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ABSTRACT
Background Persistent prevalence of high malnutrition in poor households in developing countries calls for enhancement of cost-effective nutrition
interventions among the vulnerable groups. One responsive way is to promote regular consumption of home-grown biofortified foods, particularly
in the micronutrient-deficient groups. Previous nutrition interventions have targeted adults with behavior change education, but have rarely
explored the potential of nutrition education of preschoolers as change agents.
Objectives This study sought to assess the effect of nutrition education targeting preschool children and their caregivers on their consumption of
vitamin A–biofortified orange-fleshed sweetpotato (OFSP) in rural farm households in Homa Bay County, Kenya.
Methods A total of 431 preschooler-caregiver pairs from 15 village-level clusters were recruited into a randomized controlled trial. The sample was
randomized into 1 control (3 villages) and 3 treatment groups (4 villages each). Treatments involved channeling nutrition education to preschoolers
through their learning materials (preschooler treatment); the caregivers through their mobile phones (caregiver treatment); and to both
preschoolers and their caregivers simultaneously (integrated treatment). Baseline and follow-up household-level surveys were conducted with the
caregivers, and consumption data were collected from the preschoolers using a child dietary diversity register. Class teachers sought 24-h
consumption recalls of the preschoolers for 19 consecutive schooldays.
Results The results of a zero-inflated Poisson regression showed that the phone-mediated and multichanneled nutrition education approaches
significantly increased the number of days of OFSP consumption. The integrated nutrition education approach significantly increased the
preschoolers’ likelihood to consume OFSP, number of OFSP consumption days, and likelihood to consume it more than once per week by 11%,
77%, and 20%, respectively.
Conclusions Nutrition education through OFSP-branded preschoolers’ learning materials and phone-mediated messages provides effective
nudges to the caregivers to feed their preschoolers regularly with OFSP. This could have implications for realizing sustainable nutrition programs in
biofortified crop-growing areas. Curr Dev Nutr 2021;5:nzab096.
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Introduction

Diet-related health challenges are stubbornly rising with global popu-
lation growth (1). Micronutrient deficiencies are reported to be more
prevalent in the sub-Saharan Africa (SSA) countries, with anemia rang-

ing from 46% to 71%, vitamin A deficiency (VAD) in under-5-y-olds
at 48%, iodine deficiency at 36%, and zinc deficiency at 25% (2). These
have devastating effects on the socioeconomic welfare of nations and
societies. For instance, the cost of child undernutrition in Kenya was
estimated to be 6.9% of the country’s gross domestic product in 2014
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(3). Underlying the deficiencies are unsustainable and insufficient nu-
trient intakes due to consumption of nutrient-poor foods and low di-
etary diversity. Conventional micronutrient malnutrition eradication
approaches such as vitamin and mineral supplementation and forti-
fication of processed food, although effective, have proved unable to
provide a holistic solution to these malnutrition situations in all so-
cioeconomic settings. This is particularly true in the case of rural poor
and/or marginalized societies. However, biofortification of food staples
has since been recognized as a significant food systems approach to-
ward delivering sustainable, high-quality, and affordable diets to allevi-
ate malnutrition problems (1, 4).

The vitamin A–biofortified orange-fleshed sweetpotato (OFSP) is
now the leading success story, in terms of empirical evidence, of bio-
fortification as an effort to combat micronutrient deficiencies (5). Stud-
ies have shown that daily consumption of 100–125 g boiled OFSP roots
induced significant increments in the vitamin A content in the liver of
children aged <5 y (6–9). Efficacy studies have also demonstrated that
consumption of OFSP significantly reduced childhood diseases such as
diarrhea in young children (10). Neela and Fanta (11) and another study
in Kenya (12) ranked OFSP as the highest performing vegetable from a
dietary and nutritional point of view, and specifically in terms of prox-
imate, mineral, and β-carotene composition. Sweetpotato is a popular
crop in western Kenya, where there is a rich tradition of its production
for subsistence and income generation. However, the sustainable avail-
ability of OFSP on the menus of the households is considerably weak de-
spite its short production period (12). This suggests the need to stream-
line OFSP campaigns to focus on ensuring its increased consumption
per capita and not just replacing the white- and yellow-fleshed sweet-
potato varieties with the OFSP on the menus.

