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1. ABSTRACT

Introduction: Cultivating good child development creates long-term impact on the well-being of
the individual and society. The Amazon of Peru has high levels of many risk factors that are
associated with poor child development, including chronic malnutrition, anemia, and poor
educational opportunities. The use of ‘community health agents’ (CHA) can improve child
developmental outcomes through health promotion, referral to health services, and surveillance.
Information and communication technology can potentially increase the performance and impact
of CHAs. However, there is a knowledge gap in how ICTs can impact child development in diverse
settings, and the degree to which the programs can provide sustainable quality health services at
scale.

Methods and Analysis: The current study will evaluate the impact of a tablet-based application
(Child Health Education and Surveillance Tool — The CHEST) that intends to improve the
performance of CHAs during their home visits with children under 4. The CHEST will guide the CHAs
through the steps they need to follow to execute an effective home visit and provide videos and
images to help teach key health messages. The CHEST will organize their caseload and provide a
mechanism to record and report child health indicators. The impact will be evaluated through a
quasi-experimental cluster randomized controlled trial. The data will be analyzed with a difference-
in-difference estimation with the indicators of early childhood development, anemia, chronic
malnutrition, knowledge of healthy child-rearing practices, and utilization of local health services.
The study will be implemented in the Amazon region of Peru. The results of the study will provide
evidence on the potential of a digital health tool to improve child health and development
indicators in the region. The process evaluation with qualitative assessments will also be conducted
to identify barriers, strengths, and weaknesses of the program.

Ethics and Dissemination: The protocol and instruments were approved by the Institutional Ethics
Committee of the National Hospital of Mother and Children “San Bartolome” on Nov. 8, 2018 (IRB
Approval #15463-18). The Trial identifier and registry name are: ISRCTN43591826 Issue Date:
November 29, 2018. Original Protocol.

Keywords: mhealth, ICT, impact evaluation, maternal and child health, early childhood
development, community health workers, Peru, Amazon.

2. STRENGTHS AND LIMITATIONS

e The results of the study will provide evidence on the potential of a digital health tool to improve
the performance of community health agents

e The study will lend evidence to the effectiveness of community health agents to improve child
health and development indicators in the region.

e A process evaluation with qualitative assessments will be used to identify issues of
implementation and inform the implementation plan for scalability.

e The CHEST App will provide a surveillance mechanism that will allow for continuous feedback
on the use of the intervention tool and health status of the study group.

e The greatest limitation of the study is due to the difficulties inherent to evaluating early
childhood development by caregiver reporting.

3. BACKGROUND

In low and middle-low income countries millions of children under the age of 5 never reach their
cognitive, linguistic and socio-emotional potential (1,2). Chronic malnutrition, anemia and iodine
deficiency delay the physical and cognitive development of children, reduce their level of energy,
and weaken theirimmune system. Cognitive development can also be delayed by low levels of early
childhood stimulation (1,3). In the Peruvian Amazon there is a high prevalence of various risk factors
associated with developmental delay, especially in rural areas. A study conducted in 2017 showed
that the prevalence of developmental delay in the Amazon of Peru was 26.7% (4). In the Amazonian

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 24



Page 3 of 24

oNOYTULT D WN =

BMJ Open

department of Loreto, the prevalence of childhood anemia is 49.9% and chronic malnutrition is
23.6% (2017) (5). Those indicators are worse in indigenous communities (6-9).

The well-being of children in communities can be greatly increased by improving families’
understanding of healthy child-rearing practices. Health promotion strategies that establish an
intercultural dialogue with families do a better job at promoting healthy practices (10,11). A
program can train and support community members to conduct health promotion that can create
behavior changes and improve child development outcomes. Community Health Agents (CHA) can
play an essential role in reducing inequalities in health services by acting as a link between
communities and the local health services (11-13). The CHA can establish a warm relationship with
the caregiver, thus increasing the acceptance of health advice, improving the absorption of
knowledge and getting caregivers involved in the identification and resolution of their own health
problems (14-21). The positive impact of CHAs has been associated with a reduction in
malnutrition, anemia, malaria, cases of diarrhea, improved early childhood development, and other
health indicators (11,22,23). Therefore, understanding and improving the performance of CHA can
greatly enhance the health and well-being of communities (14,24-29).

Several studies have shown that a mobile information and communication technology (ICT) can
improve the performance of CHAs in their ability to perform health promotion, collect and report
timely information regarding family health, provide health services such as vaccines, and refer
families to appropriate local health services (30-36). Additionally, when an ICT tool is used by a
CHA, the device can increase the confidence the caregivers have in the messages being transmitted
and increase the confidence the CHAs have in their own work (30,31,35-38). Through
implementation science, innovations in ICT and maternal and child health can be adapted and
leveraged to enable local contexts and spread the benefit of advancements in technology (33,34).

A study on the performance of CHA in the Peruvian Amazon identified difficulties they face in their
work. They had difficulty providing a clear explanation of the causes of common diseases,
remembering essential steps of home visits, and diversifying the health topics that were discussed
(29). Studies have shown that a digital health tool could help CHA overcome the difficulties that
arise during a home visit. However, there is currently a knowledge gap on the impact that such an
intervention can have in diverse contexts, and how this type of technology can be best applied to
improve health promotion by CHAs (27,39-42). Therefore, the present study aims to demonstrate
the impact of a digital tool on CHA performance in the Peruvian Amazon and document the
implementation process for replicability.

4. HYPOTHESIS

The study hypothesizes that a digital tool developed for the local context will improve the capacity
of the CHA to transmit health messages to the caretakers, thus creating behavior change that will
lead to better health and cognitive development for the children. The hypothesis is based on a
theory of change that considers the potential outputs and outcomes that can be influenced by the
intervention (43). The theory of change is displayed in Figure 1.

Figure 1. Theory of Change

Based on the Theory of Change, the study has the following hypotheses:

H1: The digital health device will improve the performance of CHAs during their home visits with
children, as measured by doses, content, and inter-personal relationships.
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H2: Improved performance by CHAs will increase knowledge acquisition and healthy child-rearing
practices by care-givers.

H3: Improved knowledge and healthy practices by caregivers will improve the health and
development of the child that receive the intervention.

5. OBIJETIVOS
5.1. General Objective

The objective of the study is to evaluate the impact of the digital health tool (tablet with application)
on cognitive development and nutrition status of children aged 10 to 48 months compared to
children who receive home visits from CHA without the digital tool.

5.2. Specific Objectives

1. [Primary Objective] Improve child development scores in communication and gross motor
in children by 20% compared to the baseline measurement.

a. Children in the intervention group will experience a greater increase in child
development scores in communication and gross motor than children in the control
group (p <0.05).

2. Decrease the prevalence of anemia in children by 20% compared to the baseline
measurement.

a. to. Children in the intervention group will experience a greater reduction in the
prevalence of anemia than children in the control group (p <0.05)

3. Decrease the prevalence of chronic malnutrition in children by 15%, compared to the
baseline measurement.

a. Children in the intervention group will experience a greater reduction in the
prevalence of chronic malnutrition than children in the control group (p <0.05).

The intermediate outcomes of the intervention include indicators of behavior change by CHA and
families that have established causal connections with improved health and child development. The
intervention is expected to achieve the following intermediate results:

4. The caregivers of the intervention group will improve knowledge evaluation scores by 50%
compared to the baseline measurement.
a. Caregiversin the intervention group will score higher on the knowledge evaluation
than caregivers in the control group (p <0.05).
5. CHAs in the intervention group will improve their performance evaluation scores by 50%
compared to the baseline measurement.
a. The CHAs inthe intervention group will score higher on the performance evaluation
than the CHAs in the control group. (p <0.05).
6. The CHAs in the intervention group will score higher on a self-efficacy scale by 25% when
compared to the baseline measurement.
a. The CHAs in the intervention group will score higher on a self-efficacy scale than
the CHAs in the control group (p <0.05).
7. CHAs in the intervention group will increase the number of home visits per year by 25%
compared to the baseline data.
8. The caregivers of the intervention group will use the local health services for children's
health more frequently than the caregivers in the control group (p <0.05).
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6. METHODS
6.1. Study Design

The impact will be evaluated through a quasi-experimental cluster randomized controlled trial. Each
cluster represents a community and will be matched with a second cluster by propensity score
matching to create 1-1 pair matching. The propensity score will be determined by the size of the
community, type of health facility in the community, and distance to the department capitol. For
each cluster pair, one community will be randomly assigned to the intervention group and the other
to the control group. The randomization will be conducted through computer-generated random
numbers.

6.2. Location

The study will be implemented in the Amazon region of Peru. The study will be carried out in the
department of Loreto, province of Maynas, and districts of Mazan and Punchana. The district of
Mazan has a population of 13,779 (44), a prevalence of chronic malnutrition of 24.4% and a
prevalence of anemia at 39.1%, in 2017 (45). The capital of the district of Mazan is located
approximately one and a half hours by boat from the capitol city of the province, Iquitos. The district
of Punchana has a population of 91,128 (44), a prevalence of chronic malnutrition of 22.7% and a
prevalence of anemia of 39.9% (45). The capital of Punchana, is 20 minutes from the city of Iquitos.

The research team with the support of the Regional Ministry of Health of Loreto, will choose the
communities that will be included in the study after traveling to the communities to ensure they
meet the selection criteria. The study communities must have the following characteristics:

e Has an active CHA that visits families in their community.
e Is not a participant in another health related study.

e Islocated less than 6 hours from lquitos.

e Has at least 25 families and a maximum of 800 families.

6.3. Participants and Sample Size
The study population includes:

e 12 communities, 6 communities in the intervention group and 6 communities in the control

group.

e 24 CHAs, approximately, half CHAs in the intervention group and half CHAs in the control
group

e 200-400 children, approximately, half in the intervention group and one half in the control
group

All children between 0 - 36 months in the communities will receive visits from a CHA, in the
intervention and control group. However, only the CHAs in the intervention group will receive a
tablet with the application to assist their home visits. All the children in the intervention group will
have the opportunity to receive the intervention with the tablet.

To assess the impact of the intervention, a sample of the population will be chosen at random to
receive the evaluation. The inclusion criteria for the study sample are the following:

e Children who belong to one of the communities included in the study, aged 6 to 36

months.
e Primary caregiver of the child is older than 16 years.
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e The caregiver is willing to receive visits from the CHA.

The minimum age of children to be included in the impact evaluation is determined by the quality
of the early childhood development tools. Assessement of early childhood development is more
accurate with children older than 5 months (46). The maximum age of the children for the study is
determined by the CHS program, which limits home visits by CHA to children up to 36 months old.
The exclusion criteria for the study sample are:

e Families where the main caregiver or the child does not speak Spanish.
e Families that do not want to receive home visits from CHAs.
e Children with mental or physical disabilities.

Families that do not speak Spanish cannot be included because the study does not have appropriate
translators for indigenous languages. Children with disabilities will be excluded in the evaluation
because the cognitive development evaluation tool is not equipped to evaluate children with these
conditions. However, children with disabilities will still receive the intervention.

The sample size for the evaluation (of children and caregivers) was calculated to identify the effect
size on the primary outcome indicator, early childhood development. A study in the Amazon region
of Peru (2017) collected data to determine that the proportion of children that are at-risk for
developmental delay in communication or gross motor is 53.6% (data available in public repository)
(4). To calculate the minimal sample size needed, the following parameters were determined:

e Two-sided significance level: 0.05

e Power: 80%

e Proportion at-risk of developmental delay in control group: 53.6%

e Ratio of sample size, intervention/control group: 1:1

e Proportion at-risk of developmental delay in intervention group (predicted): 42.4%

The total sample size is 698 children under the age of 4; 349 in intervention group and 349 in control
group (Kelsey) (47). The study will add clusters until the desired sample size is reached. All
participants in each cluster will be included in the baseline and follow-up survey.

6.4. Instruments

To measure the impact of the intervention and understand the perspective of the users, a series of
instruments will be applied to the study participants. The instruments are early childhood
development, attitudes and practices questionnaire, knowledge evaluation, performance
evaluation of ACS, and collection of anemia and anthropometric indicators. Qualitative surveys will
also be used to evaluate the satisfaction of CHAs and caregivers in relation to the intervention.

The surveys and evaluations will be carried out in the homes of the participants. The researcher will
ask if a caregiver of a child within the age range is in the home, if so they will explain the study and
ask the caregiver if they want to participant and are willing to sign the informed consent. The
researcher will record the responses of the surveys and evaluation on a smart phone or electronic
tablet.

6.4.1.Evaluation of Early Childhood Development

Early childhood development can be effectively evaluated with an instrument that utilizes
caregiver-reported data to assess the ability of the child to perform age-relevant developmental
activities (46,48-51). The current study will use the Caregiver-Reported Early Development
Instrument (CREDI) to evaluate early childhood development (52,53). The CREDI has been validated
as an effective instrument to evaluate early childhood development and identify developmental
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delay, including low-resource settings in 17 countries (53). The CREDI is effective for large-scale,
population-wide studies because it requires less time, materials, and evaluator expertise than other
similar instruments (52).

The CREDI is conducted by asking the caregiver if the child is currently capable of completing a list
of age-appropriate activities, in which the caregiver can respond by indicating; yes, no, or | don’t
know. The CREDI will provide a developmental score and a classification that represents the child’s
development trajectory as; normal development or at risk of developmental delay. These
classifications will be used as the primary dependent variables of the study.

6.4.2.Attitudes and Practices Questionnaire

The study will use a quantitative questionnaire to measure the attitudes and practices of caregivers
that influence maternal and child health. The following topics are included in the questionnaire:
demographic information, safe pregnancy practices, dietary practices, prevention of ilinesses, early
childhood stimulation, and use of local health services. The questionnaire will be conducted with
all caregivers of the children included in the study. The questionnaire will take approximately 10
minutes.

6.4.3.Knowledge Evaluation

To assess the knowledge of caregivers of healthy practices for maternal and child health, an
instrument was built based on the literature (13,54-56). The Knowledge Evaluation asks the
caregiver questions regarding maternal and child health, nutrition, sanitation, and infectious
diseases. The questions are open-ended to give the caregiver the opportunity to provide multiple
answers that displays their knowledge of the topic.

The Knowledge Evaluation will take place directly after the Attitudes and Practices Questionnaire.
The Knowledge Evaluation will be scored by giving the participant 1 point for every correct answer
they provide. The correct answers will be added together to provide a total "Knowledge Score" for
the caregiver.

6.4.4. Performance Evaluation of CHAs

The Performance Evaluation of CHAs was based on an instrument built by the University of West
Indies and the Inter-American Development Bank to measure the quality of home visits by CHAs
(14). The Performance Evaluation includes questions related to the use of materials, activities,
promotion of early childhood development, relationship between CHA and caregivers, and
relationships between the CHA and the child. The Performance Evaluation was modified and
validated during a previous study in the Amazon region within the local CHA program. The
instrument provides further focus on health messages provided by the CHA and the needs of the
communities in the Amazon (29).

The conduct the performance evaluation, the researcher will accompany the CHA on their home
visit with a child to observe the home visit. The researcher will observe the home visit in silence,
trying not to influence the dynamic of the visit. The researcher will take notes during the visit and
complete the Performance Evaluation immediately after the conclusion of the home visit.

6.4.5.Survey of the Use of Local Health Services

The research team will survey the local health centers in the communities to obtain statistics
regarding the use of health services related to maternal and child health, including: child growth
monitoring check-ups, prenatal check-ups, immunization coverage, distribution of micronutrient
supplements, distribution of anti-parasitic medicine, and distribution of oral rehydration salts for
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diarrhea. The survey will be conducted with the nurse that conducts maternal and child health
evaluations at the health center. The survey will take approximately 15 minutes and can be filled
out independently by the health post representative.

6.4.6.Survey of Child Health Indicators

The CHEST application will be used to collect child health indicators by CHAs during their home
visits. The children have a card with information that was recorded during their growth monitoring
check-ups at the local health center, including height, weight, age, vaccines, and hemoglobin levels
(when tested). The CHA will observe the information written on the card and record it with the
CHEST application. The CHA will also ask additional questions regarding the health of the child,
including incidences of diarrhea, cough, fever, malaria and other illness. The data from the
application will be uploaded to the secured server when the CHA or supervisor has access to the
cellular network.

6.4.7.Questionnaire on Satisfaction and Self-Efficacy of CHA

The Questionnaire on Satisfaction and Self-Efficacy of CHA will be used to measure the degree
satisfaction and self-efficacy the CHAs have from using the CHEST application during their home
visits. The questions are both quantitative and qualitative. The CHAs will have the opportunity to
describe how the experience with the tablet could be improved.

6.4.8.Questionnaire on Satisfaction of Caregiver

The Questionnaire on Satisfaction of caregivers will be used to measure the degree satisfaction of
the caregivers that received the intervention. The questions are both quantitative and qualitative.
The caregivers will have the opportunity to describe what they like and don’t like about the use of
a tablet during the home visits.

