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Abstract

Background: Malnutrition is one of the most important reasons for child mortality in developing countries,
especially during the first 5 years of life. We set out to systematically review evaluations of interventions that use
mobile phone applications to overcome malnutrition among preschoolers.

Methods: The review was conducted and reported according to the Preferred Reporting ltems for Systematic
reviews and Meta-Analyses: the PRISMA statement. To be eligible, the study had to have evaluated mobile phone
interventions to increase nutrition knowledge or enhance behavior related to nutrition in order to cope with
malnutrition (under nutrition or overweight) in preschoolers. Articles addressing other research topics, older
children or adults, review papers, theoretical and conceptual articles, editorials, and letters were excluded. The
PubMed, Web of Science and Scopus databases covering both medical and technical literature were searched for
studies addressing preschoolers” malnutrition using mobile technology.

Results: Seven articles were identified that fulfilled the review criteria. The studies reported in the main positive
signals concerning the acceptance of mobile phone based nutritional interventions addressing preschoolers.
Important infrastructural and technical limitations to implement mHealth in low and middle income countries
(LMICs) were also communicated, ranging from low network capacity and low access to mobile phones to specific
technical barriers. Only one study was identified evaluating primary anthropometric outcomes.

Conclusions: The review findings indicated a need for more controlled evaluations using anthropometric primary
endpoints and put relevance to the suggestion that cooperation between government organizations, academia,
and industry is necessary to provide sufficient infrastructure support for mHealth use against malnutrition in LMICs.
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Background

Malnutrition is one of the most important reasons for
child mortality in developing countries, especially during
the first 5 years of life. Malnutrition is a condition of de-
ficiency or excess of nutrients which leads to sensible
adverse effects on body composition and functionality
[1-3]. According to World Health Organization (WHO)
reports, 52 million children under 5 years of age are
wasted, 17 million are severely wasted and 155 million
are stunted, while 41 million are overweight or obese
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[4]. It is well known that early deficiencies in the intake
of nutrients not only have a negative influence on child
health and development, but it also reduces work effi-
ciency and leads to poor reproductive outcomes in adult
life through impaired immune response and susceptibil-
ity to infections, digestive problems, predisposing for
vicious cycles of recurring sickness, faltering growth and
diminished learning ability [5-8]. On the other hand,
children who are overweight during their pre-school
years tend to remain overweight throughout childhood
and adolescence, which increases the risk suffering of
cardiovascular disease, several forms of cancer, diabetes,
and other chronic illnesses [9, 10]. The causal chain
leading to malnutrition in early childhood is complex
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with a variety of direct and underlying contributors
including household access to food and the distribution
of this food within the household, inadequate maternal
and child care practices, and poor access to health-care
services [11, 12]. Knowledge of these factors is an essen-
tial prerequisite for determining intervention programs
addressing preschoolers malnutrition [13]. A recent re-
view of factors influencing information and communica-
tion technology (ICT) introduction in health services
showed that one main type of technology that has
been adopted by broad categories of healthcare users
and patients is mobile and cell phone technologies
and these kind of studies are going to be published
broadly [14, 15]. At present, mobile technologies
allow development of mHealth (mobile health) inter-
ventions that have promised to be a useful and
low-cost way to disseminate information about proper
nutrition and a critical source of motivation for be-
havioral change [16, 17]. A systematic review has in-
vestigated the effect sizes of pediatric obesity
intervention studies using of mobile technology within
the elementary school students. Based on four in-
cluded studies, analyses showed that the mobile inter-
ventions positively affected dropout rates, but had no
influence on  weight control, exercise, and
sugar-sweetened beverage intake [18]. Another sys-
tematic review of the effectiveness of using smart-
phones on child and adolescent overweight reported a
significant effect on Body Mass Index (BMI) z-scores
[19]. Furthermore, a recent review identified a
number of weight management applications developed
for children > 12 years. Most were free or inexpensive
to download and accordingly attractive for parents of
obese children. The investigations found the overall
quality of the application contents generally being
very poor and not based on credible dietary guideline
[20]. To our knowledge, no reviews have been conducted
on dietary interventions based on mobile phone applica-
tions addressing preschoolers’ malnutrition.

We set out to systematically review evaluations of in-
terventions that use mobile phone applications to over-
come malnutrition among preschoolers.

Methods

The review was conducted and reported according to
the Preferred Reporting Items for Systematic reviews
and Meta-Analyses: the PRISMA statement [21].

