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Abstract. The implementation of mHealth, or mobile health, technologies has become a common 

solution to bridge the gap of healthcare access in developing countries. mHealth has significant 

potential in addressing a lack of access, resource shortages, and improving the efficiency of 

healthcare systems. This is further spurred on by the rapid growth in telecommunication and mobile 

technology in developing countries. Puerto Cabezas, Nicaragua is an area where these occurrences 

are manifesting themselves. In this eastern city, there is a continued problem with healthcare access 

while at the same time, there is a rapid rise in telecommunications and mobile phone usage. This 

creates the perfect storm for implementing mHealth technologies in order to bridge the gap of a 

severely restricted healthcare system and the need for healthcare from those living there. Through 

modeling the current Salubrista healthcare network in Puerto Cabezas, we showed how mHealth 

technologies improved the DALY for diabetes by almost 7%, provided an analysis on what mHealth 

system offers the greatest impact on the healthcare system, and designed a strategy for how to 

implement the system. Although this system and implementation focused on benefiting the people 

who live within Puerto Cabezas, this project also addressed the need of diabetic and healthcare 

strategies for Nicaragua as a whole. The results of this project offer a strategic plan that has the 

potential to be expanded on, and provide inspiration for mHealth methodologies that can influence 

the healthcare network of Nicaragua and developing countries.  

Introduction 

Mobile Health. Mobile health, or mHealth, has emerged as a critical element to support public health 

and clinical care. mHealth can be defined as using mobile phone technologies and devices for 

healthcare services and information (Coppock, 2009). Breaking down mHealth to its most basic 

concept reveals that it is essentially a method of communicating and processing information related 

to healthcare. Thus, mHealth can be incredibly dynamic in its different ways of delivering and using 

health information. However, in the context of developing countries, mHealth applications fall into 

six key categories: Education and awareness, remote data collection, remote monitoring, 

communication and training for healthcare workers, disease and epidemic outbreak tracking, and 

diagnostic and treatment support (Coppock, 2009).  
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Through the improvements of telecommunication technology in developing countries, mHealth is 

now seen as a viable solution in countries where many of their other infrastructures, healthcare 

included, have not seen the same improvements. The potential of implementing an mHealth system 

grows as the impediments to access to mobile technologies are slowly fading as decreasing costs and 

increased ease of use result in more people owning mobile technologies (Chib, 2013). More than any 

other modern technology mobile devices, such as mobile phones and PDAs (tablets) are used 

throughout the developing world thus creating potential for the success of mHealth (Kahn, Yang, 

Kahn, 2010). mHealth can help a healthcare system by providing the potential to respond to chronic 

diseases and ease some of the burden they cause to developing countries.  

mHealth has the potential to tackle the challenges of an aging healthcare system by enabling more 

patient-focused healthcare and supporting the shift towards prevention while at the same time 

improving the efficiency of the system (European Commission, 2014). Process improvements have 

been reported in lower percentages of failed appointments, quicker diagnosis and treatment, and 

improved teaching and training. However, large portions of the research done on mHealth are done 

in wealthier countries with only limited research dedicated to using it to help with chronic conditions 

in developing countries (Kahn, Yang, Kahn, 2010).  

Puerto Cabezas, Nicaragua. Nicaragua, located in Central America, is the 2nd poorest country in 

the Western Hemisphere. Approximately 6.1 million people live in Nicaragua. Much of the 

population is located on the Western side of the country. The Eastern side, especially the North 

Caribbean Autonomous Region (RAAN), is very rural and sparsely populated. The RAAN is a rainy, 

jungle region in Eastern Nicaragua and is home to approximately 500,000 people (M et al, 2011). 

Many of these people lack reasonable access to healthcare facilities and information. The capital of 

the RAAN, Puerto Cabezas, is the location that we focused on and is seen in Figure 1 below  

. 

Figure 1. Project Target Region (Wikipedia, 2017) 

Currently, in Nicaragua, the government healthcare system provides access to between 2.72 and 3 

million people. This leaves between 2 and 2.28 million people without access (Sequeira M et al, 

2011). Figure 2 below displays the healthcare access gap in more detail. The World Health 

Organization recommends 2.3 physicians per 1000 people. As seen, the country of Nicaragua as a 

whole averages around 0.91 physicians per 1000 people. However, the lack of access to a physician 

is significantly worse in the city of Puerto Cabezas, at 0.031 physicians per 1000 people. Because of 

the lack of healthcare resources and immense poverty, Nicaragua struggles with many health factors. 

