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The steady decline in prevalence and mortalities attributable to infectious diseases at a global level is being counterbalanced by 

increasing deaths from chronic diseases. The prevalence of chronic diseases and associated mortality rates in SSA (Sub-Saharan 

Africa) is particularly alarming.  Cardiovascular diseases are the leading non-communicable cause of deaths in SSA.  About 

70% of Africa’s 1.1 billion people live in rural areas, where there is inadequate access to healthcare, technologies, and other 

“luxuries” of industrialization.  It has been suggested that information and communication technologies (ICT) infrastructure 

would help cure Africa’s problems, including healthcare. We present an outline of a cross-sectional study to investigate the 

extent to which ICT infrastructure, health systems infrastructure, and health information systems (HIS) could enhance quality 

of care for chronic conditions such as cardiovascular diseases (CVD) across a given Sub-Saharan African country. The country 

of focus in this preliminary survey study is Kenya. In line with a recent mortality study published in the New England Journal of 

Medicine, the primary method of analysis will be hierarchical logistic-regression. The research model and hypotheses we present 

in this manuscript will be tested using the results from a survey of hospitals to be administered. The results from the study will be 

shared with policy makers in Kenya. We hope it would influence them to implement and/or enhance nationally the three levels of 

Information and Communications technologies and Systems that exist in parts of the country. Extrapolating the results to other 

SSA countries may or may not be valid for a variety of reasons. Future studies would be needed to rationalize ICT and HIS 

implementations to manage other diseases in Kenya and across Sub-Saharan African countries.   

  
Key words: ICT infrastructure, Health Systems infrastructure, Health Information Systems, Chronic diseases, cardiovascular 

diseases, Sub-Saharan Africa, Kenya, developing countries.  

 

INTRODUCTION 

 

 Of the 38 million deaths due to chronic or non-communicable 

diseases each year around the world, about 28 million occur in 

developing countries, the majority of which occurs in (SSA) 

Sub-Saharan Africa.  Unlike industrialized nations that tend to 

have adequate life extending treatments for chronic diseases, 

82% of chronic disease deaths in developing countries occur 

before the age of 70 (WHO, 2015).   Cardiovascular diseases 

constitute most of the chronic disease deaths in developing 

countries (about 17.5 million people annually).  It is estimated 

that the age-adjusted CVD death rate in Kenya is between 350-

700 deaths per 100,000 inhabitants (Mendis et al. 2011).  By 

comparison, the age-adjusted death rate per 100,000 people due 

to this leading killer in the US is about 170 Kochanek et al. 

(2013).  

Given the relatively low life expectancies across SSA, 

coupled with a huge population that is under 35 years old, there 

is an urgent need to curtail CVD.  It has been shown that the 

determinants and risk factors for CVD for this population are 

already prevalent and increasing (Mbewu and Mbanya, 2006).  

The burdens from premature deaths due to CVD include labor  
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losses, broken families, and orphanage of the young who are 

left to fend for themselves. These chronic diseases are 

compounded by the globalization of unhealthy lifestyles.  For 

example, unhealthy diets may lead to high blood pressure, 

increased blood glucose, elevated blood lipids, and obesity that 

become intermediate risk factors for CVD (CDC, 2015).  There 

are many types of CVD.  The primary aim in this paper is to 

look at cardiovascular diseases in general.   

The objective in this planned exploratory survey study is to 

lay the foundation to investigate the extent to which having 

health information systems (HIS) impacts prevalence and 

quality of care for cardiovascular diseases in Kenya.  Our main 

research questions are: (1) Are there significant differences in 

the prevalence of CVD between hospitals that have HIS versus 

those that do not? (2) Are there significant differences in 

quality of CVD care between hospitals that have HIS versus 

those that do not?   

This manuscript is organized as follows: In the next section, 

we present a review of the literature and research model on the 

state of technologies related to healthcare. With regards to 

literature review related to technology, we plan to touch on ICT 

infrastructure, health systems infrastructure, and health 

information systems (HIS), but the emphasis will be on HIS.  

The reason is because HIS is the technology level with which 

healthcare workers and their patients have direct contact.  As 

we will show in our model, HIS is a subset of the higher level 

health systems infrastructure, just as health systems 

infrastructure is below ICT infrastructure. We briefly touch on 

national budget allocations for ICT because it is the main 

source of financing the three levels of technologies in the 

public sector.  After the literature review and research model 

section, we present the research methodology, data collection 

and analyses plans; the discussion and presentation of 

hypotheses are a part of this section. Since this is an outline for 

a planned research stream, the results from this study will be 

discussed in our next manuscript. We present our conclusions, 

limitations, and plans for follow-up studies towards the end of 

the paper.    