Inclusion and exclusion criteria

To be eligible in this review, the study had to have
evaluated mobile phone interventions to increase nutri-
tion knowledge or enhance behavior related to nutrition
in order to cope with malnutrition (under nutrition or
overweight) in preschoolers. Articles addressing other
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research topics, older children or adults, review papers,
theoretical and conceptual articles, editorials, and letters
were excluded.

Search strategy

A literature search procedure was carried out in March
2018 based upon bibliographic searches in the PubMed,
Web of Science and Scopus databases covering both
medical and technical literature. English-only articles
without any date restriction were identified using the
following MeSH terms: (“Child Nutrition Disorders” OR
Malnutrition OR “child Weight” OR “Pediatric
Thinness” OR “Pediatric Obesity” OR “Pediatric Feeding
Disorders”) AND (“Mobile Applications” OR smart-
phone OR “cell phones” OR “mobile phones” OR mobile
OR “portable software app”). Additionally the following
key journals in the health informatics sciences (Journal
of the American Medical Informatics Association,
International Journal of Medical Informatics, Journal of
Medical Internet Research, and Telemedicine and
e-Health) were manually searched to prevent the
likelihood of omitting relevant articles. The author, title,
journal, year of publication and abstract for each article
were compiled into a single EXCEL file. By removing
duplicates only 1775 articles remained.

Our initial search identified 296 titles from PubMed,
667 from Web of Science and 800 from Scopus; of these,
only seven articles met all search criteria (Fig. 1). The
references of the included studies were retained in a list
to further reduce the likelihood of missing relevant
articles. Finally, data were extracted and evaluated
(design, outcomes, sample size, duration of intervention
and advantages of and barriers to using mobile devices)
by three independent researchers. The results were
organized into four main emerging themes for clarity of
presentation.

Results

The seven articles fulfilling the review criteria reported
studies with designs ranging from case studies to RCTs.
All articles were published between 2015 and 2017. Four
of the reported interventions were conducted using a
mobile phone application, and two interventions used
the combination of SMS on mobile phone and an ICT
tool or face-to-face visit interventions. Table 1 shows the
main characteristics of the included publications.

Participants’ perceptions of mobile phone use for
nutritional counseling

The study participants that provided their perceptions of
issues and attitudes related to preschoolers feeding and
use of mobile phones were mainly mothers and health-
care workers.
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Fig. 1 Flow diagram of study selection

Mothers’ perceptions of nutritional counseling by mobile
phone

A study performed in a poor region of Sri Lanka
reported that only a small proportion of mothers to pre-
schoolers owned personal mobile phones or had access
to their husband’s mobile phone. Signal strength was dif-
ferent in various parts of the region and in some areas it
was very low. According to the women’s perception, they
were assured that nobody would disagree if they used a
mobile phone for purposes such as contacting the hus-
band and Public Health Midwives (PHM) or getting
health information. They stated that they used stationary
phones, and had not experienced any need to acquire a
mobile phone. The mothers were agree about receiving
health-related massages and reminders on Infant and
Young Child Feeding (IYCF) by phone and they were
willing to learn the new technology for the benefit of
their children [22]. Also from another study, the
mothers’ interventional behaviours were reported to be
affected by their opportunities, capabilities, and mo-
tivation. They tended to receive positive, affirming
and personalized messages [23]. This pattern was also
reflected in the Mobile-based Intervention Intended
to Stop Obesity in Preschoolers (MINISTOP) RCT,
where the mothers’ participation appetency was
slightly lower in the youngest age group and also
low-income families [24].

Health workers’ perceptions of nutritional counseling by
mobile phone use

Health workers in a poor region of developing country
(Sri Lanka) have been reported to perceive that mobile
messaging, voice or text, mainly should be a supplemen-
tary method to face-to-face interaction. They were not
sure about their capability of using the technology for
complex tasks, such as entering data, if required in a
mHealth initiative [22]. In comparison, in the work-up
for the Growing healthy study, Child health nurses were
found to be willing to learn from feedback provided by
the application. They also acknowledged that the con-
tent was consistent with concurrent guidelines and
agreed to refer parents to the application [23].