Previous studies have repeatedly affirmed that the OFSP is popu-
lar among young children due to its attractive deep-orange color (11,
13), but consumption tends to be concentrated around harvest time due
to limited supply (14). Sustained regular intake is desired to supply the
vitamin A needs of the vulnerable groups. Although OFSP promotion
campaigns have recommended its daily consumption (14), the rates are
low in many countries. In most of the reviewed literature, a large pro-
portion of the rural farming households consumed it on <4 d in the
previous 7 d, for instance, 49.5% (n = 295) of rural households in East-
ern Province in Zambia (15). Nurturing a dietary habit involving daily
consumption of OFSP might also have a ripple effect on its supply due
to the increased demand, thereby enhancing the food security status of
the household through improved availability, access, and utilization of
the nutritious food.

Nutrition education interventions have been applied in many be-
havior change communication projects in SSA with great promise of
significant improvements in the nutritional status of the target house-
holds (16–18). However, these have mostly targeted adults. Recent
projects have shown the potential of involving school children as change
agents in the behavior change communication interventions to im-
prove the production and intake of nutritious foods (19–22). Many of
these projects have engaged children at primary school levels and in-
volved school gardening and school feeding programs. To the best of
our knowledge, the potential of nutrition education interventions in-
volving preschoolers as change agents through the Early Childhood De-
velopment (ECD) and targeting increased home consumption of OFSP
to reduce VAD is a significant gap in literature and policy. This study

aimed to assess the effects of ECD-channeled nutrition education ap-
proaches involving preschoolers and caregivers on OFSP consumption.
The specific objectives were to:

1) Assess the effects of targeted nutrition education approaches with
preschoolers and caregivers on the number of OFSP consumption
days in preschoolers.

2) Assess the effects of targeted nutrition education approaches with
preschoolers and caregivers on the likelihood of consuming OFSP
on >1 d/wk.

Methods

Study area and sampling
The experiment was done in one of the leading sweetpotato–producing
counties in Kenya, Homa Bay County. The International Potato Cen-
ter (CIP) implemented a large project that promoted production and
use of OFSP along the value chain in the area under the Accelerated
Value Chain Development program in the county. The county has a
stunting prevalence of 26% in the under-5-y-olds (23). The study was
implemented in 2 subcounties (Ndhiwa and Rangwe) where CIP pro-
moted the OFSP project. It employed a multistage sampling procedure.
In the first stage, the 2 subcounties were purposively selected. The sec-
ond stage involved a purposive selection of villages that had not been
reached with OFSP promotion campaigns to participate in the study.
This resulted in the selection of 15 villages—7 in Ndhiwa subcounty
and 8 in Rangwe. Third, routine OFSP promotion activities were im-
plemented at 1 publicly managed ECD in each of the selected villages
targeting caregivers of preschool children. These involved OFSP cook-
ing demonstrations in February 2018 and the distribution of free vines
(200 thirty-centimeter-long cuttings to each caregiver) in April 2018. A
list of households that participated in the activities formed the sampling
frame (n = 721). The study followed McConnell and Vera-Hernández
(24) to calculate the sample size of the cluster-level randomized con-
trolled study with an unequal number of clusters (15 clusters in 4 study
groups). The formula suggested an average of 98 households in each of
the 4 study groups, which yielded a total sample size of 431 after adjust-
ment for a possible nonresponse rate of 10%. Consequently, a random
sample of 431 preschooler-caregiver pairs was drawn using a probability
proportionate to size sampling method from the 15 villages.

