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Abstract
Objective: Lack of diversity is a major factor contributing to inadequate nutrient
intakes among children during the complementary feeding period in many rural
areas in developing countries. This has been attributed to inadequate feeding
practices and nutrition knowledge among their caregivers. The aim of the present
study was to assess the effect of an educational intervention on children’s dietary
diversity and nutrition knowledge of caregivers.
Design: Cluster randomization was applied and twenty matched village pairs were
randomly assigned to the intervention or control group. The nutrition education
intervention consisted of four sessions comprising of group trainings and cooking
demonstrations that were conducted over a period of 5 months.
Setting: Households in rural communities in Bondo and Teso South sub-counties,
western Kenya.
Subjects: Caregivers with children aged 6–17 months receiving nutrition education.
Results: The children’s dietary diversity scores (CDDS) and nutrition knowledge
scores of the caregivers improved signiﬁcantly in the intervention group at
endline. The treatment effect on CDDS was positive and signiﬁcant (P = 0·001).
The CDDS rate of the children in the intervention group was 27 % larger than it
would have been without the treatment effect. The intervention also had a
signiﬁcant effect on the caregivers’ nutrition knowledge scores (incidence rate
ratio = 2·05; P < 0·001). However, the nutrition knowledge of the caregivers did
not have a signiﬁcant effect on CDDS (P = 0·731).
Conclusions: The nutrition education intervention led to improvements in
children’s dietary diversity and nutrition knowledge of the caregivers.

Malnutrition among children under 5 years of age is still
a widespread problem in many developing countries.
Worldwide, approximately 162 million children under
5 years are stunted, while 99 million and 51 million are
underweight and wasted, respectively(1). An analysis of
data from the Kenya Demographic and Health Surveys
(KDHS) over the last three decades shows that there has
been a slow decline in the prevalence of malnutrition
among young children in Kenya(2,3). Data from the
2008–2009 KDHS showed that in Kenya, 35 % of children
aged <5 years were stunted, 16 % were underweight and
7 % were wasted. The prevalence of stunting was highest
(46 %) among children aged 18–24 months and 42 % among
those aged 6–12 months. Stunting rates were highest among
children living in rural areas (37 %) compared with those
living in urban areas (26 %)(4).
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While the causes of malnutrition are complex, inappropriate feeding practices during the complementary
feeding period have been identiﬁed as major factors
contributing to inadequate nutrient intakes among infants
and young children(5–9). While consuming a variety of
foods is important for meeting essential nutrient requirements needed to promote growth, traditional diets fed to
children in developing countries are based predominantly
on starchy staples and include few or no nutrient-rich food
sources such as animal protein, fruits and vegetables(10–12).
Often infants and young children are not given the care
and attention needed during the selection of nutritious
foods and the encouragement needed to eat sufﬁcient
amounts of foods(13). In addition, even when food
resources are available in the home, caregivers might not
make the best use of them due to lack of knowledge of the
© The Authors 2015
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best foods for young children, cultural beliefs and practices,
and inappropriate advice(14–16). Studies on young children’s
feeding practices in other countries have demonstrated
evidence that educational interventions have positive
effects on knowledge of caregivers, complementary feeding
practices and growth among children(17–21).
Inadequate nutrition during the complementary feeding
period is associated with growth faltering, increased risk
for morbidity and mortality, delayed motor development,
impaired cognitive development, and reduced educational
attainments and social capacities(22–25). Interventions are
needed that seek to improve the overall dietary quality of
complementary diets and promote the consumption of a
variety of foods, including local foods, and not merely the
intake of individual foods or nutrients, especially in poor
rural communities in developing countries(26). Food-based
approaches using local agro-biodiversity have been considered to be more cost-effective and sustainable on a
long-term basis as a means of ensuring dietary diversity
and quality(27,28).
The purpose of the present study was to assess
the effect of an education intervention focusing on the
utilization of local agro-biodiversity in improving the
diversity of children’s complementary diets and nutrition
knowledge of caregivers. It was hypothesized that
children whose caregivers participated in the nutrition
education intervention would receive more diversiﬁed
complementary diets and that caregivers who participated
in the nutrition education sessions would have improved
nutrition knowledge. The present study was part of a
larger study aiming at ‘Improving nutritional health of
women and children through increased utilization of
local agro-biodiversity in Kenya’ (INULA) undertaken by
Bioversity International, Nairobi, Kenya in collaboration
with Justus Liebig University Giessen, Germany.

Methods
Study setting and participants
A cross-sectional baseline survey was conducted between
July and August 2012 in Teso South and Bondo subcounties in western Kenya. Two-stage cluster sampling
was applied in selecting the sample. In the ﬁrst sampling
stage, ﬁfteen villages were randomly selected from each
sub-county using probability proportional to population
size, giving a total of thirty villages. Second, ten households with children aged 6–23 months and their caregivers
were randomly selected from each of the sampled villages.
Prior to the baseline survey four enumerators conversant
in Kiswahili (the national language spoken in Kenya) and
the native languages Teso and Luo (spoken in the study
areas) were recruited and intensively trained on the use
and application of the survey tools. Informed written
consent was sought from the caregivers before any data
were collected. Data on the sociodemographic characteristics
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of the households were collected using pre-tested semistructured questionnaires through face-to-face interviews
with the caregivers. Data on infant and young child
feeding (IYCF) practices and knowledge of the caregivers
were also collected during the interviews. Data on the
dietary consumption and composition of complementary
foods were obtained using 24 h recalls(29,30). Anthropometric measurements were taken for the children and the
caregivers following standard procedures(31). Research
permission including ethical approval for the study was
granted by the National Council of Science and Technology, Nairobi, Kenya.
The intervention
The nutrition education intervention study applied the
cluster-randomized controlled trial design. The most
similar villages from each sub-county were paired based
on the following variables: district, agro-ecological zone,
mean children’s dietary diversity score (CDDS), mean
stunting rate, mean wealth index and mean education level
of caregivers. The ﬁrst ﬁve village pairs from each subcounty with the smallest mahalanobis distance between
them were chosen because they were less different in terms
of the above-mentioned variables. The ﬁve village pairs
from each sub-county were randomly assigned to the control (n 10) and intervention (n 10) groups.
The intervention targeted ten to ﬁfteen caregivers with
children aged 6–17 months, residing in the intervention
villages. Community health workers (CHW) compiled lists
of all caregivers with children in this age group residing in
their villages and invited them to participate in the nutrition education sessions. Caregiver–child pairs who were
interviewed during the baseline survey and who met the
inclusion criteria were also invited to participate in the
nutrition education sessions. Participation in the nutrition
education sessions was voluntary, and consent was sought
from the caregivers before the commencement of the
sessions. Caregivers with children aged 6–17 months were
chosen to participate in the intervention in order to ensure
that their children were aged below 24 months at the time
of the endline survey. Figure 1 presents the study design.
The intervention consisted of four nutrition education
sessions which were participatory and included both
group trainings and cooking demonstrations (Table 1).
The themes and topics for the nutrition education sessions
were selected based on the ﬁndings from the baseline
survey and with reference to materials from FAO(32) and
UNICEF(33). The teaching materials were developed by the
INULA project research team, consisting of an agricultural
scientist and two nutritionists who were also PhD student
researchers, at Bioversity International, Nairobi, Kenya. The
materials were developed in both English and Kiswahili,
the national language spoken in Kenya. The key messages
and pictures on the importance of breast-feeding, ageappropriate complementary feeding practices, hygiene
and feeding young children a variety of foods were
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Cross-sectional nutrition baseline survey in 30 villages in households
with caregivers and children aged 6–23 months (n 293): July/August 2012