One of which is diabetes, which was selected for this analysis, and is discussed further in the section 

Diabetes in Developing Countries.   
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Figure 2. Nicaragua’s Healthcare Gap (Sequeira M et al, 2011) 

Telecommunications in Nicaragua. Despite the struggles with healthcare and poverty, 

telecommunications in the country has progressed rapidly. According to the World Bank, as of 2016 

Nicaragua has 122 mobile phone subscriptions per 100 people in Nicaragua. The popularity of mobile 

phones could potentially allow healthcare to have a bigger reach into the population, possibly without 

the need of building additional infrastructure.  

 

 

Figure 3. Mobile Phone Subscriptions in Nicaragua (World Bank, 2017) 

Diabetes in Developing Countries. A lack of proper facilities and education causes chronic diseases 

and conditions such as diabetes to persist. The issue is amplified by the poor nutrition and lack of 

exercise influenced by the lack of education. Furthermore, the lack of preventative care that patients 

receive makes the difficulty of fighting diabetes greater. On the other end, there is very little 

preemptive care from the patients. This results from a lack of education, resources, and overall 

interest in monitoring one’s own health. From our sponsor, the MITRE Corporation’s experience 

many of the citizens accept that death may come early, and that life is often lived in poor conditions 

in this region of the world.  

In the country of Nicaragua, 8.1% of the population has diabetes. Diabetes also accounts for 6% of 

mortalities in the country and is the third most common chronic disease (Kahn, Yang, Kahn, 2010). 

For comparison, in the United States, 12.6% of the population has diabetes, but diabetes accounts for 

only 3% of all mortalities (Kaplan, 2006). As diabetes progresses in one’s body, the risks of 

microvascular diseases, such as cataracts, amputation, and heart failure, become increasingly likely. 

In rural areas, such as the RAAN, there is little preventative action. This results in people finding that 

they have diabetes from a related complication. More so, approximately 46% of the population is 

overweight and approximately 15% of the population is obese (Kahn, Yang, Kahn, 2010). This makes 
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diabetes both a current and future problem. Despite this, the prevalence of diabetes, and the known 

risks associated with diabetes, the Nicaraguan government does not have an action/strategy/plan to 

address diabetes, the growing rate of obesity, and the lack of physical activity (World Health 

Organization, 2015).  

Stakeholder Analysis 

In the table below, we analyze our primary and secondary stakeholders. Primary stakeholders are the 

people or entities directly affected by the implementation of the system we propose. Secondary 

stakeholders are people or entities required for implementation of the system.  

 

Table 1: Stakeholder Interests 

Dr. Moore, from MITRE, has volunteered his time and systems engineering expertise to Verbo, a 

Non-profit organization who has set up the Salubrista healthcare system that works in harmony with 

the Nicaraguan Government. Nicaragua, the western hemisphere's second poorest county, has 

extensive healthcare shortages in rural regions like Puerto Cabezas. While our sponsor, Dr. Moore, 

and Verbo’s humanitarian efforts have greatly improved the lives of many rural Nicaraguans, Dr. 

Moore has sponsored this project in hopes of incorporating mHealth and expanding this approach to 

other communities and countries.   

Figure 4 below represents our stakeholder tension diagram. The tensions that arise between specific 

users and the system are particularly unique to Nicaragua and developing countries. The possible 

tensions were crucial for us to understand the design of a system that worked in harmony with all 

parties involved. These tensions have a large effect on the implementation of our system - answering 

questions related to access and adoption. One of the barriers to mHealth is not the technology itself 

but the implementation. Therefore it is very important for us to understand the context, stakeholders, 

and environment that we will be implementing the system into. 
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Figure 4. Stakeholder Tensions 

Problem and Need Statement 

There is a need to implement an mHealth system that focuses on diabetes care in order to address the 

remote access to healthcare, growing prevalence of diabetes, and lack of action and strategy by the 

Nicaraguan government within the North East city of Puerto Cabezas. This system addresses the need 

for healthcare improvements in Puerto Cabezas.  