Experimental design and interventions
The study followed a cluster randomized controlled trial design. The
randomization took place after the baseline survey with the caregivers
in August 2018. The 15 villages, as clusters of the preschooler-caregiver
pairs, were randomly assigned to 1 control arm (3 villages) and 3 treat-
ment arms (4 villages in each) of the experiment. The treatment groups
were subjected to nutrition education interventions for 30 d after the
baseline survey. However, the control group was not assigned any inter-
vention during this time. The CONSORT diagram in Figure 1 summa-
rizes the sampling procedure and the study design. The treatments were
executed as follows.

Preschooler treatment.
The preschooler treatment (PT) arm involved issuing OFSP-branded
exercise books, class posters, and poems to preschool children alone. A
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FIGURE 1 CONSORT diagram for the study: study design, activity protocol, and details. The left side of the chart shows the main
activities in order of execution from top to the bottom, from the early stages involving recruitment of participants to the final stages
describing the data presented for analysis. The details of the activities are presented in the corresponding boxes to the right. OFSP,
orange-fleshed sweetpotato.

total of 5 related messages were passed via the texts and pictorial illustra-
tions on posters and book covers. The texts were in the local language
(Dholuo), and the poem was in the English language (Supplemental
Figures 1 and 2). The messages provided education on the identifica-
tion and health benefits of OFSP to a preschooler and their family. Each
preschooler received an exercise book, and the teachers displayed the
5 class posters and helped them to read the texts and recite the poems
every school day. The goal was to see the preschoolers, as change agents,
deliver the messages to their caregivers and thus nudge their decision to
grow and consume OFSP.

Caregiver treatment.
The caregiver treatment (CT) arm involved the issuance of OFSP-
focused phone-mediated text messages to each caregiver while their
preschoolers got no treatment. Again, the messages informed about
identification, production, and health benefits of OFSP to the preschool-
ers and the caregivers. One of the 7 messages was sent uniformly in a day
to all the targeted caregivers. Seven different messages were sent in 7 d
and repeated over the 30 d of intervention. The messages were sent to
the Communication Authority of Kenya for verification and approval
before they were deployed to the caregivers as per the laws of Kenya
(25).

Integrated treatment.
The integrated treatment (IT) involved issuing the activities in the
PT and CT approaches to an individual household simultaneously.
That is, the caregiver got the phone-mediated text messages, while
the preschooler of the same household got the OFSP-branded books,
posters, and poems.

The interventions were issued for 30 d from the second week of
September 2018. It was expected that during this time all the households
were harvesting the OFSP, planted in April the same year. Consumption
of OFSP was expected during this period, and the interventions were
complementary to the routine nutrition education issued during vines
dissemination and cooking demonstration sessions.

Instruments and data collection
Data were collected using 2 tools; pretested questionnaires administered
by trained enumerators to the caregivers, and dietary diversity registers
marked by class teachers for the preschoolers’ consumption data. Six
enumerators were chosen from a team of 10 following the evaluation of
their performance in a 5-d training involving theory and field tests. This
was done for each round of the survey. Twenty-two class teachers were
trained for the exercise in a 3-d workshop at the County Education Of-
fices. The pretests were done with 30 caregivers from Kabondo Kasipul
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subcounty, an area significantly distant from the study area and equally
known for sweetpotato farming. The pretested questionnaires were used
to conduct a household-level survey at baseline (in August 2018 before
the experiment) and at follow-up (in October–November 2018 after the
30 d of intervention). The surveys collected the households’ data on a
host of variables including sociodemographics; caregivers’ knowledge,
attitude, and practices (KAP) regarding OFSP; and institutional factors
around food availability and dietary behavior. Data on the caregivers’
KAP were elicited using a set of 24 questions in the questionnaire. These
were computed to yield a weighted score ranging from 0 to 1, where a
higher score implied better KAP.