 

LITERATURE REVIEW AND RESEARCH MODEL  

 

Sub-Saharan Africa has witnessed a proliferation in mobile 

phone ownership and usage in the past decade.  A recent 

finding showed that Internet browsing via mobile phones in 

five of Africa‟s major markets, namely South Africa, Nigeria, 

Kenya, Ghana, and Uganda stands at about 40% (IT News 

Africa, 2015). Given this increasing demand, we focus on the 

supply side of technology that could enhance CVD healthcare 

outcomes in Kenya, and possibly SSA.  

The health sectors in SSA countries are plagued with 

numerous problems such as limited medical personnel, health 

care services/facilities, and Information Technology and 

Communications (ICT) infrastructure, and dearth health data. 

Despite the increase in adoption of mobile phones across the 

continent, a wide disparity still exists Betjeman et al. (2013).   

 

 

 

 

 

Consequently, large-scale healthcare interventions using 

technology remain elusive Tomlinson et al. (2013).   

Information systems at public hospitals/clinics are generally 

characterized by inadequate information on patients, health 

conditions, and treatment history.  Hand-written patient data 

are often incomplete, inaccurate, and obsolete.  This 

contributes to fragmented and inadequate analysis of disease 

records at local and national levels.  Evidence from this study 

could influence policy makers to implement healthcare 

technologies on a wider scale to treat and manage chronic 

diseases such as CVD. These technologies have been found to 

offer socioeconomic benefits, reduce costs, and improve access 

to healthcare services. E-Health has been defined as use of 

electronic Information and Communications Technology in 

health care.  E-Health is a cost effective tool used in the 

delivery of health services, health surveillance, health literature 

and education research. It uses digitally stored and transmitted 

data (Reid, 1996); (Tan, 2005); (WHO, 2008).   

Web-based health information systems can help integrate 

data collection, processing, reporting and use of the 

information necessary for improving health service 

effectiveness and efficiency through better management at all 

levels of health services. Easy access to patient registries means 

that healthcare personnel are able to call or text patients with 

specific needs, and therefore avert complications and possibly, 

death.  Only a small number of studies specific to the SSA 

region have examined the use of Health Information Systems in 

the fight against chronic diseases such as CVD and diabetes 

e.g. (Wilkins, 2008), Travis et al. (2004), (WHO, 2012), 

(Health Network Metrics, 2010).   

According to a study commissioned by the WHO‟s Global 

Observatory for e-Health, the following are some challenges 

associated with measuring e-Health outcomes Scott et al. 

(2008):  

 

1. A limited number of structured programs for the 

measurement of e-Health-related outcome indicators by 

national or international entities.  

2. Lack of a global consensus about which qualitative or 

quantitative factors authorities should assess to determine the 

value of e-Health interventions and guide evaluations.  

3. Lack of a global e-Health outcome indicator strategy.  

The review of literature and presentation of the research 

model is divided into 3 three sections. Section I addresses the 

following Independent Variables (IV): (1) National ICT 

Expenditure, (2) Information and Communication 

Technologies (ICT) infrastructure, (3) Health Systems 

Infrastructure and Access, and (4) Health Information Systems 

(HIS).  A 5
th

 independent variable that we plan to test is 

number of beds at a hospital.  This is to see if we could 

replicate the results on a recent mortality study published in the 

New England Journal of Medicine (Ross et al. 2010). In section 

II we focus on two Dependent Variables (DV): (1) Tracking of 

Incidence of CVD, and (2) Quality of CVD care. We will 

present the model which informs this planned research agenda.  

We should point out that the independent variable of interest in  



 

 

 

 

 

 

this study is HIS because it is the technology level with which 

healthcare workers and patients have direct contact.  

 

Section I (Independent Variables): 

 

(1). National ICT Expenditure 

This is the share of total central government budget allocated to 

ICTs. It includes investments in hardware and software, 

running costs of IT infrastructures, salaries for ICT specialists, 

training, etc.  National ICT expenditure is important because it 

is the main source of financing technologies, including HIS 

(our independent variable of interest). We are assuming that 

national budget allocation for ICT is equal to national ICT 

expenditure. Whether or not this assumption holds true in 

Kenya is of secondary importance in this research agenda.  

Nations use technology (especially the Internet) to leverage 

public and even private sector services.  In countries where 

spending on ICTs is considerable, the expectations to deliver 

policy-relevant results are also high (OECD, 2013). The United 

States expenditure on ICT is about $75 billion a year (about 

1.8% of the federal budget in 2011).  The 2013 OECD data 

shows that national expenditures by developed countries range 

from 0.3% to about 2.2% of their national budgets (OECD, 

2013). On the other hand, developing countries have limited 

resources, and expectations tend to be low.  The projected 2016 

total ICT expenditure for all of Africa‟s 54 countries is about 

US$150 billion (World Bank, 2011). Kenya‟s ICT share of its 

national budget is about US$166 million a year out of the total 

national budget of about US$15 billion starting with the 

2013/2014 fiscal year. This is about 1.1% of Kenya‟s national 

budget (TIKENYA, 2013). It is believed that the realization of 

Kenya‟s Vision 2030 depends on ICT as one of the key pillars.  