Technical and usability feedbacks

Technical issues were reported by mothers to make a
specific feature or an entire mobile phone barcode scan-
ner application impossible to use. These issues were
minor phone damage, installation failure, and features
with incorrect operation (bugs). A few mothers indicated
that dissatisfaction with the applications not being user
friendly also lessened their interest in the educational
content and alerts. However, the major problem with the
application was identified as barcode scanner incompati-
bility with Android phones. Some errors and updating
delay were also reported in database of WIC-approved
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(Women, Infants, and Children) items identified by the
grocery store chains. Moreover, the Yummy Snack
Gallery (designed to provide parents practical skills to
improve healthy dietary for children) gained high scores
on the measures such as ease of use, supportiveness,
efficiency, and satisfaction [25]. However, the collected
feedback results showed that several participants could
not continue the program because of low communica-
tion network availability in their region. The other bar-
riers to continued participation included, for example,
video deleted by error and inaccessibility to videos in
spouse’s mobile phone working out of town [26].

Factors affecting m-health intervention usage and adoption
A case study aimed to investigate associations between
mothers’ healthy lifestyle beliefs, perceived difficulty, and
healthy lifestyle behaviors with regards to their
overweight preschoolers. The results showed reverse re-
lationship between healthy lifestyle beliefs and perceived
difficulty to apply those behaviors. The study continually
assessed the correlation between lifestyle variables and
cognitive behavioral support through text messaging.
Stronger beliefs correlated with a lower tendency to re-
spond to the static SMS and automated feedback.
Similarly, less perceived difficulty was related to lower
reaction rate to the text messaging [27].

ICT systems acceptance is known to be associated with
challenges concerning technological and attitude aspects
[15]. In a large-scale requirements analysis addressing
information systems providing decision support with
regards to malnutrition issues, 50 respondents were se-
lected from the major sub-countries of western Uganda.
The study revealed significant weaknesses in available
ICT infrastructure and major challenges associated with
lack of a database technology and standardized means
for data collection [28].

Efficacy (impact) of m-health intervention on child weight
Only one study (MINISTOP) reported efficacy outcomes
from a controlled evaluation. The primary outcome was
Fat Mass Index (FMI). While the secondary outcome
was a combination of scores such as consumed fruits,
vegetables, candy, and sweetened beverages as well as
physical activity time span. However, the primary out-
come between the intervention and control groups had
no change but the intervention group could improve the
composite score ultimately. The children with a higher
FMI had been affected by the intervention more than
others because these children need it more [24].

Discussion

The review revealed from evaluations of mobile phone
based interventions to improve nutritional conditions
among preschoolers that although mobile communication
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is now part of the everyday life in most global settings, the
use of mHealth applications to provide health information
and care is still challenging. It has been pointed out that
the essential considerations for successful implementation
of mHealth innovations include consideration of local in-
frastructure and the importance of building supportive en-
vironments [29]. A key finding in our review is that
studies in low- and middle-income countries (LMICs),
reflecting impact from local conditions, reported infra-
structural and technical limitations to implement mHealth
ranging from low network capacity, inadequate distribu-
tion of signal strength, and low access to mobile phones
to specific technical barriers, such as delay in database up-
dating. These observations add relevance to the suggestion
that cooperation between government organizations,
academia, and industry is necessary to provide sufficient
infrastructure support for mHealth use in LMICs [30].

Another main result of our review is that only one
article [24], reporting a 6-month intervention involving
healthy Swedish children aged 4.5years via a smart-
phone application that provided educational informa-
tion, addressed primary outcomes. The authors found
no difference between the intervention and control
group concerning FMI measurements. This can be
resulted from several factors; one of them considered to
be inclusion of all kids regardless of baseline FMI, i.e.
also children with normal weight and body fat. The
mHealth interventions period was limited and these in-
terventions did not fundamentally change the anthropo-
metric measurements. However lifestyle were promoted
changes that may ultimately result in healthier body
composition. For providing mHealth interventions that
impact anthropometric outcomes among children and
adolescents, it is suggested that the duration of interven-
tions measuring BMI levels extend longer than 20 weeks
[31]. Moreover, it has been argued that a high quality
economic evaluations of public health intervention is
needed which can estimate costs and effects which looks
more responsive to the needs of the decision makers
using them [32-34]. Contrary to our expectations, none
of the included studies assessed the economics aspect of
the investigated health application in a clear way, but the
authors of one article indicated an economic evaluation
of the program will be performed in the future [23].

