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Abstract 

Background: Sub-Saharan Africa currently has the highest prevalence of malnutrition worldwide. In children under 
the age of 5 years, malnutrition can have long-term effects on physical and cognitive development, with implica-
tions at the national scale. Theoretically, livestock-based interventions are well placed to overcome constraints faced 
by micronutrient and/or food-based interventions. However, there is limited empirical evidence to support this 
hypothesis.

Methods: This study utilised agriculture, nutrition and anthropometry data from the Millennium Villages Project to 
investigate relationships between livestock ownership, animal source foods (ASF) consumption and child nutritional 
outcomes across seven rural village clusters in Sub-Saharan Africa. Village clusters were located in different agro-eco-
logical zones and included: Bonsaaso, Ghana; Mayange, Rwanda; Mwandama, Malawi; Tiby, Mali; Pampaida, Nigeria; 
Potou, Senegal; and Ruhiira, Uganda. Data from 1624 households (including 1543 children) were included in the 
analysis.

Results: Overall, the proportion of children with stunting, underweight or wasting across the seven village clus-
ters was 40, 18 and 5%, respectively. Livestock ownership, ASF consumption and child nutritional outcomes varied 
between village clusters. Households that owned livestock were generally more likely to consume associated ASF. For 
example, the proportion of households that consumed milk was higher in households that owned cows compared 
to those that did not in Pampaida, Mayange and Ruhiira (P < 0.05), while poultry meat consumption was generally 
higher in poultry-keeping households in Mayange and Ruhiira (P < 0.05). The relationship between ASF consumption 
and anthropometric measurements was complex, ranging from positively to negatively associated depending on the 
food commodity and village cluster. For instance, in Ruhiira, the mean weight-for-age Z score (WAZ) was significantly 
higher (better) in children from households that consumed eggs in the last 30 days, while in Potou, mean WAZ was 
significantly lower (worse) in children from households that consumed eggs in the last 30 days (P < 0.05).

Conclusions: This study contributes to the growing body of research that investigates the relationships between 
livestock ownership, ASF consumption and nutritional outcomes in children. Our results reveal complex patterns that 
vary across agro-ecological zones. More research is needed to assess seasonal variations in these factors, effects of 
gender roles on intra-household distribution of ASF, as well as effects of zoonotic food-borne diseases on nutritional 
status of children in these sites.
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Background
United Nation’s projections indicate that the global pop-
ulation will reach 9.7 billion people by 2050, with a fur-
ther 1.5 billion people by 2100 [1]. To meet the growing 
demand for food, it has been estimated that agricultural 
outputs will need to increase by at least 70% [2]. Currently, 
Sub-Saharan Africa has a high prevalence of malnutri-
tion, with approximately half of the world’s malnourished 
human population inhabiting this region [3]. The situation 
is expected to worsen in the future due to the expected 
population growth, with countries such as Nigeria and 
Uganda expected to double their population by 2050 [1].

Malnutrition in children, particularly in children under 
5 years of age, can have lasting effects on their physical 
growth and cognitive development [4, 5]. Deficiencies in 
micro- and macro-nutrients [4, 6], recurrent infection [7] 
and gut dysbiosis [8] can lead to physical manifestations 
of malnutrition including stunting, underweight or wast-
ing, with extreme cases leading to death. Furthermore, 
maternal malnutrition has a significant effect on a child’s 
physical and mental development [6, 9]. The implications 
of malnutrition also extend beyond the individual, having 
significant implications for national economies, such as 
forgone economic productivity caused by partial or total 
incapacitation from work, including premature death 
[10].

A range of interventions have been implemented 
globally to address malnutrition, ranging from micro-
nutrient supplementation programmes (where single 
micronutrients in the form of injections, formulas or 
tablets are administered to an individual), to food-based 
interventions  (where nutrient deficiencies are targeted 
through the provision of different food groups). For 
example, school-based food programmes have focused 
on delivery of animal source foods (ASF) including milk 
and meat to children with some positive gains recorded 
in terms of improvements to cognitive and physical 
development [11]. ASF are rich in bioavailable vitamin 
B12, riboflavin, calcium, zinc, iron and amino acids, 
and therefore, access to ASF can improve dietary qual-
ity [12]. Nevertheless, programmes that rely on gov-
ernment-subsidised micronutrient supplementation or 
school-based food programmes are unlikely to be sus-
tainable in the long term and may not reach the poorest 
of households [13].