This study also used an adjusted child’s dietary diversity (CDD) mea-
surement tool to limit the food consumption recall period to 24 h in-
stead of 7 d as in the FFQs. This was aimed at addressing the reliabil-
ity problems in the FFQ by taking care of recall bias and measurement
errors due to long recall periods (26). A CDD tool was adjusted from
the standard 9 food groups to include 2 extra rows that singled out the
“white- and yellow-fleshed sweetpotato” and the “OFSP” foods from the
“cereals and other carbohydrates” and the “vitamin A vegetables” food
groups, respectively. Thus, the modified tool was labeled a 5-d (school
days) dietary diversity register (DDR) (Supplemental Figure 3).

The teachers were trained and tested for reliable collection of the
preschoolers’ food consumption data using the DDR. The teachers
sought each preschooler’s open recall of what they ate at home over
the previous 24 h, on every school day. They recorded the responses
on the DDR by checking the boxes on the corresponding food or food
group row and within the given date column. Consequently, using the
DDR tool, the study captured independent counts of OFSP consump-
tion days among the preschoolers during the intervention period. It cap-
tured their 24-h recall consumption data 5 times a week—covering food
consumed from Sunday through Thursday—for 4 consecutive weeks in
September and October 2018. One of the days (October 10) was a na-
tional holiday; thus, the consumption data were collected for 19 d.

The targeted sample was 431 households; however, the baseline sur-
vey reached 390 households and the balance was lost to survey de-
clines. Furthermore, a total of 385 complete observations were collected
using the DDR and reduced to 373 observations after excluding 12
cases of rampant absenteeism (≥10 d) among the preschoolers. Thus,
17 preschooler-caregiver pairs were treated as experimental dropouts,
and there was no significant relation between the study groups and ex-
perimental attrition (P = 0.308; Fisher’s exact tests). Thus, the anal-
ysis involved 373 complete observations from the caregivers and the
preschoolers.

Measurement of OFSP consumption days
According to the WHO (27), the frequency of consumption is the num-
ber of days of consuming a food or food group over a reference period.
The outcome variable, number of OFSP consumption days, was com-
puted as the sum of days when the preschooler consumed an OFSP food
as recorded in the DDR. This gave a count variable with values expected
to range from 0 to 19.

Data analysis
The data on the outcome variable, number of OFSP consumption days,
were collected for 1 harvesting period in 2018. Thus, they were ana-
lyzed as cross-sectional data. The analysis involved 373 observations

with covariates drawn from the baseline household-level survey and the
outcome variable from the DDR data. First, there was a test for differ-
ences in the preschooler, caregiver, and household sociodemographic
variables between the control and treatment groups for comparability.
Significant mean differences in the number of OFSP consumption days
and other variables between the control and each of the treatment arms
were also checked using unpaired t test and Mann–Whitney U test.

The dependent variable is a count variable that measured the num-
ber of times OFSP was consumed and hence takes the values 0, 1, 2…
K. Therefore, count models were considered to regress the number of
OFSP consumption days on the intervention variables and other covari-
ates. The standard Poisson regression model (PRM) is the most com-
mon model for count data conditions. In this study, we used the zero-
inflated Poisson (ZIP) regression technique, which fits better in situa-
tions where the dependent variable has zero entries; that is, in the con-
text of our study, where many respondents report that they did not con-
sume OFSP (28, 29).

The ZIP model can be specified as follows:

Pr ( Yi = yi |xi) =
{

p + (1 − p) exp (−λi) i f y = 0

(1 − p) λi
yie −λi

yi!
i f y > 0

(1)

where yi is the number of OFSP consumption days for a preschooler
from household i, xi is a vector of the explanatory variable scores from
household i, p is the probability of zero OFSP consumption days in
the reference period, and exp(−λ) is the density function of the data-
generating process that produces the food frequency score during the
intervention period conditioning on the caregiver’s decision to pre-
pare the OFSP meals. In the model, E = (Y ) = μ = (1 − p) λ and
Var (Y ) = μ + p