Restricted cluster randomization:
District, AEZ, wealth index, stunting,
CDDS, education level of caregivers

20 matched village pairs

Intervention group
10 villages

Control group
10 villages

Intervention
4 nutrition education sessions
on complementary feeding:
February–June 2013

Cross-sectional nutrition endline survey in households with caregivers and
childern aged 6–23 months, 1 year after baseline: July/Agust 2013

Analysis
Intervention group
(n 110)

Control group (n 97)
Not available†: 1
Incorrect age‡: 2

Fig. 1 Study design (AEZ, agro-ecological zone; CDDS, children’s dietary diversity score; †not available: the caregiver was not
available at the time of the survey; ‡incorrect age: child’s age not recorded correctly)

compiled into folders, brochures and posters. The food
circle was used to describe the six food groups and
examples of locally available foods from each group, a
concept used in Malawi(34). Seasonal food availability
calendars were developed from knowledge gained
through focus group discussions within this project for
each of the sub-counties and contained information on the
seasons when the different foods from the six food groups
were available in the study area throughout the year. The
posters had key messages on the importance of feeding
children a variety of foods, healthy snacks for children
and how to enrich complementary foods using locally
available foods. The nutrition education materials were
pre-tested with a group of caregivers from a village that
was not sampled for the study. During the nutrition education sessions, every participant received a copy of the
folder, brochure, seasonal food availability calendar and
the poster. The mean duration of the sessions was 2·5 h.
As shown in Table 1, the ﬁrst two nutrition education
sessions were conducted in February and early March 2013.
The general election was held in Kenya on 4 March 2013.
The results of the presidential election were challenged
leading to a petition in the Supreme Court of Kenya, which

was dismissed on 30 March 2013. The period during and
after the elections was characterized by tension and unrest
in several parts of the country, including the study areas.
Hence, no ﬁeldwork activities were to be conducted during
this period for safety reasons of both the research team
and the participants (Bioversity International regulation).
Therefore, at the end of the second session the caregivers
were encouraged to use this time to go through the nutrition education materials that they had received and to try
out the demonstrated complementary diet recipes using
locally available foods and based on the knowledge they
had acquired during the ﬁrst two sessions.
In April 2013, individual home-based follow-up visits
were made on a randomly selected sub-sample of caregivers in the intervention villages who had participated in
the ﬁrst two sessions. The households for the follow-up
visits were sampled randomly using the RAND function in
Microsoft® Excel, and the ﬁrst ﬁve from the list of ﬁfteen
households in each intervention village selected. The
follow-up visits were conducted by the researcher and
respective CHW from the intervention villages. The purpose of the follow-up visits was to assess the caregivers’
adoption of the feeding practices they had been taught
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Table 1 Nutrition education sessions conducted among caregivers in the intervention villages in Bondo and Teso South sub-counties,
western Kenya
Sessions

Content

Materials for participants
and resources

February 2013
Session 1: The importance
of complementary feeding

∙

Folders

February/early March 2013
Session 2: Dietary diversity
during complementary
feeding

∙

The concepts of ‘exclusive breast-feeding’ and ‘complementary
feeding’, the advantages of exclusive breast-feeding for the first
6 months, and the benefits of continuing breast-feeding after the
introduction of complementary foods starting at 6 months were
highlighted
∙ The characteristics of complementary foods and feeding practices
for different age groups with regard to feeding frequency, amount of
food, consistency of the foods and variety were discussed
∙ The importance of using separate bowls/cups and responsive
feeding were discussed
∙ The importance of observing hygiene while preparing, cooking and
feeding children was highlighted
Main activity: participatory group discussions
The importance of feeding infants and young children diverse and
balanced diets during the complementary feeding period was
stressed. Six food groups, (i) cereals roots and tubers, (ii) animalsource foods, (iii) legumes, nut and seeds, (iv) vegetables,
(v) fruits and (vi) fat and oils, were discussed using the concept of
the food circle. The key nutrients required by infants and young
children and their food sources were discussed
∙ The seasonal availability of different foods from the different food
groups was discussed using the seasonal food availability
calendars for each of the sub-counties
∙ This session included a cooking demonstration that aimed to teach
the caregivers how to enrich local complementary diets by
incorporating a variety of locally available foods
∙ The caregivers brought different locally available foods including
dark green leafy vegetables, pumpkin, orange-fleshed sweet
potatoes, beans, groundnuts, fish, milk and cooking oil
∙ The foods were used to modify the existing traditional
complementary diets, rather than coming up with new recipes
∙ The prepared complementary foods were fed to the children
Main activities: participatory group discussions and cooking
demonstration

UNICEF(33)

Food circle, seasonal
food availability
calendars, local foods
FAO(32)

General election in March 2013 and follow-up visits in April 2013
May 2013
Session 3: Making nutritious
and diverse meals for
children aged 6–23 months

∙

June 2013
Session 4: How to obtain
and prepare adequate and
nutritious meals for children
aged 6–23 months