6.5. Patient and Public Involvement

The study was created through formative research done in the same communities to identify their
needs and desires related to improving child health and development. A performance evaluation
study was conducted with the CHAs in the region by the author (29). In the study, the CHAs and
caregivers expressed their need and desire for more information regarding topics of health and
child development. The current intervention was created to address those needs.

The results of the study will be presented to the participants, including the community health
agents, caregivers, health facility personal, and Regional Ministry of Health in the form of a study
brief that indicates the results of each indicator collected. The results will be presented to the public
via publication of results in an international scientific journal.

Patients were not involved in the design or recruitment of the study.

7. INTERVENTION

The intervention includes the development and implementation of a tablet-based application
(CHEST) to improve the performance of the CHAs during their home visits. The CHAs will use the
CHEST Application during their home visits to teach caregivers good health practices and early
childhood stimulation. The application will provide the steps for the CHA to follow to conduct an
effective home visit. The application will include videos and images to show the caregiver to
transmit key health messages. Also, the application will organize the case load of children of the
CHA and will provide a mechanism to record maternal and child health indicators.

The intervention is described in the following five phases:
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7.1. Phase 1: Preparation of Material
7.1.1.Step-by-Step Agendas for Home Visits

The research team will work with the Regional Ministry of Health of Loreto to build agendas for
home visits by the CHAs. The health messages for the home visits are based on national and
international manuals for home visits by CHAs to teach maternal and child health and development
(57-60). The agendas include steps to follow by the CHA to provide a quality home visit and collect
child health indicators. The messages included in the agendas include; what nutritious foods should
be consumed by children, how to avoid diarrhea and other diseases, good practices of early
attention, and use of health services. There will be 1 agenda for each month of age of the child (1-
36 months).

7.1.2.Multimedia Material

The research team will generate multimedia material to be used in the application to transmit
health messages. The content will be designed to convey the health messages clearly within the
local culture in the Amazon. The material will include videos of people from the region acting out
health topics, instructional videos on early childhood stimulation, and animations that describes
health issues. In addition, the application will include educational images that have been developed
by the regional Ministry of Health of Loreto and other institutions.

7.2. Phase 2: Development of the Application

The research team will evaluate the mhealth applications that have been developed and are open
source to determine which will be best to adapt for the current project. The project will contract a
team of program developers to modify the open source application to fit the current objectives and
local context. The program developer will include the agendas, multimedia, and data collection
mechanisms in the application. The application will function without internet signal and protect all
information by password.

7.3. Phase 3: Baseline Data Collection

The research team will conduct the surveys and evaluations in the intervention and control
communities to obtain a baseline for the study. The instruments that will be applied for the baseline
survey include the Early Childhood Development Evaluation, Attitudes and Practices Questionnaire,
Knowledge Evaluation, Performance Evaluation of CHA, and Survey on the Use of Health Services.
The baseline survey will be completed before implementation beings in the intervention and
control communities.

7.4. Phase 4: Implementation of Intervention
7.4.1.Training Workshops

The research team will conduct training workshops with the CHAs in the intervention group to teach
them how to use the tablet and application. The workshops will occur during a period of 3 days, 4
hours per day. The leaders of the health facility and Regional Ministry of Health of Loreto will be
invited to participate in the workshops and in the supervision of the development of the project.

7.4.2. Distribution of Tablets

After the training workshops, the research team will give a tablet to each CHA in the intervention
communities. The CHAs will continue with their normal activities of conducting home visits with the
children in their caseload. The number of home visits will depend on the program that currently
exists in the community. The only change is that the CHAs will use the tablets during the home
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visits. The CHAs will be instructed to bring the tablet to local health center if they are having
problems with the tablet or to store the tablet in their home until a member of the monitoring team
visits their community.

7.4.3. Monitoring

The research team will supervise the work of the CHAs through observations of their home visits
and interviews with families and CHAs in the communities. The research team will visit the
communities every month during the first 4 months, and less frequently when they see that the
program is working as it should.

The team will also track activities of the CHAs through the data uploaded by the application. They
will be able to track the number of visits being conducted and the health indicators of the children.
If the tablet is not uploading data to the survey, the research team will visit the community to
identify the problem.

The local health facility will also have access to the data and will be able to identify if a child is at
risk of chronic malnutrition, chronic diarrhea and/or is not attending growth monitoring check-ups.

7.5. Phase 5: Evaluation of the Intervention

At the end of the intervention, the follow-up survey will be carried out in the intervention and
control communities. The instruments included in the follow-up survey include the Evaluation of
Early Childhood Development, Attitudes and Practices Questionnaire, Knowledge Test, Performance
Evaluation of CHA, Survey of Use of Health Services, Questionnaire on Satisfaction and Self-Efficacy
of CHA, and Questionnaire on Satisfaction of Caregivers.

The data gathered by the application will be used to evaluate the child heath indicators and the
number of home visits conducted.

8. DATA ANALYSIS

The quantitative data obtained in the surveys will be organized and analyzed with the statistical
software, Epi Info version 7.1.4.0 (61). The qualitative data will be organized and analyzed with the
program Atlas.ti (62). To carry out the impact analysis, four mathematical models will be used to
interpret the results, generating an optimal analysis to understand the interactions between the
variables. First, a descriptive analysis will be performed to compare indicators between the analysis
groups, including average and frequencies of the independent and dependent variables. Second, a
bivariate analysis with Chi-square test will be done to examine the associations between the
independent and the dependent variables. Third, a multivariate regression analysis will be used to
examine the interactions between the independent variables and the dependent variables. Fourth,
a difference-in-difference analysis will be used to calculate the impact of the intervention.

Impact = (Follow-up survey results in the intervention group — baseline survey results in intervention
group) - (Follow-up survey results in control group — baseline survey results in control group)

The difference-in-difference estimation will be conducted with each of the objective indicators:
early childhood development scores, prevalence of anemia, and prevalence of chronic malnutrition.

8.1. Data Monitoring

Data monitoring will be completed by the Data Monitoring Committee to ensure non-biased
handling and analysis of data obtained from baseline, monitoring, and follow-survey. The Data
Monitoring Committee will be made up of the team of experts that will be hired to create the
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content of the intervention and mentors that guided the research team. The Data Monitoring
Committee will each guard files of data at different time points so they can later be crossed
reference to ensure consistency. The Data Monitoring Committee will not include permanent
members of the sponsor organization or associates of the funding organization or anyone with
competing interest or incentive for the intervention to be successful.

The datasets generated during and/or analysed during the current study will be stored in the
publically available repository, figshare (https://figshare.com/). De-identified participant data,
including early childhood development evaluation scores, anemia results, chronic malnutrition
results, KAP survey results, and CHA performance evaluations, will be stored in the repository. The
data will be available through the repository for 10 years. Data from participants will only be made
available if consent was provided by the participant through the informed consent process.

9. ETHICAL CONSIDERATIONS

The investigation was approved by the Ethics Committee of the National Hospital "San Bartolomé"
on November 8, 2018 (Exp. Number 15463-18, Oficio N. 0744-2018-OADI-HONADOMANI-SB)

The investigation will include only those individuals that are willing and able to give their consent
to be included in the study. The participant must be able to understand the information presented
to them and voluntarily express their choice of whether they want to participate or not. The
caregivers must be over 15 years of age to participate in the study.

It will be clearly stated that participation in the study will not compromise the health of the
participants or violate any rights of the child. There will be no financial compensation for
participation in the study. No biological samples will be collected, nor any medical or
pharmacological treatments delivered in the research process. There are no possible adverse
effects associated with participation in the study. There is the possibility of generating discomfort
in the participants because the visits and surveys imply an investment of time. Given this,
participants will be informed about the amount of time involved for their participation in the survey
before signing the informed consent.

After completion of the child development evaluation the results will be immediately shared with
the caretaker along with recommendations of early childhood stimulation activities that could
benefit the child. Likewise, the results of the evaluations will be communicated to the health center
of the community with a copy of a list of the children who are at risk of developmental delay. The
child development evaluation represents a direct benefit to the participants in the intervention and
control group.

The results obtained from the study will be made publicly accessible through the publication of
finding and a report delivered to the local health authorities. The dataset will available in a public
data repository.

9.1. Informed consent for caregivers

The Informed Consent for Caregivers includes the description of the study, the participation of the
caregiver, the participation of the child, and the amount of time required to complete the survey.
The interviewer that conducts the questionnaires will ask for consent from the caregiver. If the
caregiver agrees to participate in the study, they will be asked to sign the Informed Consent form.
The caregiver will be provided a copy of the consent.
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9.2. Informed consent for CHA

The Informed Consent for CHAs includes a description of the study and the performance evaluation
that will be conducted with the CHA. The interviewer that conducts the questionnaires will ask for
consent from the CHA. If the CHA agrees to participate in the study, they will be asked to sign the
Informed Consent for CHA. The CHA will be offered a copy of the consent.

9.3. Data security

All data will be stored in a secure encrypted server that is protected by password. All identifiable
information in the data set will be deleted to make it impossible to link the data with the individual.
Information regarding contact information of CHAs will be stored on the secure server. There will
be no need to maintain identifies within the data because there will be no follow-up serves with
individuals. Members of the Data Monitoring Committee will ensure all identifiable information has
been removed from the data set.

9.4. Competing interests

The authors and members of the research team have no competing interest.

10.CHRONOLOGY

The study will last 24 months, beginning in October 2018 and ending in September 2020. The
schedule of activities can be found in Table 1.

Table 1: Schedule of Activities

Page 12 of 24

Activity

Sept ‘20 Apr | July

Oct | Nov Dec Jan‘19 | Feb | Mar Apr May June- | Oct-Jan | Feb- | May- | Aug,

‘20

Complete Ethics Committee

Protocol

Develop home visit agendas

Validate home visit material

Create videos

Develop Application

Validate Application

Recruit participants

Baseline Survey

Train CHAs

Deploy App

Monitoring

Final Evaluation

End of Project

10.1. Flow Diagram schedule of activities

The Flow Diagram in Table 2 describes when intervention allocation and assessments of the study
population will take place, in relation to the study activities.

Table 2: Flow Diagram

Study Period
Enrolment Allocation POSt'. Close-out
Allocation
TIMEPOINT -t 0 t, | b t,
ENROLMENT: | | | | |

12
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Eligibility screen of
inclusion and exclusion
criteria

Informed consent X

Allocation X

INTERVENTIONS:

Distribution of Tablet

L 4
L 4

Control group

<»
L 4

ASSESSMENTS:

Early childhood
development evaluation

X
X

X
P

Performance Evaluation

Knowledge, Attitudes, and X X
Practices Survey

Monitoring of Community
Health Agents X X X
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STANDARD PROTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TRIALS

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*
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Section/item Item Description

No

Addressed on
page number

Administrative information

Title 1
Trial registration 2a
2b
Protocol version 3
Funding 4
Roles and 5a
responsibilities 5h
5c
5d

Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym
Trial identifier and registry name. If not yet registered, name of intended registry

All items from the World Health Organization Trial Registration Data Set

Date and version identifier

Sources and types of financial, material, and other support

Names, affiliations, and roles of protocol contributors

Name and contact information for the trial sponsor

Role of study sponsor and funders, if any, in study design; collection, management, analysis, and
interpretation of data; writing of the report; and the decision to submit the report for publication, including
whether they will have ultimate authority over any of these activities

Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint
adjudication committee, data management team, and other individuals or groups overseeing the trial, if
applicable (see Item 21a for data monitoring committee)
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Introduction

Background and 6a
rationale

6b
Objectives 7
Trial design 8
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Description of research question and justification for undertaking the trial, including summary of relevant
studies (published and unpublished) examining benefits and harms for each intervention

Explanation for choice of comparators
Specific objectives or hypotheses

Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group),
allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory)

Methods: Participants, interventions, and outcomes

Study setting 9

Eligibility criteria 10

Interventions 11a
11b
11c
11d

Outcomes 12

Participant timeline 13

Description of study settings (eg, community clinic, academic hospital) and list of countries where data will
be collected. Reference to where list of study sites can be obtained

Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and
individuals who will perform the interventions (eg, surgeons, psychotherapists)

Interventions for each group with sufficient detail to allow replication, including how and when they will be
administered

Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose
change in response to harms, participant request, or improving/worsening disease)

Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence
(eg, drug tablet return, laboratory tests)

Relevant concomitant care and interventions that are permitted or prohibited during the trial

Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood
pressure), analysis metric (eg, change from baseline, final value, time to event), method of aggregation (eg,
median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen
efficacy and harm outcomes is strongly recommended

Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for
participants. A schematic diagram is highly recommended (see Figure)
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Sample size 14

Recruitment 15
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Estimated number of participants needed to achieve study objectives and how it was determined, including
clinical and statistical assumptions supporting any sample size calculations

Strategies for achieving adequate participant enrolment to reach target sample size

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence 16a
generation

Allocation 16b
concealment
mechanism

Implementation 16¢

Blinding (masking) 17a

17b

Method of generating the allocation sequence (eg, computer-generated random numbers), and list of any
factors for stratification. To reduce predictability of a random sequence, details of any planned restriction
(eg, blocking) should be provided in a separate document that is unavailable to those who enrol participants
or assign interventions

Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered,
opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are assigned

Who will generate the allocation sequence, who will enrol participants, and who will assign participants to
interventions

Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome
assessors, data analysts), and how

If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s
allocated intervention during the trial

Methods: Data collection, management, and analysis

Data collection 18a
methods

18b

Plans for assessment and collection of outcome, baseline, and other trial data, including any related
processes to promote data quality (eg, duplicate measurements, training of assessors) and a description of
study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if known.
Reference to where data collection forms can be found, if not in the protocol

Plans to promote participant retention and complete follow-up, including list of any outcome data to be
collected for participants who discontinue or deviate from intervention protocols
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Data management 19

Statistical methods 20a

20b
20c

Methods: Monitoring

Data monitoring 21a
21b

Harms 22

Auditing 23

Ethics and dissemination

Research ethics 24
approval

Protocol 25
amendments
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Plans for data entry, coding, security, and storage, including any related processes to promote data quality
(eg, double data entry; range checks for data values). Reference to where details of data management
procedures can be found, if not in the protocol

Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the
statistical analysis plan can be found, if not in the protocol

Methods for any additional analyses (eg, subgroup and adjusted analyses)

Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any
statistical methods to handle missing data (eg, multiple imputation)

Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of
whether it is independent from the sponsor and competing interests; and reference to where further details
about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not
needed

Description of any interim analyses and stopping guidelines, including who will have access to these interim
results and make the final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse
events and other unintended effects of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent
from investigators and the sponsor

Plans for seeking research ethics committee/institutional review board (REC/IRB) approval

Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes,
analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals,
regulators)
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interests
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Ancillary and post- 30
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Informed consent 32
materials
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Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and
how (see Item 32)

Additional consent provisions for collection and use of participant data and biological specimens in ancillary
studies, if applicable

How personal information about potential and enrolled participants will be collected, shared, and maintained
in order to protect confidentiality before, during, and after the trial

Financial and other competing interests for principal investigators for the overall trial and each study site

Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that
limit such access for investigators

Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial
participation

Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals,
the public, and other relevant groups (eg, via publication, reporting in results databases, or other data
sharing arrangements), including any publication restrictions

Authorship eligibility guidelines and any intended use of professional writers

Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code

Model consent form and other related documentation given to participants and authorised surrogates

Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular
analysis in the current trial and for future use in ancillary studies, if applicable
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*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items.
Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons
“Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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1. ABSTRACT

Introduction: Cultivating good child development creates long-term impact on the well-being of
the individual and society. The Amazon of Peru has high levels of many risk factors that are
associated with poor child development. The use of ‘community health agents’ (CHAs) can
potentially improve child development outcomes. Mobile information and communication
technology (ICT) can potentially increase the performance and impact of CHAs. However, there is a
knowledge gap in how mobile ICT can impact child development in low resource settings.
Methods and Analysis: The current study will evaluate the impact of a tablet-based application
(App) that intends to improve the performance of CHAs during their home visits with children under
4. The App will guide the CHAs through the steps of an effective home visit and provide images and
videos to help teach key health messages. The App will organize their caseload and provide a
mechanism to record and report child health indicators. The impact will be evaluated through an
experimental cluster randomized controlled trial. The clusters will be assigned to the intervention
or control group based on a covariate-constrained randomization method. The impact on child
development scores, anemia, and chronic malnutrition will be assessed with an analysis of
covariance (ANCOVA). Secondary outcomes of knowledge of healthy child-rearing practices, self-
efficacy, and use of health services will be compared between baseline and follow-up. The study
will be implemented in the Amazon region of Peru. The results of the study will provide evidence
on the potential of a mHealth tool to improve child health and development indicators in the region.
Ethics and Dissemination: The protocol and instruments were approved by the Institutional Ethics
Committee of the National Hospital of Mother and Children “San Bartolome” on Nov. 8, 2018 (IRB
Approval #15463-18). The trail is registered in the ISRCTN Registry at, ISRCTN43591826.