1−pμ
2. The implicit functional form of the ZIP model

used to estimate the number of days the preschoolers were fed on OFSP
was specified as;

CONSUMPT IONihv = βintervention INT ERV ENT IONihv

+βchildCHILDihv + βcaregiverCAREGIV ERihvs

+βhhHHihv + βvillageV ILLAGEihv + Vv + εihv (2)

The primary dependent variable (CONSUMPTION) is the number
of OFSP consumption days for preschooler i, in household h, that is
located in village v. In addition to the main focus variables of the nutri-
tion education approaches (INTERVENTION), the study controlled for
vectors of preschooler- (CHILD), caregiver- (CAREGIVER), household-
(HH), and village- (VILLAGE) level characteristics. Further, the vil-
lage cluster fixed effects (V) were also controlled for. The symbols
β and ε denote the coefficient estimates and the disturbance term,
respectively.

While estimating the ZIP model, potential zero consumption fre-
quencies (zero inflation) were predicted by whether the caregiver culti-
vated the crop (dummy) and average monthly household expenditure.
The model would not converge when more variables were added to pre-
dict zero inflation. Also, to overcome a potential estimation problem
due to the small sample size—15 clusters and many predictors—the ZIP
model estimation space was adjusted by bootstrapping the sample at
1000 replications, as recommended by Long and Freese (28). The study
also used a binary logit model to model the likelihood of the preschooler
to consume OFSP at a frequency greater than the overall average num-
ber of OFSP consumption days in 5 days.
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Following the recommendations of Long and Freese (28), the best
fitting count model was assessed by comparing the PRM, negative
binomial regression model, ZIP, and zero-inflated negative binomial
models based on 3 goodness-of-fit statistics: Bayesian information crite-
rion (BIC), Akaike information criterion (AIC), and the likelihood ratio
test. The Vuong test was omitted because it is not appropriate for com-
paring models with zero inflation (30). Overall, the ZIP model had the
largest log-likelihood, and smallest AIC and BIC, which implies the best
relative goodness-of-fit.

Ethical review
This study was conducted as per the guidelines laid down in the
Declaration of Helsinki. The study was authorized by the Homabay
County Early Childhood Development Education Office under refer-
ence HBC/EDUC&ICT/PTN/VOL. 1/4/1/8/034 of July 30, 2018. It was
also approved by the University of Nairobi’s Graduate School under ref-
erence A56/89,965/2016. All participating caregivers gave written in-
formed/voluntary consent on behalf of themselves and their preschool-
ers for their participation in this study.

Results

Descriptive statistics
The analysis involved 373 observations from both preschoolers and
caregivers, because 17 cases were lost to rampant absenteeism from
school among the preschoolers, inter alia. These were distributed as 98,
70, 79, and 126 in the control, PT, IT, and CT arms, respectively. Table 1
presents the descriptive statistics [mean ± SD and frequency (%)] of the
demographics and other socioeconomic characteristics of preschooler-
caregiver pairs and their households. It also presents the balancing
tests of the covariates (at baseline) in assessing the effectiveness of the
randomization in delivering comparable groups. The first column (1)
shows statistics for the overall sample. The other columns (2 to 5)
present the statistics for the control, PT, IT, and CT groups. The last col-
umn (6) presents the P values for the test of significant difference in the
variables between the 4 study groups. These are the results of 2-factor
ANOVA, Kruskal–Wallis, and χ 2 tests. Results of post hoc multiple-
pairwise comparison tests using the Bonferroni correction and the re-
sults are presented by the letter superscripts after the values. Same letter
superscripts indicate no significant difference in the given variable be-
tween the study groups, otherwise significant. At baseline, the groups
balanced well in most of the socioeconomic variables except for the
caregiver’s age, occupation, monthly household expenditures, and CDD.
These variables varied differently across the study groups. They were
used in the regression models as controls for possible randomization
bias.