∙

Caregivers’ knowledge on breast-feeding and complementary
feeding practices and the importance of feeding children a variety
of foods were reviewed
∙ A cooking demonstration on how to prepare nutritious
complementary meals using a variety of locally available foods was
conducted
∙ The availability of different foods in the sub-counties was also
reviewed using the seasonal food availability calendars
Main activities: group discussions and participatory cooking
demonstration
Different examples of complementary food menus fed to children in
the 6–8 months, 9–11 months and 12–23 months age groups in a
day were presented and discussed
∙ The menus were evaluated based on how diverse they were
∙ Through discussion with the caregivers, other locally available and
affordable foods or ingredients that the caregivers could use to
improve the quality of the complementary food menus were
identified
∙ Different ways to improve budgeting for food to get the best value
for money and still prepare nutritious complementary foods were
debated with the mothers
∙ Examples of locally available nutritious snacks that could be fed to
children in between meals were also discussed
Main activities: group discussions and presentations

Folders, food circle,
brochures, seasonal
food availability
calendars, local foods

Posters
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during the ﬁrst and second sessions, reinforce appropriate
practices and to correct harmful practices. The follow-up
sessions were also used to assess the factors hindering
the caregivers from preparing diversiﬁed diets for their
children. Based on the feedback, individual counselling
and advice was offered to the caregivers. Feedback from
the follow-up visits also informed the decision to review
and modify the contents of the third and fourth sessions,
which were conducted in May and June 2012.
The nutrition education sessions and follow-up
visits were facilitated by the PhD student researcher in
cooperation with the respective trained CHW from the
intervention villages. The researcher is a nutritionist with
experience working as a Nutrition Ofﬁcer with the rural
community under the Ministry of Health and training
nutrition students at university level. The CHW worked on
a voluntary basis and under the supervision of the District
Public Health Ofﬁcers in the Ministry of Health. The CHW
had basic education and no formal training in nutrition.
The CHW participated in an intense 3 d workshop prior to
the commencement of the intervention, where they were
trained on the topics of the nutrition education sessions.
The training of CHW was facilitated by a team of three
researchers from the INULA project, consisting of an
agricultural scientist and two nutritionists, who were also
PhD students.
Before the commencement of the project, the INULA
project research team travelled to the two study districts
(now sub-counties) and briefed the District Commissioners,
District Medical Ofﬁcers of Health and ofﬁcials from the
Ministry of Agriculture on the aim and activities of the
project. The trained CHW from the intervention villages
organized the venues where the sessions were conducted,
and also informed and mobilized the caregivers. The nutrition education sessions were conducted in different venues
including churches, chiefs’ ofﬁces and in open shaded
places that were away from distractions and onlookers,
neutral and easily accessed by all the participants.
Endline survey
The endline survey was conducted in the intervention
(n 10) and control (n 10) villages between July and August
2013, the same season as the baseline survey. Only caregivers who participated in the nutrition education sessions
and whose children did not exceed 24 months of age were
interviewed from the intervention villages. Ten households with children aged 6–23 months and their caregivers
were randomly selected and surveyed from each of the
control villages. Most of the caregiver–child pairs interviewed during the baseline survey did not participate in
the nutrition education sessions and endline survey. This is
because the endline survey was conducted 1 year after the
baseline survey; as such, most of the children surveyed
at baseline had grown older than the eligible age of
6–17 months and 6–23 months at the time of the intervention
and endline survey, respectively. Some families surveyed at
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baseline had also migrated from the study area. Caregivers
and their children who were surveyed at baseline and who
met the inclusion criteria participated in the nutrition education sessions and endline survey. As a result, in the control
group, thirty caregiver–child pairs were interviewed at both
times, while sixty-seven were interviewed only once at
endline and represented the replacement. The intervention
group at endline consisted of twenty-two caregiver–child
pairs who were also interviewed at baseline and a fresh
sample of eighty-eight caregivers with children aged
6–23 months interviewed only at endline. The baseline
survey questionnaire, with additional questions targeting the
nutrition education intervention, was administered during
interviews with the caregivers.
Data management and statistical analysis
Double data entry was performed by two different people
using Epi Data Entry Client software version 1·4·2 in order
to check for data entry accuracy. The data were analysed
using the statistical software package IBM SPSS version
22·0·0·1. A wealth index was computed to assess the socioeconomic status of households using principal component
analysis(35) and based on the following variables: main
source of drinking water, type of latrine, main material of
the roof, main type of fuel, ownership of land and
household assets (electricity, radio, mobile phone, watch/
clock, television, sprayer, plough, bicycle, ox/donkey cart,
motorcycle, car, boat, ﬁshing net and computer). The
CDDS were calculated from the 24 h recalls based on
seven food groups recommended by WHO(36). The CDDS
score ranges from 0 to 7, and children who eat foods from
four or more food groups daily are considered to have
consumed the minimum recommended dietary diversity(37). The variety of foods consumed by the children
was further analysed in more detail using thirteen food
groups.
Data on child feeding practices were used to compute
additional age-speciﬁc IYCF indicators including minimum
dietary diversity (MDD), minimum meal frequency (MMF)
and minimum acceptable diet (MAD) according to the
WHO guidelines(37). MDD is deﬁned as the proportion of
children 6–23 months who receive foods from four or
more food groups per day. The calculation of this indicator
is based on the seven food groups recommended for
children aged 6–23 months by WHO(36). MMF is deﬁned as
the proportion of breast-fed and non-breast-fed children
6–23 months of age who receive solid, semi-solid or soft
foods (including milk feeds for non-breast-fed children)
the minimum number of times or more the previous day.
The minimum is deﬁned as: two times for breast-fed
children aged 6–8 months, three times for breast-fed
children aged 9–23 months and four or more times for
non-breast-fed children aged 6–23 months. MAD is
deﬁned as the proportion of children 6–23 months of age
who receive a minimum acceptable diet (apart from breast
milk). MAD is a composite indicator calculated from two
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fractions: breast-fed children 6–23 months of age who had
at least the minimum dietary diversity and minimum meal
frequency during the previous day; and non-breast-fed
children 6–23 months of age who received at least two milk
feedings and had at least the minimum dietary diversity not
including milk feeds and the minimum meal frequency
during the previous day(37). In the present study, MMF and
MAD were calculated only for the breast-fed children since
we did not have information on the number of milk feeds
received by the non-breast-fed children.
Height-for-age (HAZ), weight-for-age (WAZ) and
weight-for-height (WHZ) Z-scores for the children were
calculated using WHO Anthro version 3·2·2. The children
whose height-for-age, weight-for-age and weight-forheight values were below −2 SD of the reference median
(HAZ < –2, WAZ < –2 and WHZ < –2) were classiﬁed as
being stunted, underweight and wasted, respectively(38).
The nutrition knowledge of the caregivers was assessed
based on the caregivers’ knowledge of three key nutrients
(vitamin A, iron and vitamin C), foods rich in these nutrients and importance of feeding children these foods. The
caregivers were asked to name three rich food sources and
three functions of each of the three nutrients. Each of the
three scores had a potential range of 0–7, giving a maximum
score range of 0–21.
Descriptive analyses were performed to provide general
information on the characteristics of the study population.
Differences in sociodemographic characteristics between
the control and intervention groups were tested using the
χ2 test for nominal variables, the Mann–Whitney test for
ordinal variables and the t test for continuous variables.
Pearson correlation was used to determine if there was a
relationship between the frequency of exposure to the
intervention and the knowledge scores of the caregivers
and CDDS. Further analysis using univariate ANOVA was
performed to determine the inﬂuence of the follow-up on
the nutrition knowledge of the caregivers and CDDS.
The treatment effect was assessed using the differencein-differences (DiD) estimator inside a generalized estimating equations (GEE) framework to account for a data
structure where 25 % of the data are panel data and the
remaining 75 % are repeated cross-sectional data(39,40).
The underlying assumption of the DiD model is that the
intervention group would have developed in a similar way
to the control group, if they did not receive any treatment.
In the present study, there is no reason to assume that the
intervention group would have developed differently,
given the study design. Binary outcomes (MDD, MMF,
MAD) were analysed using logistic regression inside the
GEE framework. The CDDS and the knowledge scores
were treated as count variables and analysed using count
regression with a Poisson link function and a negative
binominal function in the statistical models, respectively(41).
The results from Poisson regression are presented as incidence rate ratio (IRR), which expresses the treatment effect
in percentages.
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Results
During the baseline survey, 198 caregivers with children
aged 6–23 months were interviewed in the control (n 99)
and intervention (n 99) groups. Two caregivers were not
available for the interviews during the baseline survey. At
endline 207 caregiver–child pairs were interviewed, 110 in
the intervention group and ninety-seven in the control
group. One caregiver was not available for the interview
in the control group during the endline survey. Two
children from the control group during the endline survey were excluded from the analysis since their ages
were not recorded correctly. There were no signiﬁcant
differences in the sociodemographic characteristics of
the households, caregivers and children in the intervention and control groups at baseline and endline.
Tables 2 and 3 summarize the descriptive characteristics
of the children, caregivers and households at baseline
and endline. The mean HAZ declined in both the control
and intervention groups between the baseline and endline surveys, while the mean WAZ and WHZ increased
slightly in both groups between the two time points
(Table 2). Table 2 also shows that mean height of the
caregivers was not statistically different between the
control and intervention groups at baseline (161 cm v.
162 cm, P = 0·334). This was different at endline, where
caregivers in the control group were taller compared
with caregivers in the intervention group (162 cm v.
161 cm, P = 0·044). Stunting prevalence increased from
29·3 % in the intervention group at baseline to an
alarming 49·1 % at endline, whereas wasting prevalence
dropped from 2·0 % at baseline to 0·0 % at endline in the
same group. This is different to the control group where
we found 29·3 % stunting at baseline and 34·0 % stunting
at endline and an increase in wasting from 2·0 % at
baseline to 3·1 % at endline (Table 3).
Feeding practices of the children
Table 4 presents results on child feeding practices in the
two groups at baseline and endline. There were no signiﬁcant differences between the control and intervention
groups at baseline and endline in the proportion of
children who were still being breast-fed. At baseline there
were no signiﬁcant differences in the proportions of
children who achieved MDD, MMF and MAD between the
control and intervention groups. At endline, a signiﬁcantly
higher proportion of children in the intervention group
compared with those in the control group achieved MDD
(87·3 % v. 55·7 %, P < 0·001). The proportion of breast-fed
children who achieved MMF (98·8 % v. 88·6 %, P = 0·019)
and MAD (87·8 % v. 51·9 %, P < 0·001) was signiﬁcantly
higher in the intervention group compared with the
control group at endline.
The consumption of foods from different food groups
improved signiﬁcantly among children in the intervention
group after the nutrition education programme. The children
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Table 2 Descriptive characteristics of children, caregivers and households at baseline and endline in Bondo and Teso South sub-counties,
western Kenya: continuous variables
Baseline survey (n 198, July/August 2012)
Control group
(n 99)
Characteristics
Child
Age (months)
Weight (kg)
Height (cm)
HAZ
WAZ
WHZ
Caregiver
Age (years)
Weight (kg)
Height (cm)
BMI (kg/m2)
Household
No. of people in household
Wealth index

