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Abstract
Rapid urbanisation in low- and middle-income countries, which has encroached on agricultural lands but has not been con-
sistently accompanied by corresponding improvements in water and sanitation services, has raised questions about its impact 
on the food and nutrition security of households living in transitional, peri-urban areas. Through an analysis of survey data 
collected from 518 households living around the town of Eldoret, Kenya, we investigate the existing links between peri-
urban households’ engagement in agriculture, their dietary behaviour, and their children’s nutrition outcomes. We find that 
peri-urban households engaged in agriculture, particularly in crop growing and in the sales of their agricultural produce, 
have more diverse and nutritious diets than agriculturally non-engaged households, all other things being equal. However, 
a significant improvement in children’s health outcomes is observed in these households only when coupled with improved 
water, sanitation, and hygiene conditions.
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1 Introduction

Low- and middle-income countries (LMICs) have experi-
enced rapid urbanisation in the past several decades, with 
the proportion of population living in cities increasing from 

35 percent in 1990 to 52 percent in 2022 (World Devel-
opment Indicators, 2023). This urbanisation trend has cre-
ated new income-generating opportunities but has generally 
lagged in provisioning of essential public services, including 
water, sanitation, and hygiene (WASH). It has also led to 
widespread losses of agricultural lands. In the peri-urban 
spaces surrounding African cities, many households have 
tried to resist the encroaching spread of urban construction 
and infrastructure and have continued growing crops and 
raising livestock, even if those activities no longer necessar-
ily constitute their main income stream (e.g., Bundala et al., 
2020; Mortoja et al., 2020; Petrikova et al., 2020). However, 
whether engagement in peri-urban agriculture helps house-
holds in LMICs achieve better food and nutrition security1, 
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1 The Food and Agriculture Organisation (FAO) defines food secu-
rity as a situation ‘when all people, at all times, have physical, social 
and economic access to sufficient, safe and nutritious food that meets 
their dietary needs and food preferences for an active and healthy life’ 
(FAO, 2002). The term ‘nutrition security’ has been increasingly used 
in recent years to emphasise the importance of good access to nutri-
tious and healthy food – rather than any food – for people’s health 
and wellbeing. In this article, we mostly use the terms dietary qual-
ity, dietary diversity, and good nutrition outcomes as our outcomes of 
interest; however, good performance in these translates more broadly 
also into improvements in households’ food and nutrition security.
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as they intend, remains a matter of investigation as does the 
extent to which this is influenced by households’ access to 
WASH services.

Existing research, with a few exceptions (e.g., Frayne 
et al., 2014), has found urban and peri-urban households 
engaged in crop and livestock production to have ‘better’ 
diets than comparable households not engaged in agricul-
ture, with the dietary quality measured through dietary 
diversity or, in the case of livestock ownership, often 
through the frequency of consumption of animal-sourced 
food (ASF) (Bellon et al., 2020; Chagomoka et al., 2018; 
Choudhury & Headey, 2018; Kim et al., 2019; Pimkina 
et al., 2013; Rammohan et al., 2019)2. The positive relation-
ship appears stronger in lower-income countries, including 
Kenya (Badami & Ramankutty, 2015; Omondi et al., 2017; 
Zezza & Tasciotti, 2010), and during times of high food-
price inflation, when home-produced food is relatively more 
shielded from price increases (Armar-Klemesu, 2000; Crush 
& Frayne, 2011; de Zeeuw & Dubbeling, 2009). Because 
household members involved in (peri)urban agriculture are 
predominantly women, such agriculture has also been found 
to contribute to women’s social and economic advancement 
(Poulsen et al., 2015).

A related debate concerns the decision of agriculturally 
engaged households to consume or sell their produce. One 
study from Uganda suggested that households’ consumption 
of home-grown crops was linked with monotonous, low-pro-
tein diets (Kirk et al., 2018) but most studies discovered the 
opposite effect, particularly in households growing a variety 
of crops and/or raising a variety of livestock (Dillon et al., 
2015; Hirvonen & Hoddinott, 2017; Murendo et al., 2019). 
However, even households selling rather than consuming 
their produce or livestock have frequently been found, cet-
eris paribus, to have better diets than agriculturally unen-
gaged households, due to higher or more diverse, and thus 
more resilient, incomes (e.g., Bellon et al., 2020; Bundala 
et al., 2020; Covarrubias et al., 2012). The research framing 
that positions domestic consumption of households’ agricul-
tural products in contrast to their sales might, however, be 
somewhat misleading since it has been estimated that about 
90 percent of smallholder African farmers both consume and 
sell some of their produce (Carletto et al., 2017).

Do the ‘better’ diets among agriculturally engaged house-
holds translate into better nutrition security, as measured by 
children’s nutrition outcomes? Research suggests that this 
is not always the case (e.g., Pickering et al., 2012; Warren 
et al., 2015). Studies that explored the link between growing 
crops and nutrition outcomes have yielded mixed findings, 

with some showing a positive link (Chagomoka et al., 2018; 
Warren et al., 2015) but others no significant link (e.g., 
Chegere & Stage, 2020; Warren et al., 2015). Many stud-
ies interrogating the effects of livestock ownership similarly 
concluded that while it increased ASF consumption, that 
consumption did not necessarily lead to better nourished 
children (Azzarri et al., 2015; Christian et al., 2019; Dumas 
et al., 2018; Headey et al., 2018; Kaur et al., 2017).

The quality of WASH has been identified as a key inter-
vening factor in children’s nutrition outcomes. Poor WASH 
conditions have a detrimental effect on children’s growth and 
nutritional status due to sustained exposure to enteric patho-
gens (Choudhary et al., 2021; Cumming & Cairncross, 2016; 
Meshram et al., 2019; Pickering et al., 2012; Spears, 2013). 
Inadequate access to hygienic sanitation and good-quality 
water leads to extended and repeated instances of diarrhoea 
and to environmental enteric dysfunction (EED), a chronic 
condition that reduces intestinal nutrient absorption. Both diar-
rhoea and EED are conditions that are particularly harmful for 
children (Humphrey et al., 2015; Jacob Arriola et al., 2020).

The incidence of enteric pathogens might be higher in 
agriculturally engaged households; a conjecture explored 
particularly when it comes to livestock ownership. Live-
stock-keeping is associated with more animal faeces in the 
household environment, which, particularly in the absence 
of good WASH conditions, can undermine the positive effect 
that more diverse and protein-rich diets in livestock-keeping 
households could have on households’ nutrition outcomes 
(Gelli et al., 2019; Ngure et al., 2019). Growing crops in 
peri-urban areas might also be linked with higher hygiene 
risks, due to significant contamination of peri-urban soils 
and water sources with heavy metals, enteric pathogens, and 
parasites (Graefe et al., 2019). This relationship has, how-
ever, not been explored to our knowledge in detail thus far.

Our study draws on original survey data gathered from 
518 households in peri-urban areas of Eldoret, Kenya and 
examines the complex interplay between households’ agri-
cultural practices, access to water and sanitation, and their 
food and nutrition security. We hypothesise that: (H1) 
agriculturally engaged households in the peri-urban area 
have, ceteris paribus, better diets than other households 
but that (H2) the positive link between agricultural engage-
ment – crop growing and livestock raising – and dietary 
behaviour as well as its positive link with better nutrition 
outcomes are mediated by access to adequate WASH. In 
a partial confirmation of H1, we find that some household 
engagement in agriculture is correlated with more diverse 
diets. However, in line with H2, this engagement tends 
to translate into improved nutrition outcomes most when 
accompanied by improved water, sanitation, and hygiene 
(WASH). Our study’s main novel contributions lie in explor-
ing links between the three concepts – agricultural engage-
ment, WASH, and food and nutrition security – in peri-urban 

2 Studies on livestock ownership and diets focused specifically on 
urban and peri-urban areas less frequently than studies on crop grow-
ing and diets.
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rather than more commonly investigated urban or rural areas 
and in assessing the conditional effects of WASH on nutri-
tion outcomes also among crop-growing and mixed-farming, 
rather than only livestock-raising households.

The rest of the article proceeds as follows. Section 2 
describes the data and methodology used. Section 3 presents 
the results. The implications of the results and related policy 
recommendations are discussed in Sect. 4.

2  Methodology

2.1  Study area and data collection

The study was conducted around the town of Eldoret, Uasin 
Gishu County, Kenya. Uasin Gishu County is located in 
high plateau, between 1500 to 2700 m above sea level, with 
a relatively cool annual mean temperature of 21 °C. The 
area receives about 1000 to 1250 mm of rainfall per year 
(MoALF, 2017) and lies within the agriculturally produc-
tive highlands of Western Kenya, predominantly inhabited 
by farmers (Lomurut, 2014). Eldoret is a mid-size town of 
approximately 500,000 inhabitants. It is the fifth most popu-
lous town in Kenya, after Nairobi, Mombasa, Nakuru, and 
Ruiru, and is the largest town in Kenya’s Rift Valley region. 
Like other towns in Kenya, it has grown rapidly in recent 
years, increasing in population size by 64 percent between 
2009 and 2019 (Macrotrends, 2023).

The survey data were collected from 518 households in 
peri-urban areas of Eldoret between July and October 2021. 
Peri-urban areas were defined as spaces where some city 

construction has already spread but remains interspersed 
with rural landscapes (Mortoja et  al., 2020). Data col-
lection was organised in all six sub-counties in the Uasin 
Gishu County – Ainabkoi, Kapseret, Kesses, Moiben, Soy, 
and Turbo (see Fig. 1). In each sub-county, a random point 
in a pre-agreed peri-urban area was selected through the 
Map.Me® software application. From the point, enumera-
tors walked in different directions and randomly chose the 
first household to survey, with the key selection criteria 
being that the household had at least one child between 
6 months and 5 years old3. From that household, the enu-
merators asked for directions to the next nearest household 
with children of appropriate age and continued this process 
until reaching a desired number of households or running 
out of time. Pre-survey, an approximate target of 80 house-
holds to survey was set for each sub-county4. In the end, as 
Table 1 later shows, 644 child samples were collected (as 
some households had more than one child between 6 months 

Fig. 1  Map of Kenya with 
Uasin Gishu county (a) and a 
map of surveyed sub-counties 
and wards in Uasin Gishu 
county with Eldoret at the 
centre (b)

3 Enumerators in the field chose to collect data also on several chil-
dren, who had already passed their 5th – but not their 6th—birthday, 
and we chose to keep those data as part of the sample. However, these 
slightly older children constitute only 2 percent of the final sample 
(14 out of 644 children were between 61 and 68  months old at the 
time of the survey).
4 When applying for Kenya’s Government ethics approval of the sur-
vey, given the population size of Uasin Gishu County and using the 
sample size calculator at http:// www. qualt rics. com, it was estimated 
that at least 380 household surveys were needed to ensure represen-
tation. As the budget allowed for more surveys to be collected, an 
approximate target of 480–500 households to be surveyed was set – 
and was eventually slightly exceeded.

