (0.0099) | (0.0257)

Mother’s age 0.000373 | -0.0003 -0.00133

(0.00241) | (0.0005) | (0.00137)

Mother’s education level (ref=No education)

Primary -0.0524 0.00559 0.00106
(0.0358) | (0.00787) | (0.0203)
Secondary -0.0505 0.000791 | -0.000660
(0.0454) | (0.00999) | (0.0258)
Higher -0.143** | 0.0215 -0.00815
(0.0713) | (0.0157) | (0.0404)
Household uses clean fuel 0.0594 0.0557*** | 0.0781*

(0.0767) | (0.0168) | (0.0434)

Elevation (ref=less than 1000)

1001-1500 m 0.309 0.0102 | 0.0970
(0.262) | (0.0575) | (0.148)
1501-2000 m 0.374 0.0141 | 0.104
(0.262) | (0.0574) | (0.148)
2001-2500 m 0472* | 0.00536 | 0.124
(0.263) | (0.0577) | (0.149)
More than 2500 m 0.653* | -0.00225 | -0.00169

(0.313) (0.0686) | (0.177)

‘Wealth index (ref = Poorest)

Poorer -0.0678** | 0.000242 | 0.00129
(0.0318) | (0.00700) | (0.0181)
Middle -0.132%%* | -0.00346 | -0.0304
(0.0343) | (0.00755) | (0.0195)
Richer -0.129%* | -0.00604 | -0.0172
(0.0355) | (0.00778) | (0.0201)
Richest 0208 | -0.0121 | -0.0778*
(0.0416) | (0.00912) | (0.0235)
Constant 0.244 0.00633 | 0.0926

(0.274) | (0.0602) | (0.155)

Random-effect parameters

Between rural/urban (level 1 variance) | 5.14e-14 | 8.96e-16 | 3.0le-13

Between districts (level 2 variance) 0.001 4.26e-06 | 3.26e-15
Icc 0.003 0.0004 4.70e-12
Log likelihood -1112.58 | 1616.08 -92.57
AIC 2273.18 -3184.17 | 233.15
BIC 2405.09 -3052.25 | 365.07
Wald chin2 219.55%** | 27.54 96.48**
Continued
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Stunting | Wasting | Underweight
(1) () (3)
Observations 1,802 1,802 1,802

Number of groups 2 2 2

Table 2. Livestock ownership, ASF consumption and Child nutrition status in Rwanda - Multilevel mixed
effect model. Standard errors in parentheses. ICC, intraclass correlation coefficient. *** p<0.01, ** p<0.05, *
p<0.1

aligning with previous literature, higher elevation was found to be a risk factor for stunting among CU5. The
risk of stunting linearly increases with the higher altitude. Altitude was not found to be a significant factor for
wasting or underweight. The wealth index upheld the expected sign and coefficient: children living in richer
households are less likely to be stunted and underweight compared to those in poorer households.

Heterogeneous effects by types of ASF

Furthermore, in Table 3 we test the relationship between livestock ownership and children nutritional status,
after controlling for different types of ASE Ownership of livestock remains a significant factor in reducing the
probability of stunting and underweight in Rwanda. However, no specific ASE, individually was found to be
significantly associated with stunting except meat (col. 7). Consumption of meat was found to be significantly
positively associated with the risk of stunting among children. One of the reason could be very few households
eating meat in Rwanda overall (3.3%).

For wasting, livestock ownership was not found to be significantly associated. Milk consumption was found
to be a risk factor for wasting among children with significant positive association. Further, consumption
of milk and eggs among households with livestock was found to be positively associated with likelihood of
wasting, with significant and positive interaction effects. The significant interaction effect of egg among livestock
owning households needed further exploration as exposure to chickens (particularly chicken feces) are major
sources of enteric disease*® and an important contributor to the under development of children under five®.
To investiage this further, we tested specifically for chicken ownership in the household and its interaction with
egg consumption (Table 4). Findings interestily reveal the effects of chicken ownership and its interation with
egg consumption. While owning any type of livestock was not related with wasting as stated before, chicken
ownership was positively and significantly related with wasting in Rwanda. Also the interaction effect of chicken
with egg consumption appeared stronger than Table 3. Children who were fed egg in the households with
chicken were 4.8% more likely to be wasted than children who were not fed eggs and belonged to household
with no chickens.