Keywords: mHealth, ICT, impact evaluation, maternal and child health, early childhood
development, community health workers, Peru, Amazon, community health workers.

2. ARTICLE SUMMARY
2.1. Strengths and Limitations of This Study

e The intermediate variables that will be assessed in the study will provide data on each step in
the theory of change. We will be able to evaluate each process that leads to the behavior
change.

e A process evaluation with qualitative assessments will be used to identify issues of
implementation and inform the implementation plan for scalability.

e The mHealth tool and the monitoring and evaluation strategy provides a surveillance
mechanism that will allow for continuous feedback on the use of the intervention tool and
health status of the study group.

e The baseline and survey strategy allow for the child development indicators, child health
indicators, knowledge evaluations, and social determinants surveys to be collected during one
visit, thus reducing the opportunity for error in data reporting, organizing, and analyzing.

Child development will be assessed by a parent reported survey. Although the instrument has
been shown to have high correlation to directly observed survey, there is more potential for
parent created biased.

3. BACKGROUND

In low and middle-low income countries millions of children under the age of 5 never reach their
cognitive, linguistic and socio-emotional potential (1,2). Chronic malnutrition, anemia and iodine
deficiency delay the physical and cognitive development of children, reduce their level of energy,
and weaken their immune system. Child development can also be delayed by low levels of early
childhood stimulation (1,3). In the Peruvian Amazon there is a high prevalence of various risk factors
associated with developmental delay, especially in rural areas. A study conducted in 2017 showed
that the prevalence of developmental delay in the Amazon of Peru was 26.7% (4). In the Amazonian
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department of Loreto, the prevalence of childhood anemia is 49.9% and chronic malnutrition is
23.6% (2017) (5). Those indicators are worse in indigenous communities (6-9).

The well-being of children in communities can be greatly increased by improving families’
understanding of healthy child-rearing practices. Health promotion strategies that establish an
intercultural dialogue with families do a better job at promoting healthy practices (10,11). A
program can train and support community members to conduct health promotion that can create
behavior changes and improve child development outcomes. Community Health Agents (CHAs) can
play an essential role in reducing inequalities in health services by acting as a link between
communities and the local health services (11-13). The CHA can establish a warm relationship with
the caregiver, thus increasing the acceptance of health advice, improving the absorption of
knowledge and getting caregivers involved in the identification and resolution of their own health
problems (14-21). The positive impact of CHAs has been associated with a reduction in
malnutrition, anemia, malaria, cases of diarrhea, improved child development, and other health
indicators (11,22,23). Therefore, understanding and improving the performance of CHAs can greatly
improve behavioral outcomes of caregivers, increase the utilization of local health services, and
enhance the overall health and well-being of communities (14,24-31).

Several studies have shown that a mobile information and communication technology (ICT) can
improve the performance of CHAs in their ability to perform health promotion, collect and report
timely information regarding family health, provide health services such as vaccines, and refer
families to appropriate local health services (32—39). Additionally, when a mobile ICT tool is used
by a CHA, the device can increase the confidence the caregivers have in the messages being
transmitted and increase the confidence the CHAs have in their own work (32,33,37,38,40,41).
Through implementation science, innovations in mobile ICTs and strategies for child health and
development can be extended to low resource settings to empower local actors and spread the
benefits of advancements in technology (35,36).

A study on the performance of CHAs in the Peruvian Amazon identified difficulties they face in their
work. They had difficulty providing a clear explanation of the causes of common diseases,
remembering essential steps of home visits, and diversifying the health topics that were discussed
(29). As described above, an mHealth tool could help the CHAs overcome some of the difficulties
they have in conducting an effective home visit. However, there is currently little evidence on the
impact of an mHealth tool when used as an educational device by CHAs to improve child
development (33). Additionally, there is a knowledge gap on the impact that an mHealth tool can
have when utilized by CHAs in rural regions of Peru. Therefore, the present study aims to
demonstrate the impact of an mHealth tool used for health promotion and surveillance by CHAs to
improve child development in the Peruvian Amazon.

4. HYPOTHESIS

The study hypothesizes that an mHealth tool and digital educational content developed for the local
context will improve the capacity of the CHAs to transmit health messages to the caretakers, thus
creating behavior change that will lead to better health and child development for the children. The
hypothesis is based on a theory of change that considers the potential outputs and outcomes that
are expected occur as a result of the intervention (42). The theory of change displayed in Figure 1
highlights the various components that are included in the tablet-based application and unfolds the
expected outcomes of each. The theory of change is presented as a comparison to the status-quo;
traditional CHA programs in Peru that use paper-based reporting and educational material.

Based on the Theory of Change, the study has the following hypotheses:
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H1: The mHealth tool will improve the performance of CHAs during their home visits with children,
as measured by doses, content, and inter-personal relationships.

H2: Improved performance by CHAs will increase knowledge acquisition and healthy child-rearing
practices by caregivers.

H3: Improved knowledge and healthy practices by caregivers will improve the health and
development of the children that receive the intervention.

5. OBIJECTIVES
5.1. Main Aim

The objective of the study is to evaluate the impact of the mHealth tool (tablet with application) on
child development and nutrition status of children aged 6 to 36 months compared to children who
receive home visits from CHA without the mHealth tool.

5.2. Primary Outcomes

1. [Primary Objective] Improve child development scores for the children in the intervention
group in the domains of language, cognition, gross motor, and social-emotional by 20%
compared to the children in the control group (p<0.05).

2. Decrease the prevalence of anemia in children by 20% compared to the baseline
measurement.

a. Children in the intervention group will experience a greater reduction in the
prevalence of anemia than children in the control group (p <0.05)

3. Decrease the prevalence of chronic malnutrition in children by 15%, compared to the
baseline measurement.

a. Children in the intervention group will experience a greater reduction in the
prevalence of chronic malnutrition than children in the control group (p <0.05).

5.3. Secondary Outcomes

The secondary outcomes of the intervention include indicators of behavior change by CHA and
families that have established causal connections with improved health and child development. The
intervention is expected to achieve the following secondary outcomes:

4. The caregivers of the intervention group will improve knowledge evaluation scores by 50%
compared to the baseline measurement.

5. CHAs in the intervention group will improve their performance evaluation scores by 50%
compared to the baseline measurement.

6. More than 50% of the CHAs in the intervention group will express improved satisfaction
and self-efficacy when compared to the baseline data.

7. The caregivers of the intervention group will use the local health services for children's
health more frequently than they did during the baseline.

6. METHODS
6.1. Study Design

The impact will be evaluated through an experimental cluster randomized controlled trial. Each
cluster represents a CHA because the children that receive visits from the same CHA must receive
the same intervention. Each cluster will be matched with a second cluster using covariate-
constrained randomization (43). Recruitment and baseline surveys will be conducted before
allocation to the intervention or control group for each cluster. The variables that will be used to

4
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 4 of 26



Page 5 of 26

oNOYTULT D WN =

BMJ Open

covariate-constrained randomization include: the size of the community, type of health facility in
the community, and distance to the nearest health center (level I-2), and prevalence of anemia. For
each cluster pair, one cluster will be randomly assigned to the intervention group and the other to
the control group. The covariate-constrained randomization will be conducted with an open-
sourced algorithm and the program, R (44).

6.2. Location

The study will be implemented in the Amazon region of Peru. The study will be carried out in the
department of Loreto, province of Maynas, and districts of Mazan, Punchana, and Indiana. The
district of Mazan has a population of 13,779 (45), a prevalence of chronic malnutrition of 24.4% and
a prevalence of anemia at 39.1%, in 2017 (46). The capital of the district of Mazan is located
approximately one and a half hours by boat from the capitol city of the province, Iquitos. The district
of Punchana has a population of 91,128 (45), a prevalence of chronic malnutrition of 22.7% and a
prevalence of anemia of 39.9% (46). The capital of Punchana, is 20 minutes from the city of Iquitos.
The district of Indiana has a population of 11,301 (45), a prevalence of chronic malnutrition of
22.4%, and a prevalence of anemia at 46.7%, in 2017(46). The capital of the district to Indiana is 1.5
hours by boat from the city of Iquitos.

The research team with the support of the Regional Ministry of Health of Loreto, will choose the
communities that will be included in the study after traveling to the communities to ensure they
meet the selection criteria. The study communities must have the following characteristics:

e Has an active CHA that visits families in their community.
e Is not a participant in another health related study.

e Islocated less than 6 hours from lquitos.

e Has at least 25 families and a maximum of 1500 families.

The communities must have an active CHA program for the study to be because we are measuring
the impact of included the mHealth tool in existing CHA programs. The community cannot be
participating in another study that includes an intervention that was/will be implemented due to
the confounding variables that would cause in our study and the other study. The communities
must be less than 6 hours from Iquitos due to budgetary restraints that hinder the research team’s
ability to consistently travel 6 or more hours to execute the study. The size limitation of the
community is required to ensure the study obtains a minimum number of children that are reached
per tablet/CHA.

6.3. Participants and Sample Size
The study population includes:

e 10-14 communities, half in the intervention group and half in the control group.
e 40-50 CHAs, half CHAs in the intervention group and half CHAs in the control group.
e 400-450 children, half in the intervention group and one half in the control group

All children between 0 - 36 months in the communities will receive visits from a CHA, in the
intervention and control group. However, only the CHAs in the intervention group will receive a
tablet with the application to assist their home visits. All the children in the intervention group will
have the opportunity to receive the intervention with the tablet.

To assess the impact of the intervention, a sample of the population will be chosen at random to
receive the evaluation. The inclusion criteria for the study sample are the following:
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e Children who belong to one of the communities included in the study, aged 6 to 36
months.

e Primary caregiver of the child is older than 15 years.

e The caregiver is willing to receive visits from the CHA.

The minimum age of children to be included in the impact evaluation is determined by the quality
of the early childhood development tools. Assessment of child development is more accurate with
children older than 5 months (47). The maximum age of the children for the study is determined by
the CHA program, which limits home visits by CHAs to children up to 36 months old. The minimum
age of the caregiver is 16 because that is the age determined by the communities and the local
ethics committee to be capable of giving an informed consent. It is important to capture
information from mothers below 18 years old because 39% of the mothers in the region have their
first child before the age of 17 (4). Caregivers that do not want to receive visits from CHAs will be
excluded because they will not receive the intervention, nor be included in the control group.

The exclusion criteria for the study sample are:

e Families where the main caregiver or the child does not speak Spanish.
e Families that do not want to receive home visits from CHAs.
e Children with mental or physical disabilities.

Families that do not speak Spanish cannot be included because the study does not have appropriate
translators for indigenous languages. Children with disabilities will be excluded in the evaluation
because the child development evaluation tool is not equipped to evaluate children with these
conditions. However, children with disabilities will still receive the intervention.

The sample size for the evaluation is calculated to measure the effect size on the primary outcome
indicator, child development. A study in the Amazon region of Peru (2017) determined that the
standard deviation of communication scores, determined by the Ages and Stages Questionnaire,
was 15.19 (4). The current study predicts a 20% increase in child development scores, which will
result in an effect size of 0.49 (average communication score was 37.48, a 20% increase is 44.98,
0.49 standard deviations) (data available in public repository) (4). To calculate the minimal sample
size needed, the following parameters were determined:

e Two-sided significance level: 0.05
e Power: 90%

e Effect Size: 0.49

e Avg. Cluster Size: 9

e Intra Cluster Correlation (ICC): 0.15
e Variance Inflation Factor (VIF): 2.2

The following calculation is used to determine the sample size:

N per group = [(Zajphg + Zpeta)* X 2 X SD?] = (1.96 +1.28)* x 2 x 15.19?
Expt’d diff 2 (15.19 x .49)?

The sample size per group (t-test) with no clusters would be 86. To control for the Intra-Cluster
Correlation (ICC), the per group sample size (86) is multiplied by the Variance Inflation Factor
(VIF=1+(Avg. Cluster Size—1)*ICC=2.2) to determine the minimal sample size to be 189 per group
(48). The study will include 21 clusters and 9 children and caregivers per cluster.
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6.4. Instruments

To measure the impact of the intervention and understand the perspective of the users, a series of
instruments will be applied to the study participants. The instruments include; evaluation of child
development, attitudes and practices questionnaire, knowledge evaluation, performance
evaluation of CHAs, and collection of anemia and anthropometric indicators. Qualitative surveys
will also be used to evaluate the satisfaction of CHAs and caregivers in relation to the intervention.

The questionnaires and evaluations will be carried out in the homes of the participants. The
researcher will ask if a caregiver of a child within the age range is in the home, if so they will explain
the study and ask the caregiver if they want to participant and are willing to sign the informed
consent. The researcher will record the responses of the questionnaires and evaluation on a smart
phone or electronic tablet.

6.4.1.Evaluation of Child Development

Child development can be effectively evaluated with an instrument that utilizes caregiver-reported
data to assess the ability of the child to perform age-relevant developmental activities (47,49-52).
The current study will use the Caregiver-Reported Early Development Instrument (CREDI) to
evaluate child development (53,54). The CREDI has been validated as an effective instrument to
evaluate child development, including low-resource settings in 17 countries (54). The CREDI is
effective for large-scale, population-wide studies because it requires less time, materials, and
evaluator expertise than other similar instruments (53).

The CREDI is conducted by asking the caregiver if the child is currently capable of completing a list
of age-appropriate activities, in which the caregiver can respond by indicating; yes, no, or | don’t
know. The CREDI will provide a developmental score and a classification that represents the child’s
development trajectory as; normal development or at risk of developmental delay. These
classifications will be used as the primary dependent variables of the study.

6.4.2.Attitudes and Practices Questionnaire

The study will use a quantitative questionnaire to measure the attitudes and practices of caregivers
that influence maternal and child health. The following topics are included in the questionnaire:
demographic information, safe pregnancy practices, feeding practices, prevention of ilinesses, early
childhood stimulation, and use of local health services. The questionnaire will be conducted with
all caregivers of the children included in the study. The questionnaire will take approximately 10
minutes.

6.4.3.Knowledge Evaluation

To assess the knowledge of caregivers of healthy practices for maternal and child health, an
instrument was built based on the literature (13,55-57). The Knowledge Evaluation asks the
caregiver questions regarding maternal and child health, nutrition, sanitation, and infectious
diseases. The questions are open-ended to give the caregiver the opportunity to provide multiple
answers that displays their knowledge of the topic.

The Knowledge Evaluation will take place directly after the Attitudes and Practices Questionnaire.
The Knowledge Evaluation will be scored by giving the participant 1 point for every correct answer
they provide. The correct answers will be added together to provide a total "Knowledge Score" for
the caregiver.
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6.4.4. Performance Evaluation of CHAs

The Performance Evaluation of CHAs was based on an instrument built by the University of West
Indies and the Inter-American Development Bank to measure the quality of home visits by CHAs
(14). The Performance Evaluation includes questions related to the use of materials, activities,
promotion of child development, relationship between CHA and caregivers, and relationships
between the CHA and the child. The Performance Evaluation was modified and validated during a
previous study in the Amazon region within the local CHA program. The instrument provides further
focus on health messages provided by the CHA and the needs of the communities in the Amazon
(29).

The conduct the performance evaluation, the researcher will accompany the CHA on their home
visit with a child to observe the home visit. The researcher will observe the home visit in silence,
trying not to influence the dynamic of the visit. The researcher will take notes during the visit and
complete the Performance Evaluation immediately after the conclusion of the home visit.

6.4.5.Survey of the Use of Local Health Services

The research team will survey the local health centers in the communities to obtain statistics
regarding the use of health services related to maternal and child health, including: child growth
monitoring check-ups, prenatal check-ups, immunization coverage, distribution of micronutrient
supplements, distribution of anti-parasitic medicine, and distribution of oral rehydration salts for
diarrhea. The survey will be conducted with the nurse that conducts maternal and child health
evaluations at the health center. The survey will take approximately 15 minutes and can be filled
out independently by the health post representative.

6.4.6.Survey of Child Health Indicators

The CHEST application will be used to collect child health indicators by CHAs during their home
visits. The children have a card with information that was recorded during their growth monitoring
check-ups at the local health center, including height, weight, age, vaccines, and hemoglobin levels
(when tested). The CHA will observe the information written on the card and record it with the
CHEST application. The CHA will also ask additional questions regarding the health of the child,
including incidences of diarrhea, cough, fever, malaria and other illness. The data from the
application will be uploaded to the secured server when the CHA or supervisor has access to the
cellular network.