http://www.qualtrics.com
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Table 1  Summary statistics of 
the variables used

Dietary behaviour N Mean Std. Dev Min Max

FCS—full 518 88.46 20.74 14 112
FCS—levels 518 3.44 1.76 0 6
DDS—full 518 5.47 1.71 1 9
DDS—levels 518 1.18 0.62 0 2
Food insecurity index 460 2.60 3.80 0 10
Nutrition outcomes
Height for age (Z score) 593 -1.10 -1.50 -4.95 3.89
Weight for age (Z score) 618 -0.34 -1.25 -4.67 3.32
Weight for height (Z score) 582 0.30 -1.40 -4.58 4.47
Undernourished 582 0.30 0.46 0 1
Anaemia 495
  None 270 54.55
  Mild 102 20.61
  Moderate 120 24.24
  Severe 3 0.61

Agricultural engagement
Any agricultural land (owned or leased) 518 0.43 0.50 0 1
  Owned 518 0.36 0.48 0 1
  Leased 518 0.07 0.25 0 1

Owned land size
   < 0.25 ha 90 0.50
  0.25–1 ha 55 0.30

    > 1 ha 36 0.20
Grow any crops 518 0.43 0.50 0 1
Crop diversity 518 1.05 1.32 1 5
Proportion of income from agriculture 518 0.16 0.32 0 1
Any quadruped livestock 518 0.25 0.43 0 1
Any milk cattle 518 0.18 0.39 0 1
Any poultry 518 0.39 0.49 0 1
Water, sanitation, and hygiene
Improved sanitation facility 518 0.57 0.50 0 1
Flushing toilet 518 0.20 0.40 0 1
Water from the tap 518 0.50 0.50 0 1
Demographic and socio-economic characteristics N Mean Std. Dev Min Max
Child age (months) 663 30.17 16.08 6 68
Gild gender (1 female) 663 0.51 0.50 0 1
HH size 518 4.78 2.21 2 16
Female head of HH 518 0.05 0.21 0 1
Mother's education level 518
  Primary or below 140 0.28
  Secondary 228 0.44
  Higher 150 0.29

Wealth index (quintiles) 518 2.99 1.41 1 5
Ethnicity 518
  Other 171 0.33
  Kalenjin 205 0.40
  Luhya 79 0.15
  Kikuyu 40 0.08
  Luo 23 0.04

Sub-county 518
  Ainabkoi 61 0.12
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and 5 years old), with the number of children per sub-county 
varying from 79 in Ainabkoi to 139 in Moiben5,6.

The survey was designed by researchers from Royal Hol-
loway University of London, King’s College London, the 
University of Central Lancashire (all UK), and the Univer-
sity Eldoret (Kenya) and was administered, in person, by 
research assistants from the University of Eldoret. The sur-
vey gathered data on households’ demographic and socio-
economic characteristics, their agricultural activities, their 
WASH facilities as well as on their dietary behaviour and 
their children’s nutrition outcomes, namely their height, 
weight, and blood haemoglobin levels.

2.2  Data analysis methods

The main empirical models, in line with our hypotheses, 
examine first the households’ dietary behaviour as a func-
tion of the households’ agricultural engagement and the 
children’s and households’ demographic and socio-economic 
characteristics. Second, the models scrutinise links between 
children’s nutrition outcomes and households’ dietary behav-
iour and their agricultural engagement, access to WASH, 
and the children’s and households’ demographic and socio-
economic characteristics7. The models are estimated using 
Ordinary Least Squares (OLS), Probit, Ordered Probit, and 
Tobit regressions8, contingent on the nature of the dependent 
variable, with household-clustered robust standard errors. In 
our choice of estimators, we have followed existing studies 
on similar topics, such as Azzarri et al. (2015) and Petrikova 
(2022).

We have noted the potential endogeneity in the relation-
ships between agricultural engagement/WASH and dietary 
behaviour/nutrition outcomes, where, for example, house-
holds with better access to WASH could be different from 
households with worse access to WASH in unobservable 
(or hard to measure) ways that could simultaneously influ-
ence their dietary behaviour and their children’s nutrition 
outcomes (we of course control for households’ wealth in 
all our models as it is well known that better-off households 
tend to both have better access to WASH and better nutrition 
outcomes – e.g., Graham et al., 2018). We try to control for 
the potential endogeneity using a linear regression model 
augmented with an endogenous binary-treatment variable 
(‘etregress’ command in STATA 16). We explain this robust-
ness test later in greater detail.

2.3  Variables

2.3.1  Dependent variables – dietary behaviour 
and nutrition outcomes

The first set of our models examine households’ dietary 
behaviour. We use five main variables in this section. From 
survey questions about the frequency with which house-
holds consume different types of food, we calculated two 
different measures – a Food Consumption Score (FCS) and 
a Dietary Diversity Score (DDS). The FCS is an index devel-
oped by the World Food Programme (WFP) that ‘aggregates 
household-level data on the diversity and frequency of food 
groups consumed over the previous seven days, which is 
then weighted according to the relative nutritional value of 
the consumed food groups’ (Data4Diets, 2023). The FCS is 
often used as an approximate measure of household caloric 
availability. It is calculated by aggregating different foods 
consumed in eight groups – 1. staples, 2. pulses, 3. veg-
etables, 4. fruit, 5. meat, fish, and eggs, 6. dairy, 7. sugar, 
and 8. oil – and multiplying their frequency of consumption 
over seven days by 2, 3, 1, 1, 4, 4, 0.5, and 0.5, respectively. 
The results are summed into one score with a theoretical 
range from 0 to 112, with higher numbers indicating better 
caloric availability and dietary quality. We use the FCS first 
in its total amount, as a continuous variable, and second as 
an ordinal variable, with the total score divided into seven 

Source: authors’ calculations

Table 1  (continued) Dietary behaviour N Mean Std. Dev Min Max

  Kapseret 91 0.18
  Kesses 95 0.18
  Moiben 108 0.21
  Soy 81 0.16
  Turbo 82 0.16

7 The models’ equations are summarised in Appendix A.
8 OLS regressions were used with continuous dependent variables, 
Probit regressions with binary dependent variables, Ordered Probit 
regressions with ordinal dependent variables, and Tobit regressions 
with left- and right-censored continuous dependent variables, which 
in our case were height-for-age, weight-for-age, and weight-for-height 
Z scores.

5 Overall, the sample was gathered from 16 wards: Huruma, Kama-
gut, Kapsaos, Kapseret, Kapsoya, Kimumu, Kipchamo, Kipkenyo, 
Kiplombe, Kuinet, Langas, Moiben, Racecourse, Sergoit, Soy, and 
Tembelio.
6 The results displayed in Figs. 1, 1 and 1 graphically are shown in 
numbers in Table 1.



 I. Petrikova et al.

levels, with 0 indicating very insufficient caloric availability 
and 6 satisfactory9.

The DDS that we utilise has been adapted from the 
FAO’s Minimum Dietary Diversity measure, which con-
siders whether 10 food groups – 1. grains, roots, and tubers, 
2. pulses, 3. nuts and seeds, 4. dairy, 5. meat, poultry, and 
fish, 6. eggs, 7. dark leafy greens and vegetables, 8. other 
Vitamin A-rich fruits and vegetables, 9. other vegetables, 
and 10. other fruit – have been consumed over the last 24 h 
(Data4Diets, 2023). Dietary diversity scores have been 
shown to be strongly positively correlated with micronutri-
ent adequacy of diets (e.g., Chakona & Shackleton, 2017; 
Rodriguez-Ramirez et al., 2022), making the DDS a better 
indicator of nutrition security than the FCS. We estimated 
the DDS from answers about the frequency of household 
consumption of the 10 food groups, giving households a 
score of 1 for any food group that they have reported to 
consume daily and summing the scores. We use the DDS 
in its total amount as a continuous variable, where it ranges 
from 0 to 10, and also as an ordinal variable, after dividing 
the total score into three levels10. However, in Table B2 in 
the Appendix we also display results for the different food 
groups that make up the FCS and DDS measures as separate 
dependent variables. Finally, as the fifth main dependent 
variable, we utilise a household Food Insecurity Index (FII), 
calculated from a series of questions about households’ 
access to food and associated feelings (e.g., anxiety about 
secure access to food) on a scale from 0 (no food insecurity) 
to 10 (severe food insecurity)11. The FII, unlike the FCS and 
DDS, captures also the psychological and emotional aspects 
of food insecurity.

The second set of our models assesses as dependent varia-
bles children’s nutrition outcomes, calculated on the basis of 
the children’s height, weight, and blood haemoglobin-level 
measurements. Specifically, we consider children’s height-
for-age, weight-for-age, and weight-for-height Z-scores (cal-
culated using World Health Organisation [WHO] guidelines) 
and a measure of anaemia – an ordinal variable where 0 
represents no anaemia (more than 11 g haemoglobin [hb] 
per dcl blood), 1 mild anaemia (10-11 g hb), 2 moderate 
anaemia (7-10 g hb), and 3 severe anaemia (< 7 g hb). 

Haemoglobin levels were determined using a finger-prick 
blood test analysed by portable HemoCue™ diagnostic 
kits. We also utilise a binary variable of undernourishment, 
which takes a value of 1 if a child is either stunted (too short 
for age), underweight (too light for age), or wasted (too light 
for height)12.

2.3.2  Independent variables

The main independent variables in our study measure 
households’ agricultural engagement. We use seven key 
variables here. Three relate predominantly to crop cultiva-
tion: the first, binary, one enquires if households have the 
use, through ownership or rent, of any agricultural land,13 
the second, ordinal, one considers the size of owned land 
(1- less than 0.25 ha, 2- 0.25 to 1 ha, or 3- more than 1 ha), 
and the third one measures the diversity of crops grown, on 
a scale from 0 (none) to 6 (cereals, roots and tubers, pulses, 
green leafy vegetables, other vegetables, and fruit)14. Three 
agricultural variables relate to livestock – binary questions 
about household ownership of poultry, quadruped livestock, 
and dairy cattle. The final variable assesses the contribu-
tion of households’ agricultural production to their overall 
income15, a proportion measure on a scale from 0 to 1. This 
variable can be understood as a measure of the intensity of 
households’ agricultural production, particularly as it relates 
to their engagement in the market16. The reference time-
frame of the agricultural engagement variables is within the 
year prior to the survey.