For underweight, similar to stunting, livestock ownership was found to be negatively and significantly
associated with likelihood of underweight (approximately 4% less likely). Among different type of ASE none
were found to be associated with underweight individually. Also, no interaction effects between livestock
ownership and ASF consumption was noted for underweight in Rwanda.

Child nutritional status, livestock ownership, and ASF consumption in Eastern province and
Nyagatare district

Table 5 presents region specific results for Eastern province and then Nyagatare district using the same model
specification as in Eq. 1. All regression models include controls as specified in Table 2 but have not been presented
here for the sake of brevity. As opposed to the country overall, at province level, we did not observe a significant
effect of livestock ownership or ASF consumption on stunting. However, in Eastern province, significant and
protective effect of livestock ownership was found on underweight and wasting.

In Nyagatare district, livestock ownership is found to be significantly and more strongly negatively associated
with probability of stunting in the district (35.5%). No significant effect of ASF consumption was found on
stunting. Additionally, no significant association was found between livestock ownership and underweight or
ASF consumption and underweight in Nyagatare district. Wasting results for Nyagatare district are not reported
as there were no cases of wasting in the district in 2019-20 in the DHS dataset.

Table 6 and 7 report results by ASF type for Eastern province and Nyagatare district. Milk consumption was
found to be negatively associated with wasting in Eastern province. Children who consumed milk were 2% less
likely to be wasted than children who did not consume milk in the region. Though, no other ASF type was found
to be significantly associated individually. But the interaction of egg consumption with livestock ownership was
found to be positively and significantly associated with wasting and underweight in Eastern province.

As stated before for Rwanda, after including chicken ownership in the households, though no significant
effect of chicken ownership itself was found, the interaction effect of egg consumption and chicken ownership
became stronger with higher probability of wasting by 10.9% and underweight by 18% among children.

In Nyagatare (Table 7), effect of livestock ownership on stunting was found to be strong and ranged from
25%-39%. Consumption of no individual ASF type was associated with child growth outcomes evaluated.
Consumption of fish among households with livestock appeared to be risk factor for underweight in Nyagatare
district.

Scientific Reports |

(2025) 15:30443 | https://doi.org/10.1038/s41598-025-97365-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

"7 31qe], ut pajiodai sajqeLIeA ) 10J pa[[onU0d d1e spPpow [Ty ‘1°0>d , ‘50'0>d
xx T0°0>d 4yx "sOs9YIUAIR UT SIOLIS PIRPUR]S [OPOW OIS PIXTW [AS[I[N]A] -SNJe)s [BUONLIINU SUIIP[IYd pue dIysisumo 3o003saal] 9dfy ISV “¢ a1qer,

2081 7081 2081 2081 2081 7081 2081 7081 2081 2081 2081 7081 SUOTIEAISqO
$0°99€ | $TOS0E- | +xx9T'61T *xx86'56 68'ST| €0HTT *xS9T0T ¥8'6T | xxxlLTTT 16§96 | F9E | xa€ TTT Zvip pITpm
TUPET | 91'T8IE- | 61°90%T $S'69€ | PLOSOE- | 98°T0PT L1°09€ | €9FS0E- | €THOVT SO'S9€ | LOT90E- | SO'HOPT 219