Intervention group
(n 99)

Endline survey (n 207, July/August 2013)
Control group
(n 97)

Intervention group
(n 110)

Mean

SD

Mean

SD

P†

Mean

SD

Mean

SD

P†

13·53
9·06
72·84
− 1·31
− 0·57
0·15

5·15
1·67
5·80
1·45
1·26
1·10

14·46
8·96
73·16
− 1·61
− 0·87
− 0·04

4·74
1·58
5·58
1·27
1·18
1·14

0·188
0·670
0·693
0·121
0·093
0·237

15·88
9·72
74·81
− 1·50
− 0·39
0·49

5·11
1·42
5·52
1·41
1·15
1·00

16·55
9·54
74·83
− 1·85
− 0·74
0·25

4·30
1·36
4·96
1·31
1·04
0·89

0·301
0·353
0·979
0·064
0·022
0·070

25·09
56·60
160·91
21·86

5·04
10·95
4·97
4·15

26·56
56·81
161·73
21·71

7·32
9·57
6·47
3·31

0·103
0·888
0·334
0·792

26·15
57·60
162·22
21·90

6·20
9·21
5·64
3·40

26·35
56·63
160·59
21·93

6·49
9·71
5·60
3·36

0·822
0·479
0·044
0·951

6·11
− 0·46

2·83
3·01

6·13
− 0·32

2·45
3·13

0·957
0·746

5·72
− 0·30

2·20
2·63

5·67
0·27

2·30
2·56

0·876
0·114

HAZ, height-for-age Z-score; WAZ, weight-for-age Z-score; WHZ, weight-for-height Z-score.
†P value from t test.