Since our hypotheses also maintain the importance of 
water, sanitation, and hygiene (WASH) in the link between 
agricultural engagement/dietary behaviour and nutrition 
outcomes, we explore another three key independent vari-
ables, all binary, on whether the households surveyed have 
an improved sanitation facility, whether they have a private 
flushing toilet, and whether they obtain clean water from a 
private pipe or tap rather than from other sources. The World 

10 DDS levels from total scores: 0–3 (0), 4–6 (1), and 7–10 (2).
11 This is an adapted version of the Food and Agriculture Organi-
sation’s Food Insecurity Experience Scale (FAO, 2024). It contains 
all eight questions from the FIES and two additional questions, one 
about parents having to restrict food consumption to ensure children 
could eat and one about having to borrow food or money for food 
from friends or relatives. One other change from the FIES is that 
the questions’ reference period is past 30  days rather than the past 
12 months.

12 A child is deemed stunted if her/his height-for-age Z score falls 
below two standard deviations (-1.96 Z score); underweight and wast-
ing are estimated in the same way.
13 This question refers mostly to arable land, but some households 
also have land specifically for livestock – although most livestock is 
kept in household yards.
14 In the construction of the crop diversity variable, we followed 
M’Kaibi et al. (2017).
15 This was a household estimate of how much their agricultural pro-
duction contributed to their overall household income in monetary 
terms in the last 12 months.
16 The survey did not collect data on households’ total income – as 
existing research suggests data on income in lower-income countries 
tends to be inaccurate (e.g., Deaton, 1997)—and hence could only 
consider agricultural engagement as a proportion of total income 
rather than in total.

9 FCS levels from total scores: 0–59 (0), 60–69 (1), 70–79 (2), 80–89 
(3), 90–99 (4), 100–109 (5), 110–112 (6).
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Health Organisation defines improved sanitation facilities as 
those that hygienically separate human waste from human 
contact – including flushing toilets, septic-tank pit latrines, 
improved-pit latrines, pit latrines with slab, and composting 
toilets – and are not shared with other households (WHO, 
2024). As most households in our sample have an improved 
sanitation facility, we also consider separately the effects of 
having access to private flushing toilets, as these are argu-
ably the most hygienic type of sanitation facility (Abney 
et al., 2021).

Following numerous studies examining dietary behaviour 
and nutrition outcomes (e.g., Bharati et al., 2020; Masset et al., 
2011; M’Kaibi et al., 2017; Petrikova, 2019, 2022; Roba et al., 
2019), our analytical models further control for the children’s 
age and gender, their mothers’ education, their households’ 
size, wealth, and ethnicity, whether the households are female-
headed, and the sub-county in which they reside.

2.4  Descriptive statistics

Table 1 displays summary statistics of all the variables used. 
The uppermost part contains results regarding the dietary 
behaviour variables. The mean FCS score is 89, which is 
well above the lowest ‘acceptable’ score of 35 as defined 
by the WFP (Data4Diets, 2023). The range is large, how-
ever, from 14 to 112, with 15 households with a score below 
35, indicating a sizeable spread of household caloric avail-
ability in our sample. The average DDS score is 5.5. While 
not directly comparable to the Minimum Dietary Diversity 
(MDD) measure, from which our DDS is derived, the aver-
age MDD scores are similar among adults in Mexico (Rod-
riguez-Ramírez et al., 2022) and slightly lower than among 
South African urban populations (Chakona & Shackleton, 
2017). The mean FII among the households surveyed is 2.6 
out of possible 10, indicating a moderate average level of 
food insecurity. Table B1 shows the breakdown of the FCS 
and DDS constituent food groups and demonstrates that the 
most commonly consumed groups include grains, roots, and 
tubers, vegetables, fruit, and dairy. Animal proteins other 
than dairy, nuts, and seeds are consumed less frequently 
– for example, only 9 percent of households in our sample 
reported eating eggs daily.

The following section of Table 1 shows that in nutri-
tion outcomes, the children in our sample are shorter and 
slightly lighter for their age than the WHO average of 
0 but slightly heavier for their height than the average. 
Meanwhile, 45 percent of the children suffer from some 
form of anaemia – 21 percent from mild, 24 percent from 
moderate, and 1 percent from severe anaemia. In terms of 
undernourishment, our sample of children is similar to the 
Kenyan national average but with a higher rate of stunt-
ing. Twenty-seven percent of the children in our sample 
were found to be stunted, 9 percent underweight, and 4 

percent wasted; the latest nationally representative results 
for Kenya have been 18 percent, 10 percent, and 4 percent, 
respectively (DHS, 2022). Overall, 30 percent of the sur-
veyed children suffered from at least one of the three types 
of undernourishment measured. From the six sub-counties 
surveyed, the highest undernourishment prevalence was in 
Ainabkoi – 37 percent – while the lowest, 19 percent, was 
in Kapseret (Fig. 2).

Regarding agricultural engagement, 43 percent house-
holds in our sample reported to own (36 percent) or rent 
(7 percent) at least some agricultural land. This largely 
aligns with results from the latest Kenyan DHS (2022), 
where 43 percent of respondents from urban areas in Uasin 
Gishu County reported to own or rent agricultural land 
(compared with 76 percent of rural Usain Gishu inhabit-
ants). Forty-three percent of households in our sample also 
grow some crops17 but crop diversity is relatively low, 
with households growing on average only two types of 
crops (out of cereals; roots and tubers; pulses; green leafy 
vegetables; other vegetables; and fruit). Most frequently 
grown crops include maize, beans, kale, potatoes, spinach, 
managu (African nightshade), and bananas.

Figure 3 and Table D1 show that the sub-counties with 
the highest usage of agricultural land are Soy and Turbo – 46 
percent – while the lowest one is Kapseret at 31 percent. Agri-
culture contributes the most to household incomes in Soy 
(24 percent) and the least in Kesses (8 percent). The average 
proportion of household income derived from agriculture is 
16 percent in our sample (Table 1). About two thirds of the 
income relates to crop cultivation and one third to raising 
livestock. In line with existing research (e.g., Carletto et al., 
2017), many agriculturally-engaged households in our sample 
sell some of their produce – 33 percent of livestock-owning 
households reported to earn some income from the livestock 
and 47 percent of crop-growing households from the crops 
grown. Twenty-five percent of households own some quadru-
ped livestock, 18 percent dairy cattle, and 39 percent poultry. 
Fifty-seven percent of households have improved sanitation, 
20 percent have a private flushing toilet, and 50 percent obtain 
their water from taps.

Vis-à-vis the control variables, the children surveyed var-
ied in age between six and 68 months18 and slightly more 
– 51 percent – were girls than boys (but this difference is 
not statistically significant). Twenty-eight percent of moth-
ers had received only primary or lower, 44 percent up to 

17 There is a very high but not perfect overlap between households 
that have the use of agricultural land and those that grow crops – as 
some grow crops in their backyard that they do not consider agricul-
tural land per se while some of those with agricultural land use it only 
for livestock.
18 Fourteen children, 2 percent of our sample, were several months 
older than the requested 60 months but none had yet completed 6 
years of age.
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secondary, and 29 percent higher education. The average 
household size is five but varies between two and 16. Using 
principal component analysis, we calculated the household 
wealth index from information about the ownership of a 
series of household items (stove, gas cooker, electric cooker, 
jiko, fridge, freezer, watch/clock, phone, radio, TV, bicycle, 
motorcycle, scooter, car, and energy from mains)19 and then 
reclassified the index into quintiles (five equal groups). The 
ethnic make-up of our sample is quite varied, with the largest 
group – 40 percent – of Kalenjin ethnicity. This is followed 
by people of ‘other’ ethnicities (30 percent), Luhya (15 per-
cent), Kikuyu (8 percent), and Luo (4 percent).

Earlier, we mentioned the potentially endogenous rela-
tionship between the households’ agricultural engagement 
and WASH and the outcomes of interest, i.e., households’ 
dietary behaviour and children’s nutrition outcomes. Table 2 
to some extent confirms our fears, demonstrating that 
households in our sample that are agriculturally engaged 
and have better WASH are also significantly wealthier than 
other households. Our main empirical models control for 
households’ wealth as well as their location of residence 
and mothers’ education, which are also related to wealth, 
but it is possible that there are other unobservable or hard-
to-measure characteristics related to agricultural engagement 
and/or WASH that have an effect on dietary behaviour or 
nutrition outcomes. We try to address this issue through a 
sensitivity analysis, explained in more detail below, but also 
bear it in mind when discussing our findings.

3  Results

3.1  Dietary behaviour as a function of households’ 
agricultural engagement

Results of the regressions examining the relationship 
between households’ agricultural engagement and dietary 
behaviour are presented in Tables 3 and 2. Somewhat unex-
pectedly, we find a negative association between households’ 
usage of agricultural land and their dietary quality, where 
households with agricultural land have significantly lower 
Food Consumption and Dietary Diversity Scores. However, 
this negative association is reversed in households owning 
larger plots of land and growing a greater diversity of crops 
– but not by livestock ownership. In other words, house-
holds that own larger plots of agricultural land and/or grow a 
greater variety of crops tend to have more varied diets, con-
suming pulses, vegetables, meat, and eggs more frequently 
than households growing fewer types of crops or those with 

smaller or no plots of agricultural land20. We also find a 
significant positive relationship between agricultural income 
and household dietary quality, with households deriving a 
higher proportion of income from agriculture exhibiting 
higher levels of Food Consumption and Dietary Diversity 
Scores. Particularly fruit and meat consumption is rela-
tively more frequent in households with higher proportion 
of income from agriculture (Table B2).

In contrast, livestock ownership is not positively associ-
ated with Dietary Diversity and in some instances negatively 
correlated with the Food Consumption Score (Table 3). 
Looking at the specific variables examined, households 
with quadruped livestock actually consume, ceteris paribus, 

(32.63,36.99]
(31.11,32.63]
(27.78,31.11]
(19.82,27.78]
(19.19,19.82]
[19.19,19.19]

Fig. 2  Undernourishment rates among children under five

19 We do not include the WASH variables in the wealth index calcu-
lation since we use them as separate independent variables.

20 The relationship between crop diversity and the food insecurity 
index is significant and positive. While this might seem at first glance 
surprising, the likely explanation is that households anxious about 
their food access are more prone to planting a greater variety of crops 
to strengthen the resilience of their food supply.
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meat, pulses, and vegetables less frequently than households 
without such livestock (Table B2). On the other hand, poul-
try ownership is linked with a more frequent consumption of 
pulses, meat, and eggs, although the latter two relationships 
are not statistically significant (ibid).

Overall, the results in this part of our analysis provide 
some support for our first hypothesis, but more so regarding 
crop cultivation than livestock raising.