xexST'S6 Se'sT| LTt T9'EET | 99°T8IE- | ¥6°0LTT ST'8TT | SS'981¢- e €I'eET | 6'T6IE- | €1TLTT oIV
90°€6- | 80°ST9T | €I€TTT- 1826~ | €€°SI91 | LVTI1T- T1I06- | LTLIOT| STTIII- 95T6- | S0T9T | TTIII- pooyayy SoT
€1-9LLY 2000 $200°0 60-269'C | #1000 2000 01-265'T 2000 2000 €1-9%9°9 100°0 €0°0 201
L1-356'T | T0000°0 50000 €1-98%°¢ | 100000 |  $000°0 T1-961'6 | 700000 $000°0 91-269'% | 100000 $00°0 (9oUBLIEA T [9A3]) SPDLISIP U2IMIdE
$1-960°€ | ¥1-9¢6'1 | P1-219F 0T-37L'T | TI-98T°L| €1-96%'1 T1-960'T | $1-90S'T | €1-9€S'T PI-297F | 81-200°G | $1-965°C | (PIUBLIBA | [2A3]) UBQIN/[EINI UIMIOY
wuwuwsmum& uuw.tulﬁ\ﬂOﬁﬁmm
ysLy LE) s339 MIN adky g5V
(£¥200) | (600°0) (€%0°0) (9500) | (2z00) | (5860°0) (¥€00) | (€100 (650°0) (610°0) | (8000) | (5€0°0)
0%20°0- | 1000 7200 LE0°0- | TIO0-|  80T°0- T€0°0 | +FPT00 1200 910°0- | »xS610°0 | ££0°0- | diysIoumo yooisaAl] ,uondumsuod 45y
(0¥20°0) | (600°0) (z¥0°0) (¥70°0) | (£10°0) (80°0) (170°0) |  (910°0) (€20°0) (020°0) (100) | (s€0°0)
€10°0-| ¥€00°0 720°0- 870°0- | 9T100- |  «S¥T0 6¥0°0- | 610" 9L0°0- L00°0 | »xx1T0°0 150°0- uondwnsuod ISy
(£€100) | (500°0) (#20°0) (€10°0) | (6¥000) | (220°0) (€100) |  (S00°0) (€20°0) (s¥10°0) | (900°0) |  (920°0)
*x6€0°0" S00°0 | xxCS0°0- 1l €0°0" €000 |  9€0°0- x€P0°0- | 80000 | xx€S0°0- xxCIF007 | €€00°0 | xx€90°0- diys1oumo Yo0152A1]
(z1) (1) (o1) (6) ®) (2) ) () ®) (€) @ (1)
jySromaopup | Sunsepy | Sunumg | jySromaspup | Sunsep | Sunumg | JySemispun | Sunsepy | Sunumyg | jySromaopun | Sunsepy | Sunumg
ystg JeIN 339 TN

nature portfolio

| https://doi.org/10.1038/s41598-025-97365-w

(2025) 15:30443

Scientific Reports |


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Rwanda Eastern province

Wasting (1) | Underweight (2) | Wasting (3) | Underweight (4)

0.0171** -0.013 0.007 —-0.049
Owns chicken

(0.123) (0.017) (0.010) (0.032)

-0.117 —-0.022 -0.012 —-0.022
Egg consumption

(0.013) (0.033) (0.023) (0.071)

0.0478*** 0.081* 0.109** 0.180**
Egg consumption* owns chicken

(0.016) (0.042) (0.029) (0.089)
Observations 1802 1802 402 402

Table 4. Egg consumption, ownership of chicken and children’s nutritional status in Rwanda and Eastern
province- Multilevel mixed effect model. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All
the models are controlled for the variables reported in Table 2.

Eastern Province Nyagatare

Stunting (1) | Wasting (2) | Underweight (3) | Stunting (4) | Underweight (5)

-0.0252 0.00265 -0.0716* -0.355** -0.0873
Livestock ownership

(0.0624) (0.0122) (0.0374) (0.165) (0.056)

-0.0385 -0.0224* -0.0638 0.0129 -0.0324
ASF consumption

(0.0649) (0.0127) (0.0390) (0.161) (0.0542)

-0.0436 -0.00267 -0.0751* -0.0362 -0.0420
ASF consumption* livestock ownership

(0.0635) (0.0123) (0.0384) (0.189) (0.0634)
Random-effect parameters
Between rural/urban (level 1 variance) | 7.87e-13 1.06e-10 3.66e-12 6.02¢e-14 1.35e-10
Between districts (level 2 variance) 0.001 9.65e-13 0.001 - -
ICC 0.006 - 0.015 3.65e-13 7.25e-09
Log likelihood -221.80 433.22 -16.28 -33.19 36.59
AIC 485.60 -824.44 74.57 102.39 -37.19
BIC 569.53 -740.52 158.49 141.25 1.67
Wald chinr2 48.63*** 36.93*** 21.19 214 39.8***
Observations 402 402 402 64 64

Table 5. Livestock ownership, ASF consumption and Child nutritional status in Eastern province and
Nyagatare district- Multilevel mixed effect model. Standard errors in parentheses. *** p<0.01, ** p<0.05, *
p<0.1. All models are controlled for the variables reported in Table 2.