Overall, the preschoolers were dominantly (58%) girls and aver-
aged 6 y old (range 4–7 y). As expected, a majority of the caregivers
were women (92%), with a mean ± SD age of 36 ± 12 y. Also, 4 in
5 households had children aged <5 y. Therefore, the sample suitably
captured VAD vulnerable groups (women between 15 and 49 y old
and children <5 y old). The average size of the households ranged
between 6 and 7, with an average monthly household expenditure of
7000 Kenyan shillings. Only a small minority (17%) of the caregivers
had post–primary school education. This reflects the low education

standards in rural farming households. Perhaps due to participation
in cooking demonstrations and the OFSP vines dissemination activi-
ties, the caregivers had good knowledge of OFSP consumption (93.5%),
good knowledge of sources of vitamin A and its nutritional benefits
(65.2%), and a good attitude toward the food (62.6%). Overall, the base-
line consumption knowledge level of the caregivers did not differ across
the study groups (Table 1), between the OFSP producers and nonpro-
ducers (mean difference = 0.0008; P = 0.522) or between households
where the preschoolers consumed and did not consume OFSP (mean
difference = 0.007; P = 0.679). The latter signifies the limited effects
of routine OFSP promotion activities, provided during the cultivation
period, on consumption of OFSP.

The relation between OFSP production and consumption
trends
A relatively higher proportion of preschoolers consumed OFSP in the
control group than the treatment group. The control group also had a
significantly higher percentage of those who cultivated the crop than the
rest of the groups. This can be linked to their exposure to the free vines
dissemination prior to the randomization for the complementary nutri-
tion education interventions of interest. As expected, there was a signif-
icant positive relation between the caregivers’ production of OFSP and
the preschoolers’ consumption across all the study groups ( P = 0.000;
Fisher’s exact tests). Figure 2 provides more insights into the interaction
between OFSP cultivation and consumption across the study groups.
Overall, 95% (n = 209) of households that produced OFSP fed it to their
preschoolers. In addition, a significant 24% (n = 164) of households
that did not cultivate OFSP also found and fed some to their preschool-
ers. The latter statistic draws more attention to the food access pattern
and what influenced consumption. This could be explained by the tradi-
tional culture of sharing sweetpotato root harvests with neighbors and
relatives in the rural farming setting of western Kenya. Potentially, these
results also point to the power of the intervention approaches in enhanc-
ing the consumption of OFSP roots among the social networks of the
direct targets. Also note that 21% of the control group consumed OFSP
although they did not produce it. Again, this could be due to exposure
to the cooking demos implemented prior to the randomization and/or
relative proximity to the OFSP producing households who tended to be
significantly higher in the control group than the other study groups.

Also, the mean number of OFSP consumption days varied sig-
nificantly across the study groups (Kruskal–Wallis test; χ 2 = 17.08;
P = 0.0007). This was significantly higher in the IT group than in the
CT group (P = 0.0101), and in the control group than in the CT group
(P = 0.0004). However, despite all groups recording a mean frequency
>1, the IT group treatment was the only approach significantly as-
sociated with OFSP consumption for at least once in a 5-d week, on
average.

The results further show that although the production of the OFSP
was strongly associated with its consumption among preschoolers
(Pearson χ 2 = 198.23; P = 0.000), ∼5% of caregivers who produced
OFSP did not feed it to their preschoolers. This shows that although
production is essential for the availability of OFSP, it does not result in
the outright feeding of the preschoolers (Figure 2). These producing but
not consuming scenarios were significantly higher in the control and CT
groups than in the IT group (Pearson χ 2 = 4.911; P = 0.027 and Pearson
χ 2 = 4.022; P = 0.045, respectively).
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FIGURE 2 Distribution of consumers of OFSP across the study groups and by OFSP production status. Data are percentages of those
who consumed OFSP in the respective subsamples. CT, caregiver treatment group; IT, integrated treatment group; OFSP, orange-fleshed
sweetpotato; PT, preschooler treatment group.