Evidence is emerging that agricultural interventions 
can play a role in addressing malnutrition in children. 
For instance, Palmer et  al. [14] demonstrated improved 
pupillary responsiveness through consumption of provi-
tamin A carotenoid-biofortified maize, while Jones and 
de Brauw [15] showed promising evidence of orange 
sweet potato in reducing childhood diarrhoea. While 
these crop-based interventions have proven to have 

substantive benefits, to date they have mostly targeted 
replacement of single micronutrients [16].

Livestock production has the potential to help allevi-
ate food and nutrition insecurity as it not only provides 
a source of nutrient-dense foods, but also a wide range 
of saleable commodities and hence a source of financial 
security and insurance for the rural poor [12, 17, 18]. 
Benefits from livestock to food and nutrition security 
arise both directly (by improving household diet through 
increasing access to ASF) and indirectly (by improv-
ing income and ability to purchase more diverse foods) 
[18, 19]. With adequate livestock nutrition, renewable 
ASF, such as eggs and milk, provide an opportunity for 
a steady supply of essential micro- and macro-nutri-
ents. Indeed, Drewnowski [20] demonstrated that milk 
and eggs are one of the lowest cost sources of protein 
amongst plant and animal source foods.

Despite these positive claims, there is limited empiri-
cal evidence to support a relationship between livestock 
production, ASF consumption and improved nutritional 
outcomes in children. Due to the highly complex nature 
of food and nutrition insecurity, a One Health approach 
that specifically aims to bridge the divide between agri-
cultural production and nutrition research is required. 
This study adapts methods used by Azzarri et al. [21]—
who performed a detailed analysis of livestock owner-
ship, ASF consumption and child nutritional outcomes 
in Uganda—to examine these relationships across seven 
rural village clusters in Sub-Saharan Africa as a basis for 
informing future nutrition security and livestock-based 
interventions.

Methods
This study utilised data from seven rural village clusters 
participating in the Millennium Villages Project (MVP). 
The MVP sought ‘to demonstrate the feasibility of prac-
tical economic transformation in rural tropical Africa 
through targeted multisectoral investments’ [22]. Project 
sites were chosen to represent the major agro-ecological 
zones and farming systems in Sub-Saharan Africa [23]. 
All sites were classified as ‘hunger hot spots’ where rates 
of child undernutrition exceeded 20% at baseline and 
where the majority of residents were engaged in agri-
culture [22]. The project included 12 village clusters, 
across 10 countries in Sub-Saharan Africa, where a clus-
ter included several villages totalling 5000–55,000 people 
[22]. Sanchez et al. [22] describe village/site selection in 
more detail.

Data analysed in this study were collected in year 3 of 
the MVP (2008–2009) and included households from 
7 of the 12 village clusters, namely: Bonsaaso, Ghana; 
Mayange, Rwanda; Mwandama, Malawi; Tiby, Mali; 
Pampaida, Nigeria; Potou, Senegal; and Ruhiira, Uganda. 
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These village clusters were established in 2006 and 2007. 
By the time of data collection (2008–2009), a few inter-
ventions had taken place that likely had some effect on 
nutritional status. A school meal programme focused on 
provision of beans, leafy vegetables and soya-enriched 
maize was implemented in a number of the villages 
[22]. In addition, provision of fertilizer and improved 
seed varieties led to increased crop yields in a number 
of sites [24]. These interventions are unlikely to have 
had an impact on livestock production and/or ASF con-
sumption. The five remaining village clusters partici-
pating in the MVP (Koraro, Ethiopia; Mbola, Tanzania; 
Dertu, Kenya; Sauri, Kenya; and Ikaram, Nigeria) were 
not included in this analysis due to differences in ques-
tionnaire design and/or comparability of data across 
countries.