6.4.7.Questionnaire on Satisfaction and Self-Efficacy of CHAs

The Questionnaire on Satisfaction and Self-Efficacy of CHAs will be used to measure the degree
satisfaction and self-efficacy the CHAs have from using the CHEST application during their home
visits. The questions are both quantitative and qualitative. The CHAs will have the opportunity to
describe how the experience with the tablet could be improved.

6.4.8.Questionnaire on Satisfaction of Caregiver

The Questionnaire on Satisfaction of caregivers will be used to measure the degree satisfaction of
the caregivers that received the intervention. The questions are both quantitative and qualitative.
The caregivers will have the opportunity to describe what they like and don’t like about the use of
a tablet during the home visits.

6.5. Patient and Public Involvement

The study was created through formative research done in the same communities to identify their
needs and desires related to improving child health and development. A performance evaluation
study was conducted with the CHAs in the region by the author (29). In the study, the CHAs and
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caregivers expressed their need and desire for more information regarding topics of health and
child development. The current intervention was created to address those needs.

The results of the study will be presented to the participants, including the community health
agents, caregivers, health facility personal, and Regional Ministry of Health in the form of a study
brief that indicates the results of each indicator collected. The results will be presented to the public
via publication of results in an international scientific journal.

Patients were not involved in the design or recruitment of the study.

7. INTERVENTION

The intervention includes the development and implementation of a tablet-based application
(CHEST) to improve the performance of the CHAs during their home visits. The CHAs will use the
CHEST Application during their home visits to teach caregivers good health practices and early
childhood stimulation. The application will provide the steps for the CHA to follow to conduct an
effective home visit. The application will include videos and images to show the caregiver to
transmit key health messages. Also, the application will organize the case load of children of the
CHA and will provide a mechanism to record maternal and child health indicators.

The intervention is described in the following five phases:

7.1. Phase 1: Preparation of Material
7.1.1.Step-by-Step Agendas for Home Visits

The research team will work with the Regional Ministry of Health of Loreto to build agendas for
home visits by the CHAs. The health messages for the home visits are based on national and
international manuals for home visits by CHAs to teach maternal and child health and development
(58-61). The agendas include steps to follow by the CHA to provide a quality home visit and collect
child health indicators. The messages included in the agendas include; what nutritious foods should
be consumed by children, how to avoid diarrhea and other diseases, good practices of early
attention, and use of health services. There will be 1 agenda for each month of age of the child (1-
36 months).

7.1.2.Multimedia Material

The research team will generate multimedia material to be used in the application to transmit
health messages. The content will be designed to convey the health messages clearly within the
local culture in the Amazon. The material will include videos of people from the region acting out
health topics, instructional videos on early childhood stimulation, and animations that describes
health issues. In addition, the application will include educational images that have been developed
by the regional Ministry of Health of Loreto and other institutions.

7.2. Phase 2: Development of the Application

The research team will evaluate the mHealth applications that have been developed and are open
source to determine which will be best to adapt for the current project. The project will contract a
team of program developers to modify the open source application to fit the current objectives and
local context. The program developer will include the agendas, multimedia, and data collection
mechanisms in the application. The application will function without internet signal and protect all
information by password.
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7.3. Phase 3: Baseline Data Collection

The research team will conduct the surveys and evaluations in the intervention and control
communities to obtain a baseline for the study. The instruments that will be applied for the baseline
survey include the Child Development Evaluation, Attitudes and Practices Questionnaire,
Knowledge Evaluation, Performance Evaluation of CHA, and Survey on the Use of Health Services.
The baseline survey will be completed before implementation beings in the intervention and
control communities.

7.4. Phase 4: Implementation of Intervention
7.4.1.Training Workshops

The research team will conduct training workshops with the CHAs in the intervention group to teach
them how to use the tablet and application. The workshops will occur during a period of 3 days, 4
hours per day. The leaders of the health facility and Regional Ministry of Health of Loreto will be
invited to participate in the workshops and in the supervision of the development of the project.

7.4.2. Distribution of Tablets

After the training workshops, the research team will give a tablet to each CHA in the intervention
communities. The CHAs will be instructed to bring the tablet to local health center if they are having
problems with the tablet or to store the tablet in their home until a member of the monitoring team
visits their community. A supervisor of the CHA program will visit the CHAs to ensure the App is
being used and functioning correctly.

7.4.3. The Intervention

The CHAs will continue to conduct home visits with the children in their caseload the same as before
the distribution of the tablets. The only change is that the CHAs will use the tablets during the home
visits. The number of home visits depends on the demands placed by the community and the
motivation of the individual CHA. The CHAs in the communities typically conduct 1-4 home visits
per month with children aged 0-36 months. The CHAs are instructed to teach the caregivers good
sanitation, nutrition, and child development practices.

The CHAs will use the tablet-based app to visualize the health indicators of the children in their
caseload, record health indicators of the child during each visit, observe and chare images and
videos that will help teach health and development messaging, and send data to a central database.
The App will guide the CHA through each step of the home visit. The supervisor of the CHA program
will visit the CHAs to ensure they can upload their data to the database. This include, in some cases,
carrying the tablet to a community that has signal to upload the data.

7.4.4.Monitoring

The research team will supervise the work of the CHAs through observations of their home visits
and interviews with families and CHAs in the communities. The research team will visit the
communities every month during the first 4 months, and less frequently when they see that the
program is working as it should.

The team will also track activities of the CHAs through the data uploaded by the application. They
will be able to track the number of visits being conducted and the health indicators of the children.
If the tablet is not uploading data to the survey, the research team will visit the community to
identify the problem.

The local health facility will also have access to the data and will be able to identify if a child is at
risk of chronic malnutrition, chronic diarrhea and/or is not attending growth monitoring check-ups.
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7.5. Phase 5: Evaluation of the Intervention

At the end of the intervention, the follow-up survey will be carried out in the intervention and
control communities. The instruments included in the follow-up survey include the Evaluation of
Child Development, Attitudes and Practices Questionnaire, Knowledge Test, Performance
Evaluation of CHA, Survey of Use of Health Services, Questionnaire on Satisfaction and Self-Efficacy
of CHA, and Questionnaire on Satisfaction of Caregivers.

The data gathered by the application will be used to evaluate the child heath indicators and the
number of home visits conducted.

8. DATA ANALYSIS

The quantitative data obtained in the surveys will be organized and analyzed with the statistical
software, Epi Info version 7.1.4.0 (62). The qualitative data will be organized and analyzed with the
program Atlas.ti (63). To carry out the impact analysis, four mathematical models will be used to
interpret the results, generating an optimal analysis to understand the interactions between the
variables. First, a descriptive analysis will be performed to compare indicators between the analysis
groups, including average and frequencies of the independent and dependent variables. Second, a
bivariate analysis with Chi-square test will be done to examine the associations between the
independent and the dependent variables. Third, a multivariate regression analysis will be used to
examine the interactions between the independent variables and the dependent variables. Fourth,
an analysis of covariance (ANCOVA) regression method will be used to calculate the impact of the
intervention (43).

The secondary outcomes will be evaluated by comparing the indicators measured during the follow-
up survey with the indicators measured during the baseline survey using descriptive statistics. The
indicators will be compared by their average scores and frequency.

8.1. Data Monitoring

Data monitoring will be completed by the Data Monitoring Committee to ensure non-biased
handling and analysis of data obtained from baseline, monitoring, and follow-survey. The Data
Monitoring Committee will be made up of the team of experts that will be hired to create the
content of the intervention and mentors that guided the research team. The Data Monitoring
Committee will each guard files of data at different time points so they can later be crossed
reference to ensure consistency. The Data Monitoring Committee will not include permanent
members of the sponsor organization or associates of the funding organization or anyone with
competing interest or incentive for the intervention to be successful.

8.1. Data security

All data will be stored in a secure encrypted server that is protected by password. All identifiable
information in the data set will be deleted to make it impossible to link the data with the individual.
Information regarding contact information of CHAs will be stored on the secure server. There will
be no need to maintain identifies within the data because there will be no follow-up serves with
individuals. Members of the Data Monitoring Committee will ensure all identifiable information has
been removed from the data set.
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9. ETHICAL CONSIDERATIONS

The investigation was approved by the Ethics Committee of the National Hospital "San Bartolomé"
on November 8, 2018 (Exp. Number 15463-18, Oficio N. 0744-2018-OADI-HONADOMANI-SB)

The investigation will include only those individuals that are willing and able to give their consent
to be included in the study. The participant must be able to understand the information presented
to them and voluntarily express their choice of whether they want to participate or not. The
caregivers must be over 15 years of age to participate in the study.

It will be clearly stated that participation in the study will not compromise the health of the
participants or violate any rights of the child. There will be no financial compensation for
participation in the study. No biological samples will be collected, nor any medical or
pharmacological treatments delivered in the research process. There are no possible adverse
effects associated with participation in the study. There is the possibility of generating discomfort
in the participants because the visits and surveys imply an investment of time. Given this,
participants will be informed about the amount of time involved for their participation in the survey
before signing the informed consent.

After completion of the child development evaluation the results will be immediately shared with
the caretaker along with recommendations of early childhood stimulation activities that could
benefit the child. Likewise, the results of the evaluations will be communicated to the health center
of the community with a copy of a list of the children who are at risk of developmental delay. The
child development evaluation represents a direct benefit to the participants in the intervention and
control group.

The research team will monitor the intervention for the at least 12 months to ensure the CHAs
receive support, and the tablets receive maintenance or are replaced if need. The CHAs will also
have the opportunity to opt-out of the intervention at any time, thus returning to their traditional
methods of reporting and health promotion. After 12 months, the program will be handed over to
the appropriate local government agency, but continue to provide support as needed.

The results obtained from the study will be made publicly accessible through the publication of
finding and a report delivered to the local health authorities. The dataset will available in a public
data repository.

9.1. Informed consent for caregivers

The Informed Consent for Caregivers includes the description of the study, the participation of the
caregiver, the participation of the child, and the amount of time required to complete the survey.
The interviewer that conducts the questionnaires will ask for consent from the caregiver. If the
caregiver agrees to participate in the study, they will be asked to sign the Informed Consent form.
The caregiver will be provided a copy of the consent.

9.2. Informed consent for CHA

The Informed Consent for CHAs includes a description of the study and the performance evaluation
that will be conducted with the CHA. The interviewer that conducts the questionnaires will ask for
consent from the CHA. If the CHA agrees to participate in the study, they will be asked to sign the
Informed Consent for CHAs. The CHA will be offered a copy of the consent.

9.1. Consent to Publish

There will be no identifying images, personal details, or clinical details of participants presented
that will compromise the anonymity of the participants in the study.
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10.CONCLUSIONS

The results of the study will provide evidence on the potential of a mHealth tool to improve child
health and development indicators in the region. The process evaluation with qualitative
assessments will also be conducted to identify barriers, strengths, and weaknesses of the program.

11.ABBREVIATIONS

CHA — community health agents

CHEST — Child Health Education and Surveillance Tool
CREDI — Caregiver-Reported Early Development Instrument
ICT — Information and communication technology

12. DECLARATIONS
12.1. Availability of data and materials

The datasets generated during and analysed during the current study will be stored in the publically
available repository, figshare (https://figshare.com/). De-identified participant data, including child
development evaluation scores, anemia results, chronic malnutrition results, KAP survey results,
and CHA performance evaluations, will be stored in the repository. The data will be available
through the repository for 10 years. Data from participants will only be made available if consent
was provided by the participant through the informed consent process.

12.2. Competing interests

The authors and members of the research team have no competing interest.

12.3. Communication of Trail Results

The results of the study will be presented to the participants, including the community health
agents, caregivers, health facility personal, and Regional Ministry of Health in the form of a study
brief that indicates the results of each indicator collected. The study brief will be written and
described in a manner that is intelligible for the target population. The CHAs will be asked to
distribute the brief and describe the findings to the individual families in their caseload.

The results will be presented to the public via publication of results in an international scientific
journal. The research team will also seek opportunities to present the results in national and
international conferences to disseminate findings.

12.4. FUNDING

The study is funded by the grant, Saving Brains, by Grand Challenges, Canada. The funding source
had no role in the design of this study and will not have any role during its execution, analyses,
interpretation of the data, or decision to submit results.

12.5. AUTHOR CONTRIBUTIONS

CW conceived of the study. CW and NR contributed to the writing and revision of the protocol. PM
provided advisory on study design. All authors contributed to refinement of the study protocol and
approved the final manuscript.
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13.CHRONOLOGY

The study will last 24 months, beginning in October 2018 and ending in September 2020. The

schedule of activities can be found in Table 1.

Table 1: Schedule of Activities
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Activity

Complete Ethics Committee
Protocol

Develop home visit agendas

Validate home visit material

Create videos

Develop Application

Validate Application

Recruit participants

Baseline Survey

Train CHAs

Deploy App

Monitoring

Final Evaluation

End of Project

13.1.

Flow Diagram schedule of activities

The Flow Diagram in Table 2 describes when intervention allocation and assessments of the study
population will take place, in relation to the study activities.

Table 2: Flow Diagram

Study Period

Enrolment

Allocation

Post-
Allocation

Close-out

TIMEPOINT

-t

0

t, |t

t

ENROLMENT:

Eligibility screen of
inclusion and exclusion

criteria

Informed consent

Allocation

INTERVENTIONS:
Distribution of Tablet

Control group

L 4

L 4

L 4

&

ASSESSMENTS:
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1

2 Child development

z evaluation X X

5 Performance Evaluation X X

6 Knowledge, Attitudes, and X X

7 Practices Survey

8 Monitoring of Community

9 Health Agents X X X

10

11

12 14.TRAIL SPONSOR

13

14 Trail Sponsor: Elementos

15 Contact Name: Christopher Westgard

16 Address: Jiron Domeyer, Barranco, Lima, Peru

17 Telephone: +51927980400

13 Email: cmwestgard@gmail.com
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1. ABSTRACT

Introduction: Cultivating child health and development creates long-term impact on the well-being
of the individual and society. The Amazon of Peru has high levels of many risk factors that are
associated with poor child development. The use of ‘community health agents’ (CHAs) has been
shown to be a potential solution to improve child development outcomes. Additionally, mobile
information and communication technology (ICT) can potentially increase the performance and
impact of CHAs. However, there is a knowledge gap in how mobile ICT can be deployed to improve
child development in low resource settings.

Methods and Analysis: The current study will evaluate the impact of a tablet-based application that
intends to improve the performance of CHAs during their home visits with children under 4. The
App will guide the CHAs through the steps of an effective home visit and provide images and videos
to teach key health messages. The App will organize their caseload and provide a mechanism to
record child health indicators. The impact will be evaluated through an experimental cluster
randomized controlled trial. The clusters will be assigned to the intervention or control group based
on a covariate-constrained randomization method. The impact on child development scores,
anemia, and chronic malnutrition will be assessed with an analysis of covariance (ANCOVA). The
secondary outcomes include knowledge scores by caregivers of healthy child-rearing practices, self-
efficacy, and use of health services. The study will be implemented in the Amazon region of Peru.
The results of the study will provide evidence on the potential of a mHealth tool to improve child
health and development indicators in the region.

Ethics and Dissemination: The protocol and instruments were approved by the Institutional Ethics
Committee of the National Hospital “San Bartolome” on Nov. 8, 2018 (IRB Approval #15463-18).
The trial is registered in the ISRCTN Registry at, ISRCTN43591826.

Keywords: mHealth, ICT, implementation science, impact evaluation, maternal and child health,
early childhood development, anemia, malnutrition, community health workers, Peru, Amazon.

2. ARTICLE SUMMARY
2.1. Strengths and Limitations of This Study

e Theintermediate variables will be assessed to measure the behavior changes that occurs along
the theory of change. The study will be able to evaluate the various mediator variables that are
expected to contribute to the final objective.

e A process evaluation with qualitative assessments will be used to identify issues of
implementation and inform the implementation plan for scalability.

e The mHealth tool and the monitoring and evaluation strategy provides a surveillance
mechanism that will allow for continuous feedback on the use of the intervention tool and
health status of the study group.

e Child development will be assessed by a parent reported survey. Although the instrument has
been shown to have high correlation to directly observed survey, there is more potential for
parent created biased.

e The secondary outcomes that measure changes of the CHAs will be underpowered due to
limitations in the sample size of CHAs.

3. BACKGROUND

In low and middle-low income countries millions of children under the age of 5 never reach their
cognitive, linguistic and socio-emotional potential (1,2). Chronic malnutrition, anemia and iodine
deficiency delay the physical and cognitive development of children, reduce their level of energy,
and weaken their immune system. Child development can also be delayed by low levels of early

2
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childhood stimulation (1,3). In the Peruvian Amazon there is a high prevalence of various risk factors
associated with developmental delay, especially in rural areas. A study conducted in 2017 showed
that the prevalence of developmental delay in the Amazon of Peru was 26.7% (4). In the Amazonian
department of Loreto, the prevalence of childhood anemia is 49.9% and chronic malnutrition is
23.6% (2017) (5). Those indicators are worse in indigenous communities (6-9).