According to TIKENYA, the government has promised a 

robust Open Data Initiative, Digital Villages per constituency, 

fiber Optic Cable networks and Free Wi-Fi in major towns and 

cities (TIKENYA, 2013).  

Fully implemented ICT with its various components could 

enhance public service delivery (e.g., healthcare, education, 

etc.) and create conducive business environments through 

improved access to information. It could also support 

transparency, accountability, and democracy.  These outcomes 

would ultimately lead to the economic empowerment that 

people need and deserve.  

Despite the sharp increases in adoption of mobile phones in 

SSA, especially for basic social communications such as 

Facebook, Twitter, Browsing, texting, etc., limited bandwidth 

has curtailed its full potential in healthcare applications (World 

Bank, 2011). We believe that fully functional ICT 

infrastructure with health information systems (HIS) would 

help bridge the demand and supply sides in healthcare. This is a 

part of why we are embarking on this stream of research in 

SSA, starting with Kenya. Since technologies are not artifacts, 

they must be implemented within the relevant socioeconomic 

and cultural contexts Musa et al. (2005). The research model 

that depicts the relationships between independent and 

dependent variables is presented in (Figure1) below. We will  
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test possible bidirectional relationships between some variables 

as shown in the diagram.   

 

(2). ICT (information and communications technology - or 

technologies) 

 ICT includes any communication device or application, 

encompassing radio, television, cellular phones, computer, and 

network hardware and software, satellite systems, etc.  It also 

includes various services and applications associated with 

them, such as videoconferencing and distance learning. ICTs 

are often spoken of in a particular context or service, such as 

ICTs for education, ICT for health care, ICT for Business, ICT 

for governance, etc. (TechTarget Network, 2015). The ICTs for 

various services do overlap. The quality of ICT services that a 

country can provide is driven by its national expenditure on 

ICT infrastructure in general, as well as what it dedicates to the 

particular service.  

According to the European Commission, the importance of 

ICTs lies less in the technology itself than in its ability to create 

greater access to information and communication in 

underserved populations. Many countries around the world 

have established organizations for the promotion of ICTs, 

because it is feared that unless technologically deprived areas 

have a chance to catch up, the increasing technological 

advances in developed nations will only serve to exacerbate the 

economic gap between technological "haves" and "have nots." 

Internationally, the United Nations actively promotes ICTs for 

Development as a means of bridging the digital divide 

(TechTarget Network, 2015). 

 

ICT Infrastructure: This is the top level in the technology 

infrastructure hierarchy. It is connected to the other two lower 

levels, namely Health Systems Infrastructure and Health 

Information Systems that will be discussed later.  E-Health 

applications such as web-based Health Information Systems 

can enhance outcomes such as the ability to track prevalence of 

specific diseases and quality of care.  The right information and 

communications technologies need to be used strategically to 

solve specific problems in specific regions in order to achieve 

efficient health services delivery.  According to a survey 

conducted by The Commonwealth Fund, when asked to rate the 

effectiveness of several key strategies for improving the quality 

and safety of healthcare, the highest-rated strategy was to 

accelerate the development and deployment of Health 

Information Technology (IOM, 2009).  

Health ICTs are able to reduce the effects of geographic 

isolation, harsh climate and low population densities by 

providing a mechanism for remote data access (removing long 

distance travel), health information sharing and medical 

support; as well as clinical examination, diagnosis and 

treatment, thus bringing the health-system and healthcare 

provider to the patient. An example of an e-Health application 

is where the elderly are better served by a reduction in repeated 

testing, drug interactions of incompatible prescriptions, 

facilitated by an easily accessible electronic health record. For 

instance, using electronic images and pictures, diagnoses may  
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                        Figure1: Research Model to investigate the benefits of Health Information Systems on CVD Health Outcomes.   

 

 

be made from a remote location, either within or outside the 

facility (Scott and Saeed, 2008). 

When implementing ICTs in the healthcare sector, it is 

imperative that decision-makers clearly outline who the 

beneficiaries may be for the various options.  Beneficiaries can 

be grouped as follows: stakeholders within health institutions 

and stakeholders in the society as a whole.  With health 

institutions, it is important to pay attention to factors like 

individual capacities, access as well as the potential for ICTs to 

assist in efficiency and effectiveness at each level in the system 

(Chetley, 2006): 

 

1. International Level: International agencies (UNAIDS, 

WHO), donor agencies, international non-governmental 

organizations (NGOs). 