The main mechanism by which mobile phone
technologies support at risk of nutrition-related disor-
ders is by raising patient involvement and increasing
self-management abilities [35, 36]. The most frequent
barrier towards combating pediatric nutritional prob-
lems that was expressed by study practitioners was lack
of parent involvement [37]. But in contrast to adults
who can accept the responsibility of monitoring and
adjusting their own treatment, the liability of nutritional
interventions in preschoolers is by their parents [38, 39].
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Therefore, guidance in parenting methods and behav-
ioral management procedures should be considered as
key areas in mHealth interventions aimed at preventing
or treating children’s nutrition-related problems [37, 40].

Although the insights gained from our study provided
positive signals concerning the acceptance of mobile
phone based nutritional interventions addressing pre-
schoolers, obstacles such as lack of time, cost, support
staff, right referral resources, concern about parental re-
sponses, and lack of knowledge, skills and training in the
area were reported. For instance, sever variations in
compatibility between manufacturers affecting the use of
a barcode scanner, have been reported. As the solution,
the authors suggested use of the iPhone Operating Sys-
tem (iOS) platform, known seldom to be associated with
compatibility issues. It can thus be recommended that
logistic support, staff time, consumer preference, and
cost factors are investigated before starting mHealth
programs. Thoroughly understanding stakeholders’
utilization of mobile phones can be helpful in recogniz-
ing key indicators identified with feasibility and ideal
usage of such innovation to avert or potentially diminish
the rate of wellbeing related issues [41]. Several studies
have indicated generally positive attitudes toward
telecommunication and mHealth strategies [42, 43]. A
qualitative study among health care providers that sur-
veyed attitudes towards mHealth reported that potential
advantages of incorporating mHealth technology also
include the lessening of literacy obstructions, writing
mistakes and redundancy, and an expanded feeling of
privacy for the clients, even though significant concerns
expressed by providers included increased network
connectivity needs and liability for the devices [44].

In our review only one of the studies has used an
intervention that is relied on CBSB. mHealth tools have
the potential to become involved with users in real time
and in highly tailored ways to encourage healthy habits,
based on collection of personal data, gathered feedbacks
from the user and activity levels [45, 46]. There are some
concerns about incorporating evidence-based content
and theory-based strategies alongside promoting behav-
joral changes. Several investigators have suggested for
using of models to inform the design of Behavioral Inter-
vention Technologies (BITs) as a key strategy [47-51].
For example Fogg in his model introduced behavior as a
product of three factors: motivation, ability, and triggers
which must occur at the same moment, else the behav-
ior will not happen [49]. But in another study by David
C Mohr et al. these models have been said offer little in-
formation on how to design and implement BITs. So an
expansive hybrid framework that consolidates behavioral
standards with technological aspects has been suggested
by them. This framework can be helpful to connect the
fields of behavioral science and technology [52].
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Limitations

Limitations in this systematic review included a risk of
review bias. Important findings may have been over-
looked from excluded studies not published in English
or that involved mobile application interventions for
children and adolescents out of our age criteria. The
small number of available studies, especially randomized
controlled trials, limits this review. The use of applica-
tions for nutrition education is relatively new, and there
is much research to be done.

Conclusion

A key finding in our review is that studies in LMICs re-
ported important infrastructural and technical limita-
tions to implement mHealth ranging from low network
capacity, inadequate distribution of signal strength, and
low access to mobile phones to specific technical bar-
riers, such as delay in database updating. Also, only one
study was identified evaluating primary anthropometric
outcomes, indicating a need for more controlled studies
of these primary endpoints. The review findings put
relevance to the suggestion that cooperation between
government organizations, academia, and industry is
necessary to provide sufficient infrastructure support for
mHealth use in LMICs. They also point to a need for
enhanced strategies to motivate intervention participa-
tion by use of means such as newspaper and social
media advertisements, health workers advice, and motiv-
ational gifts.

While several review studies have examined the role of
mobile technology in nutritional interventions to pro-
mote proper diet and nutrition or to lose weight in
adults [10, 16, 53] and adolescents [19], to the best of
our knowledge, no reviews have focused on the role of
mobile for addressing malnutrition (both
under-nutrition and over-nutrition) issues for the sensi-
tive age group of preschoolers which is critical in their
growth and development. Furthermore, one featured
points of our study is an almost comprehensive
evaluation of the interventional articles in an extensive
domain including users’ perceptions, technical and
usability, usage and adoption factors and Efficacy of the
intervention, which can provide significant opportunities
for future research by concerning wide aspects.
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