Scope and CONOPS 

Scope. The scope of the project is focused on the treatment and care of patients with diabetes, a 

growing concern for developing countries around the world, including Nicaragua. The team chose 

the city of Puerto Cabezas as the target pilot area for the project as the sponsor’s prior work has 

included multiple trips to this eastern region in Nicaragua.  

Healthcare Network. The healthcare system that this project is focused on is a small but growing 

healthcare network located within Puerto Cabezas. It will be used as a beta test, for the 

implementation of mHealth in the rural RAAN region of Nicaragua. It includes one nearby hospital, 

one clinic, one local physician, and five Salubristas. A Salubrista is a community healthcare worker 

whose limited medical training has been provided by various non-profit volunteers from countries 

such as the United States and Canada. They have been trained to provide physician oversight and 

protocol for escalation paths to the central hospital in emergencies. One of these volunteers was our 

sponsor Dr. Danny Moore. He used his systems engineering knowledge to set up basic inventory 

management for the Salubristas. Each Salubrista provides care to 500 households in their care district. 

This is a daunting task for even the most experienced medical professionals (Moore, 2018). This 

Salubrista healthcare network was created upon the model of community health. Their patient 

population is known to be resistant to outside help and thus being patient-centric is a key component 

of the Salubristas’ success. mHealth has the potential to tackle the challenges of the healthcare system 

by enabling more patient-focused healthcare and supporting the shift towards prevention while at the 

same time improving the efficiency of the system (European Commission, 2014). With chronic 

diseases such as diabetes prevention can have serious impacts not only on the number of cases, but 

the burden on both the patient and healthcare system. mHealth has a lot of promise in preventative 

healthcare. It can help detect the development of chronic conditions at an early stage through self-

assessment tools and education while sharing data with care providers. As a result, mHealth can have 

a large impact in improving one’s quality of life providing motivation and engagement. This 
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increased health awareness promotes healthy behaviors and can reduce the risk of disease (European 

Commission, 2014).  

Technologies. Providing quality care under these conditions is an immediate, urgent issue. Our team 

greatly understands the importance of creating a system that is not only be beneficial but can be 

quickly implemented. With this understanding, only developed and functional mobile health 

applications that can be found for free, in Spanish, and on the Android Google Play store were 

considered. Even with these parameters, there are thousands of applications on the market.  

The mHealth technologies that we used to design our system were smartphone or tablet applications 

commonly found on the Google Play Store. With such a large supply of mobile applications and an 

increase in the number of smartphone and tablet users, mobile phone applications have great potential 

for solving the current healthcare struggles. The mHealth  applications, or design alternatives were 

evaluated using the MARS mHealth app evaluation matrix. The Mobile Application Rating Scale 

(MARS) was developed by a research team in the development and validation of eHealth and 

mHealth interventions by Queensland University of Technology in  Australia. MARS is an mHealth 

application rating matrix that attempts to objectify the comparison of different applications (Stoyanov 

et al 2015). Education was chosen as the most important function of mHealth because it can be easily 

implemented with the community health workers. Twenty mHealth diabetes applications, along with 

a handful of patient management applications, were tested using the MARS system by the team for 

accuracy of information and ease of use. Unfortunately, based on our analysis, patient management 

applications were either lacking in the desired quality, the ability to be set to Spanish, or too 

expensive. To remedy this, the team created a new patient management dashboard that can be used 

through the Microsoft Excel mobile application or a computer. The dashboard includes a layout for 

patient names, sex, weight, height, blood pressure, glucose level, health worker notes, treatment 

during appointment, date of appointment, and a column for when to check up on the patients. This 

dashboard is partially filled out with patient information and diagnostic notes collected by Dr. Moore 

on a previous trip to give aid to the Salubrista network in Puerto Cabezas. The team entered in data 

for around 100 patients that will be given to Dr. Moore upon completion of this project.  