2. Regional Level: e.g., European Union, New Partnership 

for Africa‟s Development (NEPAD), African Union (AU). 

3. National and provincial levels: Government ministries, 

national NGOs, National and provincial governments, 

provincial hospitals and health departments 

4. Local Levels: includes personnel at health clinics, health 

workers, doctors, traditional healers, community leaders, 

patients and citizens. 

(3). Health Systems Infrastructure and Access 

 This is the intermediate technology level.  It interfaces with 

ICT infrastructure from the top and HIS just below. As shown 

earlier in (Figure 1), a nation‟s Health Systems Infrastructure 

derives from its ICT infrastructure and the national Healthcare 

infrastructure expenditure or allocation. Many low and lower 

middle income countries lack the capacity to deal with chronic 

conditions such as CVD due to various reasons.  These include  

National ICT 

Expenditure 

 

*Assumption: 

National ICT 

Allocation = 

National ICT 

Expenditure. 

         ICT Infrastructure 

*For Health, Governance, 

Education, etc. 

  

Health Systems Infrastructure 

and Access 

  

  Health Information Systems 
  

  

             Health Outcomes 
  
*Tracking of Prevalence or Incidence of 

Diseases (e.g., Cardiovascular, Diabetes, 

HIV/AIDS, etc.)  

*Quality of Care (Mortality, Re-admissions, 

Disability, Morbidity, Quality of Life, etc.)  

      

   Coverage 

• Utilization 

  



 

 

 

 

 

 

limited trained health workers, healthcare facilities, insufficient 

ICT and HIS systems, fragmented or missing information for 

decision-making, etc. (Beran, 2015). Consequently, most SSA 

countries have fragmented health systems infrastructure that 

struggle to respond to single diseases, usually infectious 

diseases such as HIV/AIDS and tuberculosis Atun et al. (2013). 

In the development and management of a country‟s 

healthcare system it is important to take into consideration the 

following environmental or national factors: (1) social and 

cultural beliefs and behaviors; (2) physical environment such as 

levels of sanitation, environmental hazards, food and water 

supply safety; (3) the political climate, which include legal 

issues impacting provision of funding healthcare; (4) economic 

development such as poverty level, distribution of wealth, types 

of industries and agriculture; (5) other social structures, e.g., 

education system; and (6) types of diseases present in the 

population and rates of mortality (Johnson and Stoskopf, 2011).  

According to Johnson, the assessment of population health 

needs should drive how medical resources are distributed and 

how health services are provided.  This is because public health 

systems provide a variety of non-medical services such as 

sanitation improvements, environmental hazard control, vector  

control and surveillance of disease. Healthcare systems should 

also understand the populations they serve and work in 

collaboration with community public health efforts and other 

social institutions to effect change. 

The shortcoming of most health systems infrastructure in 

SSA is that they are structured around the concept of infectious 

diseases.  The WHO‟s Innovative Care for Chronic Conditions 

framework (WHO ICCC), which serves as a blueprint for 

health systems to address the growing demands of chronic 

disease care (WHO, 2014); Oni et al. (2014), emphasizes the 

importance of examining the micro-, meso- and macro- levels 

of healthcare when addressing problems affecting current 

health systems.  The micro-, meso- and macro-levels of 

healthcare refer to the patient interaction level, the healthcare 

organization and community level and the policy level 

respectively Oni et al. (2014).  In relation to these three levels, 

the WHO‟s ICCC framework states that in order to improve 

chronic conditions, it is important to pay attention to patient 

behaviors.  Patient care for chronic conditions also needs to be 

coordinated using scientific evidence to guide practice.   

By the same token, community resources must be integrated. 

At the healthcare organization level, services must be 

streamlined to ensure efficiency, skills of health workers must 

be upgraded,  focus on prevention and establish information 

tracking systems to provide planned healthcare for predictable 

complications (WHO, 2002).  Inadequacies in health system 

infrastructure may limit access and contribute to poor quality of 

care and other outcomes, particularly among rural dwellers and 

the poor who reside in areas that have insufficient health 

professionals (AHRQ, 2011).  

(4) Health Information Systems (HIS) 

Health information systems refer to “any system that captures, 

stores, manages or transmits information related to the health of  
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individuals or the activities of organizations that work within 

the health sector” (Lippeveld, 2001), (WHO, 2004), (PHIN,                                                                      

2015). As mentioned earlier, this is the lowest level in the 

technology hierarchy. We are most interested in HIS because it 

is the technology with which healthcare workers and patients 

interact directly in a health system.  As later discussed in the 

methodology and data collection section, Kenya is the SSA 

country across which we plan to conduct a survey to investigate 

the impact of HIS on tracking CVD prevalence and quality of 

care.    