were compared based on whether they had been fed
foods from the seven food groups recommended by
WHO(36). At endline, a signiﬁcantly higher proportion of
children in the intervention group consumed legumes,
nuts and seeds (74·5 % v. 39·2 %, P = < 0·001), dairy products (91·8 % v. 74·2 %, P = 0·001), ﬂesh foods such
as meats, poultry and ﬁsh (71·8 % v. 42·3 %, P < 0·001),
vitamin A-rich fruits and vegetables (60·0 % v. 33·0 %,
P < 0·001) and other fruits and vegetables (70·0 % v.
45·4 %, P = 0·001). There were no signiﬁcant differences in
the proportion of children who consumed grains, roots
and tubers and eggs in the intervention and control groups
at both time points (Table 4).
Further analysis was done to determine the consumption of single food items within food groups by the
children. At baseline, there were no signiﬁcant differences in the proportion of children who had consumed
different food items within food groups (Table 4). At
endline, an increase was observed in the intervention
group in the proportion of children who had been fed
vitamin A-rich vegetables and tubers (14·5 % v. 0·0 %),
dark green leafy vegetables (68·2 % v. 37·1 %) and fats
and oils (96·4 % v. 79·4 %; all P < 0·001). Similarly, a
higher proportion of children in the intervention compared with control group at endline consumed ﬁsh
(61·8 % v. 37·1 %), legumes and nuts (52·7 % v. 28·9 %),
milk (70·0 % v. 45·4 %) and vitamin A-rich fruits (18·2 %
v. 3·1 %; all P = 0·001). While an increase was found in
the proportion of children fed ﬂesh meats (excluding
ﬁsh) in the intervention group compared with the control
group at endline (14·5 % v. 5·2 %, P = 0·045), overall the
consumption of animal-source foods by young children
in the study area remained low.

Effect of treatment on nutrition knowledge of
caregivers and children’s dietary diversity
The results with respect to caregivers’ mean knowledge
scores are presented in Fig. 2. At endline more caregivers
in the intervention group than in the control group
reported correct answers to the nutrition knowledge
questions on their knowledge of the three nutrients
(vitamin A, iron and vitamin C), foods rich in these nutrients and the importance of feeding their children these
foods. At baseline there was no signiﬁcant difference in
the mean nutrition knowledge scores, indicating that the
caregivers in the two groups were comparable in terms of
their knowledge on the key nutrients. After the intervention, the mean nutrition knowledge score was signiﬁcantly
higher among caregivers in the intervention group compared with those in the control group at endline (8·21
(SD 3·67) v. 3·66 (SD 3·02), P < 0·001).
The caregiver–child pairs were counted as exposed to
the intervention if they had participated in any one out of
the four nutrition education sessions. Analysis using
Pearson correlation showed positive and signiﬁcant relationships between the number of nutrition education
sessions attended and the nutrition knowledge scores
of the caregivers (P < 0·001) and the CDDS (P = 0·032).
The nutrition knowledge scores of the caregivers and
CDDS increased as the number of nutrition education
sessions attended increased. Results from the univariate
ANOVA showed that the follow-up had a positive and
signiﬁcant inﬂuence on the nutrition knowledge scores
of the caregivers, after controlling for household wealth
status, size and food security status, age and education
level of the caregivers, age of the child and agro-ecological
zone. The caregivers who were followed up had higher
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Table 3 Descriptive characteristics of children, caregivers and households at baseline and endline in Bondo and Teso South sub-counties,
western Kenya: categorical variables
Baseline survey (n 198, July/August 2012)
Control group
(n 99)
Characteristics
Child
Sex
Male
Female
Child nutritional status
Stunting (HAZ < − 2)
Underweight (WAZ < − 2)
Wasting (WHZ < − 2)
Caregiver
Relationship with child
Biological mother
Caregiver
Level of education
No education
Some primary
Completed primary
Some secondary
Completed secondary
Higher education
Marital status
Married monogamous
Married polygamous
Widowed
Divorced
Single
Household
Sex of household head
Male
Female
Occupation of household head
Farming
Business/petty trade
Casual labour
Wage employment
Fishing
Others
Wealth index
Poorest
Poor
Middle
Richer
Richest

n

%

Intervention group
(n 99)
n

Endline survey (n 207, July/August 2013)
Control group
(n 97)

%

P†

n

Intervention group
(n 110)

%

n

%

P†

53
46

53·5
46·5

53
46

53·5
46·5

1·000

52
45

53·6
46·4

63
47

57·3
42·7

0·697

29
10
2

29·3
10·1
2·0

29
17
2

29·3
17·2
2·0

1·000
0·214
1·000

33
7
3

34·0
7·2
3·1

54
9
0

49·1
8·2
0·0

0·040
1·000
0·202

98
1

99·0
1·0

94
5

94·9
5·1

0·214

95
2

97·9
2·1

108
2

98·2
1·8

1·000

9
41
31
9
7
2

9·1
41·4
31·3
9·1
7·1
2·0

3
45
30
13
5
2

3·1
45·9
30·6
13·3
5·1
2·0

0·541‡

4
33
35
15
6
4

4·1
34·0
36·1
15·5
6·2
4·1

3
55
25
17
7
3

2·7
50·0
22·7
15·5
6·4
2·7

0·159‡

77
11
1
2
8

77·8
11·1
1·0
2·0
8·1

70
14
6
3
6

70·7
14·1
6·1
3·0
6·1

0·244

77
7
3
1
9

79·4
7·2
3·1
1·0
9·3

75
19
9
0
7

68·2
17·3
8·2
0·0
6·4

0·117

93
6

93·9
6·1

89
10

89·9
10·1

0·612

90
7

92·8
7·2

97
13

88·2
11·8

0·279

14
35
15
10
18
7

14·1
35·4
15·2
10·1
18·2
7·1

21
25
13
10
18
12

21·2
25·3
13·1
10·1
18·2
12·1

20
28
17
13
16
3

20·6
28·9
17·5
13·4
16·5
3·1

22
27
12
22
19
8

20·0
24·5
10·9
20·0
17·3
7·3

23·2
25·3
15·2
19·2
17·2

23
25
15
19
17

26·3
18·2
16·2
24·2
15·2

26
18
16
24
15

19·6
21·6
19·6
19·6
19·6

19
21
19
19
19

11·8
18·2
26·4
16·4
27·3

13
20
29
18
30

0·908‡

0·107‡

HAZ, height-for-age Z-score; WAZ, weight-for-age Z-score; WHZ, weight-for-height Z-score.
†P value from χ2 test for nominal variables.
‡P value from Mann–Whitney test for ordinal variables.