Data used in this study were collected through a series 
of cross-sectional, face-to-face interviews. The survey 
modules are described in more detail in the supplemen-
tary materials of Sanchez et  al. [22] and were largely 
based on Demographic and Health Surveys (DHS), 
UNICEF’s Multiple Indicator Cluster Surveys (MICS) 
and the World Bank Living Standards Measurement 
Study (LSMS) surveys. A household was defined as peo-
ple who shared the same cooking pot. Questionnaires 
captured information on household demographics, 
agriculture and maternal and child health. In addition, 
questionnaires on food security and food frequency 
were adapted and piloted at each site and administered 
to men and women in sampled households (described in 
more detail in Remans et al. [25]). Finally, anthropomet-
ric measurements (height/length, weight and mid-upper 
arm circumference) were taken on children in participat-
ing households.

Food insecurity status was measured as the number of 
months the respondent/respondents reported as having 
inadequate food in the past 12 months. We calculated the 
median (interquartile range, IQR) number of months of 
food insecurity as well as the proportion of households 
reporting ≥1  month of food insecurity. Children were 
classified as being stunted, underweight or wasted on 
the basis of their height-for-age Z score (HAZ), weight-
for-age Z score (WAZ) and weight-for-height Z score 
(WHZ), respectively, when their score was two standard 
deviations (SD) below the reference median according to 
the World Health Organization (WHO) [26]. The mean 
HAZ/WAZ/WHZ was calculated as well as the propor-
tion of children 2SD below the reference level.

Livestock ownership assessment was based on major 
food animal species as categorised by the Food and Agri-
culture Organization of the United Nations (FAO) [23]. 
Thus, households were classified according to whether 
they owned one or more of the following: poultry 

(chicken, ducks and/or other birds), pigs, small rumi-
nants (sheep and/or goats) and cattle (cows, heifers, bulls 
and/or oxen). Other animals, such as camels, donkeys 
and horses, were not included as they did not represent a 
major livestock species across the seven countries.

Food consumption patterns were assessed via a ques-
tionnaire, in which an adult member of the household 
was asked to identify how frequently they consumed spe-
cific food items in the last 30 days (none, once per month, 
2–3 times per month, once per week, 2–3 times per week, 
4–6 times per week, once per day, twice or more per day). 
For purposes of this analysis, data were re-coded into a 
binary variable denoting whether or not a particular ASF 
had been consumed (as main or part of a meal) in the 
last 30 days. We focused on food commodities produced 
by the major food animals above, namely: poultry meat, 
eggs, pork, sheep or goat meat, beef (including veal) and 
milk and milk products (including those served as a drink 
or included in sour milk and/or yoghurt). Meat commod-
ities were considered to comprise flesh meat; organ meat 
(or offal) was not included.

Given diversity of livestock ownership and ASF con-
sumption patterns across the seven sites, we elected to 
evaluate each site separately. Fisher’s Chi-squared (non-
parametric) and t tests (parametric) were performed 
to examine relationships between livestock ownership, 
ASF consumption and child nutritional status. To adjust 
for clustering at the household level, mean HAZ/WAZ/
WHZ was calculated for each household. These summary 
measures were then used in subsequent analyses com-
paring mean Z scores across households according to the 
livestock ownership status and ASF consumption pat-
terns. Assessment of ASF consumption patterns in rela-
tion to livestock ownership was limited to foods derived 
from each livestock group (e.g. cattle ownership and 
beef consumption). Statistical analysis was performed in 
R version 3.2.4 (The R Foundation) and SPSS version 22 
(IBM, Chicago, IL).

Results
Household demographics and food security status
Household demographics are shown in Table  1. A total 
of 1624 households were included in the analysis. Across 
the seven countries, 18% of households had female heads, 
ranging from less than 1% (Tiby) to one-third (Mwan-
dama). Approximately 69% of the respondents did not 
have any level of formal education. The median house-
hold size was 6 people (range 1–60). Of the households 
surveyed, 47% reported that they had experienced at least 
1  month of food insecurity during the last 12  months. 
Anthropometric measurements were available for 1543 
children belonging to 967 households. The median num-
ber of children per household was 1 (range 1–7). The 
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proportion of children with stunting, underweight or 
wasting across the seven village clusters was 40, 18 and 
5%, respectively.

Livestock ownership patterns
Livestock ownership patterns were highly variable 
between village clusters (Table  2). Overall, 77% (range 
44–97%) of households owned one or more livestock 
group. The most commonly owned groups in descending 
order were poultry (57% of households; range 40–81%), 
small ruminants (55%; range 14–85%), cattle (30%; range 
0–91%) and pigs (5%; range 0–21%). In general, house-
holds in this study were smallholders. More than half of 

households in Bonsaaso and Mwandama owned a single 
livestock group only (poultry; data not shown). In other 
sites, mixed livestock farming was practised by a majority 
of households.