Figure 3 shows the distribution of the preschoolers’ consumption
frequencies by the study groups and the category of those who produced
and those who failed to produce the crop. There were larger proportions
of nonconsumers of OFSP in the category of nonproducers, and rela-
tively greater percentages and higher consumption frequencies in the
category of producers. It is important to note that the IT group recorded
higher percentages in higher consumption frequencies than the other
study groups in both categories.

Effects of nutrition education interventions on OFSP
consumption
Table 2 presents the estimates (coefficients and average marginal effects)
of the interventions on consumption, number of OFSP consumption
days, and average OFSP weekly consumption days after controlling for
child, caregiver, household factors, and village fixed effects. A less parsi-
monious model is presented in Supplemental Table 1 for comparison.

Holding other factors constant, a preschooler whose caregiver is as-
signed to receive the nutrition education from multiple channels will
increase their probability to consume OFSP by 11.5%, and their likeli-
hood to consume OFSP at least once every 5 d by 20.4% relative to a
case where no nutrition education is assigned. Again, being in the IT
(or CT) groups significantly enhances an individual’s OFSP consump-
tion frequency by 76.6% (or 21.2%) compared to a case with no com-
plementary nutrition education at all.

The IT had greater effects on OFSP consumption parameters relative
to the CT, whereas PT induced no significant effects. Besides, the IT had
stable coefficient and marginal effect estimates between the 2 specifica-
tions in Table 2 (and Supplementary Table 1). The negative and positive
signs in parameters estimated for zero inflation (OFSP cultivation and
the household expenditure) variables, in estimation of the likelihood of
nonconsumption of OFSP, are in line with the expectations in previ-
ous literature. For instance, sweetpotato consumption is negatively re-

lated to household income due to its presumption as a poor man’s crop
in SSA, and thus labeled as an inferior good (9). However, OFSP con-
sumption was less expected among nonproducers because the house-
holds that produced it did not sell it around.

Discussion

Efforts to promote biofortified crops in rural societies have majored
on providing planting materials, training in production and consump-
tion behavior, and nutrition education at production stages. These ap-
proaches have been based on the premise of a direct relation between
food production, availability, and consumption at the household lev-
els. The findings of this study replicate the conventional wisdom, but
with the proviso that not all OFSP-producing households feed it to their
preschool children (Figure 2). This challenges the sustainability of the
current OFSP promotion approaches; the gap between production and
consumption of OFSP can vary due to many factors, including poor
postharvest management, seasonality, cost of accessing the roots (31),
and time elapsed since initial introduction. For instance, a related study
in 3 counties in western Kenya (32) found a similar limitation with
cooking demonstrations and field days on the likelihood of the projects’
beneficiaries sharing the vines a year after the projects lapsed.

This study suggests that such gaps could be narrowed by comple-
mentary agrinutrition education interventions that target the VAD vul-
nerable groups through different channels, simultaneously, as demon-
strated in this study (Figure 3). The IT approach ensured every house-
hold that produced OFSP fed it to the preschoolers. It also influenced
the nonproducing households to seek OFSP and feed their children.

The OFSP success story in improving nutrition status is largely
grounded on the efficacy trials that have linked its consumption to
changes in the vitamin A concentrations in the target’s body (33). There
is also a growing body of evidence in scaling projects (34) and those that

CURRENT DEVELOPMENTS IN NUTRITION
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FIGURE 3 Percentage of preschoolers by OFSP production and number of OFSP consumption days in the study groups. Data are
percentages of preschoolers in the respective subsamples (by production and study groups) who consumed OFSP for the different
number of days, on the horizontal axis, during the 19 d of food consumption recalls. Did not produce OFSP (n = 151); produced OFSP
(n = 222); control group (n = 98). CT, caregiver treatment group (n = 126); IT, integrated treatment group (n = 70); OFSP, orange-fleshed
sweetpotato; PT, preschooler treatment group (n = 73).