nutrition knowledge scores compared with those who
were not followed up (P = 0·041). The follow-up, however, did not have a signiﬁcant inﬂuence on CDDS
(P = 0·338).
The mean CDDS in the control and intervention groups
were not signiﬁcantly different at baseline. At endline, the
mean CDDS was signiﬁcantly higher among children in
the intervention group compared with those in the control
group (Fig. 3). In order to assess the treatment effect on
CDDS, the DiD estimator was calculated. The variables
child’s age in months, wealth index, agro-ecological zone
and caregivers’ nutrition knowledge were included in the

ﬁrst model as covariates. The results showed that the
CDDS in the control and intervention groups did not differ
signiﬁcantly at baseline (P = 0·510). The mean CDDS in the
control group dropped signiﬁcantly at endline (P = 0·006)
and the endline rate of CDDS was at 85·6 % of the baseline
values (IRR = 0·856). The treatment effect on CDDS was
found to be large, positive and signiﬁcant (P = 0·001). The
results showed an estimated average treatment effect on
the number of food groups consumed by the children
during the last 24 h of +27 % (IRR = 1·27). The results
showed that the CDDS rate of the children in the intervention group was 27 % larger than it would have been

97·0
61·6
74·7
41·4
18·2
38·4
46·5
97·0
5·1
22·2
45·5
28·3
74·7
0·0
10·1
18·2
40·4
36·4
46·5
77·8

96
61
74
41
18
38
46
96
5
22
45
28
74
0
10
18
40
36
46
77

MDD, minimum dietary diversity, MMF, minimum meal frequency, MAD, minimum acceptable diet.

82·8
50·5
88·9
43·2

82
50
81
35

Breast-feeding status
Infants 6–23 months who receive food from ≥4 food groups (MDD)
Infants 6–23 months who receive food the minimum number of times or more (MMF)
Infants 6–23 months who achieve a minimum acceptable diet (MAD)
Proportion of children fed foods from seven food groups
Grain roots and tubers
Legumes, nuts and seed
Dairy products
Flesh foods (meat, fish, poultry, etc.)
Eggs
Vitamin A-rich fruits and vegetables
Other vegetables and fruits
Proportion of children consuming
Cereals
Vitamin A-rich vegetables and tubers
White roots and tubers
Green leafy vegetables
Vitamin A-rich fruits
Other fruits and vegetables
Organ meats
Flesh meats
Eggs
Fish
Legumes, nut and seeds
Milk
Oils and fats

%

n

Characteristics

Control group
(n 99)

93
10
16
55
20
70
3
11
18
42
44
53
81

94
64
70
50
18
49
53

74
55
58
34

n

93·9
10·1
16·2
55·6
20·2
70·7
3·0
11·1
18·2
42·4
44·4
53·5
81·8

94·9
64·6
70·7
50·5
18·2
49·5
53·5

74·7
55·6
80·6
47·2

%

Intervention group
(n 99)

79
54
70
41
96
38
72
41
7
32
44
95
0
34
36
3
72
1
5
7
36
28
44
77

0·718
0·768
0·632
0·254
1·000
0·152
0·394
0·495
0·283
0·367
0·201
0·246
0·632
0·245
1·000
1·000
0·885
0·311
0·394
0·595

n

97·9
0·0
35·1
37·1
3·1
74·2
1·0
5·2
7·2
37·1
28·9
45·4
79·4

99·0
39·2
74·2
42·3
7·2
33·0
45·4

81·4
55·7
88·6
51·9

%

Control group
(n 97)

110
16
41
75
20
101
1
16
17
68
58
77
106

110
82
101
79
17
66
77

82
96
81
72

n

100·0
14·5
37·3
68·2
18·2
91·8
0·9
14·5
15·5
61·8
52·7
70·0
96·4

100·0
74·5
91·8
71·8
15·5
60·0
70·0

74·5
87·3
98·8
87·8

%

Intervention group
(n 110)

0·423
<0·001
0·852
<0·001
0·001
0·001
1·000
0·045
0·103
0·001
0·001
0·001
<0·001

0·950
<0·001
0·001
<0·001
0·103
<0·001
0·001

0·306
<0·001
0·010
<0·001

P

Endline survey (n 207, July/August 2013)

0·224
0·569
0·225
0·738

P

Baseline survey (n 198, July/August 2012)

Table 4 Feeding practices of children in the control and intervention groups at baseline and endline in Bondo and Teso South sub-counties, western Kenya
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10

CDDS

Mean nutrition knowledge score (0–21)

9

*

8
7

**

6
5
4

Nutrition
education
intervention

*

*

3
2

***

1

Nutrition
knowledge score
of caregivers

0
Baseline survey (n 198)

Endline survey (n 207)

Fig. 2 Mean nutrition knowledge score of the caregivers in the
control group ( ) and intervention group ( ) at baseline (July/
August 2012) and endline (July/August 2013) in Bondo and
Teso South sub-counties, western Kenya. *Mean nutrition
knowledge score was significantly higher in the intervention
group compared with the control group at endline (P < 0·001)

7

Mean CDDS (0–7)

6
*

5
4
*
3
2
1
0
Baseline survey (n 198)

Endline survey (n 207)

Fig. 3 Mean children’s dietary diversity score (CDDS) in the
control group ( ) and intervention group ( ) at baseline (July/
August 2012) and endline (July/August 2013) in Bondo and
Teso South sub-counties, western Kenya. *Mean CDDS was
significantly higher in the intervention group compared with the
control group at endline (P < 0·001)

without the treatment effect. Our assumption was that the
intervention would lead to improvements in nutrition
knowledge among the caregivers and that improved
nutrition knowledge would lead to improvements in the
CDDS. Indeed, a second DiD model revealed that the
treatment had a large, positive and signiﬁcant effect on
the knowledge scores of the caregivers (P < 0·001, IRR = 2·05).
However, in our ﬁrst model with CDDS as the dependent
variable, nutrition knowledge score did not have a