Key components of HIS include local and county-level 

routine information systems, disease surveillance systems, 

laboratory information systems, hospital patient administration 

systems (PAS) and human resource management information 

systems (HRMIS) (WHO, 2004); (PHIN, 2015). Health 

information systems (HIS) have been identified by the World 

Health Organization as one of the six key building blocks to 

strengthening health systems around the world.  The other five 

building blocks are service delivery, health workforce, access 

to essential medicines, financing and Leadership/Governance 

(WHO, 2012). The overarching objective of HIS is to 

effectively collect, process, report, and use health information 

and knowledge to influence policy and decision-making, 

program action, individual and public health outcomes, and  

research (PHIN, 2015). Well implemented HIS would save 

millions of lives every year and increase quality of lives across 

Sub-Saharan African countries. The Socio-economic and 

human development benefits that can result from this will 

benefit the continent and the world.  

HIS brings about a sound decision-making capability at all 

levels of a health system through reliable health statistics that 

are disaggregated by sex, age and socio-economic 

characteristics. In an environment where resources are 

especially limited, HIS can help policy makers make informed 

decisions that can lead to better outcomes (PHIN, 2015). 

Since HIS operates closest to actual patients and healthcare 

staff, it needs to be simple and sustainable.  It should not 

overburden health delivery staff or be too costly to run. The 

system is most effective when the staff is provided with 

feedback on how the routine data they collect are used.  This 

would help them to understand the importance of valuable data 

for improving health. Research by the Pacific Health 

Information Network shows that capacity building is required 

to ensure policymakers at all levels have the ability to use and 

interpret health data, whether it originates from routine 

systems, health surveys or special operational research. 

“Aggregate patient information collected at various points of 

service delivery and made interoperable with routine HIS 

improves the quality and use of health information” (PHIN, 

2015).  

 

Application of HIS in evidence based practice: A Health 

Information System is biased toward quantitative data 

(AbouZahr and Boerma, 2005) such as mortality rate. It has 

been found valuable in evidence-based health practice. 

Rodrigues states that “in supporting evidence-based practice,  
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                          Figure 2: Spectrum of HIS to support evidence-based practice 

                          Source: Rodrigues, (2000), p.1346 

 

 

HIS can capture, transform and maintain data at three levels: 

raw data, processed data and knowledge.” This is because the 

information extracted from processed raw data is considered 

equivalent to evidence (Rodrigues, 2000).  Rodrigues identifies 

six application areas as shown in Figure 2 where information 

systems and technology (IS &T) contributes to evidence-based 

practice:  

 Reference databases (A) – these databases represent a 

body of biomedical knowledge that is useful in supporting 

decision-making and producing clinical guidelines and 

protocols of care. Contextual and case-specific information 

(B) – contextual information relates to environmental, 

socio-economic and epidemiological factors for a specific 

site and time. This type of information is especially vital in 

clinical decision making process. Contextual data is 

usually temporary and restricted to a specific geographic 

area and should therefore be shared with decision-makers 

in a timely manner.  A report of incidents of 

communicable diseases is an example of contextual data.  

Case-specific information refers to a health care system‟s 

data accumulated over time. These data consist of clinical 

and administrative data such as patient medical records, 

insurance information, and business transactions.  

 Clinical data repositories (C) and Administrative data 

repositories (D) – the importance of data warehousing 

technology is that it facilitates merging and accessing 

digital health data (clinical, administrative and financial) 

from various sources. Standardized and integrated data 

repositories are important in solving the major issues that 

affect HIS in most developing countries. These issues 

include data fragmentation, lack of structure, incompatible 

terminologies and separation of health related data such as 

separation of clinical and administrative data.  

 Decision support software (E) - this involves the use of 

computer-based information system to support 

organizational decision-making process by automating 

select areas of clinical decision-making through replicable 

rules contained in a database of guidelines.  Rodrigues 

raises the following questions that require policy and 

legislation actions in order to address emerging problems 

associated with this method of decision-making: 

1. Does the amount of automated „„clinical thinking‟‟ 

done by the software application constitute the 

„„practice of medicine‟‟ with all its ethical and legal 

implications? 

2.  Is the expert software to be considered a medical 

device, subject to regulation? 

3. To what extent does the software or its documentation 

allow clinicians to examine independently the 

underlying logic involved and evaluate the validity of 

the automated conclusions? 

4. What is the role of such products in critical clinical 

decisions? 

5. Who will take the blame for errors? 

 

 Internet-based interactive health information (F) – 

interactive health communication (IHC) is the use of 

communication technology to send and receive health 

information and support. HIC facilitates informed decision-

making, healthy behavior, information exchange through the 

interaction between consumes, patients, caregivers and between 

health professionals. A shortcoming of interactive web-based  
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Figure 3: Domains of Measurement for Health Information Systems 

Source: Health Metrics Network, 2008 
 

 

technologies is the presence of non-validated and fraudulent 

health information that can be detrimental to the general public. 