Consumption of animal source foods
Animal source foods consumption patterns varied con-
siderably across village clusters (Table  3). Overall, 61% 
(range 31–84%) of households reportedly consumed 
sheep or goat meat as either part of a meal or as the main 
meal in the past 30 days, 59% (range 19–86%) consumed 
beef, 59% (range 27–99%) consumed milk/milk products, 
58% (range 24–77%) consumed poultry meat, 57% (range 

Table 1 Household demographic characteristics and food security status by village cluster

No. number, IQR interquartile range, SD standard deviation

Characteristic Millennium Villages Cluster

Bonsaaso, 
Ghana

Pampaida, 
Nigeria

Potou,  
Senegal

Tiby, Mali Mayange, 
Rwanda

Mwandama, 
Malawi

Ruhiira, Uganda

No. of households 169 267 274 213 234 245 222

No. of children 145 325 293 210 142 174 254

Household characteristics

 Household size, 
median (IQR)

6 (3) 7 (4) 9 (7) 13 (12) 5 (2) 5 (3) 5 (3)

 Female head of 
household, 
no. (%)

40 (24) 2 (1) 35 (13) 1 (0) 58 (25) 84 (34) 65 (29)

 Household head education level, no. (%)

  No formal 
education

73 (43) 212 (79) 270 (99) 210 (99) 148 (63) 151 (62) 163 (73)

  Primary school 31 (18) 45 (17) 3 (1) 1 (0) 63 (27) 45 (18) 41 (18)

  Lower second-
ary school

58 (34) 7 (3) 0 1 (0) 8 (3) 40 (16) 7 (3)

  Upper second-
ary school or 
higher

7 (4) 3 (1) 1 (0) 1 (0) 15 (6) 9 (4) 11 (5)

Food insecurity

 ≥1 month of 
food insecu-
rity, no. (%)

115 (68) 157 (59) 140 (51) 69 (32) 77 (33) 102 (42) 109 (49)

 No. months of 
food insecu-
rity, median 
(range)

2 (0–12) 1 (0–6) 1 (0–8) 0 (0–6) 0 (0–12) 0 (0–7) 0 (0–12)

Child anthropometry

 Mean Z score (SD)

  Height-for-age −1.40 (1.6) −1.66 (2.12) −1.02 (1.83) −1.49 (1.81) −1.25 (1.58) −1.70 (1.47) −1.81 (1.68)

  Weight-for-age −1.13 (1.24) −1.01 (1.81) −0.78 (1.30) −1.08 (1.32) −0.73 (1.48) −0.76 (1.14) −0.80 (1.26)

  Weight-for-
height

−0.28 (1.10) −0.24 (1.27) −0.40 (1.45) −0.26 (1.25) −0.09 (1.21) 0.34 (1.08) 0.42 (1.01)

 Malnourished children, no. (%)

  Stunted 54 (38) 129 (47) 75 (29) 80 (40) 45 (32) 72 (42) 124 (50)

  Underweight 27 (19) 56 (26) 46 (17) 51 (25) 22 (15) 17 (10) 36 (14)

  Wasted 3 (2) 17 (8) 33 (11) 11 (5) 6 (4) 2 (1) 1 (0)
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11–86%) consumed eggs, and 28% (range 0–47%) con-
sumed pork.

Consumption of animal source foods by livestock 
ownership status
Relationships between ASF consumption and livestock 
ownership status are shown in Table  4. In general, the 
proportion of households that consumed a particular 
ASF in the last 30  days tended to be higher in house-
holds that owned the livestock group from which the 
food was sourced compared to households that did not 
own that livestock group. This was particularly true in 
Mayange and Ruhiira, where significant positive associa-
tions (P value <0.05) existed between ASF consumption 
and livestock ownership across several commodity–live-
stock pairings. Of all ASF commodities, the relation-
ship between cattle ownership and dairy consumption 
was the most consistent across village clusters, with 

a greater proportion of households that owned cattle 
reporting that they had consumed milk/milk products 
in the last 30 days compared to households that did not 
own cattle. This association was statistically significant 
in Mayange, Pampaida and Ruhiira (P value <0.05). Simi-
larly, compared to households that did not own poul-
try, a greater proportion of poultry-keeping households 
reported eating poultry meat in the last 30 days in four 
villages clusters, a finding that was statistically signifi-
cant for Mayange (P value <0.05) and Ruhiira (P value 
<0.001). Although egg consumption was generally higher 
in such households, poultry ownership was only signifi-
cantly associated with higher rates of egg consumption in 
Mwandama (P value <0.05).