Fig. 4 Effects of the nutrition education intervention (
,
significant effect;
, no significant effect) on children’s
dietary diversity scores (CDDS) and nutrition knowledge
scores of caregivers in Bondo and Teso South sub-counties,
western Kenya. *P = 0·731; **P = 0·001; ***P < 0·001

signiﬁcant or strong effect on CDDS (P = 0·731) nor on the
treatment effect on CDDS (P = 0·433). That is why the
reported treatment effect on CDDS can be interpreted
although knowledge was included in the model as a
covariate. If there was an indirect effect from treatment via
nutrition knowledge score to CDDS, the direct effect of
treatment on CDDS would underestimate the true relationship. Figure 4 visualizes the ﬁndings from the two
reported models.
Further analysis using the DiD model with logistic
regression for binary dependent variables was done to
determine the effect of the intervention on the IYCF
indicators. We found a signiﬁcant effect of the treatment
on the proportion of children who achieved MDD
(OR = 4·82; 95 % CI 1·94, 11·98, P = 0·001). In addition, the
treatment had a signiﬁcant effect on the proportion of
breast-fed children who achieved MMF (OR = 19·98; 95 %
CI 2·05, 195·15, P = 0·010) and MAD (OR = 6·01; 95 % CI
2·14, 16·93, P = 0·001), after controlling for age. Additional
analysis using the DiD model with breast-feeding as the
dependent variable showed that the treatment did not
have an inﬂuence on breast-feeding (P = 0·980). In yet
another DiD model with HAZ as the dependent variable,
breast-feeding was found not to have a signiﬁcant effect
on stunting, after controlling for age (P = 0·398).