Comparison across livestock-heavy districts

While Nyagatare district is the primary focus of this study, we conducted additional analyses to compare it with
other livestock-heavy districts from different provinces in Rwanda (Northern, Southern, and Western). The top
districts from each region were selected based on the average values of Tropical Livestock Units (TLU), resulting
in the identification of Gakenge (Northern), Muhanga (Southern), and Karongi (Western). Regression analyses
were performed for these districts, and the results are presented in Table 8.

In Gakenge, similar to Nyagatare, a significant and strong protective effect of livestock ownership on child
nutritional status was observed, particularly with regard to stunting and underweight. Children from livestock-
owning households in Gakenge were 75% less likely to be stunted and 24% less likely to be underweight.
Moreover, the interaction between livestock ownership and ASF consumption was found to be negative and
significant for both stunting and underweight, suggesting a compounded protective effect.

In contrast, no such protective effect was noted in other provinces. In Muhanga and Karongi, ASF consumption
appeared to be a risk factor for stunting and underweight, respectively. Specifically, ASF consumption was
associated with higher rates of stunting in Muhanga and higher rates of underweight in Karongi, highlighting
the variability of the relationship between ASF consumption and child nutrition across districts.

Discussion
This study investigates associations between livestock ownership at the household level, ASF consumption, and
child nutrition status in Rwanda, with a particular focus on Eastern province and Nyagatare district. Our findings
reveal complex relationships that vary across child growth outcomes, geographic regions, livestock and ASF
type, providing valuable insights into the potential role of livestock in addressing child malnutrition in Rwanda.
In most of the models, the relationship between livestock ownership and child nutritional status (stunting and
underweight) demonstrated a trend towards a protective association. Our results align with and extend previous
studies that have demonstrated positive associations between livestock ownership and improved child nutritional

Scientific Reports |

(2025) 15:30443 | https://doi.org/10.1038/s41598-025-97365-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

"7 9[qeL, ut pajtodar s9[qerIeA 3} 0] PI[[0IIUOD ATe S[PPOU [V
T0>d,60°0>d i ‘T0°0>d yxx "SISOYIUDIRA UT SIOLID PIBPUL]S “[OPOW JOIPS PIXTUW [PAI[INIA -20UTA0Id WIS)SBH UT SNJBIS [BUOTILINY SUIPIYD pue dIysioumo 3oo3saal 9dLy ISy -9 s[qe],

07 0% 0¥ 07 7 0¥ 7 07 0¥ 7 07 07 07 7 07 7 207 SUONRAIISqO
ysty eI 339 RIUA adfy 35v
176l S6'€E 9'8¥ L61 xx9'€E *xxC 8F €67 xxx6'EF *xxC'8F L9°0T *xxGG'9E I A3 4 Tvip pIvpm
€2°091 8'LEL 7695 T6'6S1 6€°LEL- SL'69S €6°0ST 8'9pL- 98'69S 86'8ST LTOVL- 07'69S o1g
0€°9L 1£°128- i 6'SL TE1T8- £8'58¥ 00°£9 8°0€8- 98'58¥ 90°SL 60778- 87'58¥ o1V
STLI- 98'1¢¥ 9L'1TT- 66'91- S9'1E¥ 6'17C- STl 6€°9¢¥ €6'17C- €591~ So'eek vL1TT pooyay 8o
800°0 - $00°0 100 11-97°¢ $00°0 900°0 - $00°0 $10°0 €1-9L1C 2000 201
50000 T1-96T°1 1000 100°0 £00°0 1000 £000°0 T1-99°G 100°0 1000 81-98L'1 £000°0 (dUBLIEA T [9A3]) SPDLIISIP UIIMIF
91-2€0°C 01-220°T T1-¢Y 91-371 €1-97C T1-968°€ €1-9€0°T 01-21'T [ascTA4 €1-901°C ST-3L¥'T T1-907'T | (9OUBLIEA [ [2A3]) UBQIN/[RINI UD2M]DG
wkwuwgmum& 103ga-wopuey
(8%0°0) (S10°0) (6£0°0) (560°0) (1€0°0) (£s1°0) (¥£0°0) (¥20°0) (s21°0) (6£0°0) (€10°0) (¥90°0)
S20°0- L10°0 2000 LOT°0- 9000°0~ 920°0 «IST°0 *xx9L0°0 620°0 6700~ £200°0 S610°0 | drys1oumo 3o03saAl ,uondumsuod J5v
(950°0) (810°0) (€60°0) (Z11°0) (8€0°0) (S61°0) (¥80°0) (£20°0) (1%1°0) (€1%0°0) (€10°0) (890°0)
070°0- £00°0- €50°0- SOT°0- 6100°0~ 90°0- 601°0- 120°0- 2000°0~ 7950°0- X€20°0- €200 uonduwnsuod ISy
(€0°0) (010°0) (150°0) (820°0) (600°0) (£¥0°0) (820°0) (600°0) (8%0°0) (#£0°0) (110°0) (£50°0)
¥950°0~ £00°0 1£0°0- SH0°0- 0100 6100~ 1900 $00°0 610°0- «TLO0- 12000 $20°0- diys19umo Yo0152A1']
(z1) WySemspun | (11) Sunsem | (o1) Sunumg | (6) WySomIspun | () Sunsepm | (£) Sunumg | (9) ySomspun | () Sunsem | () Sunumg | (¢) IySomdpun | (7) Sunsem | (1) Sunumg
ystd JeIN 339 AT