involved multiple types of vitamin A–rich food (35). A critical factor in
the efficacy trials is that often they subject the targets to very regular (or
daily) consumption of OFSP (7, 36). However, such an intensive con-
sumption behavior does not occur in normal (nonexperimental) house-
hold conditions. This emphasizes the need to promote regular con-
sumption of nutritious crops to realize a significant improvement in nu-
trition outcomes that are commensurate with the results of the efficacy
trials. It is also in line with the key recommendation in the Global Nu-
trition Report (1) emphasizing the need to rethink food systems to en-
sure that healthy and sustainably produced foods are not only the most
accessible and affordable, but are also the desirable choices for all. Pre-
vious studies have researched improving the probability of OFSP con-
sumption but produced limited evidence on how to enhance the in-
tensity or frequency of OFSP consumption over time. The findings of
a study (15) on the association between knowledge and consumption
of OFSP, support the need to provide behavior change communication
campaigns. However, it is not guaranteed that any method of behavior
change communication would increase consumption.

The results from this study emphasize the role of targeted and in-
tegrated nutrition education approaches in improving OFSP consump-
tion behavior. Whereas children will meet their daily dietary require-
ment for vitamin A on any day that they consume ≥100 g of cooked
OFSP roots (6, 7, 11, 37, 38), consumption of the nutritious food on
more frequent days is necessary if their nutritional needs are to be met
in a regular and stable manner. Therefore, it is imperative to focus on

increasing the rate of consumption of OFSP over time to ensure sus-
tainable utilization of the essential micronutrients. From our findings,
although the preschooler-oriented nutrition education approach alone
induced no significant effects on OFSP consumption, its role in rein-
forcing the messages delivered through the mobile phones is apparent
in the results of the IT approach. Compared with the control, the IT ap-
proach significantly increased the consumption of OFSP at all levels. It
increased the likelihood of consuming OFSP, the probability of increas-
ing the frequency of its consumption, and the probability of consuming
it more than once in 5 d. Therefore, it confirms that a multichannel com-
plementary nutrition education involving preschoolers and caregivers
can enhance the likelihood and frequency of OFSP consumption in ru-
ral farming households.

Based on our findings, we concluded that there is still a low preva-
lence of the practice of feeding OFSP to preschool children even in the
harvesting periods. Although the production of OFSP assures availabil-
ity of the nutritious food in the household, complementary nutrition
education is needed to encourage consumption of the produce among
the preschoolers. Both single- and multichannel nutrition education
approaches can be effective in improving the frequency of OFSP con-
sumption. Moreover, phone-mediated text messaging can deliver sig-
nificant changes in the consumption frequency even when issued as
a solitary complementary nutrition education intervention. Contem-
porary and future agrinutrition education programs should consider
both the mobile messaging technology and the preschoolers as effective
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platforms for promoting regular and sustained consumption of nutri-
tious food crops. Future studies should explore the cost-effectiveness
of these single- and multichannel complementary nutrition education
interventions involving the ECD platform to solidify the case for their
adoption in nutrition programs. The studies could also appraise the in-
terventions to identify factors affecting the variations in their effective-
ness and to inform strategic adjustments in agrinutrition programs for
sustainable impacts.

A likely limitation of this study is that the preschoolers’ consumption
data were collected only on school days (5 d/wk) and for 4 wk. There
could be considerable variation in household consumption patterns
during the missed days. Thus, readers should interpret the results with
caution that the OFSP harvesting period might not have been exhaus-
tively covered for some households. Nevertheless, the study employed
a very robust implementation approach that involved repeated training
sessions for enumerators and class teachers to eliminate chances of re-
sponse and confirmation biases, and close monitoring of the data collec-
tion process to ensure accurate data collection. Further, the innovation
of seeking repeated 24-h food consumption recalls from the preschool-
ers made it possible to collect relatively more accurate and reliable food
frequency data, which would not be possible with common tools such
as FFQs.
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