Design Alternatives. Diabetes T2, an educational mHealth application, was rated the highest using 

MARS with a mean quality score of 4.2/5. Design alternatives were then developed around various 

delivery methods for these two mobile applications. Besides the do nothing alternative, the first 

alternative relies on the health workers to have their own mobile phones. From here, the system 

provides them with the personalized, patient management Excel dashboard and recommends the use 

of the Diabetes T2 app. The second one was designed in light of the realization that not all Salubristas 

have their own phone. This alternative involves providing the Salubristas with their own Amazon 

tablet with the Diabetes T2 app and the Excel dashboard already installed. The third alternative looks 

to address the lack of communication the Salubristas may have. This alternative includes not only 

the tablet and apps for each Salubrista, but also a device that allows the tablets to communicate with 

each other over radio waves - similar in function to a walkie talkie. The fourth alternative involves 

building a raspberry pi server to host the applications, if need be, and send educational SMS 

messages.  

Method of Analysis 

Technologies testing. System verification and validation was accomplished through a few different 

strategies. The first was a technologies test in Fairfax, VA with a mixture of Spanish-speaking 

students and parents, English-speaking students, and registered nurses. Through this, we were able 

to test, with ten participants, both the tailored patient management dashboard in Excel and the 

Diabetes T2 education application for usability. One major change made from the information 



7 

 

obtained through the test was the inability to use small mobile phones for Excel. The design 

alternatives were then changed to use Amazon tablets. The second approach was through our sponsor. 

He was able to perform a validation inspection to ensure the system met the needs of its users.   

Simulation. The goal of the simulation was to determine the viability and effect of mHealth in the 

Salubrista network. The team created a stochastic simulation in python. This Monte Carlo simulation 

uses diabetes complication probabilities that are stored in a non-stationary Markov chain, a 

combination sometimes referred to as MCMC. The simulation represents the advance of the lifelong 

chronic disease diabetes for patients in the current healthcare system and the resulting complications. 

This simulation gives us an estimation for the impact of mHealth on diabetic patients. It projects a 

patient's Disability-Adjusted Life Year (DALY) by using medical glucose blood sugar measures 

(HbA1c) to track a patient’s diabetes progression. One DALY can be thought of as one lost year of 

“healthy” life. It is the sum of the years of life lost due to an early death (YLL) and years lived with 

disability (YLD). DALY is a population statistic that is used to quantify the burden of disease from 

mortality and morbidity (World Health Organization, 2015). DALY is often used per 1000 people 

both healthy and sick. For uncertain variables, distributions were derived from extensive research in 

mHealth and diabetes progression and were used to encompass the most probable ranges for these 

factors. The simulation also contains the flexibility to adjust some of these major distribution 

parameters to match other populations, for example the prevalence of diabetes, the number of 

healthcare workers, and likely adoption rate of mHealth.  

Simulation Requirements and Verification. The simulation follows these requirements: 

 

Table 1. Simulation Requirements 

Nicaragua’s current DALY for diabetes is 12 per 1000 (IHME, 2017)  . Our simulation needed to 

match Nicaragua’s DALY within 35% in order for us to validate that the simulation was a useful 

estimator for the impact of mHealth. Upon testing, the simulation achieved within 33%. ReqS2 was 

met by using HbA1c as a measure for diabetes in patients. This number fluctuates based on the 

influence of mHealth, allowing us to estimate the effect of mHealth on diabetic patients. ReqS3 was 

created in order to further track the progression of diabetes in patients. Along with a fluctuating 

HbA1c, complications become more or less likely to occur because of diabetes. The complications 

that we tracked were blindness, amputation, and neuropathy.  Req’s 4 and 5 were met through the 

design of the simulation, where years of life lost is recorded and the MCMC method provides a 

stochastic representation of diabetes progression.  



8 

 

Initial Simulation Assumptions. In order to make the simulation manageable we made the following 

assumptions. All patients in the simulations are diabetic. All deaths and complications that occur in 

the simulation are a result of diabetes progression. All diabetics, on average and regardless of country, 

follow the same progression of the disease.   

Simulation Overview   

Figure 5. Simulation Overview Diagram 

Figure 5 displays the inputs, outputs, and parameters of our simulation. There are three inputs: HUI, 

HbA1c, and patient age. HbA1c stands for glycated hemoglobin and is the measure used to monitor 

the progression of diabetes. All patients have an HbA1c of at least 6.5% as this is the starting level 

for a diabetic. The second input is HUI and stands for Health Utility Index. This is a number between 

0 and 1 indicating the overall health of a person. 1 indicates perfect health, and 0 indicates death. 