Discussion
The nutrition education intervention aimed to improve the
diversity of complementary diets fed to children aged
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6–23 months and the nutrition knowledge of caregivers.
The intervention was community-based and participatory,
and this motivated the caregivers to attend and participate
in the nutrition education sessions. The major focus of the
intervention was to promote the integration of a variety of
locally available and nutritious foods into the existing
traditional homemade complementary foods in order to
improve their diversity and quality. The intervention was
successful and led to improvements in the diversity of
complementary foods and the level of nutrition knowledge among the caregivers in the intervention group. The
study ﬁndings revealed that more children in the intervention group than in the control group at endline were
fed on more varied diets. There was a signiﬁcant increase
in the proportion of children consuming vitamin A-rich
vegetables and fruits, dark green leafy vegetables, legumes
and nuts, and other fruits and vegetables in the intervention compared with the control group at endline. In a
randomized controlled intervention study in Uganda(42),
caregivers in the intervention group selected an increased
variety of foods for their children including legumes, meat,
fruits and vegetables compared with those from the control group. In another trial educational intervention in rural
China(19), the consumption of meats, eggs, dark green
leafy vegetables, fruits, cooking oils and beans increased
signiﬁcantly among children in the intervention group
compared with those in the control group.
An assessment of the contribution of single food items
to the diets of the children showed that milk and ﬁsh
were the common animal-source foods fed to children
in the study area. The actual amount of milk consumed by
the children was minimal since milk was mainly used in
the preparation of beverages such as tea and porridge
which were frequently consumed by the children. The
high consumption of ﬁsh could be explained by the fact
that one of the communities in the study area resided near
Lake Victoria, where ﬁsh was more accessible and thus the
major source of protein. The low consumption of other
animal-source foods such as meats, organ meats and
poultry could be explained by the fact that more family
resources are need to access them. Eggs are recognized for
their nutritional value, ease of preparation and consumption; however, their consumption among young children
remains minimal in many rural communities(43). While
poultry rearing is a common practice in the study areas,
there was no signiﬁcant difference in the proportion of
children fed eggs in the control and intervention groups at
both baseline and endline. This could be partly explained
by the common belief among the communities in the
study area that feeding young children eggs could result in
delayed speech development. Similar ﬁndings of low
intake of animal-source foods such as meat, ﬁsh and fowl
by young and older children in Kenya has been documented(44). In Ghana economic constraints and fear of
establishing taste preferences among children were
reported by caregivers as the major barriers to feeding
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children animal-source foods like meat and eggs(45). In a
study in Nepal, mothers reported not feeding their
<1-year-old children animal-source foods such as meat
and eggs because they were difﬁcult to digest and the
children did not have teeth(46). In a study in Uganda(42),
few changes were observed in the consumption of meat
because it was not locally available in the study area.
Similarly in a formative research in Nepal(46), very few
children consumed animal-source foods including eggs
since the community did not rear or consume poultry,
believing they were unclean. Complementary foods fed to
children aged 6–24 months, particularly in developing
countries, are plant-based and are not sufﬁcient to meet
nutrient needs at this age. It is therefore recommended to
frequently feed children small amounts of meat, poultry,
ﬁsh and eggs since animal-source foods are not only rich
in protein but also micronutrients which are important in
the growth and development of young children(47,48). The
ﬁndings from the present study suggest the need for
interventions to address barriers affecting the consumption
of a variety of animal-source foods among young children.
Integrated educational, health, nutrition and agricultural
programmes promoting the rearing of small animals and
consumption of a variety of animal-source foods are
needed.
During the cooking demonstrations, the caregivers were
taught how to incorporate a variety of nutrient-rich local
foods into the existing homemade complementary foods.
The use of locally available foods, which required less
family resources such as money and time to acquire, was
well accepted by the caregivers. This contributed to the
signiﬁcant increase in the proportion of children receiving
more diversiﬁed diets in the intervention group at endline.
The use of locally available foods needs to be included as
a component of policies to improve overall dietary quality,
especially during the complementary feeding period in
order to prevent malnutrition among young children and
particularly in resource-poor rural households.
The nutrition education intervention in our study also
had a signiﬁcant effect on the IYCF indicators. A signiﬁcantly higher proportion of children in the intervention
group achieved MDD, MMF and MAD compared with
those in the control group at endline. Similar ﬁndings were
reported in a monthly nutrition education study in rural
Karnataka, India that targeted children aged 5–11 months(49).
In that study, infants in the intervention group were found
to be more likely to have a higher daily meal frequency by
being fed at least four times per day and a higher dietary
diversity by receiving foods from at least ﬁve different
food groups compared with their counterparts in the nonintervention group. The calculation of minimum meal
frequency and minimum acceptable diet was not done for
the non-breast-fed children in our study because data on
the minimum number of non-breast-milk feeds they
received, which are required for calculation of these
indicators, were not available. This limited our study
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because we were not able to determine the prevalence of
MMF and MAD for the non-breast-fed children. There is
need to collect data on the number of milk feeds fed to
non-breast-fed children in future similar studies.
Another key ﬁnding of our study was that the intervention had a signiﬁcant effect on the nutrition knowledge
of the caregivers in the intervention group at endline.
Positive effect of educational interventions on nutrition
knowledge of caregivers has been reported in other
studies. A cluster-randomized controlled trial of education
intervention in Peru(21) showed improvements in the
nutrition knowledge of caregivers who participated in the
educational intervention to improve nutrition in young
children. In a study in Indonesia(17), the percentage of
correct answers on nutrition knowledge in the intensive
nutrition education group was signiﬁcantly higher than in
the non-nutrition education group after the intervention.
Similarly in a community-based nutrition education intervention study in China(15), mothers in the education group
showed signiﬁcantly higher nutrition knowledge than their
control group counterparts. Signiﬁcantly more mothers in
the education group than in the control group reported
correct answers on questions about the types of foods that
would help their children grow well and the foods that
were not good for their infants. In a similar study in China,
the percentage of correct answers on nutrition knowledge
in the intervention group was signiﬁcantly higher than that
of the control group after the mothers were educated about
feeding guidelines for infants and young children(50).
However, the increase in nutrition knowledge did not
have a signiﬁcant effect on the children’s dietary diversity
in the present study. This ﬁnding demonstrates that the
effect of the intervention on child dietary diversity was not
via an increase in nutrition knowledge of the caregivers,
and that while increased nutrition knowledge is an
important factor, on its own it cannot lead to changes in
behaviours. Accordingly nutrition education approaches
are most effective when they focus on behaviour change
and not merely on information transfer. This is because
changes in attitudes and behaviour towards child feeding
are reﬂected by the adoption of appropriate feeding
practices(5). In our study, the nutrition knowledge scores
were based only on three key nutrients and did not refer to
knowledge about the importance of a balanced diet and
dietary diversity in general. This could explain the missing
link from nutrition knowledge to child dietary diversity in
the present study (Fig. 4). However, during the nutrition
education sessions the importance of using local food
resources to achieve a balanced and diverse diet was
emphasized. This partly newly gained knowledge could
have motivated the caregivers to change their children’s
feeding practices.
Our study had a cross-sectional design and targeted
children aged 6–23 months and their caregivers. The endline
survey was conducted 1 year after the baseline survey.
Hence most of the children who were aged 6–23 months at
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baseline were not eligible to participate in the endline survey as they were aged above the required 23 months, and
had to be replaced with a new fresh sample. However, the
replaced households with children aged 6–23 months and
their caregivers were sampled from the same villages and
were comparable to those who were not eligible with
respect to sociodemographic and economic characteristics.
Thus, the results were compared among two different
groups at baseline and endline, showing community and
not individual effects. Future studies might target a large
sample of young children aged below 1 year and who
would still be eligible to participate in both the intervention
and endline survey. While through this no children in the
age group 12–23 months would be captured at baseline, this
would at least enable comparison of data on the same
sample and hence analysis of individual effects. In addition,
longitudinal study designs are also recommended for future
studies to enable follow-up of cases for a longer period in
order to also capture seasonal differences and enable more
precise estimation of the impact of such interventions on
child feeding practices and growth(51).
The observed development in mean HAZ in the control
and intervention groups between the baseline and endline
survey might be partially explained by the fact that more
than 50 % of the children assessed at baseline were not
eligible to participate in the nutrition education sessions
and endline survey and were replaced by other children
with (inadvertently) shorter mothers. Maternal height is
known to signiﬁcantly inﬂuence HAZ of the offspring,
which might have contributed to the observed change in
mean HAZ values(52). Breast-feeding was found to inﬂuence HAZ, but after controlling for age, the association
was no longer statistically signiﬁcant. This might have
been different in a larger study population. Thus, the
observed poor nutritional status could be attributed to an
interaction of other multiple factors at the individual,
family and community levels prior to the intervention,
such as inadequate complementary feeding practices,
infections and diseases, poor hygiene and access to
medical care, and poverty, among other factors(53,54).
Further, as already discussed, the study population was
not the same at both times, thus a community effect and
not individual effect was observed in the nutritional status
of the children. The endline survey was conducted one
month after the end of the nutrition education sessions.
These results showed the short-term effects of the intervention on child dietary diversity and the nutrition
knowledge of the caregivers. To better understand the
long-term effects of such an intervention, where dietary
diversity is expected to contribute to improvements in
growth and overall health of children, there is need to
allow for a longer period of time such as 1 year between
the end of the intervention and the impact survey. This
would enable the assessment of the long-term impact of
the intervention on child feeding practices and growth
outcomes.
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The follow-up visits in our study were found to have a
positive and signiﬁcant inﬂuence on the nutrition knowledge scores of the caregivers. The follow-up visits were
used to reinforce the messages received during the ﬁrst
two nutrition education sessions. The feedback from the
follow-up sessions also informed the decision to review
the information and messages delivered during the ﬁrst
two sessions during session three. This was a major
strength of our study and contributed to the success of the
intervention. Our study had only one follow-up session;
hence we recommend that similar studies in the future be
accompanied with more follow-up visits to reinforce
behaviour change and adoption of improved child feeding
practices.
The intervention targeted caregivers, who were mainly
the mothers of the children. However, for effectiveness of
such nutrition education interventions in the future, it is
important to include other members of the family such as
husbands and grandmothers who have been shown to have
a great inﬂuence on child feeding and caring practices in
other projects(55). This could ultimately lead to improvements in child feeding practices which would translate into
improved overall health and growth among young children.

Conclusion
Inappropriate feeding practices during the complementary
feeding period are known to negatively impact child
nutrition, health and overall development. The results
from our study have contributed to the evidence about
the favourable role of participatory nutrition education
interventions focusing on the utilization of locally available
food resources in improving the diversity of complementary diets. The results also suggest the need for
similar approaches including other family members
especially grandmothers and husbands, who would provide a supportive environment that would enable lasting
behaviour change among caregivers.
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