 

Implementing successful HIS: The mission of The Health 

Metrics Network (HMN) is to assess health information 

systems and sustainably, and to improve them through the use 

of the HMN framework. As shown in (Figure 3) below, the key 

components for a successful Health Information System are: 

Inputs, Processes and Outputs (HMN, 2008).  These 

components are briefly described after (Figure 3) is presented. 

As shown in (Figure 3), the Health Systems part of HIS 

consists of inputs, processes, and outputs. A brief discussion of 

these is as follows: 

  

1) INPUTS 

a) HIS resources – include the physical and structural 

resources that need to be put in place before a robust 

system can be built.  This requires legislative, 

regulatory and planning framework. It also takes 

personnel, financing, logistic support, IT and 

communication systems, e.g., computer systems, 

office supplies, capable staff, policies, etc.   

2) PROCESSES 

a) Indicators – instruments to monitor the system‟s 

effectiveness.  These indicators need to measure 

determinants of health, health system and health 

status. They also need to be valid, reliable, specific, 

sensitive and feasible to measure. 

b) Data sources – should include a combination of 

sources, both periodic and continual. The sources are: 

(1) Population-based sources - include population 

surveys, civil registration and census; and (2) 

Institution-based sources – such as individual records, 

service records and resource records.  Data sources 

should also provide the best quality information most 

efficiently.  

c) Data management – to achieve best collection, 

storage, quality assurance, processing, compilation 

and analysis, datasets should be kept at minimum in 

order to simplify collection and improve data quality.  

Integrating data also helps combine data from various 

sources and facilitates a wide distribution of this data.   

3) OUTPUTS 

a) Information products – this category entails 

transforming data into information that can be used by 

decision makers to improve healthcare. This is 

described as a cycle of value adding through 

compilation, analysis, interpretation, presentation, 

influence and implementation results in a strengthened 

HIS and a more effective health system.  Fast access 

to information and analyzed data can be achieved 

through user dashboards, reports, queries and alerts. 

 

Determinants of health 

  

 Socio-economic and demographic factors 

 Environmental and behavioral risk factors 

Health 

Outcomes   

  

 Prevalence 

 Incidence 

 Mortality 

 Morbidity/ 

      Disability 

 Well-being 

 Quality of 

Life 

 Re-admits, 

etc. 

 

Inputs 
  
• Policy 

• Financing 

• Human resources 

• Organization & 

   Management, etc. 

  Outputs 
  
• Information 

• Service availability 

   and quality, etc. 

  

Outcomes 
  
• Service 

   coverage 

• Utilization,   

etc. 

  

Health Systems  



 

 

8  AshEse j. Health Soc. Care 

 

 

 

b) Dissemination and use – value of information is 

enhanced being accessible to decision makers and by 

providing incentives for information use. Countries 

are encouraged to place greater value on information 

collection, management and use.  

Reliable information/data is important in designing 

and implementing health policies specifically geared 

toward chronic diseases.  This information is 

generated from sources such as civil registration, 

census reports and vital statistics systems. There are 3 

major domains described as being determinants of 

national HIS, which overlap with information systems 

in other field (Health Metrics Network, 2008), (WHO, 

2012).  

 

Section II (Dependent Variables) 

Of primary interests in this cross-sectional study is the extent to 

which HIS enhances the ability to track CVD prevalence and 

quality of care in Kenya. There are various types of conditions 

that fall under cardiovascular diseases.  Examples include 

coronary artery diseases , myocardial infarction (commonly 

known as a heart attack), stroke, venous thrombosis 

hypertensive heart disease, endocarditis, rheumatic heart 

disease, cardiomyopathy, atrial fibrillation, congenital heart 

disease, aortic aneurysms, peripheral artery disease Mendis et 

al. (2011); (GBD, 2014).  It is ironic that some 90% of world‟s 

number one killer is preventable. Means of decreasing the risk 

of CVD include healthy eating, exercise, avoidance of tobacco 

products, and limiting alcohol consumption (Mendis, 2011).  

This research will be at the general CVD level; sub-

classification of CVD is not the primary focus.  

 

Tracking the Prevalence of Cardiovascular Diseases 
Tracking the Prevalence of Cardiovascular Diseases is one of 

the two dependent variables that we seek to investigate in this 

line of inquiry. Disease prevalence is defined as the number of 

cases of a disease in a given population at a given time.  It is 

generally stated as cases per 100,000 people in the population. 