nature portfolio

| https://doi.org/10.1038/s41598-025-97365-w

(2025) 15:30443

Scientific Reports |


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Milk Eggs Meat Fish

Stunting (1) | Underweight (2) | Stunting (3) | Underweight (4) | Stunting (5) | Underweight (6) | Stunting (7) | Underweight (8)

—0.39** —-0.0755 -0.19 - 0.060 -0.25* —-0.054 —0.28** - 0.067
Livestock ownership

(0.15) (0.0528) (0.14) (0.05) (0.14) (0.046) (0.14) (0.044)

-0.072 -0.029 0.395 -0.014 -0.38 0.061 -0.411 -0.021
ASF consumption

(0.16) (0.054) (0.32) (0.108) (0.39) (0.13) (0.305) (0.097)

0.009 —-0.046 -0.56 0.073 - - 0.151 0.233**
ASF consumption* livestock ownership

(0.19) (0.065) (0.47) (0.160) - - (0.348) (0.111)
Observations 64 64 64 64 64 64 64 64

Table 7. ASF type, livestock ownership and children’s nutritional status in Nyagatare district- Multilevel mixed
effect model. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All models are controlled for the
variables reported in Table 2.

Karongi (Western

Gakenge (Northern) Muhanga (Southern) province)

Stunting (1) | Underweight (2) | Stunting (3) | Underweight (4) | Stunting (5) | Wasting (6) | Underweight (7)
Livestock ownership —0.750*** —0.244* 0.095* 0.053 0.079 -0.013 -0.006

(0.155) (0.071) (0.592) (0.059) (0.151) (0.047) (0.102)
ASF consumption - - 1.032* -0.047 0.252 0.096 0.4010*

(0.592) (0.179) (0.228) (0.071) (0.154)

ASF consumption* livestock ownership | — 0.673** —0.268** 0.294 -0.011 0.292* 0.016 0.032

(0.269) (0.123) (0.183) (0.055) (0.150) (0.047) (0.102)
Random-effect parameters
Between rural/urban (variance) 1.00e-09 1.70e-17 4.5-e-11 8.61le-14 2.85e-11 1.09¢-12 1.24e-17
ICC - 6.33e-16 2.81e-10 5.90e-12 2.48e-10 9.88e— 11 2.36e-16
Log likelihood —18.024 17.92 -24.09 33.35 -20.83 51.65 3.51
AIC 68.05 -3.84 86.19 -28.70 81.65 -63.31 32.98
BIC 97.31 25.41 121.75 6.85 124.19 -20.77 75.52
Wald chin2 40.99** 25.22%* 18.75 19.12 66.33* 26.9* 41.65***
Observations 46 46 48 48 62 62 62

Table 8. Robustness chekes: Livestock ownership, ASF consumption and Child nutritional status in other
livestock-heavy districts- Multilevel mixed effect model. Standard errors in parentheses. *** p<0.01, **
p<0.05,* p<0.1. All the models are controlled for the variables reported in Table 2.