Looking at the control variables, the main difference in 
household consumption patterns by children’s age is that 
households with older children have slightly lower dietary 
diversity, driven predominantly by their lower dairy con-
sumption. This is an expected finding since dairy consump-
tion is higher among younger children than older children in 
most countries (e.g., Nguyen Bao et al., 2018). Unsurpris-
ingly, wealthier households and those with more educated 

mothers are more food secure and enjoy better dietary qual-
ity (i.e., higher FCS and DDS) than their counterparts. The 
same is true of female-headed households, a result also in 
line with other existing studies (e.g., Chirwa & Ngalawa, 
2008; Petrikova, 2022). In terms of ethnic groups and dif-
ferent sub-counties, Kalenjin households and households in 
Kapseret have according to our measures the best, while 
Luo households and those living in Moiben and Turbo the 
worst diets.

3.2  Links between agricultural engagement, 
dietary behaviour, and nutrition outcomes

Table 4 displays our findings on children’s nutrition out-
comes as a function of their households’ agricultural engage-
ment and dietary behaviour. Dietary diversity, measured 

Fig. 3  Agricultural land usage (a) and the proportion of income from agriculture (b)
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through DDS, is significantly associated only with reduced 
anaemia rate. However, looking specifically at the effects of 
the daily consumption of different animal-sourced food21 
shows that eating eggs daily is linked to significantly 
greater height-for-age scores and lower prevalence of 
undernourishment.

Turning attention to the water, sanitation, and hygiene 
variables22, both obtaining water from a tap and owning a 
private flushing toilet have a significant positive link with 
children’s nutrition outcomes. In households with tap water, 
children have on average greater height-for-age scores and 
are less likely to be undernourished. In households with 
flushing toilets, meanwhile, children have on average 
greater height-for-age as well as weight-for-age scores and 
are less likely to be undernourished (i.e., stunted, under-
weight or wasted) or anaemic.

From the agricultural engagement variables, particularly 
the proportion of income derived from agriculture shows 
significant links with children’s nutrition outcomes. Namely, 
households that derive a larger portion of their income from 
agriculture have, other things being equal, on average chil-
dren with greater height-for-age and weight-for-age scores 
and lower likelihood of being undernourished. On the other 
hand, such children are also more likely to suffer from anae-
mia. In contrast, having access to agricultural land has a 
borderline-significant relationship with higher undernourish-
ment prevalence but also lower anaemia rates while poultry 

ownership is linked with borderline-significantly lower 
weight-for-height scores23.

Table 4 also displays results on the links between chil-
dren’s nutrition outcomes and a range of control variables. 
Regarding the surveyed children’s demographics, female 
children and older children have higher mean height-for-age 
scores than others. Older children are also less likely to be 
anaemic and more likely to be leaner (lower weight-for-age 
and weight-for-height scores). As expected, food-insecure 
and poorer households have on average shorter, lighter, and 
more anaemic children. Children whose mothers received 
higher education have on average higher weight-for-age 
scores than children of mothers with no or primary only 
education but in other instances the effect of education does 
not appear significant. This may, however, be due to the high 
correlation between mother’s education and households’ 
wealth index quintile. Finally, regarding children’s ethnicity, 
Kalenjin and Kikuyu children are significantly shorter and 
Kalenjin children also significantly lighter than the children 
of ‘other’ ethnicities.

3.3  Sensitivity analysis

Tables C1 and C2 show the results of re-estimating the basic 
models with linear regression models augmented with an 
endogenous binary-treatment variable. The tables report 
the average treatment effect of households receiving any 
income from agriculture24, modelled as a function of the 
households’ wealth index. The regressions’ Wald tests show 
that much of the time, the treatment-assignment errors and 
the outcome errors for the control and treatment groups are 
indeed significantly positively correlated, justifying the use 
of the’etregress’ estimator25.

The results on the link between households’ proportion 
of income from agriculture and their dietary behaviour and 
children’s nutrition outcomes are similar to those found in the 
basic models, both in their direction and their significance. 
Looking first at the models of dietary behaviour as a function 

Table 2  T-tests of average wealth index quintiles by agricultural 
engagement and WASH

Source: authors' calculations

Average wealth index 
quintile

No Yes T-test

Any agricultural land 2.66 3.51 -6.87
Own more than 1 ha of agr. land 2.96 3.49 -5.41
Any income from agriculture 2.81 3.50 -12.20
Any quadruped livestock 2.90 3.54 -4.59
Any milk cattle 2.90 3.69 -5.31
Any poultry 2.79 3.46 -5.30
Flushing private toilet 2.78 4.29 -10.29
Water from the tap 2.89 3.30 -3.21

22 We do not report results here for ‘improved sanitation’ because 
that variable did not show any significant association with children’s 
nutrition outcomes when included in regressions instead of the ‘flush-
ing toilet’ variable.

23 The fact that some variables have positive links with height-for-
age and weight-for-age Z scores but negative with anaemia, or vice 
versa, brings up interesting questions about the relationship between 
height/weight-for-age and anaemia. However, a brief examination of 
these relationships has produced results in line with theoretical expec-
tations – namely, both height-for-age and weight-for-age scores are 
negatively, albeit only weakly, associated with anaemia rates. In other 
words, taller/and or heavier children are less likely to be anaemic.
24 We used the binary variable of ‘any income from agriculture’ rather 
than the continuous variable of ‘income proportion from agriculture’ 
because the estimator used requires a binary treatment variable.
25 We have tested the use of the etregress estimator also with our other 
agricultural-engagement variables (any agricultural land, any cattle, 
any poultry) as well as the WASH variables (flushing toilet and tap 
water) but the Wald tests were in those cases consistently insignificant.

21 As mentioned in Sect.  1, these have been often linked in exist-
ing literature with better children’s nutrition outcomes (e.g., Headey 
et al., 2018; Petrikova, 2022).
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of households’ agricultural engagement (Table C1), in the 
sensitivity analysis as in the basic models having any agri-
cultural income is linked with statistically higher FCS and 
DDS and statistically lower FII. Looking at the regressions 
modelling children’s nutrition outcomes (Table C2), in the 
sensitivity analysis as in the basic models, agricultural income 
frequently appears to be significantly positively linked with 
better outcomes, particularly when it comes to greater height-
for-age, weight-for-age, and weight-for-height scores. While 
we cannot conclude that the ‘etregress’ estimator has helped 
us control all endogeneity within the relationships between 
our key independent and dependent variables, it is reassuring 
that the findings in this robustness test are broadly in line with 
those attained in the basic models.

3.4  Conditional effects of WASH

We hypothesised (H2) that the relationship between house-
holds’ agricultural engagement/dietary behaviour and chil-
dren’s nutrition outcomes is mediated by households’ access 
to WASH. One of the indications that this might indeed be 
the case in our dataset is shown in Table 4, where ‘propor-
tion of income from agriculture’, despite being significantly 
associated with better diets in Table 3, does not have an 
unequivocally positive relationship with children’s nutrition 
outcomes. It seems to be associated with a reduction in the 
prevalence of undernourishment but also an increase in the 
prevalence of anaemia.

To examine the potential mediatory effect, we estimated 
multiple regressions with the nutrition outcomes as depend-
ent variables where the effects of households’ agricultural 
engagement and/or dietary behaviour were interacted with 
households having access to tap water and flushing toilets. 
We found significant results particularly when it came to the 
proportion of income from agriculture but also having use 
of agricultural land and poultry keeping, principally in their 
links with height-for-age, undernourishment prevalence, and 
anaemia. The six graphs below constitute a small subset of 
possible graphs demonstrating that households’ agricultural 
engagement is associated with significant improvements, or 
in some cases not associated with significant deterioration, 
in children’s nutrition outcomes when the households have 
access to good WASH.

Figure 4a and b show that a higher proportion of house-
hold income from agriculture is linked with children taller 
for their age in households with flushing toilets and tap water 
but not in those without. Figure 5a indicates that a greater 
proportion of income from agriculture is also linked with 
lower children’s undernourishment rates in households with 
flushing toilets, while Fig. 5b demonstrates that the propor-
tion of income from agriculture is associated with a higher 
prevalence of anaemia only in households without flushing 

toilets, not otherwise. Finally, graphs in Fig. 6 point to simi-
lar conclusions vis-à-vis household ownership of agricul-
tural land and poultry. The ownership of agricultural land 
is linked with higher undernourishment rates among chil-
dren only in households without access to flushing toilets 
(Fig. 6a). Similarly, poultry ownership is associated with 
higher anaemia rates in households without access to flush-
ing toilets but is insignificant otherwise (Fig. 6b).

4  Discussion and conclusions

In light of the rapid urbanisation in LMICs, which 
encroaches on rural and traditionally agricultural lands with-
out a necessarily concurrent expansion of improved water 
and sanitation services, in this article we have investigated 
the links between the agricultural engagement of households 
in transitional peri-urban areas and their food and nutrition 
security. We did so by surveying 518 households with chil-
dren between 6 months and 5 years old, living around the 
Kenyan town of Eldoret, enquiring about their agricultural 
engagement, dietary behaviour, and their children’s nutri-
tion outcomes. Our findings suggest that some aspects of 
households’ agricultural engagement in the peri-urban areas 
are associated with significantly improved dietary behaviour 
and nutrition outcomes but that this relationship is mediated 
by good water, sanitation, and hygiene access.

We discovered that households which derive a larger pro-
portion of their income from agricultural activities – grow-
ing crops, raising livestock, or both – have, all other things 
being equal, more diverse diets than households with a 
smaller proportion of income from agriculture, consuming 
fruit, meat, and eggs more frequently. Interestingly, mere 
access to agricultural land (whether through owning or rent-
ing it) is associated with worse diets but this negative link 
seems reversed within agriculturally engaged households 
that own larger tracts of land and/or cultivate a broader 
array of crops.26 Our findings here align with other exist-
ing research (e.g., Bundala et al., 2020; Dillon et al., 2015; 
Murendo et al., 2019) that has argued in favour of crop diver-
sification and domestic produce sales to strengthen agricul-
tural households’ food and nutrition security. In contrast to 
crop-growing, household animal ownership does not appear 
to have an equivalent positive relationship with households’ 
dietary behaviour, with households that own quadruped live-
stock reporting actually a lower frequency of meat consump-
tion than households without such animals.

Even so, the results in this first part of our study pro-
vide some support to our first hypothesis (H1) and are 
consistent with the existing body of literature on the links 

26 But it does not seem to be reversed through livestock ownership 
alone.
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between (peri)urban crop cultivation and diets in Kenya and 
elsewhere (e.g., Bellon et al., 2020; Gallaher et al., 2013; 
Omondi et al., 2017). Where our findings diverge some-
what from prior studies (e.g., Choudhury & Headey, 2018; 
Kim et al., 2019) is in the lack of a positive association 
found between livestock ownership and dietary diversity/
ASF consumption. This could be a function of the way we 
measured household food consumption, the specificity of 
the Eldoret peri-urban area, the role of livestock in Kenya as 
savings, insurance, or status symbol rather than a source of 
ASF (Tabe-Ojong et al., 2022), or other mechanisms at play 
and warrants further investigation in subsequent research.