The well-being of children in communities can be greatly increased by improving families’
understanding of healthy child-rearing practices. Health promotion strategies that establish an
intercultural dialogue with families do a better job at promoting healthy practices (10,11). A
program can train and support community members to conduct health promotion that can create
behavior changes and improve child development outcomes. Community Health Agents (CHAs) can
play an essential role in reducing inequalities in health services by acting as a link between
communities and the local health services (11-13). The CHA can establish a warm relationship with
the caregiver, thus increasing the acceptance of health advice, improving the absorption of
knowledge and getting caregivers involved in the identification and resolution of their own health
problems (14-21). The positive impact of CHAs has been associated with a reduction in
malnutrition, anemia, malaria, cases of diarrhea, improved child development, and other health
indicators (11,22,23). Therefore, understanding and improving the performance of CHAs can greatly
improve behavioral outcomes of caregivers, increase the utilization of local health services, and
enhance the overall health and well-being of communities (14,24-31).

Several studies have shown that a mobile information and communication technology (ICT) can
improve the performance of CHAs in their ability to perform health promotion, collect and report
timely information regarding family health, provide health services such as vaccines, and refer
families to appropriate local health services (32—39). Additionally, when a mobile ICT tool is used
by a CHA, the device can increase the confidence the caregivers have in the messages being
transmitted and increase the confidence the CHAs have in their own work (32,33,37,38,40,41).
Through implementation science, innovations in mobile ICTs and strategies for child health and
development can be extended to low resource settings to empower local actors and spread the
benefits of advancements in technology (35,36).

A study on the performance of CHAs in the Peruvian Amazon identified difficulties they face in their
work. They had difficulty providing a clear explanation of the causes of common diseases,
remembering essential steps of home visits, and diversifying the health topics that were discussed
(29). As described above, an mHealth tool could help the CHAs overcome some of the difficulties
they have in conducting an effective home visit. However, there is currently little evidence on the
impact of an mHealth tool when used as an educational device by CHAs to improve child
development (33). Additionally, there is a knowledge gap on the impact that an mHealth tool can
have when utilized by CHAs in rural regions of Peru. Therefore, the present study aims to
demonstrate the impact of an mHealth tool used for health promotion and surveillance by CHAs to
improve child development in the Peruvian Amazon.

4. HYPOTHESIS

The study hypothesizes that an mHealth tool with digital educational content developed for the
local context will improve the capacity of the CHAs to transmit health messages to the caretakers,
thus creating behavior change that will lead to better health and child development outcomes for
the children. The hypothesis is based on a theory of change that tracks the mediating variables and
considers the potential outputs and outcomes that are expected occur as a result of the
intervention (42). The theory of change displayed in Figure 1 highlights the various components
that are included in the tablet-based application and unfolds the expected outcomes of each. The
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theory of change is presented as a comparison to the status-quo; traditional CHA programs in Peru
that use paper-based reporting and educational material.

Based on the Theory of Change, the study has the following hypotheses:

H1: The mHealth tool will improve the performance of CHAs during their home visits with children,
as measured by doses, content, and inter-personal relationships.

H2: Improved performance by CHAs will increase knowledge acquisition and healthy child-rearing
practices by caregivers.

H3: Improved knowledge and healthy practices by caregivers will improve the health and
development of the children that receive the intervention.

5. OBJECTIVES
5.1. Main Aim

The objective of the study is to evaluate the impact of the mHealth tool (tablet with application) on
child development and nutrition status of children aged 6 to 36 months compared to children who
receive home visits from CHA without the mHealth tool.

5.2. Primary Outcomes

1. [Primary Objective] Improve child development scores for the children in the intervention
group in the domains of language, cognition, gross motor, and social-emotional by 20%
compared to the children in the control group (p<0.05).

2. Decrease the prevalence of anemia in children by 20% compared to the baseline
measurement.

a. Children in the intervention group will experience a greater reduction in the
prevalence of anemia than children in the control group (p <0.05)

3. Decrease the prevalence of chronic malnutrition in children by 15%, compared to the
baseline measurement.

a. Children in the intervention group will experience a greater reduction in the
prevalence of chronic malnutrition than children in the control group (p <0.05).

5.3. Secondary Outcomes

The secondary outcomes of the intervention include indicators of behavior change by CHA and
families that have established causal connections with improved health and child development. The
intervention is expected to achieve the following secondary outcomes:

4. The caregivers of the intervention group will improve knowledge evaluation scores by 50%
compared to the baseline measurement.

5. CHAs in the intervention group will improve their performance evaluation scores by 50%
compared to the baseline measurement.

6. More than 50% of the CHAs in the intervention group will express improved satisfaction
and self-efficacy when compared to the baseline data.

7. The caregivers of the intervention group will use the local health services for children's
health more frequently than they did during the baseline.
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6. METHODS
6.1. Study Design

The impact will be evaluated through an experimental cluster randomized controlled trial. Each
cluster represents a CHA because the children that receive visits from the same CHA must receive
the same intervention. Each cluster will be matched with a second cluster using covariate-
constrained randomization (43). Recruitment and baseline surveys will be conducted before
allocation to the intervention or control group for each cluster. The variables that will be used to
covariate-constrained randomization include: the size of the community, type of health facility in
the community, and distance to the nearest health center (level I-2), and prevalence of anemia. For
each cluster pair, one cluster will be randomly assigned to the intervention group and the other to
the control group. The covariate-constrained randomization will be conducted with an open-
sourced algorithm and the program, R (44).

6.2. Location

The study will be implemented in the Amazon region of Peru. The study will be carried out in the
department of Loreto, province of Maynas, and districts of Mazan, Punchana, and Indiana. The
district of Mazan has a population of 13,779 (45), a prevalence of chronic malnutrition of 24.4% and
a prevalence of anemia at 39.1%, in 2017 (46). The capital of the district of Mazan is located
approximately one and a half hours by boat from the capitol city of the province, Iquitos. The district
of Punchana has a population of 91,128 (45), a prevalence of chronic malnutrition of 22.7% and a
prevalence of anemia of 39.9% (46). The capital of Punchana, is 20 minutes from the city of Iquitos.
The district of Indiana has a population of 11,301 (45), a prevalence of chronic malnutrition of
22.4%, and a prevalence of anemia at 46.7%, in 2017(46). The capital of the district to Indiana is 1.5
hours by boat from the city of Iquitos.

The research team with the support of the Regional Ministry of Health of Loreto, will choose the
communities that will be included in the study after traveling to the communities to ensure they
meet the selection criteria. The study communities must have the following characteristics:

e Has an active CHA that visits families in their community.
e Is not a participant in another health related study.

e Islocated less than 6 hours from Iquitos.

e Has at least 25 families and a maximum of 1500 families.

The communities must have an active CHA program for the study to be because we are measuring
the impact of included the mHealth tool in existing CHA programs. The community cannot be
participating in another study that includes an intervention that was/will be implemented due to
the confounding variables that would cause in our study and the other study. The communities
must be less than 6 hours from Iquitos due to budgetary restraints that hinder the research team’s
ability to consistently travel 6 or more hours to execute the study. The size limitation of the
community is required to ensure the study obtains a minimum number of children that are reached
per tablet/CHA.

6.3. Participants and Sample Size
The study population includes:

e 10-14 communities, half in the intervention group and half in the control group.
e 40-50 CHAs, half CHAs in the intervention group and half CHAs in the control group.
e 400-450 children, half in the intervention group and one half in the control group
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All children between 0 - 36 months in the communities will receive visits from a CHA, in the
intervention and control group. However, only the CHAs in the intervention group will receive a
tablet with the application to assist their home visits. All the children in the intervention group will
have the opportunity to receive the intervention with the tablet.

To assess the impact of the intervention, a sample of the population will be chosen at random to
receive the evaluation. The inclusion criteria for the study sample are the following:

e Children who belong to one of the communities included in the study, aged 6 to 36
months.

e Primary caregiver of the child is older than 15 years.

e The caregiver is willing to receive visits from the CHA.

The minimum age of children to be included in the impact evaluation is determined by the quality
of the early childhood development tools. Assessment of child development is more accurate with
children older than 5 months (47). The maximum age of the children for the study is determined by
the CHA program, which limits home visits by CHAs to children up to 36 months old. The minimum
age of the caregiver is 16 because that is the age determined by the communities and the local
ethics committee to be capable of giving an informed consent. It is important to capture
information from mothers below 18 years old because 39% of the mothers in the region have their
first child before the age of 17 (4). Caregivers that do not want to receive visits from CHAs will be
excluded because they will not receive the intervention, nor be included in the control group.

The exclusion criteria for the study sample are:

e Families where the main caregiver or the child does not speak Spanish.
e Families that do not want to receive home visits from CHAs.
e Children with mental or physical disabilities.

Families that do not speak Spanish cannot be included because the study does not have appropriate
translators for indigenous languages. Children with disabilities will be excluded in the evaluation
because the child development evaluation tool is not equipped to evaluate children with these
conditions. However, children with disabilities will still receive the intervention.

The sample size for the evaluation is calculated to measure the effect size on the primary outcome
indicator, child development. A study in the Amazon region of Peru (2017) determined that the
standard deviation of communication scores, determined by the Ages and Stages Questionnaire,
was 15.19 (4). The current study predicts a 20% increase in child development scores, which will
result in an effect size of 0.49 (average communication score was 37.48, a 20% increase is 44.98,
0.49 standard deviations) (data available in public repository) (4). To calculate the minimal sample
size needed, the following parameters were determined:

e Two-sided significance level: 0.05
e Power: 90%

e Effect Size: 0.49

e Avg. Cluster Size: 9

e Intra Cluster Correlation (ICC): 0.15
e Variance Inflation Factor (VIF): 2.2

The following calculation is used to determine the sample size:

N per group = [(Zspna + Zpeta)®> X 2 X SD?] =(1.96 + 1.28)* x 2 x 15.19°
Expt’d diff 2 (15.19 x .49)?
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The sample size per group (t-test) with no clusters would be 88. To control for the Intra-Cluster
Correlation (ICC), the per group sample size (88) is multiplied by the Variance Inflation Factor
(VIF=1+(Avg. Cluster Size—1)*ICC=2.2) to determine the minimal sample size to be 193 per group
(48). The study will include 21 clusters and 9 children and caregivers per cluster.

55.34
6.4. Instruments

To measure the impact of the intervention and understand the perspective of the users, a series of
instruments will be applied to the study participants. The instruments include; evaluation of child
development, attitudes and practices questionnaire, knowledge evaluation, performance
evaluation of CHAs, and collection of anemia and anthropometric indicators. Qualitative surveys
will also be used to evaluate the satisfaction of CHAs and caregivers in relation to the intervention.

The questionnaires and evaluations will be carried out in the homes of the participants. The
researcher will ask if a caregiver of a child within the age range is in the home, if so they will explain
the study and ask the caregiver if they want to participant and are willing to sign the informed
consent. The researcher will record the responses of the questionnaires and evaluation on a smart
phone or electronic tablet.

6.4.1.Evaluation of Child Development

Child development can be effectively evaluated with an instrument that utilizes caregiver-reported
data to assess the ability of the child to perform age-relevant developmental activities (47,49-52).
The current study will use the Caregiver-Reported Early Development Instrument (CREDI) to
evaluate child development (53,54). The CREDI has been validated as an effective instrument to
evaluate child development, including low-resource settings in 17 countries (54). The CREDI is
effective for large-scale, population-wide studies because it requires less time, materials, and
evaluator expertise than other similar instruments (53).

The CREDI is conducted by asking the caregiver if the child is currently capable of completing a list
of age-appropriate activities, in which the caregiver can respond by indicating; yes, no, or | don’t
know. The CREDI will provide a developmental score and a classification that represents the child’s
development trajectory as; normal development or at risk of developmental delay. These
classifications will be used as the primary dependent variables of the study.

6.4.2.Attitudes and Practices Questionnaire

The study will use a quantitative questionnaire to measure the attitudes and practices of caregivers
that influence maternal and child health. The following topics are included in the questionnaire:
demographic information, safe pregnancy practices, feeding practices, prevention of illnesses, early
childhood stimulation, and use of local health services. The questionnaire will be conducted with
all caregivers of the children included in the study. The questionnaire will take approximately 10
minutes.

6.4.3.Knowledge Evaluation

To assess the knowledge of caregivers of healthy practices for maternal and child health, an
instrument was built based on the literature (13,55-57). The Knowledge Evaluation asks the
caregiver questions regarding maternal and child health, nutrition, sanitation, and infectious
diseases. The questions are open-ended to give the caregiver the opportunity to provide multiple
answers that displays their knowledge of the topic.
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The Knowledge Evaluation will take place directly after the Attitudes and Practices Questionnaire.
The Knowledge Evaluation will be scored by giving the participant 1 point for every correct answer
they provide. The correct answers will be added together to provide a total "Knowledge Score" for
the caregiver.

6.4.4. Performance Evaluation of CHAs

The Performance Evaluation of CHAs was based on an instrument built by the University of West
Indies and the Inter-American Development Bank to measure the quality of home visits by CHAs
(14). The Performance Evaluation includes questions related to the use of materials, activities,
promotion of child development, relationship between CHA and caregivers, and relationships
between the CHA and the child. The Performance Evaluation was modified and validated during a
previous study in the Amazon region within the local CHA program. The instrument provides further
focus on health messages provided by the CHA and the needs of the communities in the Amazon
(29).

The conduct the performance evaluation, the researcher will accompany the CHA on their home
visit with a child to observe the home visit. The researcher will observe the home visit in silence,
trying not to influence the dynamic of the visit. The researcher will take notes during the visit and
complete the Performance Evaluation immediately after the conclusion of the home visit.

6.4.5.Survey of the Use of Local Health Services

The research team will survey the local health centers in the communities to obtain statistics
regarding the use of health services related to maternal and child health, including: child growth
monitoring check-ups, prenatal check-ups, immunization coverage, distribution of micronutrient
supplements, distribution of anti-parasitic medicine, and distribution of oral rehydration salts for
diarrhea. The survey will be conducted with the nurse that conducts maternal and child health
evaluations at the health center. The survey will take approximately 15 minutes and can be filled
out independently by the health post representative.

6.4.6.Survey of Child Health Indicators

The CHEST application will be used to collect child health indicators by CHAs during their home
visits. The children have a card with information that was recorded during their growth monitoring
check-ups at the local health center, including height, weight, age, vaccines, and hemoglobin levels
(when tested). The CHA will observe the information written on the card and record it with the
CHEST application. The CHA will also ask additional questions regarding the health of the child,
including incidences of diarrhea, cough, fever, malaria and other illness. The data from the
application will be uploaded to the secured server when the CHA or supervisor has access to the
cellular network.

6.4.7.Questionnaire on Satisfaction and Self-Efficacy of CHAs

The Questionnaire on Satisfaction and Self-Efficacy of CHAs will be used to measure the degree
satisfaction and self-efficacy the CHAs have from using the CHEST application during their home
visits. The questions are both quantitative and qualitative. The CHAs will have the opportunity to
describe how the experience with the tablet could be improved.

6.4.8.Questionnaire on Satisfaction of Caregiver

The Questionnaire on Satisfaction of caregivers will be used to measure the degree satisfaction of
the caregivers that received the intervention. The questions are both quantitative and qualitative.
The caregivers will have the opportunity to describe what they like and don’t like about the use of
a tablet during the home visits.
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6.5. Patient and Public Involvement

The study was created through formative research done in the same communities to identify their
needs and desires related to improving child health and development. A performance evaluation
study was conducted with the CHAs in the region by the author (29). In the study, the CHAs and
caregivers expressed their need and desire for more information regarding topics of health and
child development. The current intervention was created to address those needs.

The results of the study will be presented to the participants, including the community health
agents, caregivers, health facility personal, and Regional Ministry of Health in the form of a study
brief that indicates the results of each indicator collected. The results will be presented to the public
via publication of results in an international scientific journal.

Patients were not involved in the design or recruitment of the study.

7. INTERVENTION

The intervention includes the development and implementation of a tablet-based application
(CHEST) to improve the performance of the CHAs during their home visits. The CHAs will use the
CHEST Application during their home visits to teach caregivers good health practices and early
childhood stimulation. The application will provide the steps for the CHA to follow to conduct an
effective home visit. The application will include videos and images to show the caregiver to
transmit key health messages. Also, the application will organize the case load of children of the
CHA and will provide a mechanism to record maternal and child health indicators.