When a complication occurs, such as blindness, this lowers the person’s HUI level indicating a loss 

of healthiness. Each of the complications a patient can receive is stochastic and is related to the 

HbA1c level of a patient. If they occur, they have a negative impact on the patient’s HUI. The last 

input is a patient’s age. Each one of these three inputs is stochastic. The two parameters used in our 

simulation are self-treatment and health resource utilization. These two parameters transform our 

inputs into our output, DALY.  This output is used to track the impact mHealth would have on the 

patient within the Salubrista healthcare network. 

HUI Penalties. The simulation monitored 15 different complications of diabetes. These are 

represented in two separate Markov Chain’s: Macrovascular complications and Microvascular 

complications. Each of these chains contains a linear progression of various complications. Only ten 

of the 15 modeled complications incurred a health penalty in the simulation, as many of the earlier 

states of a complication branch are asymptomatic. Some complications that incurred HUI penalties 

are Neuropathy: -0.065, Stroke: 0.072, and Hypertension: 0.011 (Zhou, 2005).  

Markov Chain to Store Complication Probabilities. In order to store the transitional probabilities 

for modeling the progression of diabetes complications a patient may go through, the simulation 

utilized a Markov chain. For example, in figure 6, you can see the progression of Neuropathy.  It is 

important to note that in order for a patient to get Neuropathy, they must first have retinopathy and 

then hypertension. Each of the transitional probabilities was sourced from available research done in 
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multiple countries, and thus we assume a diabetic in one country follows, on average, the same 

progression of any complication.  

Figure 6.  Simulation Markov Chain with Probabilities Example 

 

Simulation Results. Excel output files from the simulation included starting and ending HUI, and 

starting and ending HbA1c for every three month period, starting age, age of death or age at the end 

of simulation, number of complications and which complication they were, as well as the years lived 

with the complication for each patient. From this information the DALY was calculated. YLL is 

measured per 1000 patients and calculated by subtracting a patient’s age at death from their life 

expectancy. If they did not die during the simulation run, they hold no weight in this equation because 

they did not have any effect on the years of life lost due to diabetes. YLD is also measured per 1000 

patients and is calculated by multiplying the number of cases of a disability by the assigned disability 

weight and the average duration of the disease for all of the disabilities (World Health Organization, 

2015).  

 

Table 2. Summary of DALY T-test Results 

A student's T test was done on 1000 runs without mhealth and 1000 runs with mhealth implemented. 

Each run, as explained before, was for 1000 patients over thirty years. After 1000 replications, the 

simulation shows implementing mHealth reduces the DALY from 16 to 15 years lost, as well as 

reducing the variance from 14 to 13.This reflects a 7% improvement to the DALY caused by diabetes. 

With 2000 degrees of freedom the simulation shows with 99% confidence that mhealth improves 

DALY.   

We used our utility function to find the highest performing alternative. Then, using the results from 

our simulation, as well as visual inspection, we were able to perform a verification inspection to see 

if the system met the mission requirements.  

Project Results 

Utility analysis. After the simulation proved with 99% confidence that mhealth can improve DALY, 

the four alternatives were evaluated with a utility function built around weights created with our 

sponsor Dr. Danny Moore’s input. Their individual utility is comprised of the impact of mHealth, 
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ability to allow communication within the healthcare network, mean time between failure (MTBF), 

and the time it takes to implement the system. The different design alternatives’ costs are then 

evaluated against their utility. 

 

Figure 7. Utility function 

Figure 7 displays our utility function with the given weights. The most significant factor in choosing 

an alternative is the impact the alternative has on the patients and Salubrista network. The impact 

value is comprised of three difference components: Patient Management, Education, and Decision 

Support - all crucial characteristics of successful mHealth systems. These were ranked by their 

potential to impact a diabetic’s HbA1c. Through research it was found that mHealth education has 

the potential to improve HbA1c by approximately 1% and patient management by 0.7% (Mahdavi, 

2013) . Decision support was subjectively multiplied by how long the team believed it would take 

with each alternative for the Salubrista to determine if they should start education. If the alternative 

had decision support capabilities it was determined that it would take them no longer than five years, 

and without it would take no more than ten. 