The results in the second part of our study provide more 
robust support for our second hypothesis (H2). Households’ 
greater dietary diversity is linked to a significantly lower preva-
lence of anaemia and more frequent consumption of eggs to 
significantly higher height-for-age scores and lower under-
nourishment rates. Likewise, a higher proportion of household 
income from agriculture is positively correlated with children’s 
height-for-age scores and lower undernourishment prevalence 
while poultry ownership with a lower incidence of anaemia. 
However, agricultural income proportion is simultaneously 
associated with a higher likelihood of anaemia and poultry 
ownership with reduced weight-for-height scores. These latter 
results might seem paradoxical, given the variables’ previously 
discovered links with better diets.

Exploration of the conditional effects of WASH – specifi-
cally, whether households have a private flushing toilet and 
obtain water from taps – helps clarify the relationships. As 
expected, both the ownership of flushing toilets and of water 
taps have a positive relationship with nutrition outcomes 
in their own right, even after controlling for household 

wealth27. Both variables are associated with statistically 
greater height-for-age scores and lower prevalence of under-
nourishment and anaemia and flushing-toilet ownership also 
with higher weight-for-age scores. Nonetheless, examining 
the various interacting relationships between agricultural 
engagement, WASH, and nutrition outcomes has indicated 
that households with better sanitation and hygiene arrange-
ments are also better able to derive nutritional benefits from 
their agricultural engagement. Specifically, a higher propor-
tion of income from agriculture is associated with greater 
children’s height and weight only in households with flush-
ing toilets, not otherwise. The same is true for height-for-age 
outcomes in households with tap water versus those without. 
In households with flushing toilets, agricultural income pro-
portion further has no significant relationship with children’s 
anaemia rates, unlike in households without flushing toilets, 
where the link is positive (i.e., correlated with higher anae-
mia rates). Similarly, owning or renting agricultural land is 
linked with a greater prevalence of undernourishment only 
in households that do not have flushing toilets and poultry 
ownership is associated with greater height-for-age scores 
only in households with flushing toilets, not otherwise.

These findings can most satisfactorily be explained by 
the proposition that households’ agricultural engagement, 
while contributing to better household diets, might be simul-
taneously counteracting children’s ability to benefit from 
improved nutrition due to a greater presence of potentially 

Fig. 4  Effects of agricultural income on height-for-age by access to tap water (a) and flushing toilets (b)

27 Interestingly, the ownership of an improved sanitation facility – 
which in addition to flushing toilets also includes improved latrines—
does not exhibit a significant positive association with better nutrition 
outcomes.
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harmful substances, viruses, and bacteria in the homestead 
environment. The pathways through which the negative 
effect on growth might occur are multiple, including higher 
incidence of diarrhoea (Checkley et al., 2008), higher inci-
dence of environmental enteric dysfunction (Mbuya & Hum-
phrey, 2016), and higher incidence of aflatoxicosis (e.g., 
Anyango et al., 2018; Kaaya & Warren, 2005). These issues 
have been previously highlighted in existing literature when 
it comes to livestock and poultry ownership (e.g., Gelli et al., 
2019; Kaur et al., 2017; Ngure et al., 2019) but our finding 
of a similar relationship vis-à-vis crop cultivation is more 
novel. It is not particularly surprising, in view of previous 
research warning about the pollutants and contamination 
frequently associated with urban and peri-urban agriculture 
in LMICs (e.g., Gerster-Bentaya, 2013; Minhas et al., 2015; 
Nasinyama et al., 2010; Orsini et al., 2013; Twinomucunguzi 
et al., 2020), but it is consequential in its implications and 
warrants further study.

Our results hence suggest that growing crops in peri-
urban spaces might be fraught with the risk that the result-
antly greater exposure to potentially contaminated agricul-
tural soils and water used for irrigation might undermine 
households’ nutrition security28. Nevertheless, we have also 
shown that the negative link between households’ agricul-
tural engagement, whether in crops or livestock, and chil-
dren’s health is ameliorated in the presence of access to 
improved water and sanitation while retaining the positive 
link between agricultural engagement and improved dietary 
behaviour and nutrition outcomes. As explained earlier, our 
study has suffered from some limitations, namely the poten-
tially endogenous relationship among our key dependent and 

independent variables. The general alignment of the results 
from our basic models with those from the sensitivity analy-
sis as well as with those in existing literature should, how-
ever, hopefully lessen any concerns about spurious nature 
of our findings.

What implications do our findings hold for the rapid urban-
isation trends in LMICs and associated government policy? 
They point towards the potential of agricultural activities to 
contribute significantly to enhancing food and nutrition secu-
rity in peri-urban areas, both by facilitating access to more 
varied home-produced foods and by allowing households to 
diversify their incomes through sales of the home-produced 
food in local markets. Unlike in urban areas, where population 
density tends to be higher and agricultural land availability 
very limited, in peri-urban areas the scope for negotiating land 
use is greater and so is likely the potential of peri-urban agri-
culture to contribute to local households’ food and nutrition 
security. In addition, evidence from higher-income countries 
suggests that peri-urban farming can also enhance the quality, 
resilience, and sustainability of food and nutrition security in 
the urban areas, alongside its utility in municipal waste man-
agement and energy production (e.g., Brinkley, 2012; Diehl 
et al., 2020; Olsson et al., 2016).

Our results also strongly highlight the importance of water, 
sanitation, and hygiene when it comes to children’s health 
outcomes generally (e.g., Choudhary et al., 2021; Cumming 
& Cairncross, 2016; Meshram et al., 2019; Pickering et al., 
2012; Spears, 2013) and specifically in households engaged 
in agricultural production that brings children into closer 
contact with potentially harmful substances, bacteria, and 
viruses. To mitigate the adverse effects that these might bear 
on children’s growth as much as possible, existing research 
has suggested the use of ‘baby WASH’ interventions – WASH 
interventions aimed specifically at households with children 

Fig. 5  Effects of agricultural income on undernourishment (a) and anaemia (b) by toilet ownership

28 To understand this potential pathway better, more qualitative 
research is needed.
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under 1,000 days old (Mbuya & Humphrey, 2016) – and of 
safe community or individual play pens for infants and young 
children that could minimise or at least reduce their contact 
with harmful substances (Budge et al., 2019; Rosenbaum et al., 
2021). Our findings should provide encouraging evidence for 
Kenya’s national and local governments to facilitate and pro-
mote peri-urban agriculture with their policies and initiatives 
but also to invest in more widespread improved water, sanita-
tion, and hygiene services, particularly among households with 
young children. In fact, our results emphasise the interdepend-
ence of these two facets, as without access to improved water 
and sanitation, the nutritional benefits gained from peri-urban 
agriculture are evidently compromised.

Appendix A:Summary of models tested 
in the analysis

First set of models

Dietary behaviour = households’ agricultural engage-
ment + households’ demographics and socio-economic 
characteristics + sub-county.

Second set of models

Children’s nutrition outcomes = households’ dietary behav-
iour + households’ agricultural engagement + children’s demo-
graphics + households’ demographics and socio-economic 
characteristics + sub-county.

Appendix B: Examination of FCS and DDS 
individual components

Table B1  Summary statistics of individual FCS and DDS components

Dietary behaviour N Mean Std. Dev Min Max

FCS—staples 518 7.00 0.00 7 7
FCS—pulses 518 4.21 2.44 0 7
FCS—vegetables 518 6.83 0.95 0 7
FCS—fruit 518 5.97 2.05 0 7
FCS—meat and eggs 518 4.98 2.60 0 7
FCS—dairy 518 6.20 1.96 0 7
FCS—sugar 518 7.00 0.00 7 7
FCS—oil 518 6.07 2.10 0 7
DD—grains, roots, and tubers 518 1.00 0.00 1 1
DD—pulses 518 0.29 0.46 0 1
DD—nuts and seeds 518 0.05 0.22 0 1
DD—green leaves 518 0.65 0.48 0 1
DD—orange fruits and vegetables 518 0.89 0.31 0 1
DD—other vegetables 518 0.87 0.34 0 1
DD—other fruit 518 0.42 0.49 0 1
DD—meat 518 0.37 0.48 0 1
DD—eggs 518 0.09 0.29 0 1
DD—dairy 518 0.83 0.37 0 1

Source: authors' calculations

Fig. 6  Effects of agricultural land (a) and poultry ownership (b) on children’s nutrition outcomes by households’ toilet ownership
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Appendix D: Results graphically displayed 
in Figs. 1, 2, and 3

Table D1  Undernourishment prevalence, use of agricultural land, and 
proportion of income from agriculture by sub-county

Undernourishment 
(%)

Agricultural 
land

Income from 
agriculture

Ainabkoi 37% 46% 21%
Kapseret 19% 31% 15%
Kesses 20% 45% 8%
Moiben 31% 44% 18%
Soy 38% 46% 25%
Turbo 33% 46% 11%

Source: authors' calculations

Acknowledgements The authors would like to thank research assis-
tants at the University of Eldoret, particularly Job Isaboke, Agan Leon-
ard, Victor Kibet Langat, Joseph Akite, Sheila Kosgei, Elphas Obiero, 
Sandra Jemimiah, Diana Bii Cherotich, Bett Calebu, and David Korir, 
for all their work in collecting the survey data. They are also very 
thankful to the editors and anonymous peer reviewers for their time 
and effort.

Funding The project was funded under the Royal Holloway University 
of London internal GCRF QR Urgency Fund O11120-13.

Availability of data and code  Data were collected as part of the 
research project and will be shared publicly after the end of the 
embargo period.

Declarations 

Ethical approval Ethical approval for the study was obtained through 
Amref Health Africa in Kenya (AMREF-ESRC P1009/2021).

Conflicts of interest No conflicts of interest to report.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abney, S. E., Bright, K. R., McKinney, J., Ijaz, M. K., & Gerba, C. 
P. (2021). Toilet hygiene—review and research needs. Journal 
of Applied Microbiology, 131(6), 2705–2714. https:// doi. org/ 10. 
1111/ jam. 15121

Anyango, G., Mutua, F., Kagera, I., Andang’O, P., Grace, D., & Lindahl, 
J. F. (2018). A survey of aflatoxin M1 contamination in raw milk 

produced in urban and peri-urban areas of Kisumu County Kenya. 
Infection Ecology & Epidemiology, 8(1), 1547094. https:// doi. org/ 
10. 1080/ 20008 686. 2018. 15470 94

Armar-Klemesu, M. (2000). Urban agriculture and food security, nutri-
tion, and health. Growing cities, growing food: Urban agriculture 
on the policy agenda. A reader on urban agriculture, 99–117.