Mortality rate for a disease is proportionally related to its 

prevalence and inversely related to quality of care. We are 

focusing on “prevalence” rather than “incidence” since this is a 

cross-sectional study. Incidence is a measure of the probability 

of occurrence of a given medical condition (e.g., CVD) in a 

population within a specified period of time (Muller, 2011).    

 

Quality of Care for Cardiovascular Diseases 
This is the second dependent variable to be investigated.  There 

are various measures of quality of care. The Institute of 

Medicine defines health care quality by six attributes: (1) 

Safety - patients should not be harmed by the care that is 

intended to help them; (2) Patient-Centered - care should be 

based on individual needs; (3) Timely - waits and delays in 

care should be reduced; (4) Effective - care should be evidence-

based; (5) Efficient - reduce waste; and (6) Equitable - care 

should be equal for all people (TriStar Horizon, 2010). 

 

 

 

 

 

To explore how to best advance Information Technology in 

the healthcare industry to address Kenya‟s various challenges, 

a blue print was developed in 2007 by an independent nonprofit 

organization called e-Health Initiative.  The blueprint was 

meant to improve quality of care, safety, and efficiency of 

healthcare through information technology applications.  It was 

largely based on Ed Wagner‟s Chronic Care Model (Institute 

Of Medicine, 2009). The blueprint is yet to be fully 

implemented.   

Furthermore, Walters et al. (2012) describe the Chronic Care 

Model (CCM) as one of the more popular and pervasive 

models for framing disease management programs. The 

elements of CCM include the health system, the community, 

self-management support, delivery system design, decision 

support and clinical information systems. 

The Clinical Information Systems component of CCM is 

based on the principle that in managing chronic conditions such 

as CVD, timely information about individual patients is vital. 

There is a need to establish a disease registry that identifies the 

population to be served, (e.g. all patients with heart disease or 

diabetes), and also information on the performance of various 

guideline-informed quality of care Glasgow et al. (2001). Easy 

access to patient registries means that healthcare personnel are 

able to collect information, design reminder systems, etc. so 

they could call or text patients with specific needs or 

instructions, and therefore offer proactive care. Other 

advantages of disease management programs like CCM include 

using case management systems to coordinate workflows by 

enhancing communication between health professionals and 

patients.  

Quality of care can be enhanced by HIS because it can 

enable efficient sharing of health records for patients with 

multiple conditions that require intervention by multiple 

healthcare providers. Disease management programs also help 

track cases and patterns of CVD and other chronic diseases. 

Using HIS, disease management programs can enable 

healthcare providers to monitor patients‟ conditions and 

implement interventions aimed at modifying the patients‟ 

lifestyles so as to improve their health conditions and possibly 

extend their lives Hillestad et al. (2005).  

Leeman states that an institution using HIS-enabled CCM 

may implement a database of patients with the condition, and 

then integrate evidence-based guidelines with the 

organization‟s clinical information system.  This in turn 

generates alerts when patients are due for a procedure or 

screening. Using the same model, a healthcare institution can 

redefine the responsibilities of a nurse to include self-

management support such are referring patients to community 

resources such as access to low cost drugs and exercise 

programs (Leeman and Mark, 2006). 

 

METHODOLOGY, DATA COLLECTION AND 

ANALYSES PLANS 

This is a cross-sectional study in which we will use a 

quantitative survey research design. The responses will be 

based on Likert scale.  This design is most appropriate for this  
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study because it gives the researchers the flexibility to choose 

how to administer the survey without compromising the 

usefulness of the responses. The options include online, face-

to-face-interview, by phone, etc. By using the survey research 

design, data can be interpreted comparatively. Survey research 

design is also relatively inexpensive to administer.   

There is a lack of standardization of e-Health measurement 

tools designed specifically for developing countries.  However, 

several researchers have developed instruments to suit different 

situations. We will therefore be using a pre-existing Health 

Metrics Network framework (HMN) survey and customize it to 

fit the needs of this study.  As shown in Appendix B, the 

survey was used by the World Health Organization in 2008 

instrument to assess national health information systems. The 

HMN framework describes HIS components in terms of 

resources, indicators, data sources, data management, 

information products, etc.  

To ensure flexibility and efficiency, respondents will have 

the option of taking a paper-pencil questionnaire or web-based 

questionnaire. Participants who choose the web-based option 

would receive an email or text message that would take them to 

a secure website to fill in the survey.  This design will help 

eliminate the error of being subjective given that all subjects 

respond to a standardized scenario and also make the test more 

reliable. To encourage responses, we will offer participation 

certificates to those who complete the survey.  Based on the 

experience of one of the authors of this paper, issuing 

certificates of participation is a huge incentive for research 

participation in SSA. We will also do follow-up phone calls 

and/or emails.  