Livestock ownership and child nutritional status
The results of the univariate analysis of anthropomet-
ric measurements and livestock ownership across the 7 

Table 2 Livestock ownership patterns by village cluster

Values depict the number (%) of households that own each livestock group and median (range) herd/flock size in those households that own each livestock group

NA not applicable (livestock not owned)
a Any livestock includes poultry, pigs, small ruminants and/or cattle

Livestock group Unit Millennium Villages Cluster

Bonsaaso, 
Ghana

Pampaida, 
Nigeria

Potou, 
Senegal

Tiby, Mali Mayange, 
Rwanda

Mwandama, 
Malawi

Ruhiira, 
Uganda

Cattle No. (%) 0 142 (53) 52 (19) 193 (91) 63 (27) 0 40 (18)

Median (range) NA 2 (1–60) 4 (1–105) 4 (1–54) 2 (1–6) NA 3 (1–15)

Small ruminants No. (%) 24 (14) 162 (61) 232 (85) 171 (80) 92 (39) 58 (24) 147 (66)

Median (range) 5.5 (1–12) 5 (1–160) 8 (1–160) 5 (1–45) 2.5 (1–12) 3 (1–10) 4 (1–23)

Poultry No. (%) 68 (40) 155 (58) 164 (60) 173 (81) 61 (26) 175 (71) 133 (60)

Median (range) 10 (1–50) 9 (1–200) 6 (1–50) 9 (1–340) 4 (1–30) 6 (1–53) 4 (1–19)

Pigs No. (%) 0 0 0 0 6 (3) 27 (11) 46 (21)

Median (range) NA NA NA NA 1 (1–3) 2 (1–7) 1 (1–9)

Any livestocka No. (%) 74 (44) 215 (81) 244 (89) 206 (97) 132 (56) 190 (78) 187 (84)

Table 3 Animal source food consumption patterns, by village cluster

Values depict the number (%) of households consuming each animal source food (ASF) in the last 30 days

NA not applicable (ASF not included in questionnaire)

Animal source food Millennium Villages Cluster

Bonsaaso, 
Ghana

Pampaida, 
Nigeria

Potou, 
Senegal

Tiby, Mali Mayange, 
Rwanda

Mwandama, 
Malawi

Ruhiira, Uganda

Beef 56 (33) 230 (86) 203 (74) 144 (68) 135 (58) 46 (19) 152 (69)

Milk/milk products 56 (33) 179 (67) 270 (99) 193 (91) 115 (49) 66 (27) 85 (38)

Sheep/goat meat 52 (31) 196 (73) 168 (61) 178 (84) 77 (33) 189 (77) 131 (59)

Poultry meat 95 (56) 204 (76) 190 (69) 128 (60) 57 (24) 188 (77) 77 (35)

Eggs 146 (86) 195 (73) 231 (84) 24 (11) 55 (24) 205 (84) 71 (32)

Pork 26 (15) NA NA NA 21 (9) 116 (47) 78 (35)
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village clusters are shown in Fig. 1. Trends varied between 
villages and across different livestock groups, with few 
clear patterns. An exception was Pampaida where mean 
HAZ was significantly higher (better)  in children from 
households that owned cattle or ‘any livestock’ (P < 0.05). 
In contrast, households that owned ‘any livestock’ in 
Mayange had significantly lower (worse) HAZ (P < 0.05), 
suggesting that in this village cluster, owning livestock is 
a risk factor for child stunting.