outcomes in LMICs (Azzarri et al., 2014; Hetherington et al., 2017). For instance, Azzarri et al. (2014) found
similar positive effects of livestock ownership on child nutritional status in rural Uganda. These results echo the
findings of Mosites et al. (2015) who found household livestock ownership to be associated with lower stunting
prevalence in Ethiopia and Uganda. In LMICs, livestock ownership serves as a primary pathway to obtaining
ASE, potentially explaining the significance of the interaction found. Livestock, such as cows, goats, sheep, and
poultry, provide a readily available source of these vital nutrients for household consumption (Azzarri etal., 2014;
Hetherington et al., 2017). However, our study provides more nuanced insights by examining these relationships
in similar setting across different regions within Rwanda and considering multiple nutritional indicators. Unlike
some previous studies that found uniform benefits of livestock ownership, our research highlights important
regional variations, particularly the stronger protective effect in Nyagatare. This underscores the importance of
context-specific analyses in understanding the livestock-nutrition nexus.

Child health outcomes are contingent on a delicate balance of proper diet, sanitation, and overall health.
Livestock can positively influence both macro and micronutrient deficiencies through production and provision
of ASE. In this paper, 24-h recall of ASF was not consistently associated with improved child nutritional outcomes,
and its effect varied by type of ASF consumed and geography. Similar to Dumas et al. (2018) in Zambia, we did
not find an effect of any type of ASF consumption on stunting, wasting, or underweight for Rwanda overall. At
the national level, variation in ASF consumption across different population subgroup (including the households
with and without livestocks) may cancel out any direct association with undernutrition. However, its interaction
with livestock ownership was negative and significant, indicating protective effect of ASF consumption among
household who owned livestock. This finding has important implications on the role of livestock production,
above and beyond the production of ASF or income to purchase ASF. This signficies the importance of availability
of ASF at home which facilitates ASF consumption in line with previous research in Rwanda highlighting
affordability and low homestead production to be a major hindrance in ASF consumption*2.
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Though, the effect of livestock ownership also differ by type of livestock. It was noted that chicken ownership
(exposure to which can results in zoonotic infections) was a significant risk factor for wasting and underweight in
Rwanda. For different ASF types, we found milk consumption to be associated with higher probability of wasting
and meat consumption to be associated with higher stunting probability. Milk, while highly nutritious and well
established as critical for child growth, is also a reservoir for various pathogens, if not produced and prepared
safely43. In Rwanda, milk is consumed in various ways: raw, pasteurized, after fermentation or home boiling.
An assessment of Rwandan milk and dairy chain has indicated that 5.3% of raw milk contained Salmonella*
highlighting the need and the importance of milking hygiene, barn cleanliness and milking equipment sanitation
in Rwanda®®. Authors also reported that in locally marketed milk, pasteurization was less common in Rwanda.
One possible explanation for the contrary results of meat consumption could be the very low prevalence of meat
consumption in Rwanda (3.3%) and wasting (1.2%). However, the ASF measure was based on a cross-sectional
24-h dietary recall, which may not provide a stable estimate of actual consumption.

The regional variations in ASF consumption patterns are noteworthy as well highlighting the need to account
for local realities. In Nyagatare district, stronger association of child nutrition status was observed with livestock
ownership. Nyagatare is a district known for high livestock production, particularly cattle, and these findings
underscore the potential role of livestock in childhood nutrition in regions where animal husbandry is prevalent.
The prevalence of livestock ownership in Nyagatare (51%) was higher compared to the national average (46%)
and Eastern Province (47.9%). This higher prevalence, coupled with greater milk consumption in Nyagatare
(45.6% compared to 26.3% nationally), may explain the stronger protective effect against stunting in this district,
as well as the absence of any cases of wasting within the district.

Egg consumption specifically was found to be positively significantly associated with underweight (in Eastern
province) and wasting (in Rwanda and Eastern province) among the households who owned livestock, while
egg consumption on its own was not significantly associated with any child growth outcome, raises interesting
questions about the role of chicken production, specifically, on underweight and wasting. We found chicken
ownership to be a significant risk factor for wasting and underweight. Numerous studies have found associations
between chicken ownership and poor child growth outcomes, though many have focused on stunting®*46. The
finding raises important questions about the nature of livestock ownership, including which animals producing
which ASF for consumption among children, and child growth outcomes. Similar conlcusions were drawn from
a systematic review by Zerfu et al. (2023) who found that cattle ownership was more often found to positively
associated with human nutrition compared to poultry ownership.