Azzarri, C., Zezza, A., Haile, B., & Cross, E. (2015). Does livestock 
ownership affect animal source foods consumption and child 
nutritional status? Evidence from rural Uganda. The Journal of 
Development Studies, 51(8), 1034–1059. https:// doi. org/ 10. 1080/ 
00220 388. 2015. 10189 05

Badami, M. G., & Ramankutty, N. (2015). Urban agriculture and food 
security: A critique based on an assessment of urban land con-
straints. Global Food Security, 4, 8–15. https:// doi. org/ 10. 1016/j. 
gfs. 2014. 10. 003

Bellon, M. R., Kotu, B. H., Azzarri, C., & Caracciolo, F. (2020). 
To diversify or not to diversify, that is the question. Pursuing 
agricultural development for smallholder farmers in marginal 
areas of Ghana. World Development, 125, 104682. https:// doi. 
org/ 10. 1016/j. world dev. 2019. 104682

Bharati, S., Pal, M., & Bharati, P. (2020). Prevalence of anaemia 
among 6-to 59-month-old children in India: The latest picture 
through the NFHS-4. Journal of Biosocial Science, 52(1), 
97–107. https:// doi. org/ 10. 1017/ S0021 93201 90002 94

Brinkley, C. (2012). Evaluating the benefits of peri-urban agricul-
ture. Journal of Planning Literature, 27(3), 259–269. https:// 
doi. org/ 10. 1177/ 08854 12211 435172

Budge, S., Parker, A. H., Hutchings, P. T., & Garbutt, C. (2019). 
Environmental enteric dysfunction and child stunting. Nutrition 
Reviews, 77(4), 240–253. https:// doi. org/ 10. 1093/ nutrit/ nuy068

Bundala, N., Kinabo, J., Jumbe, T., Rybak, C., & Sieber, S. (2020). 
Does homestead livestock production and ownership contrib-
ute to consumption of animal source foods? A pre-intervention 
assessment of rural farming communities in Tanzania. Scientific 
African, 7, e00252. https:// doi. org/ 10. 1016/j. sciaf. 2019. e00252

Carletto, C., Corral, P., & Guelfi, A. (2017). Agricultural commer-
cialization and nutrition revisited: Empirical evidence from 
three African countries. Food Policy, 67, 106–118. https:// doi. 
org/ 10. 1016/j. foodp ol. 2016. 09. 020

Chagomoka, T., Drescher, A., Glaser, R., Marschner, B., Schlesinger, 
J., Abizari, A. R., Karg, H., & Nyandoro, G. (2018). Urban and 
peri-urban agriculture and its implication on food and nutrition 
insecurity in northern Ghana: A socio-spatial analysis along 
the urban–rural continuum. Population and Environment, 40, 
27–46. https:// doi. org/ 10. 1007/ s11111- 018- 0301-y

Chakona, G., & Shackleton, C. (2017). Minimum dietary diversity 
scores for women indicate micronutrient adequacy and food 
insecurity status in South African towns. Nutrients, 9(8), 812. 
https:// doi. org/ 10. 3390/ nu908 0812

Checkley, W., Buckley, G., Gilman, R. H., Assis, A. M., Guerrant, R. 
L., Morris, S. S., ... Malnutrition, Childhood, & Network, Infec-
tion. (2008). Multi-country analysis of the effects of diarrhoea 
on childhood stunting. International Journal of Epidemiology, 
37(4), 816–830. https:// doi. org/ 10. 1093/ ije/ dyn099

Chegere, M. J., & Stage, J. (2020). Agricultural production diver-
sity, dietary diversity and nutritional status: Panel data evidence 
from Tanzania. World Development, 129, 104856. https:// doi. 
org/ 10. 1016/j. world dev. 2019. 104856

Chirwa, E. W., & Ngalawa, H. P. (2008). Determinants of child nutri-
tion in Malawi. South African Journal of Economics, 76(4), 
628–640. https:// doi. org/ 10. 1111/j. 1813- 6982. 2008. 00212.x

Choudhary, N., Schuster, R. C., Brewis, A., & Wutich, A. (2021). 
Household water insecurity affects child nutrition through 
alternative pathways to WASH: Evidence from India. Food 
and Nutrition Bulletin, 42(2), 170–187. https:// doi. org/ 10. 1177/ 
03795 72121 998122

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/jam.15121
https://doi.org/10.1111/jam.15121
https://doi.org/10.1080/20008686.2018.1547094
https://doi.org/10.1080/20008686.2018.1547094
https://doi.org/10.1080/00220388.2015.1018905
https://doi.org/10.1080/00220388.2015.1018905
https://doi.org/10.1016/j.gfs.2014.10.003
https://doi.org/10.1016/j.gfs.2014.10.003
https://doi.org/10.1016/j.worlddev.2019.104682
https://doi.org/10.1016/j.worlddev.2019.104682
https://doi.org/10.1017/S0021932019000294
https://doi.org/10.1177/0885412211435172
https://doi.org/10.1177/0885412211435172
https://doi.org/10.1093/nutrit/nuy068
https://doi.org/10.1016/j.sciaf.2019.e00252
https://doi.org/10.1016/j.foodpol.2016.09.020
https://doi.org/10.1016/j.foodpol.2016.09.020
https://doi.org/10.1007/s11111-018-0301-y
https://doi.org/10.3390/nu9080812
https://doi.org/10.1093/ije/dyn099
https://doi.org/10.1016/j.worlddev.2019.104856
https://doi.org/10.1016/j.worlddev.2019.104856
https://doi.org/10.1111/j.1813-6982.2008.00212.x
https://doi.org/10.1177/0379572121998122
https://doi.org/10.1177/0379572121998122


Peri-urban agriculture and food and nutrition security in Kenya

Choudhury, S., & Headey, D. D. (2018). Household dairy produc-
tion and child growth: Evidence from Bangladesh. Economics 
& Human Biology, 30, 150–161. https:// doi. org/ 10. 1016/j. ehb. 
2018. 07. 001

Christian, A. K., Wilson, M. L., Aryeetey, R. N., & Jones, A. D. 
(2019). Livestock ownership, household food security and child-
hood anaemia in rural Ghana. PLoS ONE, 14(7), e0219310. 
https:// doi. org/ 10. 1371/ journ al. pone. 02193 10

Covarrubias, K., Davis, B., & Winters, P. (2012). From protection 
to production: Productive impacts of the Malawi Social Cash 
Transfer scheme. Journal of Development Effectiveness, 4(1), 
50–77. https:// doi. org/ 10. 1080/ 19439 342. 2011. 641995

Crush, J. S., & Frayne, G. B. (2011). Urban food insecurity and the 
new international food security agenda. Development South-
ern Africa, 28(4), 527–544. https:// doi. org/ 10. 1080/ 03768 35X. 
2011. 605571

Cumming, O., & Cairncross, S. (2016). Can water, sanitation and 
hygiene help eliminate stunting? Current evidence and policy 
implications. Maternal & Child Nutrition, 12, 91–105. https:// 
doi. org/ 10. 1111/ mcn. 12258

Data4Diets. (2023). Food Security Indicators. https:// inddex. nutri 
tion. tufts. edu/ data4 diets/ indic ators

Deaton, A. (1997). The analysis of household surveys: A micro-
econometric approach to development policy. World Bank 
Publications.

De Zeeuw, H., & Dubbeling, M. (2009). Cities, food, and agri-
culture: challenges and the way forward. Leusden: RUAF 
Foundation.

DHS (2022). Kenya: Standard DHS, 2014. Available from: https:// 
dhspr ogram. com/ publi catio ns/ publi cation- FR380- DHS- Final- 
Repor ts. cfm. Accessed 13 October 2023.

Diehl, J. A., Sweeney, E., Wong, B., Sia, C. S., Yao, H., & Prabhude-
sai, M. (2020). Feeding cities: Singapore’s approach to land 
use planning for urban agriculture. Global Food Security, 26, 
100377. https:// doi. org/ 10. 1016/j. gfs. 2020. 100377

Dillon, A., McGee, K., & Oseni, G. (2015). Agricultural produc-
tion, dietary diversity and climate variability. The Journal of 
Development Studies, 51(8), 976–995. https:// doi. org/ 10. 1080/ 
00220 388. 2015. 10189 02

Dumas, S. E., Kassa, L., Young, S. L., & Travis, A. J. (2018). Exam-
ining the association between livestock ownership typologies 
and child nutrition in the Luangwa Valley. Zambia. Plos One, 
13(2), e0191339. https:// doi. org/ 10. 1371/ journ al. pone. 01913 39

FAO. (2002). The State of Food Insecurity in the World 2001. FAO.
FAO (2024). The Food Insecurity Experience Scale. https:// www. 

fao. org/ in- action/ voices- of- the- hungry/ fies/ en/
Frayne, B., McCordic, C., & Shilomboleni, H. (2014). Growing out 

of poverty: Does urban agriculture contribute to household food 
security in Southern African cities? Urban Forum (Vol. 25, pp. 
177–189). Springer Netherlands.

Gallaher, C. M., Kerr, J. M., Njenga, M., Karanja, N. K., & Winkler-
Prins, A. M. (2013). Urban agriculture, social capital, and food 
security in the Kibera slums of Nairobi. Kenya. Agriculture and 
Human Values. https:// doi. org/ 10. 1007/ s10460- 013- 9425-y

Gelli, A., Headey, D., Becquey, E., Ganaba, R., Huybregts, L., Pede-
hombga, A., Santacroce, M., & Verhoef, H. (2019). Poultry hus-
bandry, water, sanitation, and hygiene practices, and child anthro-
pometry in rural Burkina Faso. Maternal & Child Nutrition, 15(4), 
e12818. https:// doi. org/ 10. 1111/ mcn. 12818

Gerster-Bentaya, M. (2013). Nutrition-sensitive urban agricul-
ture. Food Security, 5, 723–737. https:// doi. org/ 10. 1007/ 
s12571- 013- 0295-3

Graefe, S., Buerkert, A., & Schlecht, E. (2019). Trends and gaps in 
scholarly literature on urban and peri-urban agriculture. Nutri-
ent Cycling in Agroecosystems, 115, 143–158. https:// doi. org/ 
10. 1007/ s10705- 019- 10018-z

Graham, J. P., Kaur, M., & Jeuland, M. A. (2018). Access to environ-
mental health assets across wealth strata: Evidence from 41 low-
and middle-income countries. PLoS ONE, 13(11), e0207339. 
https:// doi. org/ 10. 1371/ journ al. pone. 02073 39

Headey, D., Hirvonen, K., & Hoddinott, J. (2018). Animal sourced 
foods and child stunting. American Journal of Agricultural Eco-
nomics, 100(5), 1302–1319. https:// doi. org/ 10. 1093/ ajae/ aay053