  

Figure 8. Cost vs. Utility Chart 

Figure 8 displays our cost vs. utility line. We can see that alternative three (providing the apps, 

tablet, and radio device) has the highest utility. However, it is also one of the more expensive 

choices. The second alternative (providing the tablet and apps), has a utility near that of alternative 

three for far less cost. These costs include hardware for each alternative, implementation costs, and 

data costs. 
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Chosen alternative. This utility vs. cost analysis is why we recommend alternative 2 - providing the 

Salubristas with the Amazon Fire tablet, the Microsoft Excel patient management dashboard, and 

recommending the use of the app Diabetes T2. We believe this will give the Salubristas the necessary 

tools to increase the number of patients they are able to care for and increase the quality of the care 

that the Salubristas give. Not only do we believe that this alternative can have an impact now, we 

believe that the alternative has the potential to be expanded on and implemented in other areas of 

Puerto Cabezas.  

Implementation and Business Plan 

With these results an implementation plan was developed to allow the sponsor to quickly bring this 

system to Nicaragua. mHealth supports patient engagement by developing a more participative role, 

enhancing their responsibility over their own health. This empowerment is accomplished through 

easy-to-understand information on one’s health condition and how to live with it, sensors that detect 

and report vital signs, self-motivation leading to increased treatment compliance, and many other 

functions. As patients become more responsible and empowered, a more efficient and sustainable 

healthcare system is created. These functions provide an efficacious way of delivering care through 

better planning, reducing unnecessary consultations, and better prepared professionals receiving 

guidance on treatment and medication (European Commission, 2014).  However, it is naive to assume 

patients who have not previously shown interest in preemptive care will start overnight. This project’s 

recommendation is to provide trusted community health workers the necessary mHealth tools, in 

hopes that the technology can expand to the patients themselves.  

Although our users are the Salubristas and not the patients, implementing mHealth will still have 

these same effects. By using mHealth, the Salubristas will have organized records of patients. This 

gives them the ability to care for more patients. The Salubristas will now have access to accurate 

diabetic managing tools, increasing their efficiency in caring for diabetic patients. As the Salubristas’ 

ability to effectively care for patients increases, the patients become more educated leading to a 

greater understanding of their health. This results in greater responsibility and more effective 

preemptive care. As we have outlined, the current lack of structure and organization of the 

Nicaraguan health system leaves many people without care. For example, in Puerto Cabezas, 

digitized records are hardly used. In the Salubrista healthcare network, the Salubristas have access to 

Excel, but do not use it. This makes it difficult for the Salubristas to track, organize, and efficiently 

care for patients.  

Measure of Success. In order to recommend moving to Generation 2 of this mHealth system, there 

needs to be a measure of success to test if continuation should happen. Before the start of the beta 

test in the Salubrista network, an education questionnaire for the Salubristas and diabetic patients 

should be given. This test will include some basic questions about diabetes, its treatment, and causes. 

The answers to these questions, such as naming some of the 10 guidelines that can keep type 2 

diabetes at bay, can be found in the diabetes application the system provides. If after four years of 

the mHealth system being in place the scores for the same test have not improved by 15% Generation 

2 should not be implemented (Collins, 2015). Included in the cost of implementing Generation 2 is 

conducting a satisfaction survey for the Salubristas. This survey will measure the benefit of patient 

management, ease of use of the system, confidence in diabetes education, as well as include a MARS 

test for them to complete.  

Implementation Phases. There were three potential generations, or phases, proposed for this project. 

Unfortunately, for generation 3, the cost of moving this system to the entire RAAN (population of  

250,000 - Wikipedia 2017) and the time it would take to expand the healthcare network needed to 

implement mHealth are prohibitive.  
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Figure 9. Implementation Plan 

Generation 1 (Year 0-5).  The implementation of mHealth through our second design alternative 

(tablet + apps), in the Salubrista network that covers 2,500 patients, is a beta test for a much larger 

goal. Figure 9 shows the goal of expanding mHealth penetration to the entirety of Puerto Cabezas. 