Animal source foods consumption and child nutritional 
status
The results of the univariate analysis of anthropometric 
measurements and ASF consumption across the seven 
village clusters are shown in Fig.  2. Trends again varied 
between clusters and across different food commodities; 
however, some consistent patterns emerged for some vil-
lage clusters. For example, children from households in 
Mayange and Ruhiira that consumed ASF in the previous 

Table 4 Animal source food consumption, by livestock ownership status and village cluster

Values depict the proportion of households that consumed a particular animal source food (ASF) in the last 30 days, stratified by livestock ownership status. Only 
those ASF that were derived from each livestock group were compared. Proportions that differed significantly (Chi-square test) are indicated with asterisks

NA not applicable (livestock group not owned/ASF not consumed or not included in questionnaire)

* P < 0.1; ** P < 0.05; *** P < 0.001

Animal source food (ASF) Livestock group Livestock ownership status (Yes/No)

Millennium Villages Cluster

Bonsaaso, 
Ghana

Pampaida, 
Nigeria

Potou, 
Senegal

Tiby, Mali Mayange, 
Rwanda

Mwan-
dama, 
Malawi

Ruhiira, 
Uganda

Yes No Yes No Yes No Yes No Yes No Yes No Yes No

Beef Cattle NA 33 86 86 75 74 68 60 68 54* NA 19 68 68

Milk/milk products Cattle NA 33 73 60** 100 98 92 80* 63 44** NA 27 53 35**

Sheep/goat meat Small ruminants 46 28* 71 77 64 48* 82 88 32 34 86 74* 61 56

Poultry meat Poultry 56 56 73 81 66 74 61 55 34 21** 79 70 45 19***

Eggs Poultry 87 86 72 75 85 84 13 5 31 20 88 73** 36 26

Pork Pigs NA 15 NA NA NA NA NA NA 33 8* 44 48 50 31**

Fig. 1 Heat map of child anthropometric measurements by livestock ownership status and village. Values represent the mean Z score, adjusted 
for clustering at the household level. In pairwise comparisons (own livestock/do not own livestock), orange represents lower (worse) Z scores, 
while blue represents higher (better) Z scores. White indicates no difference between Z scores. *P < 0.1; **P < 0.05; NA not applicable (livestock not 
owned); 1Any livestock includes cattle, small ruminants, poultry and pigs
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30  days in general displayed higher (better) anthropo-
metric scores compared to households that did not. In 
contrast, consumption of ASF tended to be associated 
with lower (worse) anthropometric scores in children in 
Potou and Tiby. Mean WAZ was significantly higher (bet-
ter) amongst children from households that consumed 
sheep/goat meat or eggs in the last 30 days in Mayange 
and Ruhiira, respectively (P < 0.05). Mean WHZ was also 
significantly higher amongst children from households in 
Mwandama that consumed poultry meat in the previous 
30 days. In contrast, in Bonsaaso, mean WHZ was signifi-
cantly lower (worse) amongst children from households 
that consumed beef in the last 30 days. Mean HAZ was 
also significantly lower in children from households that 
consumed beef or eggs in the previous 30 days in Potou.

Discussion
This study is one of few to provide a comparative, 
descriptive analysis of the relationships between livestock 
ownership, ASF consumption and child nutritional out-
comes in Sub-Saharan Africa. We found some evidence 
that owning livestock was associated with increased 
household consumption of ASF in some study sites; how-
ever, owning livestock and/or consuming ASF was not 
consistently associated with improved child growth in 
any of the village clusters. Moreover, the results paint a 
complex picture with considerable variation across sites, 

highlighting the need to consider local circumstances in 
any programme promoting livestock development and/
or ASF consumption as a means to alleviate childhood 
malnutrition.

Farming systems throughout Sub-Saharan Africa are 
highly variable and dependent on factors such as geog-
raphy and climate, as well as socio-cultural influences. 
Across the 15 major farming systems in Sub-Saharan 
Africa, the contribution of livestock production to rural 
livelihoods ranges from subsistence or semi-subsistence 
through to being the primary source of income [23]. Live-
stock ownership patterns differed considerably across the 
village clusters, with the proportion of households own-
ing any livestock ranging from less than half in Bonsaaso 
to nearly all households in Tiby. At least a quarter of 
households across all seven sites owned poultry, confirm-
ing the central role of this livestock species in rural Afri-
can households [27]. Cattle were important sources of 
livestock in all but two village clusters: in humid, tropical 
Bonsaaso, where the presence of tse-tse flies limits the 
viability of cattle [23], and in Mwandama, where small 
farm sizes might preclude grazing [28]. Pigs represent 
an increasingly important sector in Uganda, with 17% of 
all households keeping pigs at the recent census [29]. In 
contrast, the lack of pig production in Nigeria, Mali and 
Senegal can be explained by the fact that these are pre-
dominantly Muslim countries [30].