Hirvonen, K., & Hoddinott, J. (2017). Agricultural production and 
children’s diets: Evidence from rural Ethiopia. Agricultural 
Economics, 48(4), 469–480. https:// doi. org/ 10. 1111/ agec. 12348

Humphrey, J. H., Jones, A. D., Manges, A., Mangwadu, G., ... & Lunga, 
J. (2015). The sanitation hygiene infant nutrition efficacy (SHINE) 
trial: Rationale, design, and methods. Clinical Infectious Diseases, 
61(suppl_7), S685–S702. https:// doi. org/ 10. 1093/ cid/ civ844

Jacob Arriola, K. R., Ellis, A., Webb-Girard, A., Ogutu, E. A., McClintic, 
E., Caruso, B., & Freeman, M. C. (2020). Designing integrated 
interventions to improve nutrition and WASH behaviors in Kenya. 
Pilot and Feasibility Studies, 6, 1–16. https:// doi. org/ 10. 1186/ 
s40814- 020- 0555-x

Kaaya, N. A., & Warren, H. L. (2005). Review of past and present 
research on Aflatoxin in Uganda. African Journal of Food, Agri-
culture, Nutrition and Development, 5(1), 1–18. https:// doi. org/ 
10. 18697/ ajfand. 8. 1200

Kaur, M., Graham, J. P., & Eisenberg, J. N. (2017). Livestock owner-
ship among rural households and child morbidity and mortality: 
An analysis of demographic health survey data from 30 sub-
Saharan African countries (2005–2015). The American Journal 
of Tropical Medicine and Hygiene, 96(3), 7–10. https:// doi. org/ 
10. 4269/ ajtmh. 16- 0664

Kim, S. S., Nguyen, P. H., Tran, L. M., Abebe, Y., Asrat, Y., Tharaney, M., 
& Menon, P. (2019). Maternal behavioural determinants and livestock 
ownership are associated with animal source food consumption among 
young children during fasting in rural Ethiopia. Maternal & Child 
Nutrition, 15(2), e12695. https:// doi. org/ 10. 1111/ mcn. 12695

Kirk, A., Kilic, T., & Carletto, C. (2018). Composition of household 
income and child nutrition outcomes evidence from Uganda. 
World Development, 109, 452–469. https:// doi. org/ 10. 1016/j. 
world dev. 2017. 03. 023

Lomurut, J. A. (2014). A first-generation digital soil map of a portion 
of the Uasin Gishu Plateau, Kenya (Doctoral dissertation). Avail-
able from: https:// www. proqu est. com/ openv iew/ 2102f 65b12 f4d00 
aebc0 76db1 69b9b 56/1? pq- origs ite= gscho lar& cbl= 18750

Macrotrends. (2023). Eldoret, Kenya Metro Area Population 1950-
2023. https:// www. macro trends. net/ globa lmetr ics/ cities/ 21705/ 
eldor et/ popul ation

Masset, E., Haddad, L., Cornelius, A., & Isaza-Castro, J. (2011). 
A systematic review of agricultural interventions that aim to 
improve nutritional status of children. EPPI-Centre, Social Sci-
ence Research Unit, Institute of Education, University of London.

Mbuya, M. N., & Humphrey, J. H. (2016). Preventing environmen-
tal enteric dysfunction through improved water, sanitation, and 
hygiene: An opportunity for stunting reduction in developing 
countries. Maternal & Child Nutrition, 12, 106–120. https:// doi. 
org/ 10. 1111/ mcn. 12220

Meshram, I. I., Rao, K. M., Balakrishna, N., Harikumar, R., Arlappa, 
N., Sreeramakrishna, K., & Laxmaiah, A. (2019). Infant and 
young child feeding practices, sociodemographic factors and their 
association with nutritional status of children aged< 3 years in 
India: Findings of the National Nutrition Monitoring Bureau sur-
vey, 2011–2012. Public Health Nutrition, 22(1), 104–114. https:// 
doi. org/ 10. 1017/ S1368 98001 80029 4X

Minhas, P. S., Yadav, R. K., Dubey, S. K., & Chaturvedi, R. K. (2015). 
Long term impact of wastewater irrigation and nutrient rates: I. 
Performance, sustainability and produce quality of peri urban 
cropping systems. Agricultural Water Management, 156, 100–
109. https:// doi. org/ 10. 1016/j. agwat. 2015. 04. 001

https://doi.org/10.1016/j.ehb.2018.07.001
https://doi.org/10.1016/j.ehb.2018.07.001
https://doi.org/10.1371/journal.pone.0219310
https://doi.org/10.1080/19439342.2011.641995
https://doi.org/10.1080/0376835X.2011.605571
https://doi.org/10.1080/0376835X.2011.605571
https://doi.org/10.1111/mcn.12258
https://doi.org/10.1111/mcn.12258
https://inddex.nutrition.tufts.edu/data4diets/indicators
https://inddex.nutrition.tufts.edu/data4diets/indicators
https://dhsprogram.com/publications/publication-FR380-DHS-Final-Reports.cfm
https://dhsprogram.com/publications/publication-FR380-DHS-Final-Reports.cfm
https://dhsprogram.com/publications/publication-FR380-DHS-Final-Reports.cfm
https://doi.org/10.1016/j.gfs.2020.100377
https://doi.org/10.1080/00220388.2015.1018902
https://doi.org/10.1080/00220388.2015.1018902
https://doi.org/10.1371/journal.pone.0191339
https://www.fao.org/in-action/voices-of-the-hungry/fies/en/
https://www.fao.org/in-action/voices-of-the-hungry/fies/en/
https://doi.org/10.1007/s10460-013-9425-y
https://doi.org/10.1111/mcn.12818
https://doi.org/10.1007/s12571-013-0295-3
https://doi.org/10.1007/s12571-013-0295-3
https://doi.org/10.1007/s10705-019-10018-z
https://doi.org/10.1007/s10705-019-10018-z
https://doi.org/10.1371/journal.pone.0207339
https://doi.org/10.1093/ajae/aay053
https://doi.org/10.1111/agec.12348
https://doi.org/10.1093/cid/civ844
https://doi.org/10.1186/s40814-020-0555-x
https://doi.org/10.1186/s40814-020-0555-x
https://doi.org/10.18697/ajfand.8.1200
https://doi.org/10.18697/ajfand.8.1200
https://doi.org/10.4269/ajtmh.16-0664
https://doi.org/10.4269/ajtmh.16-0664
https://doi.org/10.1111/mcn.12695
https://doi.org/10.1016/j.worlddev.2017.03.023
https://doi.org/10.1016/j.worlddev.2017.03.023
https://www.proquest.com/openview/2102f65b12f4d00aebc076db169b9b56/1?pq-origsite=gscholar&cbl=18750
https://www.proquest.com/openview/2102f65b12f4d00aebc076db169b9b56/1?pq-origsite=gscholar&cbl=18750
https://www.macrotrends.net/globalmetrics/cities/21705/eldoret/population
https://www.macrotrends.net/globalmetrics/cities/21705/eldoret/population
https://doi.org/10.1111/mcn.12220
https://doi.org/10.1111/mcn.12220
https://doi.org/10.1017/S136898001800294X
https://doi.org/10.1017/S136898001800294X
https://doi.org/10.1016/j.agwat.2015.04.001


 I. Petrikova et al.

M’Kaibi, F. K., Steyn, N. P., Ochola, S. A., & Du Plessis, L. (2017). The 
relationship between agricultural biodiversity, dietary diversity, house-
hold food security, and stunting of children in rural Kenya. Food Sci-
ence & Nutrition, 5(2), 243–254. https:// doi. org/ 10. 1002/ fsn3. 387

MoALF. (2017). Climate Risk Profile for Uasin Gishu County. Nairobi, 
Kenya.: Kenya County Climate Risk Profile Series.

Mortoja, M. G., Yigitcanlar, T., & Mayere, S. (2020). What is the 
most suitable methodological approach to demarcate peri-urban 
areas? A systematic review of the literature. Land Use Policy, 95, 
104601. https:// doi. org/ 10. 1016/j. landu sepol. 2020. 104601

Murendo, C., Gwara, S., Mazvimavi, K., & Arensen, J. S. (2019). 
Linking crop and livestock diversification to household nutrition: 
Evidence from Guruve and Mt Darwin districts. Zimbabwe. World 
Development Perspectives, 14, 100104. https:// doi. org/ 10. 1016/j. 
wdp. 2019. 02. 015

Nasinyama, G. W., Cole, D. C., & Lee-Smith, D. (2010). Health impact 
assessment of urban agriculture in Kampala. African Urban Har-
vest: Agriculture in the Cities of Cameroon (pp. 167–190). Kenya 
and Uganda

Ngure, F., Gelli, A., Becquey, E., Ganaba, R., Headey, D., Huybregts, L., 
Pedehombga, A., Sanou, A., Traore, A., Zongo, F., & Zongrone, A. 
(2019). Exposure to livestock faeces and water quality, sanitation, and 
hygiene (WASH) conditions among caregivers and young children: 
Formative research in rural Burkina Faso. The American Journal 
of Tropical Medicine and Hygiene, 100(4), 998. https:// doi. org/ 10. 
4269/ ajtmh. 18- 0333

Nguyen Bao, K. L., Sandjaja, S., Poh, B. K., Rojroongwasinkul, N., 
Huu, C. N., Sumedi, E., … & SEANUTS Study Group. (2018). 
The consumption of dairy and its association with nutritional 
status in the South East Asian Nutrition Surveys (SEANUTS). 
Nutrients, 10(6), 759. https:// doi. org/ 10. 3390/ nu100 60759

Olsson, E. G. A., Kerselaers, E., Søderkvist Kristensen, L., Primdahl, 
J., Rogge, E., & Wästfelt, A. (2016). Peri-urban food production 
and its relation to urban resilience. Sustainability, 8(12), 1340. 
https:// doi. org/ 10. 3390/ su812 1340

Omondi, S. O., Oluoch-Kosura, W., & Jirström, M. (2017). The role 
of urban-based agriculture on food security: Kenyan case studies. 
Geographical Research, 55(2), 231–241. https:// doi. org/ 10. 1111/ 
1745- 5871. 12234

Orsini, F., Kahane, R., Nono-Womdim, R., & Gianquinto, G. (2013). 
Urban agriculture in the developing world: A review. Agronomy 
for Sustainable Development, 33, 695–720. https:// doi. org/ 10. 
1007/ s13593- 013- 0143-z

Petrikova, I. (2019). Food-security governance in India and Ethiopia: 
a comparative analysis. Third World Quarterly, 40(4), 743–762.