The intervention is described in the following five phases:

7.1. Phase 1: Preparation of Material
7.1.1.Step-by-Step Agendas for Home Visits

The research team will work with the Regional Ministry of Health of Loreto to build agendas for
home visits by the CHAs. The health messages for the home visits are based on national and
international manuals for home visits by CHAs to teach maternal and child health and development
(58-61). The agendas include steps to follow by the CHA to provide a quality home visit and collect
child health indicators. The messages included in the agendas include; what nutritious foods should
be consumed by children, how to avoid diarrhea and other diseases, good practices of early
attention, and use of health services. There will be 1 agenda for each month of age of the child (1-
36 months).

7.1.2.Multimedia Material

The research team will generate multimedia material to be used in the application to transmit
health messages. The content will be designed to convey the health messages clearly within the
local culture in the Amazon. The material will include videos of people from the region acting out
health topics, instructional videos on early childhood stimulation, and animations that describes
health issues. In addition, the application will include educational images that have been developed
by the regional Ministry of Health of Loreto and other institutions.

7.2. Phase 2: Development of the Application

The research team will evaluate the mHealth applications that have been developed and are open
source to determine which will be best to adapt for the current project. The project will contract a
team of program developers to modify the open source application to fit the current objectives and
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local context. The program developer will include the agendas, multimedia, and data collection
mechanisms in the application. The application will function without internet signal and protect all
information by password.

7.3. Phase 3: Baseline Data Collection

The research team will conduct the surveys and evaluations in the intervention and control
communities to obtain a baseline for the study. The instruments that will be applied for the baseline
survey include the Child Development Evaluation, Attitudes and Practices Questionnaire,
Knowledge Evaluation, Performance Evaluation of CHA, and Survey on the Use of Health Services.
The baseline survey will be completed before implementation beings in the intervention and
control communities.

7.4. Phase 4: Implementation of Intervention
7.4.1.Training Workshops

The research team will conduct training workshops with the CHAs in the intervention group to teach
them how to use the tablet and application. The workshops will occur during a period of 3 days, 4
hours per day. The leaders of the health facility and Regional Ministry of Health of Loreto will be
invited to participate in the workshops and in the supervision of the development of the project.

7.4.2. Distribution of Tablets

After the training workshops, the research team will give a tablet to each CHA in the intervention
communities. The CHAs will be instructed to bring the tablet to local health center if they are having
problems with the tablet or to store the tablet in their home until a member of the monitoring team
visits their community. A supervisor of the CHA program will visit the CHAs to ensure the App is
being used and functioning correctly.

7.4.3. The Intervention

The CHAs will continue to conduct home visits with the children in their caseload the same as before
the distribution of the tablets. The only change is that the CHAs will use the tablets during the home
visits. The number of home visits depends on the demands placed by the community and the
motivation of the individual CHA. The CHAs in the communities typically conduct 1-4 home visits
per month with children aged 0-36 months. The CHAs are instructed to teach the caregivers good
sanitation, nutrition, and child development practices.

The CHAs will use the tablet-based app to visualize the health indicators of the children in their
caseload, record health indicators of the child during each visit, observe and chare images and
videos that will help teach health and development messaging, and send data to a central database.
The App will guide the CHA through each step of the home visit. The supervisor of the CHA program
will visit the CHAs to ensure they can upload their data to the database. This include, in some cases,
carrying the tablet to a community that has signal to upload the data.

7.4.4.Monitoring

The research team will supervise the work of the CHAs through observations of their home visits
and interviews with families and CHAs in the communities. The research team will visit the
communities every month during the first 4 months, and less frequently when they see that the
program is working as it should.

The team will also track activities of the CHAs through the data uploaded by the application. They
will be able to track the number of visits being conducted and the health indicators of the children.

10
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If the tablet is not uploading data to the survey, the research team will visit the community to
identify the problem.

The local health facility will also have access to the data and will be able to identify if a child is at
risk of chronic malnutrition, chronic diarrhea and/or is not attending growth monitoring check-ups.

7.5. Phase 5: Evaluation of the Intervention

At the end of the intervention, the follow-up survey will be carried out in the intervention and
control communities. The instruments included in the follow-up survey include the Evaluation of
Child Development, Attitudes and Practices Questionnaire, Knowledge Test, Performance
Evaluation of CHA, Survey of Use of Health Services, Questionnaire on Satisfaction and Self-Efficacy
of CHA, and Questionnaire on Satisfaction of Caregivers.

The data gathered by the application will be used to evaluate the child heath indicators and the
number of home visits conducted.

8. DATA ANALYSIS

The quantitative data obtained in the surveys will be organized and analyzed with the statistical
software, Epi Info version 7.1.4.0 (62). The qualitative data will be organized and analyzed with the
program Atlas.ti (63). To carry out the impact analysis, four mathematical models will be used to
interpret the results, generating an optimal analysis to understand the interactions between the
variables. The analysis will be conducted on the dependent variable to test the primary outcome,
as well as the intermediary variables to test the secondary outcomes and measure the mediating
effect of those variables. First, a descriptive analysis will be performed to compare indicators
between the analysis groups, including average and frequencies of the independent and dependent
variables. Second, a bivariate analysis with Chi-square test will be done to examine the associations
between the independent and the dependent variables. Third, a multivariate regression analysis
will be used to examine the interactions between the independent variables and the dependent
variables. Fourth, an analysis of covariance (ANCOVA) regression method will be used to calculate
the impact of the intervention (43).

8.1. Data Monitoring

Data monitoring will be completed by the Data Monitoring Committee to ensure non-biased
handling and analysis of data obtained from baseline, monitoring, and follow-survey. The Data
Monitoring Committee will be made up of the team of experts that will be hired to create the
content of the intervention and mentors that guided the research team. The Data Monitoring
Committee will each guard files of data at different time points so they can later be crossed
reference to ensure consistency. The Data Monitoring Committee will not include permanent
members of the sponsor organization or associates of the funding organization or anyone with
competing interest or incentive for the intervention to be successful.

8.1. Data security

All data will be stored in a secure encrypted server that is protected by password. All identifiable
information in the data set will be deleted to make it impossible to link the data with the individual.
Information regarding contact information of CHAs will be stored on the secure server. There will
be no need to maintain identifies within the data because there will be no follow-up serves with
individuals. Members of the Data Monitoring Committee will ensure all identifiable information has
been removed from the data set.
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9. ETHICAL CONSIDERATIONS

The investigation was approved by the Ethics Committee of the National Hospital "San Bartolomé"
on November 8, 2018 (Exp. Number 15463-18, Oficio N. 0744-2018-OADI-HONADOMANI-SB)

The investigation will include only those individuals that are willing and able to give their consent
to be included in the study. The participant must be able to understand the information presented
to them and voluntarily express their choice of whether they want to participate or not. The
caregivers must be over 15 years of age to participate in the study.

It will be clearly stated that participation in the study will not compromise the health of the
participants or violate any rights of the child. There will be no financial compensation for
participation in the study. No biological samples will be collected, nor any medical or
pharmacological treatments delivered in the research process. There are no possible adverse
effects associated with participation in the study. There is the possibility of generating discomfort
in the participants because the visits and surveys imply an investment of time. Given this,
participants will be informed about the amount of time involved for their participation in the survey
before signing the informed consent.

After completion of the child development evaluation the results will be immediately shared with
the caretaker along with recommendations of early childhood stimulation activities that could
benefit the child. Likewise, the results of the evaluations will be communicated to the health center
of the community with a copy of a list of the children who are at risk of developmental delay. The
child development evaluation represents a direct benefit to the participants in the intervention and
control group.

The research team will monitor the intervention for at least 12 months to ensure the CHAs receive
support, and the tablets receive maintenance or are replaced if need. The CHAs can opt-out of the
intervention at any time, thus returning to their traditional methods of reporting and health
promotion. After 12 months, the program will be handed over to the Municipality and they will
continue to receive support as needed. The Municipality has been active in the design of the
material for the intervention and will be active in the monitoring and evaluation efforts. The
Municipality members will be trained in how to manage and sustain the program.

The results obtained from the study will be made publicly accessible through the publication of
finding and a report delivered to the local health authorities. The dataset will available in a public
data repository.

9.1. Informed consent for caregivers

The Informed Consent for Caregivers includes the description of the study, the participation of the
caregiver, the participation of the child, and the amount of time required to complete the survey.
The interviewer that conducts the questionnaires will ask for consent from the caregiver. If the
caregiver agrees to participate in the study, they will be asked to sign the Informed Consent form.
The caregiver will be provided a copy of the consent.

9.2. Informed consent for CHA

The Informed Consent for CHAs includes a description of the study and the performance evaluation
that will be conducted with the CHA. The interviewer that conducts the questionnaires will ask for
consent from the CHA. If the CHA agrees to participate in the study, they will be asked to sign the
Informed Consent for CHAs. The CHA will be offered a copy of the consent.

12
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 12 of 26



Page 13 of 26

oNOYTULT D WN =

BMJ Open

9.1. Consent to Publish

There will be no identifying images, personal details, or clinical details of participants presented
that will compromise the anonymity of the participants in the study.

10.CONCLUSIONS

The results of the study will provide evidence on the potential of a mHealth tool to improve child
health and development indicators in the region. The process evaluation with qualitative
assessments will also be conducted to identify barriers, strengths, and weaknesses of the program.

11.ABBREVIATIONS

CHA — community health agents

CHEST — Child Health Education and Surveillance Tool
CREDI — Caregiver-Reported Early Development Instrument
ICT — Information and communication technology

12. DECLARATIONS
12.1. Availability of data and materials

The datasets generated during and analyzed during the current study will be stored in the publicly
available repository, figshare (https://figshare.com/). De-identified participant data, including child
development evaluation scores, anemia results, chronic malnutrition results, KAP survey results,
and CHA performance evaluations, will be stored in the repository. The data will be available
through the repository for 10 years. Data from participants will only be made available if consent
was provided by the participant through the informed consent process.

12.2. Competing interests

The authors and members of the research team have no competing interest.

12.3. Communication of Trial Results

The results of the study will be presented to the participants, including the community health
agents, caregivers, health facility personal, and Regional Ministry of Health in the form of a study
brief that indicates the results of each indicator collected. The study brief will be written and
described in a manner that is intelligible for the target population. The CHAs will be asked to
distribute the brief and describe the findings to the individual families in their caseload.

The results will be presented to the public via publication of results in an international scientific
journal. The research team will also seek opportunities to present the results in national and
international conferences to disseminate findings.

12.4. FUNDING

The study is funded by the grant, Saving Brains, by Grand Challenges, Canada. The funding source
had no role in the design of this study and will not have any role during its execution, analyses,
interpretation of the data, or decision to submit results.
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CW conceived of the study. CW and NR contributed to the writing and revision of the protocol. PM
provided advisory on study design. All authors contributed to refinement of the study protocol and
approved the final manuscript.
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13.CHRONOLOGY

The study will last 24 months, beginning in October 2018 and ending in September 2020. The

schedule of activities can be found in Table 1.

Table 1: Schedule of Activities
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Activity

Complete Ethics Committee

Protocol

Develop home visit agendas

Validate home visit material

Create videos

Develop Application

Validate Application

Recruit participants

Baseline Survey

Train CHAs

Deploy App

Monitoring

Final Evaluation

End of Project

13.1.

Flow Diagram schedule of activities

The Flow Diagram in Table 2 describes when intervention allocation and assessments of the study
population will take place, in relation to the study activities.

Table 2: Flow Diagram

Study Period

Enrolment

Allocation

Post-
Allocation

Close-out

TIMEPOINT

-t

0

tt | &

t

ENROLMENT:

Eligibility screen of
inclusion and exclusion

criteria

Informed consent

Allocation

X

INTERVENTIONS:
Distribution of Tablet

Control group

L 4

L 4

L 4

<
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1
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1. ABSTRACT

Introduction: Cultivating child health and development creates long-term impact on the well-being
of the individual and society. The Amazon of Peru has high levels of many risk factors that are
associated with poor child development. The use of ‘community health agents’ (CHAs) has been
shown to be a potential solution to improve child development outcomes. Additionally, mobile
information and communication technology (ICT) can potentially increase the performance and
impact of CHAs. However, there is a knowledge gap in how mobile ICT can be deployed to improve
child development in low resource settings.

Methods and Analysis: The current study will evaluate the impact of a tablet-based application that
intends to improve the performance of CHAs, thus improving the child-rearing practices of
caregivers and ultimately child health and development indicators. The CHAs will use the App
during their home visits to record child health indicators and present information, images, and
videos to teach key health messages. The impact will be evaluated through an experimental cluster
randomized controlled trial. The clusters will be assigned to the intervention or control group based
on a covariate-constrained randomization method. The impact on child development scores,
anemia, and chronic malnutrition will be assessed with an analysis of covariance (ANCOVA). The
secondary outcomes include knowledge of healthy child-rearing practices by caregivers,
performance of CHAs, and use of health services. The study will be implemented in the Amazon
region of Peru with children under 4. The results of the study will provide evidence on the potential
of a mHealth tool to improve child health and development indicators in the region.

Ethics and Dissemination: The study received approval from National Hospital “San Bartolome”
Institutional Ethics Committee on Nov. 8, 2018 (IRB Approval #15463-18) and will be disseminated
via peer-reviewed publications. The trial registration number is ISRCTN43591826.

Keywords: mHealth, ICT, implementation science, impact evaluation, maternal and child health,
early childhood development, anemia, malnutrition, community health workers, Peru, Amazon.

2. ARTICLE SUMMARY
2.1. Strengths and Limitations of This Study

e Theintermediate variables will be assessed to measure the behavior changes that occurs along
the theory of change. The study will be able to evaluate the various mediator variables that are
expected to contribute to the final objective.

e A process evaluation with qualitative assessments will be used to identify issues of
implementation and inform the implementation plan for scalability.

e The mHealth tool and the monitoring and evaluation strategy provides a surveillance
mechanism that will allow for continuous feedback on the use of the intervention tool and
health status of the study group.

e Child development will be assessed through a parent reported survey which provides the
potential for the parent to give inaccurate responses due to a social desirability bias. However,
the instrument that was chosen for the assessment, The CREDI, has shown to have a high
correlation to results obtained from surveys that administer direct observation of the child..

e The secondary outcomes that measure changes of the CHAs will be underpowered due to
limitations in the sample size of CHAs.

3. BACKGROUND

In low and middle-low income countries millions of children under the age of 5 never reach their
cognitive, linguistic and socio-emotional potential (1,2). Chronic malnutrition, anemia and iodine
deficiency delay the physical and cognitive development of children, reduce their level of energy,
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and weaken their immune system. Child development can also be delayed by low levels of early
childhood stimulation (1,3). In the Peruvian Amazon there is a high prevalence of various risk factors
associated with developmental delay, especially in rural areas. A study conducted in 2017 showed
that the prevalence of developmental delay in the Amazon of Peru was 26.7% (4). In the Amazonian
department of Loreto, the prevalence of childhood anemia is 49.9% and chronic malnutrition is
23.6% (2017) (5). Those indicators are worse in indigenous communities (6-9).

The well-being of children in communities can be greatly increased by improving families’
understanding of healthy child-rearing practices. Health promotion strategies that establish an
intercultural dialogue with families can do a better job at promoting healthy practices than
promotion through the health centers (10,11). A program can train and support community
members to conduct health promotion that can create behavior changes and improve child
development outcomes. Community Health Agents (CHAs) can play an essential role in reducing
inequalities in health services by acting as a link between communities and the local health services
(11-13). The CHA can establish a warm relationship with the caregiver, thus increasing the
acceptance of health advice, improving the absorption of knowledge and getting caregivers
involved in the identification and resolution of their own health problems (14-21). The positive
impact of CHAs has been associated with a reduction in malnutrition, anemia, malaria, cases of
diarrhea, improved child development, and other health indicators (11,22,23). Therefore,
understanding and improving the performance of CHAs can greatly improve behavioral outcomes
of caregivers, increase the utilization of local health services, and enhance the overall health and
well-being of communities (14,24-31).

Several studies have shown that mobile information and communication technology (ICT) can
improve the performance of CHAs in their ability to perform health promotion, collect and report
timely information regarding family health, provide health services such as vaccines, and refer
families to appropriate local health services (32—39). Additionally, when a mobile ICT tool is used
by a CHA, the device can increase the confidence the caregivers have in the messages being
transmitted and increase the confidence the CHAs have in their own work (32,33,37,38,40,41).
Through implementation science, innovations in mobile ICTs and strategies for child health and
development can be extended to low resource settings to empower local actors and spread the
benefits of advancements in technology (35,36).

A study on the performance of CHAs in the Peruvian Amazon identified difficulties they face in their
work. They had difficulty providing a clear explanation of the causes of common diseases and
diversifying the health topics that were discussed (29). As described above, an mHealth tool could
help the CHAs overcome some of the difficulties they have in conducting an effective home visit.
However, there is currently little evidence on the impact of an mHealth tool when used as an
educational device by CHAs to improve child development (33). Additionally, there is a knowledge
gap on the impact that an mHealth tool can have when utilized by CHAs in rural regions of Peru.
Therefore, the present study aims to demonstrate the impact of an mHealth tool used for health
promotion and surveillance by CHAs to improve child development in the Peruvian Amazon.