Fig. 2 Heat map of child anthropometric measurements by consumption of animal source foods (ASF) and village. Values represent the mean Z 
score, adjusted for clustering at the household level. In pairwise comparisons (ate ASF/did not eat ASF), orange represents lower (worse) Z scores, 
while blue represents higher (better) Z scores. White indicates no difference between Z scores. *P < 0.1; **P < 0.05; NA not applicable (ASF not 
included in questionnaire)
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Food consumption patterns were highly variable across 
the village clusters and likely influenced by many factors 
beyond whether or not a household owned a particular 
livestock species (e.g. cultural preferences and different 
strategies for accessing ASF). A large number of house-
holds consumed alternative ASF in addition to those 
detailed here. For example, 24 and 27% of households 
in Pampaida and Potou reported eating camel and tripe 
in the previous 30  days, respectively. These outcomes 
were not included in our analysis because they did not 
represent a significant livestock group or ASF across all 
sites. Food derived from other animal groups undeniably 
contributes to total food intake, including fish and fish-
related products [31, 32], bush meat [33] and insects [34]. 
We note that nutrition surveys have tended to focus on 
skeletal meat and food preferences of western cultures. In 
the future, efforts to truly understand how ASF contrib-
ute to food and nutrition security need to consider the 
whole animal, in particular offal, and other animal groups 
such as fish and insects.

Although previous studies have demonstrated a posi-
tive association between livestock ownership and ASF 
consumption [21, 35], this is the first study to investigate 
these relationships across several Sub-Saharan countries. 
Overall, there were no consistent relationships between 
livestock ownership and ASF consumption in the preced-
ing 30 days. Our results show that in some village clus-
ters, ASF were significantly more likely to be consumed 
by households that owned livestock from which the 
commodity is derived. For instance, we found that cat-
tle, poultry and pig ownership were significantly associ-
ated with consumption of milk/milk products, poultry 
meat and pork, respectively, in Ruhiira, a finding which 
is consistent with previous studies in Uganda [21]. Simi-
lar positive associations were also observed in this study 
for Mayange, Rwanda. Notably, ASF consumption was 
amongst the lowest in these village clusters compared 
to other Millennium Villages. In contrast, poultry, small 
ruminant and cattle ownership in Tiby were amongst the 
highest across the 7 village clusters, and the consump-
tion of ASF did not vary significantly between livestock 
owners and non-owners. This may suggest that there is a 
threshold effect whereby once a level of livestock owner-
ship is reached in a village, ASF is more readily accessi-
ble to all households, including those that do not own a 
particular livestock species. In other instances, we found 
consumption of ASF occurred in the absence of a par-
ticular livestock species. For example, beef and milk/milk 
products were consumed with some frequency in Bon-
saaso and Mwandama, although no households in these 
village clusters reported owning cattle. These patterns 
highlight the complexities of household decision-making 
regarding food production, trade and consumption [36].

Few studies have investigated the relationship between 
child nutritional status and livestock ownership and/or 
ASF consumption in observational studies. Jin and Ian-
notti [37] found a modest positive association between 
co-owned/female-owned livestock and WAZ in Kenya, 
while Mosites et al. [38] found a slight beneficial effect of 
livestock ownership on stunting prevalence using demo-
graphic and health survey data from Ethiopia, Kenya and 
Uganda. The latter study found no association between 
ASF consumption (based on 24-h recall) and stunting 
rates in any country. In this study, we disaggregated ASF 
into different groups (e.g. poultry meat, pork and eggs), 
which allowed more detailed analysis of the potential 
impact of different ASF on child growth. We also cap-
tured ASF consumption in the previous 30  days, rather 
than 24-h recall which does not adequately capture the 
diversity of a usual diet [39]. Nonetheless, our findings 
were similar to Mosites et  al. [38], in that there was no 
consistent association between ASF consumption and 
improved nutritional status in children in any of the vil-
lage clusters.