Petrikova, I. (2022). The role of complementary feeding in India’s high 
child malnutrition rates: Findings from a comprehensive analy-
sis of NFHS IV (2015–2016) data. Food Security, 14(1), 39–66. 
https:// doi. org/ 10. 1007/ s12571- 021- 01202-7

Petrikova, I., Cole, J., & Farlow, A. (2020). COVID-19, wet markets, 
and planetary health. The Lancet. Planetary Health, 4(6), e213. 
https:// doi. org/ 10. 1016/ S2542- 5196(20) 30122-4

Pickering, A. J., Julian, T. R., Marks, S. J., Mattioli, M. C., Boehm, A. 
B., Schwab, K. J., & Davis, J. (2012). Fecal contamination and 
diarrheal pathogens on surfaces and in soils among Tanzanian 
households with and without improved sanitation. Environmen-
tal Science & Technology, 46(11), 5736–5743. https:// doi. org/ 10. 
1021/ es300 022c

Pimkina, S., Rawlins, R., Barrett, C. B., Pedersen, S., & Wydick, B. 
(2013). Got milk? The impact of Heifer International’s livestock 
donation programs in Rwanda. Food Policy, 44, 202–213. https:// 
doi. org/ 10. 1016/j. foodp ol. 2013. 12. 003

Poulsen, M. N., McNab, P. R., Clayton, M. L., & Neff, R. A. (2015). A 
systematic review of urban agriculture and food security impacts 
in low-income countries. Food Policy, 55, 131–146. https:// doi. 
org/ 10. 1016/j. foodp ol. 2015. 07. 002

Rammohan, A., Pritchard, B., & Dibley, M. (2019). Home gardens as a 
predictor of enhanced dietary diversity and food security in rural 
Myanmar. BMC Public Health, 19, 1–13. https:// doi. org/ 10. 1186/ 
s12889- 019- 7440-7

Roba, K. T., O’Connor, T. P., O’Brien, N. M., Aweke, C. S., Kah-
say, Z. A., Chisholm, N., & Lahiff, E. (2019). Seasonal varia-
tions in household food insecurity and dietary diversity and their 
association with maternal and child nutritional status in rural 
Ethiopia. Food Security, 11, 651–664. https:// doi. org/ 10. 1007/ 
s12571- 019- 00920-3

Rodriguez-Ramírez, S., Sánchez-Pimienta, T. G., Batis, C., Cediel, 
G., & Marrón-Ponce, J. A. (2022). Minimum dietary diversity in 
Mexico: Establishment of cutoff point to predict micronutrients 
adequacy. European Journal of Clinical Nutrition, 76(5), 739–
745. https:// doi. org/ 10. 1038/ s41430- 021- 01007-z

Rosenbaum, J., Tenaw, E., Clemmer, R., Israel, M., & Albert, J. 
(2021). Exploring the use and appeal of playpens to protect 
infants from exposure to animals, animal faeces, and dirt in 
rural Ethiopia. The American Journal of Tropical Medicine and 
Hygiene, 104(1), 346. https:// doi. org/ 10. 4269/ ajtmh. 20- 0445

Spears, D. (2013). How much international variation in child height can 
sanitation explain? World Bank Policy Research Working Paper, 6351.

Tabe-Ojong, M. P., Heckelei, T., & Rasch, S. (2022). Aspirations and 
investments in livestock: Evidence of aspiration failure in Kenya. 
Agricultural Economics. https:// doi. org/ 10. 1111/ agec. 12785

Twinomucunguzi, F. R., Nyenje, P. M., Kulabako, R. N., Semiyaga, 
S., Foppen, J. W., & Kansiime, F. (2020). Reducing groundwater 
contamination from on-site sanitation in peri-urban Sub-Saharan 
Africa: Reviewing transition management attributes towards 
implementation of water safety plans. Sustainability, 12(10), 
4210. https:// doi. org/ 10. 3390/ su121 04210

Warren, E., Hawkesworth, S., & Knai, C. (2015). Investigating the asso-
ciation between urban agriculture and food security, dietary diver-
sity, and nutritional status: A systematic literature review. Food 
Policy, 53, 54–66. https:// doi. org/ 10. 1016/j. foodp ol. 2015. 03. 004

WHO. (2024). Improved Sanitation Facilities and Drinking-Water 
Sources. https:// www. who. int/ data/ nutri tion/ nlis/ info/ impro ved- 
sanit ation- facil ities- and- drink ing- water- sourc es

World Development Indicators (2023). Available from: https:// 
datab ank. world bank. org/ source/ world- devel opment- indic ators. 
Accessed 13 October 2023.

Zezza, A., & Tasciotti, L. (2010). Urban agriculture, poverty, and food 
security: Empirical evidence from a sample of developing coun-
tries. Food Policy, 35(4), 265–273. https:// doi. org/ 10. 1016/j. foodp 
ol. 2010. 04. 007

Ivica Petrikova is a Senior Lec-
turer in Politics and International 
Relations at Royal Holloway, 
University of London, UK. She 
is also a co-director of the Global 
Politics and Development Cen-
tre. Her main research interests 
include the governance of food 
and nutrition security, the effec-
tiveness and securitisation of 
development aid and public 
social programmes, and the links 
between development and the 

environment. Her articles have appeared in a variety of peer-reviewed 
academic journals including Food Security, European Journal of Devel-
opment Research, Third World Quarterly, Development Policy Review, 
and Lancet Planetary Health.

https://doi.org/10.1002/fsn3.387
https://doi.org/10.1016/j.landusepol.2020.104601
https://doi.org/10.1016/j.wdp.2019.02.015
https://doi.org/10.1016/j.wdp.2019.02.015
https://doi.org/10.4269/ajtmh.18-0333
https://doi.org/10.4269/ajtmh.18-0333
https://doi.org/10.3390/nu10060759
https://doi.org/10.3390/su8121340
https://doi.org/10.1111/1745-5871.12234
https://doi.org/10.1111/1745-5871.12234
https://doi.org/10.1007/s13593-013-0143-z
https://doi.org/10.1007/s13593-013-0143-z
https://doi.org/10.1007/s12571-021-01202-7
https://doi.org/10.1016/S2542-5196(20)30122-4
https://doi.org/10.1021/es300022c
https://doi.org/10.1021/es300022c
https://doi.org/10.1016/j.foodpol.2013.12.003
https://doi.org/10.1016/j.foodpol.2013.12.003
https://doi.org/10.1016/j.foodpol.2015.07.002
https://doi.org/10.1016/j.foodpol.2015.07.002
https://doi.org/10.1186/s12889-019-7440-7
https://doi.org/10.1186/s12889-019-7440-7
https://doi.org/10.1007/s12571-019-00920-3
https://doi.org/10.1007/s12571-019-00920-3
https://doi.org/10.1038/s41430-021-01007-z
https://doi.org/10.4269/ajtmh.20-0445
https://doi.org/10.1111/agec.12785
https://doi.org/10.3390/su12104210
https://doi.org/10.1016/j.foodpol.2015.03.004
https://www.who.int/data/nutrition/nlis/info/improved-sanitation-facilities-and-drinking-water-sources
https://www.who.int/data/nutrition/nlis/info/improved-sanitation-facilities-and-drinking-water-sources
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
https://doi.org/10.1016/j.foodpol.2010.04.007
https://doi.org/10.1016/j.foodpol.2010.04.007


Peri-urban agriculture and food and nutrition security in Kenya

Melvine Anyango Otieno is an 
Assistant Lecturer in the Depart-
ment of Environmental Science at 
the University of Eldoret, Kenya, 
pursuing her PhD in Global 
Health at the Institute of Epide-
miology, Biometry, and Informat-
ics at Martin-Luther University, 
Halle-Saale, Germany. She is the 
founder of Planetary Health East-
ern Africa Hub and has served as 
Planetary Health Alliance Next 
Generation Fellow (2020-2023). 
Her research interests inter-
sect environmental science, pol-
icy and society with a focus on 

One and Planetary Health, nutrition and aquaculture, AMR, child health, 
gender inequality, and climate change.

Gertrude Were is a Professor of 
Human Nutrition at University 
of Eldoret, Kenya. She has long 
term teaching and research expe-
rience into the identification of 
the complex causative elements 
of both macro & micronutrient 
deficiencies across populations 
and development of nutrition-
sensitive interventions.

Seeromanie Harding is a Profes-
sor of Social Epidemiology at 
King’s College London, UK. Her 
expertise spans  global health, 
social inequalities in health, co-
development, and complex sys-
tems interventions.

Mahmoud Eltholth is a Lecturer 
in Global Health at Royal Hol-
loway, University of London, 
UK. His main areas of research 
interest include Epidemiol-
ogy, One Health, Antimicrobial 
Resistance, Value Chain Analy-
sis, Health Economics, and Risk 
Analysis for Human Exposure 
to Zoonotic Pathogens at the 
Human-Animal interface.

Ana Rodriguez Mateos is a 
Reader in Nutritional Sciences 
at King’s College London, UK. 
She has expertise in  conduct-
ing dietary intervention studies 
and nutritional metabolomics, 
with a focus on investigating the 
health benefits of plant foods and 
phytochemicals.

Victoria Moran is a Reader in 
Maternal and Child Nutrition at 
the University of Central Lanca-
shire, UK. She has expertise in 
the social determinants of infant 
and young child feeding, micro-
nutrient deficiency, and maternal 
and child health.

Odipo Osano is a Professor of 
Environmental Toxicology at 
the University of Eldoret, Kenya. 
He is a veterinarian and veteri-
nary public health expert with 
long-term teaching and research 
experience in the dynamics and 
pathways  of pollutants in the 
environment.

Jennifer Cole is a Senior Lecturer 
in Global and Planetary Health  
at Royal Holloway, University of 
London, UK. She studied Bio-
logical Anthropology at Cam-
bridge University and worked in 
publishing and policy research 
before returning to academia in 
2013. She holds a PhD in Com-
puter Science and Geography 
from Royal Holloway. She has 
worked with the University of 
Eldoret, Kenya through the Plan-
etary Health Alliance Eastern 
African Hub since 2018.


	Peri-urban agriculture and household food and nutrition security around Eldoret, Kenya
	Abstract
	1 Introduction
	2 Methodology
	2.1 Study area and data collection
	2.2 Data analysis methods
	2.3 Variables
	2.3.1 Dependent variables – dietary behaviour and nutrition outcomes
	2.3.2 Independent variables

	2.4 Descriptive statistics

	3 Results
	3.1 Dietary behaviour as a function of households’ agricultural engagement
	3.2 Links between agricultural engagement, dietary behaviour, and nutrition outcomes
	3.3 Sensitivity analysis
	3.4 Conditional effects of WASH

	4 Discussion and conclusions
	Appendix A:Summary of models tested in the analysis
	First set of models
	Second set of models

	Appendix B: Examination of FCS and DDS individual components
	Appendix C: Sensitivity analysis
	Appendix D: Results graphically displayed in Figs. 1, 2, and 3
	Acknowledgements 
	References