4. HYPOTHESIS

The study hypothesizes that an mHealth tool with educational content developed for the local
context will improve the capacity of the CHAs to transmit health messages to the caretakers, thus
creating behavior change that will lead to better health and child development outcomes for the
children. The hypothesis is based on a theory of change that tracks the mediating variables and
considers the potential outputs and outcomes generated by the intervention (42). The theory of
change displayed in Figure 1 highlights the various components that are included in the tablet-
based application and unfolds the expected outcomes of each. The theory of change is presented
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as a comparison to the status-quo; traditional CHA programs in Peru that use paper-based reporting
and educational material.

Based on the Theory of Change, the study has the following hypotheses:

H1: The mHealth tool will improve the performance of CHAs during their home visits with children,
as measured by doses, content, and inter-personal relationships.

H2: Improved performance by CHAs will increase knowledge acquisition and healthy child-rearing
practices by caregivers.

H3: Improved knowledge and healthy practices by caregivers will improve the health and
development of the children that receive the intervention.

5. OBJECTIVES
5.1. Main Aim

The objective of the study is to evaluate the impact of the mHealth tool (tablet with application) on
child development and nutrition status of children aged 6 to 36 months compared to children who
receive home visits from CHA without the mHealth tool.

5.2. Primary Outcomes

1. [Primary Objective] Improve child development scores for the children in the intervention
group in the domains of language, cognition, gross motor, and social-emotional by 20%
compared to the children in the control group (p<0.05).

2. Decrease the prevalence of anemia in children by 20% compared to the baseline
measurement.

a. Children in the intervention group will experience a greater reduction in the
prevalence of anemia than children in the control group (p <0.05)

3. Decrease the prevalence of chronic malnutrition in children by 15%, compared to the
baseline measurement.

a. Children in the intervention group will experience a greater reduction in the
prevalence of chronic malnutrition than children in the control group (p <0.05).

5.3. Secondary Outcomes

The secondary outcomes of the intervention include indicators of behavior change by CHA and
caregivers that have established causal connections with improved health and child development.
The intervention is expected to achieve the following secondary outcomes:

4. The caregivers of the intervention group will improve knowledge evaluation scores by 50%
compared to the baseline measurement.

5. CHAs in the intervention group will improve their performance evaluation scores by 50%
compared to the baseline measurement.

6. More than 50% of the CHAs in the intervention group will express improved satisfaction
and self-efficacy when compared to the baseline data.

7. The caregivers of the intervention group will use the local health services for children's
health more frequently than they did before baseline.
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6. METHODS
6.1. Study Design

The impact will be evaluated through an experimental cluster randomized controlled trial. Each
cluster represents a CHA because the children that receive visits from the same CHA must receive
the same intervention. Each cluster will be matched with a second cluster using covariate-
constrained randomization (43). Recruitment and baseline surveys will be conducted before
allocation to the intervention or control group for each cluster. The variables that will be used to
covariate-constrained randomization include: the size of the community, type of health facility in
the community, distance to the nearest health center (level I-2), and prevalence of anemia. For
each cluster pair, one cluster will be randomly assigned to the intervention group and the other to
the control group. The covariate-constrained randomization will be conducted with an open-
sourced algorithm and the program, R (44).

6.2. Location

The study will be implemented in the Amazon region of Peru. The study will be carried out in the
department of Loreto, province of Maynas, and districts of Mazan, Punchana, and Indiana. The
district of Mazan has a population of 13,779 (45), a prevalence of chronic malnutrition of 24.4% and
a prevalence of anemia at 39.1%, in 2017 (46). The capital of the district of Mazan is located
approximately one and a half hours by boat from the capitol city of the province, Iquitos. The district
of Punchana has a population of 91,128 (45), a prevalence of chronic malnutrition of 22.7% and a
prevalence of anemia of 39.9% (46). The capital of Punchana, is 20 minutes from the city of Iquitos.
The district of Indiana has a population of 11,301 (45), a prevalence of chronic malnutrition of
22.4%, and a prevalence of anemia at 46.7%, in 2017(46). The capital of the district of Indiana is 1.5
hours by boat from the city of Iquitos.

The research team with the support of the Regional Ministry of Health of Loreto, will choose the
communities that will be included in the study after traveling to the communities to ensure they
meet the selection criteria. The study communities must have the following characteristics:

e Has an active CHA that visits families in their community.
e Is not a participant in another health related study.

e Islocated less than 6 hours from Iquitos.

e Has at least 25 families and a maximum of 1500 families.

The communities must have an active CHA program for the study because we are measuring the
impact of included the mHealth tool in existing CHA programs. The community cannot be
participating in another study that includes an intervention that was/will be implemented due to
the confounding variables that would created in our study and the other study. The communities
must be less than 6 hours from Iquitos due to budgetary restraints that hinder the research team’s
ability to consistently travel 6 or more hours to execute the study. The size limitation of the
community is required to ensure the study obtains the minimum number of children to power the
study with the limited number of tablets.

6.3. Participants and Sample Size
The study population includes:

e 10-14 communities, half in the intervention group and half in the control group.
e 40-50 CHAs, half CHAs in the intervention group and half CHAs in the control group.
e 400-450 children, half in the intervention group and half in the control group.
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All children between 0 - 36 months in the communities will receive visits from a CHA, in the
intervention and control group. However, only the CHAs in the intervention group will receive a
tablet with the application to assist their home visits. All the children in the intervention group will
have the opportunity to receive the intervention with the tablet.

To assess the impact of the intervention, a sample of the population will be chosen at random to
receive the evaluation. The inclusion criteria for the study sample are the following:

e Children who belong to one of the communities included in the study, aged 6 to 36
months.

e Primary caregiver of the child is older than 15 years.

e The caregiver is willing to receive visits from the CHA.

The minimum age of the child to be included in the impact evaluation is determined by the quality
of the early childhood development tool. Assessment of child development is more accurate with
children older than 5 months (47). The maximum age of the children for the study is determined by
the CHA program, which limits home visits by CHAs to children up to 36 months old. The minimum
age of the caregiver is 16 because that is the age determined by the communities and the local
ethics committee to be capable of giving an informed consent. It is important to capture
information from mothers below 18 years old because 39% of the mothers in the region have their
first child before the age of 17 (4). Caregivers that do not want to receive visits from CHAs will be
excluded because they will not receive the intervention, nor be included in the control group.

The exclusion criteria for the study sample are:

e Families where the main caregiver or the child does not speak Spanish.
e Families that do not want to receive home visits from CHAs.
e Children with mental or physical disabilities.

Families that do not speak Spanish cannot be included because the study does not have appropriate
translators for indigenous languages. Children with disabilities will be excluded in the evaluation
because the child development evaluation tool is not equipped to evaluate children with these
conditions. However, children with disabilities will still receive the intervention.

The sample size for the evaluation is calculated to measure the effect size on the primary outcome
indicator, child development. A study in the Amazon region of Peru (2017) determined that the
standard deviation of communication scores, determined by the Ages and Stages Questionnaire,
was 15.19 (4). The current study predicts a 20% increase in child development scores, which will
result in an effect size of 0.49 (average communication score was 37.48, a 20% increase is 44.98,
0.49 standard deviations) (data available in public repository) (4). To calculate the minimal sample
size needed, the following parameters were determined:

e Two-sided significance level: 0.05
e Power: 90%

e Effect Size: 0.49

e Avg. Cluster Size: 9

e Intra Cluster Correlation (ICC): 0.15
e Variance Inflation Factor (VIF): 2.2

The following calculation is used to determine the sample size:

N per group = [(Zspna + Zpeta)®> X 2 X SD?] =(1.96 + 1.28)* x 2 x 15.19°
Expt’d diff 2 (15.19 x .49)?
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The sample size per group (t-test) with no clusters would be 88. To control for the Intra-Cluster
Correlation (ICC), the per group sample size (88) is multiplied by the Variance Inflation Factor
(VIF=1+(Avg. Cluster Size—1)*ICC=2.2) to determine the minimal sample size to be 193 per group
(48). The study will include 21 clusters and 9 children and caregivers per cluster.

6.4. Instruments

To measure the impact of the intervention and understand the perspective of the users, a series of
instruments will be applied to the study participants. The instruments include; evaluation of child
development, attitudes and practices questionnaire, knowledge evaluation, performance
evaluation of CHAs, and collection of anemia and anthropometric indicators. Qualitative surveys
will also be used to evaluate the satisfaction of CHAs and caregivers in relation to the intervention.

The questionnaires and evaluations will be carried out in the homes of the participants. The
researcher will ask if a caregiver of a child within the age range is in the home, if so, they will explain
the study and ask the caregiver if they want to participant and are willing to sign the informed
consent. The researcher will record the responses of the questionnaires and evaluation on a smart
phone or electronic tablet.

6.4.1.Evaluation of Child Development

Child development can be effectively evaluated with an instrument that utilizes caregiver-reported
data to assess the ability of the child to perform age-relevant developmental activities (47,49-52).
The current study will use the Caregiver-Reported Early Development Instrument (CREDI) to
evaluate child development (53,54). The CREDI has been validated as an effective instrument to
evaluate child development, including low-resource settings in 17 countries (54). The CREDI is
effective for large-scale, population-wide studies because it requires less time, materials, and
evaluator expertise than other similar instruments (53).

The CREDI is conducted by asking the caregiver if the child is currently capable of completing a list
of age-appropriate activities, in which the caregiver can respond by indicating; yes, no, or | don’t
know. The CREDI will provide a developmental score and a classification that represents the child’s
development trajectory.. These classifications will be used as the primary dependent variables of
the study.

6.4.2.Attitudes and Practices Questionnaire

The study will use a quantitative questionnaire to measure the attitudes and practices of caregivers
that influence maternal and child health. The following topics are included in the questionnaire:
demographic information, safe pregnancy practices, feeding practices, prevention of illnesses, early
childhood stimulation, and use of local health services. The questionnaire will be conducted with
all caregivers of the children included in the study. The questionnaire will take approximately 10
minutes.

6.4.3.Knowledge Evaluation

To assess the knowledge of healthy child-rearing practices by the caregiver an instrument was
created based on the literature (13,55-57). The Knowledge Evaluation asks the caregiver questions
regarding maternal and child health, nutrition, sanitation, and infectious diseases. The questions
are open-ended to give the caregiver the opportunity to provide multiple answers that display their
knowledge of the topic.
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The Knowledge Evaluation will take place directly after the Attitudes and Practices Questionnaire.
The Knowledge Evaluation will be scored by giving the participant 1 point for every correct answer
they provide. The correct answers will be added together to provide a total "Knowledge Score" for
the caregiver.

6.4.4. Performance Evaluation of CHAs

The Performance Evaluation of CHAs was based on an instrument built by the University of West
Indies and the Inter-American Development Bank to measure the quality of home visits by CHAs
(14). The Performance Evaluation includes questions related to the use of materials, activities,
promotion of child development, relationship between CHA and caregivers, and relationships
between the CHA and the child. The Performance Evaluation was modified and validated during a
previous study in the Amazon region within the local CHA program. The instrument provides further
focus on health messages provided by the CHA and the needs of the communities in the Amazon
(29).

To conduct the performance evaluation, the researcher will accompany the CHA on their home visit
with a child to observe the home visit. The researcher will observe the home visit in silence, trying
not to influence the dynamic of the visit. The researcher will take notes during the visit and
complete the Performance Evaluation immediately after the conclusion of the home visit.

6.4.5.Survey of the Use of Local Health Services

The research team will survey the local health centers in the communities to obtain statistics
regarding the use of health services related to maternal and child health, including: child growth
monitoring check-ups, prenatal check-ups, immunization coverage, distribution of micronutrient
supplements, distribution of anti-parasitic medicine, and distribution of oral rehydration salts for
diarrhea. The survey will be conducted with the nurse that conducts maternal and child health
evaluations at the health center. The survey will take approximately 15 minutes and can be filled
out independently by the health post representative.

6.4.6.Survey of Child Health Indicators

The CHEST application will be used to collect child health indicators by CHAs during their home
visits. The children have a card with information that was recorded during their growth monitoring
check-ups at the local health center, including height, weight, age, vaccines, and hemoglobin levels
(when tested). The CHA will observe the information written on the card and record it with the
application. The CHA will also ask additional questions regarding the health of the child, including
incidences of diarrhea, cough, fever, malaria and other illness. The data from the application will
be uploaded to the secured server when the CHA or supervisor has access to the cellular network.

6.4.7.Questionnaire on Satisfaction and Self-Efficacy of CHAs

The Questionnaire on Satisfaction and Self-Efficacy of CHAs will be used to measure the degree of
satisfaction and self-efficacy the CHAs have from using the CHEST application during their home
visits. The questions are both quantitative and qualitative. The CHAs will have the opportunity to
describe how the experience with the tablet could be improved.

6.4.8.Questionnaire on Satisfaction of Caregiver

The Questionnaire on Satisfaction of caregivers will be used to measure the degree of satisfaction
of the caregivers that received the intervention. The questions are both quantitative and
qualitative. The caregivers will have the opportunity to describe what they like and don’t like about
the use of a tablet during the home visits.
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6.5. Patient and Public Involvement

The study was created through formative research done in the same communities to identify their
needs and desires related to improving child health and development. A performance evaluation
study was conducted with the CHAs in the region by the author (29). In the study, the CHAs and
caregivers expressed their need and desire for more information regarding topics of health and
child development. The current intervention was created to address those needs.

The results of the study will be presented to the participants, including the community health
agents, caregivers, health facility personal, and Regional Ministry of Health in the form of a study
brief that indicates the results of each indicator collected. The results will be presented to the public
via publication of results in an international scientific journal.

Patients were not involved in the design or recruitment of the study.

7. INTERVENTION

The intervention includes the development and implementation of a tablet-based application
(CHEST) to improve the performance of the CHAs during their home visits. The CHAs will use the
CHEST Application during their home visits to teach caregivers good health practices and early
childhood stimulation. The application will provide the steps for the CHA to follow to conduct an
effective home visit. The application will include videos and images to show the caregiver to
transmit key health messages. Also, the application will organize the case load of children of the
CHA and will provide a mechanism to record maternal and child health indicators.

The intervention is described in the following five phases:

7.1. Phase 1: Preparation of Material
7.1.1.Step-by-Step Agendas for Home Visits

The research team will work with the Regional Ministry of Health of Loreto to build agendas for
home visits by the CHAs. The health messages for the home visits are based on national and
international manuals for home visits by CHAs to teach maternal and child health and development
(58-61). The agendas include steps to follow by the CHA to provide a quality home visit and collect
child health indicators. The messages included in the agendas include; what nutritious foods should
be consumed by children, how to avoid diarrhea and other diseases, good practices of early
attention, and use of health services. There will be 1 agenda for each month of age of the child (1-
36 months).

7.1.2.Multimedia Material

The research team will generate multimedia material to be used in the application to transmit
health messages. The content will be designed to convey the health messages clearly within the
local culture in the Amazon. The material will include videos of people from the region acting out
health topics, instructional videos on early childhood stimulation, and animations that describes
health issues. In addition, the application will include educational images that have been developed
by the regional Ministry of Health of Loreto and other institutions.

7.2. Phase 2: Development of the Application

The research team will evaluate the mHealth applications that have been developed and are open
source to determine which will be best to adapt for the current project. The project will contract a
team of program developers to modify the open source application to fit the current objectives and
local context. The program developer will include the agendas, multimedia, and data collection
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mechanisms in the application. The application will function without internet signal and protect all
information by password.

7.3. Phase 3: Baseline Data Collection

The research team will conduct the surveys and evaluations in the intervention and control
communities to obtain a baseline for the study. The instruments that will be applied for the baseline
survey include the Child Development Evaluation, Attitudes and Practices Questionnaire,
Knowledge Evaluation, Performance Evaluation of CHA, and Survey on the Use of Health Services.
The baseline survey will be completed before implementation beings in the intervention and
control communities.

7.4. Phase 4: Implementation of Intervention
7.4.1.Training Workshops

The research team will conduct training workshops with the CHAs in the intervention group to teach
them how to use the tablet and application. The workshops will occur during a period of 3 days, 4
hours per day. The leaders of the health facility and Regional Ministry of Health of Loreto will be
invited to participate in the workshops and in the supervision of the development of the project.

7.4.2. Distribution of Tablets

After the training workshops, the research team will give a tablet to each CHA in the intervention
communities. The CHAs will be instructed to bring the tablet to local health center if they are having
problems with the tablet or to store the tablet in their home until a member of the monitoring team
visits their community. A supervisor of the CHA program will visit the CHAs to ensure the App is
being used and functioning correctly.