There are several limitations of this study. Data ana-
lysed in this study are from countries at the very begin-
ning of the nutrition transition [40], with food insecurity 
and malnutrition still widespread, especially in children 
[41]. Other research suggests that household diets in 
Sub-Saharan countries are exposed to large seasonal 
variety and insecurity around food [42]. It is important 
to recognise that our study does not account for seasonal 
variations or extreme weather events (e.g. droughts). Fur-
ther, it is not representative of national trends as the sam-
ple populations were individual villages from the lowest 
socio-economic bracket and are not representative of 
rural areas in those countries. Long-term research needs 
to capture fluctuations in nutritional outcomes, the shifts 
in livestock ownership and consumption patterns during 
this transition.

Secondly, interviews were conducted with the house-
hold head and we therefore cannot comment on within-
household differences in livestock ownership and ASF 
consumption patterns over the past 30  days. Although 
30-day consumption recall has its limitations [43] and is 
likely to result in bias, we suspect that recall is unlikely 
to be different between groups (e.g. households that do 
and do not own livestock), and therefore, any findings 
would be biased towards the null. Frequency and amount 
of ASF consumption could plausibly differ, for example, 
between men, women and children in the household 
[44, 45]. Given potential intra-household variability of 
food allocation, particularly between males and females 
[46], future studies should measure consumption at 
the individual child level. The importance of women in 
health and nutritional outcomes of their children is well 
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documented [47–49]. For example, Kariuki et  al. [48] 
demonstrated a positive relationship between female-
owned cattle and increased consumption of ASF in Tan-
zania, Kenya and Mozambique, while Jin and Iannotti 
[37] found that child HAZ and WAZ scores were higher 
in households with co-owned/female-owned livestock 
in Kenya. Future studies are required to investigate how 
gender roles influence the allocation of food within 
the household and the impacts on child nutritional 
outcomes.

Finally, given the high degree of variability across coun-
tries and the limited significant findings in the univariate 
analysis, we elected not to perform further multivariate 
analysis. Any future study aiming to establish an inde-
pendent effect of livestock ownership on household food 
and nutrition security will need to control for factors 
such as household size, wealth and gender of household 
head. Additionally, data on breastfeeding and compli-
mentary feeding practices, as well as nutritional status 
of pregnant or lactating mothers, should be collected 
and considered in the analysis, given their important 
influence on child development [50]. Notably, time and 
labour inputs associated with livestock rearing activities 
might impact these child feeding practices; more empiri-
cal evidence is required to investigate these trade-offs. 
Access to safe food is also critical for ensuring positive 
nutritional outcomes in children [6]. Concerns have been 
raised about possible negative impacts of livestock own-
ership on child health and development, by increasing 
infection risks and potentially affecting enteric functions 
of the gut microbiome [51]. Exposure of infants to live-
stock faeces has been shown to have a significant impact 
on bacterial exposure leading to diarrhoea [52, 53]. There 
is some evidence that housing of poultry in close proxim-
ity to the household can have a negative effect on child 
growth [54]. Given constraints imposed by the data, we 
were unable to assess the potential effect of livestock 
housing, zoonoses and child growth outcomes in the cur-
rent study.

Food and nutritional security in Sub-Saharan Africa 
is a complex issue with multiple entry points for creat-
ing sustainable improvements. It is plausible that live-
stock production and ASF can play a role in alleviating 
hunger, although robust evidence for this impact pathway 
is still widely lacking. Any intervention will need to be 
multifaceted, multidisciplinary and tailored to the spe-
cific context of the country to ensure a sustained impact 
is realised. A One Health approach that combines assess-
ment of nutritional outcomes, diet, agricultural and 
social practices is required. In particular, further detailed 
research is needed to (1) evaluate the quantity and utilisa-
tion of ASF in relation to number of livestock owned by a 
household; (2) assess the time dimension of food security 

using longitudinal studies to account for seasonal pat-
terns and changes over time; (3) understand how gender 
roles influence intra-household variation of food con-
sumption and how livestock ownership may impact this, 
with emphasis on the most vulnerable (i.e. women and 
children); and (4) investigate how the potential negative 
impact of zoonotic/food-borne diseases in households 
that own livestock or consume ASF can be mitigated to 
ensure improved nutritional outcomes through livestock-
based interventions.
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