In the multilevel analysis, maternal education, birth size, birth order, wealth status and elevation levels
were significantly all associated with various child growth outcomes. A child born to mothers who had higher
education or above was 14% less likely to be stunted than a child born to mothers with no education. Maternal
education is related with many other factors that may influence children’s nutrition status including good feeding
practices, childhood vaccination, and other positive health behaviors.

Conclusion

Child malnutrition in Rwanda, and especially stunting, is a major public health concern. This study tries to unpack
the multifactorial relationship of social determinants of child malnutrition with human livestock relationship
emebedded within the same. In the efforts to understand child malnutrition, often social determinants include
socioeconomic and political factors but the environment around the household is often missed from the picture
or looked at in isolation. Exposure to livestock becomes important especially in the LMICs and in rural settings
where livestock is a major source of livelihood. This paper made an effort to combine the human livestock
interaction with other social determinants to understand child growth malnutiriton in Rwanda.

Recent government efforts have devoted huge resources to combatting malnutrition. Findings from this
study demonstrate the consistent significance of livestock ownership on improving child nutritional outcomes,
especially stunting and underweight. Though the effect of ASF consumption was not consistent across its type or
across regions, the positive effect was noted for children who belonged to households with livestock. The study
has some limitations in terms of using cross-sectional data, 24-h recall of ASF consumption which may not fully
capture long-term dietary patterns, and potential unobserved confounders. However, the findings from the study
contributes to the literature by highlighting the importance of livestock in improving child nutrition in LMICs
and in Rwanda. As the world strives to achieve the Sustainable Development Goals, especially SDG 2 (Zero
Hunger), understanding the complex relationships between agriculture, livestock ownership, and nutritional
outcomes becomes increasingly crucial. Our findings provide important insights for policymakers and
researchers, highlighting the potential of livestock-based interventions while underscoring the need for context-
specific, multifaceted approaches to addressing child malnutrition. The strong association between livestock
ownership and reduced stunting, particularly in Nyagatare, highlights the potential of livestock-promoting
policies to improve child nutrition in similar regions. Programs like the "One Cow Per Poor Family" initiative
may yield extensive benefits for child nutrition beyond immediate economic gains as have been noted in some
other studies*®. However, regional variations necessitate tailored interventions that consider local contexts and
agricultural practices. A multifaceted approach might include expanding livestock ownership programs in areas
with high animal husbandry potential, developing targeted nutrition education programs, addressing cultural
and economic barriers to ASF consumption, and integrating livestock interventions with other nutrition-
sensitive strategies including behaviour change compaign. Such a comprehensive strategy would better address
the complex nature of child malnutrition and leverage the benefits of livestock ownership, ultimately improving
nutritional outcomes for children across diverse regions of Rwanda.

As DHS dataset only allows a cross-sectional comparison making a causal inference to be difficult, future
research could benefit from interventional or longitudinal studies that can better establish the causal relationships
between livestock ownership, ASF consumption and child nutrition outcomes. Longitudinal studies could capture
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the temporal aspects and allow researchers to track how changes in livestock ownership or ASF consumption
affect child nutrition outcomes over time. Nutritional trials focusing on ASF consumption during early childhood
in Rwanda can also provide causal insights as has been found in some other countries*. Similarly, interventional
studies, where specific policies or programs are implemented, could help isolate the impact of these factors on
nutrition, controlling for other variables and offering more robust evidence for causal claims. These research
designs would strengthen the understanding of the mechanisms through which livestock and ASF consumption
influence child health and development. Additionally, detailed investigations into the pathways through which
livestock ownership influences nutrition, such as direct consumption of ASE, income effects, and women’s
empowerment, could provide valuable insights for policy design. Studies exploring potential negative impacts of
livestock ownership, such as zoonotic disease transmission, would offer a more comprehensive understanding
of the livestock-nutrition nexus. Finally, research into the cost-effectiveness of livestock-based interventions
compared to other nutrition-focused programs would be valuable for policymakers.

Data availability
The dataset is available from the DHS program official database www.measuredhs.com
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