7.4.3. The Intervention

The CHAs will continue to conduct home visits with the children in their caseload the same as before
the distribution of the tablets. The only change is that the CHAs will use the tablets during the home
visits. The number of home visits depends on the demands placed by the community and the
motivation of the individual CHA. The CHAs in the communities typically conduct 1-4 home visits
per month with children aged 0-36 months. The CHAs are instructed to teach the caregivers good
sanitation, nutrition, and child development practices.

The CHAs will use the tablet-based app to visualize the health indicators of the children in their
caseload, record health indicators of the child during each visit, observe and chare images and
videos that will help teach health and development messaging, and send data to a central database.
The App will guide the CHA through each step of the home visit. The supervisor of the CHA program
will visit the CHAs to ensure they can upload their data to the database. This include, in some cases,
carrying the tablet to a community that has signal to upload the data.

7.4.4.Monitoring

The research team will supervise the work of the CHAs through observations of their home visits
and interviews with families and CHAs in the communities. The research team will visit the
communities every month during the first 4 months, and less frequently when they see that the
program is working as it should.

The team will also track activities of the CHAs through the data uploaded by the application. They
will be able to track the number of visits being conducted and the health indicators of the children.
If the tablet is not uploading data to the survey, the research team will visit the community to
identify the problem.
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The local health facility will also have access to the data and will be able to identify if a child is at
risk of chronic malnutrition, chronic diarrhea and/or is not attending growth monitoring check-ups.

7.5. Phase 5: Evaluation of the Intervention

At the end of the intervention, the follow-up survey will be carried out in the intervention and
control communities. The instruments included in the follow-up survey include the Evaluation of
Child Development, Attitudes and Practices Questionnaire, Knowledge Test, Performance
Evaluation of CHA, Survey of Use of Health Services, Questionnaire on Satisfaction and Self-Efficacy
of CHA, and Questionnaire on Satisfaction of Caregivers.

The data gathered by the application will be used to evaluate the child heath indicators and the
number of home visits conducted.

8. DATA ANALYSIS

The quantitative data obtained in the surveys will be organized and analyzed with the statistical
software, Epi Info version 7.1.4.0 (62). The qualitative data will be organized and analyzed with the
program Atlas.ti (63). To carry out the impact analysis, four mathematical models will be used to
interpret the results, generating an optimal analysis to understand the interactions between the
variables. The analysis will be conducted on the dependent variable to test the primary outcome,
as well as the intermediary variables to test the secondary outcomes and measure the mediating
effect of those variables. First, a descriptive analysis will be performed to compare indicators
between the analysis groups, including average and frequencies of the independent and dependent
variables. Second, a bivariate analysis with Chi-square test will be done to examine the associations
between the independent and the dependent variables. Third, a multivariate regression analysis
will be used to examine the interactions between the independent variables and the dependent
variables. Fourth, an analysis of covariance (ANCOVA) regression method will be used to calculate
the impact of the intervention (43).

8.1. Data Monitoring

Data monitoring will be completed by the Data Monitoring Committee to ensure non-biased
handling and analysis of data obtained from baseline, monitoring, and follow-survey. The Data
Monitoring Committee will be made up of the team of experts that will be hired to create the
content of the intervention and mentors that guided the research team. The Data Monitoring
Committee will each guard files of data at different time points so they can later be crossed
reference to ensure consistency. The Data Monitoring Committee will not include permanent
members of the sponsor organization or associates of the funding organization or anyone with
competing interest or incentive for the intervention to be successful.

8.1. Data security

All data will be stored in a secure encrypted server that is protected by password. All identifiable
information in the data set will be deleted to make it impossible to link the data with the individual.
Information regarding contact information of CHAs will be stored on the secure server. There will
be no need to maintain identifies within the data because there will be no follow-up serves with
individuals. Members of the Data Monitoring Committee will ensure all identifiable information has
been removed from the data set.
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9. ETHICS AND DISSEMINATION

The investigation was approved by the Institutional Ethics Committee of the National Hospital "San
Bartolomé" in Peru on November 8, 2018 (Exp. Number 15463-18, Oficio N. 0744-2018-OADI-
HONADOMANI-SB)

The investigation will include only those individuals that are willing and able to give their consent
to be included in the study. The participant must be able to understand the information presented
to them and voluntarily express their choice of whether they want to participate or not. The
caregivers must be over 15 years of age to participate in the study.

It will be clearly stated that participation in the study will not compromise the health of the
participants or violate any rights of the child. There will be no financial compensation for
participation in the study. No biological samples will be collected, nor any medical or
pharmacological treatments delivered in the research process. There are no possible adverse
effects associated with participation in the study. There is the possibility of generating discomfort
in the participants because the visits and surveys imply an investment of time. Given this,
participants will be informed about the amount of time involved for their participation in the survey
before signing the informed consent.

After completion of the child development evaluation the results will be immediately shared with
the caretaker along with recommendations of early childhood stimulation activities that could
benefit the child. Likewise, the results of the evaluations will be communicated to the health center
of the community with a copy of a list of the children who are at risk of developmental delay. The
child development evaluation represents a direct benefit to the participants in the intervention and
control group.

The research team will monitor the intervention for at least 12 months to ensure the CHAs receive
support, and the tablets receive maintenance or are replaced if need. The CHAs can opt-out of the
intervention at any time, thus returning to their traditional methods of reporting and health
promotion. After 12 months, the program will be handed over to the Municipality and they will
continue to receive support as needed. The Municipality has been active in the design of the
material for the intervention and will be active in the monitoring and evaluation efforts. The
Municipality members will be trained in how to manage and sustain the program.

The results obtained from the study will be made publicly accessible through the publication of
findings in an international peer-reviewed journal and a report will be delivered to the local health
authorities. The dataset will available in a public data repository.

9.1. Informed consent for caregivers

The Informed Consent for Caregivers includes the description of the study, the participation of the
caregiver, the participation of the child, and the amount of time required to complete the survey.
The interviewer that conducts the questionnaires will ask for consent from the caregiver. If the
caregiver agrees to participate in the study, they will be asked to sign the Informed Consent form.
The caregiver will be provided a copy of the consent.

9.2. Informed consent for CHA

The Informed Consent for CHAs includes a description of the study and the performance evaluation
that will be conducted with the CHA. The interviewer that conducts the questionnaires will ask for
consent from the CHA. If the CHA agrees to participate in the study, they will be asked to sign the
Informed Consent for CHAs. The CHA will be offered a copy of the consent.
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1
2
3 9.1. Consent to Publish
g There will be no identifying images, personal details, or clinical details of participants presented
6 that will compromise the anonymity of the participants in the study.
7
8 10.CONCLUSIONS
9 . . . . . .
10 The results of the study will provide evidence on the potential of a mHealth tool to improve child
1 health and development indicators in the region. The process evaluation with qualitative
12 assessments will also be conducted to identify barriers, strengths, and weaknesses of the program.
13
. 11.CHRONOLOGY
16 The study will last 24 months, beginning in October 2018 and ending in September 2020. The
1273 schedule of activities can be found in Table 1.
19 -
20 Table 1: Schedule of Activities
21 —
Activit
22 Y
23

24 Complete Ethics Committee
25 Protocol

26 Develop home visit agendas
27 Validate home visit material
28 Create videos

29

Develop Application
Validate Application
31 Recruit participants
32 Baseline Survey

33 | Train CHAs

34 Deploy App

35 Monitoring

36 Final Evaluation

37 End of Project

38

39

40

41 11.1. Flow Diagram schedule of activities

fé The Flow Diagram in Table 2 describes when intervention allocation and assessments of the study
44 population will take place, in relation to the study activities.

45

46 Table 2: Flow Diagram

47 Study Period

48 . Post-

49 Enrolment Allocation Allocation Close-out
g? TIMEPOINT -t 0 t, | & t,
52 ENROLMENT:

53 Eligibility screen of

54 inclusion and exclusion

55 criteria

56 Informed consent

57 Allocation X

58 INTERVENTIONS:

Zg Distribution of Tablet N N
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Control group

L 4
L 4

ASSESSMENTS:

Child development
evaluation

X
P

X
X

Performance Evaluation

Knowledge, Attitudes, and X X
Practices Survey

Monitoring of Community
Health Agents X X X

12.ABBREVIATIONS

CHA — community health agents

CHEST — Child Health Education and Surveillance Tool
CREDI — Caregiver-Reported Early Development Instrument
ICT — Information and communication technology

13. DECLARATIONS
13.1. Availability of data and materials

The datasets generated during the study will be stored in the publicly available repository, figshare
(https://figshare.com/). De-identified participant data, including child development evaluation
scores, anemia results, chronic malnutrition results, KAP survey results, and CHA performance
evaluations, will be stored in the repository. The data will be available through the repository for
10 years. Data from participants will only be made available if consent was provided by the
participant through the informed consent process.

13.2. Competing interests

The authors and members of the research team have no competing interest.

13.3. Communication of Trial Results

The results of the study will be presented to the participants, including the community health
agents, caregivers, health facility personal, and Regional Ministry of Health in the form of a study
brief that indicates the results of each indicator collected. The study brief will be written and
described in a manner that is intelligible for the target population. The CHAs will be asked to
distribute the brief and describe the findings to the individual families in their caseload.

The results will be presented to the public via publication of results in an international scientific
journal. The research team will also seek opportunities to present the results in national and
international conferences to disseminate findings.

13.4. FUNDING

The study is funded by the grant, Saving Brains, by Grand Challenges, Canada. The funding source
had no role in the design of this study and will not have any role during its execution, analyses,
interpretation of the data, or decision to submit results.

13.5. AUTHOR CONTRIBUTIONS

CW conceived of the study. CW and NR contributed to the writing and revision of the protocol. PM
provided advisory on study design. All authors contributed to refinement of the study protocol and
approved the final manuscript.
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Figure 1. Theory of Change

20
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 20 of 26



Page 21

oNOYTULT D WN =

of 26

Multimedia Teaching

BMJ Open

Automative Selection of

Caseload Visualization

Digital Surveillance Tools

Compone Tools Education Material
L L4
e y ~CHAS can seewhichof thechikirenintheir care
- S momentin the child sdevelopment are suffering from poor nutrition or disemses
ecofr HAS can seeif eninther carchave £ 2
and customsmake hearth messegesmore ! nind < ~CHAS can record chiid heaith indicators indigital
iy e S missedtheigrowth monkorrg chedk . e il el
e e e el equency oftimes each of thechidren intherr care. fctcheddto
it A ~Caregivers and CHAs are moresatsfied withthe i ir car
5 Iy cateevers isi are/werescheduled to receie deworming
4 diverse
motivationand se-cfficacy of CHAS
» e L d L]
~CHAS willbeableto focus their effortson the
children thataremost i illrecen the
> e e o i e ~CHAs wil caregiversatopportune CHAs in (nearrealtime.
bt e e e time to goto the heslth center to receivetheir ~CHAs willcommit less erorswhen recording
Poorchinood 3 ot scheduied care. and reporting dota
nutrition and development - Eicog] .
et - ; ad h toreach d istrack
increased satisfaction by CHA and caregivers. increased satisfaction by CHA and caregivers. e R e
Centersto obtzinand adminizer deworming registering ata inther datasystem
medication.
A4 v L4 .
- = Heahh authorities can identify and treat children
~Healthauthoritiescan and treat i
o PEgce i practices. o . i e thatare inneed in (near] realtime.
g e e R s ~Health authoritiescan track epidemiological
[Chidnood £ trendsand intenvenewhereneeded
omes ~CHAs willconduct more home visits
e e o Covsiopmen pracicss wiliconductmore home ! -Health system spends less onacministrative.

servicesforchild heaith

-Reducedratesof anemia

senvicesfor child heaith
L

-Reducedratesof anemia

Primary Outcomes

-Reducedratesof anemia

costs to record and organize data.
]

-Reducedratesof anemia

Impact

Figure 1

338x190mm (96 x 96 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

B SPIRITV

STANDARD PROTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TRIALS

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*

Page 22 of 26

Section/item Item Description

No

Addressed on
page number

Administrative information

Title 1
Trial registration 2a
2b
Protocol version 3
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Roles and 5a
responsibilities 5h
5c
5d

Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym
Trial identifier and registry name. If not yet registered, name of intended registry

All items from the World Health Organization Trial Registration Data Set

Date and version identifier

Sources and types of financial, material, and other support

Names, affiliations, and roles of protocol contributors

Name and contact information for the trial sponsor

Role of study sponsor and funders, if any, in study design; collection, management, analysis, and
interpretation of data; writing of the report; and the decision to submit the report for publication, including
whether they will have ultimate authority over any of these activities
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adjudication committee, data management team, and other individuals or groups overseeing the trial, if
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Description of research question and justification for undertaking the trial, including summary of relevant
studies (published and unpublished) examining benefits and harms for each intervention

Explanation for choice of comparators
Specific objectives or hypotheses

Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group),
allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory)

Methods: Participants, interventions, and outcomes

Study setting 9

Eligibility criteria 10

Interventions 11a
11b
11c
11d

Outcomes 12

Participant timeline 13

Description of study settings (eg, community clinic, academic hospital) and list of countries where data will
be collected. Reference to where list of study sites can be obtained

Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and
individuals who will perform the interventions (eg, surgeons, psychotherapists)

Interventions for each group with sufficient detail to allow replication, including how and when they will be
administered

Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose
change in response to harms, participant request, or improving/worsening disease)

Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence
(eg, drug tablet return, laboratory tests)

Relevant concomitant care and interventions that are permitted or prohibited during the trial

Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood
pressure), analysis metric (eg, change from baseline, final value, time to event), method of aggregation (eg,
median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen
efficacy and harm outcomes is strongly recommended

Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for
participants. A schematic diagram is highly recommended (see Figure)
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Sample size 14

Recruitment 15

BMJ Open

Estimated number of participants needed to achieve study objectives and how it was determined, including
clinical and statistical assumptions supporting any sample size calculations

Strategies for achieving adequate participant enrolment to reach target sample size

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence 16a
generation

Allocation 16b
concealment
mechanism

Implementation 16¢

Blinding (masking) 17a

17b

Method of generating the allocation sequence (eg, computer-generated random numbers), and list of any
factors for stratification. To reduce predictability of a random sequence, details of any planned restriction
(eg, blocking) should be provided in a separate document that is unavailable to those who enrol participants
or assign interventions

Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered,
opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are assigned

Who will generate the allocation sequence, who will enrol participants, and who will assign participants to
interventions

Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome
assessors, data analysts), and how

If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s
allocated intervention during the trial

Methods: Data collection, management, and analysis

Data collection 18a
methods

18b

Plans for assessment and collection of outcome, baseline, and other trial data, including any related
processes to promote data quality (eg, duplicate measurements, training of assessors) and a description of
study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if known.
Reference to where data collection forms can be found, if not in the protocol

Plans to promote participant retention and complete follow-up, including list of any outcome data to be
collected for participants who discontinue or deviate from intervention protocols
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Data management 19

Statistical methods 20a

20b
20c

Methods: Monitoring

Data monitoring 21a
21b

Harms 22

Auditing 23

Ethics and dissemination

Research ethics 24
approval

Protocol 25
amendments

BMJ Open

Plans for data entry, coding, security, and storage, including any related processes to promote data quality
(eg, double data entry; range checks for data values). Reference to where details of data management
procedures can be found, if not in the protocol

Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the
statistical analysis plan can be found, if not in the protocol

Methods for any additional analyses (eg, subgroup and adjusted analyses)

Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any
statistical methods to handle missing data (eg, multiple imputation)

Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of
whether it is independent from the sponsor and competing interests; and reference to where further details
about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not
needed

Description of any interim analyses and stopping guidelines, including who will have access to these interim
results and make the final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse
events and other unintended effects of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent
from investigators and the sponsor

Plans for seeking research ethics committee/institutional review board (REC/IRB) approval

Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes,
analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals,
regulators)
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Consent or assent 26a

26b
Confidentiality 27
Declaration of 28
interests
Access to data 29

Ancillary and post- 30
trial care

Dissemination policy 31a

31b
31c

Appendices

Informed consent 32
materials

Biological 33
specimens

BMJ Open

Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and
how (see Item 32)

Additional consent provisions for collection and use of participant data and biological specimens in ancillary
studies, if applicable

How personal information about potential and enrolled participants will be collected, shared, and maintained
in order to protect confidentiality before, during, and after the trial

Financial and other competing interests for principal investigators for the overall trial and each study site

Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that
limit such access for investigators

Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial
participation

Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals,
the public, and other relevant groups (eg, via publication, reporting in results databases, or other data
sharing arrangements), including any publication restrictions

Authorship eligibility guidelines and any intended use of professional writers

Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code

Model consent form and other related documentation given to participants and authorised surrogates

Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular
analysis in the current trial and for future use in ancillary studies, if applicable
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NA
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*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items.
Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons
“Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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