The cost for this is $78,000 and includes development costs that this project accrued as well as 

hardware costs for providing the Salubrista’s tablets preloaded with the education app and the patient 

management dashboard.  

Generation 2 (Year 5-10). This is a step, after a 5 year period of system checks ensuring that 

mHealth is indeed positively impacting the Salubrista network, that we hope will be initiated. Five 

years is used to reflect a conservative estimate on the life of the system hardware. The process would 

start by training new Salubristas. The approximate population of Puerto Cabezas is 25,000 people. If 

each Salubrista handled 500 people, there would be a need for 50 Salubristas. The period to recruit 

and train the new Salubristas to the standards of a community healthcare worker would be 

approximately 6-7 months. This is excluding the time to train the new Salubristas on the mHealth 

system. We estimate this to take an additional month to train the 50 new Salubristas to learn how to 

efficiently use the mHeatlh system. We approximate this process to take around $510,000. This 

includes the cost to hire educators/recruiters to hire and train new Salubristas, the hardware costs to 

purchase new tablets, and the cost to implement the system into the expanded Salubrista healthcare 

network. Once this process of integrating mHealth through our chosen alternative is initiated, we 

estimate it to take eight months until the Salubrista network and the use of mHealth technologies has 

expanded throughout Puerto Cabezas.  
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Project Cost Summary. 

 

Table 3. Project Cost Summary* 

*Generation 2 total cost includes some contingency costs (10% of hardware and implementation) to 

cover any updates in technology and implementation issues.  

While these costs may seem high, there is the potential for this system to not only impact diabetes 

but many other diseases that have education applications. The team put in about 100 hours 

collectively to research mHealth applications. At an estimated added cost of $5,000 to research new 

apps you can add education applications for multiple other conditions. The Amazon Fire 7 tablet has 

8 GB of storage, allowing it to easily hold over 20 different education applications, with the limiting 

factor not size but practical use. 

Project Funding. There is currently a project called Nicaragua Strengthening the Public Healthcare 

System that has been identified as a potential source of funding. The project budget is $60 million, 

and its purpose is to revamp the public healthcare system of Nicaragua (World Bank, 2018). Another 

potential source of funding would be non-profits like Verbo’s Renew the Hope program, which has 

already collected $220,000 in funding in 2018, or crowd funding. 

Project Expansion. Our analysis also determined there is the potential to expand our technology and 

implementation methodology to many other countries with similar problems as Nicaragua. Examples 

of similar countries are shown below with their Human Development Index (HDI) which is one of 

the criteria we use to determine potential countries that can benefit from our mHealth solution (United 

Nations Development Programme, 2016). 

 

Country Human Development 

Index (HDI) 

Nicaragua 0.645 

Albania 0.764 

Algeria 0.745 

Bolivia 0.674 

Table 4.  Potential expansion target countries 

This project was not designed around the idea of making money. It is not a commercial product, but 

rather is a system that can increase public health and welfare. When measuring the cost of mHealth 

against its benefits, like many other health projects, the true benefit is seen over time. You are not 
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just attempting to change the lives of a handful of current Nicaraguans, but to change the trajectory 

of healthcare in the country for the benefit of generations to come.  

Conclusion  

Throughout the timeline of this project, the team has worked closely with our sponsor MITRE 

through our point of contact Dr. Danny Moore. Dr. Moore has repeatedly used his own systems 

engineering techniques to provide healthcare in Puerto Cabezas. His plans are to continue to visit 

Puerto Cabezas to provide care and use the results of this project to engage Nicaraguan doctors, 

clinicians, and Salubristas for the populations’ most vulnerable people. Our analysis leads us to 

conclude, that implementing mHealth, is worth the cost. This is because an mHealth system can help 

healthcare workers in rural areas of Nicaragua, who are burdened by non-care, clerical tasks, outdated 

information, limited knowledge, and scattered patient information. Also, through simulation, the 

DALY due to diabetes was shown to have improved by almost 7%. This projects mHealth system 

provides healthcare workers a real-time decision support system resulting in streamlined paperwork, 

accurate patient information, education awareness, and relevant information better than their existing 

manual system. This project is the first step towards rural areas of Nicaragua leveraging their access 

to telecommunications to improve healthcare outcomes. 
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