 

Data Collection and Analyses Plans 

As shown in Appendix A, there are about 250 Level-4 public 

hospitals in Kenya. The Level-4 healthcare facilities are the 

highest referral hospitals at the county levels. They are above 

the local/district level hospitals or clinics, but under the 

relatively few Level-5 and Level-6 national hospitals. The 

survey will target the hospital director/medical superintendent 

or their designee at two Level-4 hospitals in each of the 47 

counties in Kenya. This means we will survey a total of 94 

hospitals; the unit of analysis is the Level-4 public healthcare 

facilities or hospitals.  We will use purposive sampling to select 

subjects. A purposive sample is useful in cases where a 

researcher needs to have access to a sample quickly, and where 

proportionality of samples is not of much concern. However, 

the random selections of hospitals in a given county would 

ensure equal opportunity for selection of two hospitals per 

county regardless of HIS presence or hospital size. 

The survey instrument shown in Appendix B has two parts. 

Responses to the 11 items in Part 1A and the 6 items in Part 1B 

of the survey instrument will be used to assess each hospital‟s 

level of HIS presence, and to place each hospital in one of four 

HIS categories. Given the 17 Likert items in Part1A and B, the 

minimum possible score per hospital is 0 (or 0x17), while the 

maximum possible score is 51 (or 3x17). The four categories of 

HIS presence will be: Group1 (none to minimal); Group2  
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(minimal to marginal); Group3: (Less than adequate); Group4 

(Adequate). Hospitals with a total score between zero and 15 

will be placed in Group1; those who score between 16 and 25 

will be in Group2; those between 26 and 40 will be in Group3; 

while those with a score between 41 and 51 will be placed in 

Group4. We plan to use hierarchical logistic-regression 

approach as used recently in the New England Journal of 

Medicine study of mortality relative to hospital size Ross et al. 

(2010). In other words, how hospitals place by their HIS 

presence will be used to test their CVD outcomes as reflected 

by the 15 Likert items in Appendix B Part 2. The aim is to see 

how or if HIS presence at a hospital correlates with the various 

quality of care measures. For example, do hospitals in Group4 

exhibit the best ability to track the prevalence of CVD relative 

to those in the lower HIS groups, while controlling for hospital 

size, hospital location, etc.?  Similar tests will be conducted for 

other outcomes measures such as re-admission rates, survival 

rates, etc. Our plan is to test the following hypotheses using the 

data to be collected:  

H1: The accuracy in tracking CVD prevalence is positively 

correlated with the level of HIS presence at a hospital.  

H2: CVD survival rate is positively correlated with the level of 

HIS presence at a hospital.  

H3: Timeliness in treating CVD is positively correlated with the 

level of HIS presence.  

H4: The evidence-based effectiveness of CVD care is positively 

correlated with the level of HIS presence at a hospital. 

Responses to the single Likert scale item in Appendix B 

part1C (number of beds) will be used to test this independent 

variable against CVD outcomes to replicate a recent mortality 

research published in the New England Journal of Medicine 

Ross et al. (2010). This leads to our 5
th

 and final hypothesis: 

H5: The number of beds at a hospital is inversely proportional 

to CVD mortality rates per month.     

The 15 Likert scale items in Part 2 of Appendix B are 

outcomes related. We will test how they correlate with the 

main independent variable, HIS presence. We will also use part 

2 responses to test the effect of the non-HIS independent 

variable (number of beds), on CVD outcomes as stated in H5 

above. This part of the survey instrument will also be used to 

collect information on how Level-4 hospitals interface with the 

national referral healthcare facilities to which they report and 

those healthcare facilities under them (e.g., levels 1-3 local 

hospitals and clinics).   

We expect to see some multi-collinearity between some 

variables (e.g., number of beds and number of healthcare 

workers at a hospital to predict the quality of care). Multi-

collinearity is when two or more predictor variables in a 

multiple regression model are highly correlated (Kumar, 1975). 

This implies that one of the variables could be predicted from 

the other (or can be used in the model instead of the other). 

Leaving both in a model would be redundant and inefficient. 

 

CONCLUSION AND PLANS FOR FUTURE STUDIES 

We have laid out the plans for a research to investigate the 

effect of having varying levels of ICT infrastructure, health  
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systems infrastructure, and most importantly (or directly), 

Health information systems (HIS) on care outcomes for 

cardiovascular diseases.  Health systems do not exist in a 

vacuum. They are influenced by a range of social determinants 

of health. There is a correlation between ICT, health outcomes, 

economic growth, and human development (Johnson and 

Stoskopf, 2010).  Johnson states that the alarming growth of 

non-communicable diseases can be attributed to factors such as 

ageing populations, rapid urbanization, and increased unhealthy 

lifestyles worldwide.  Other consequences of chronic illnesses 

such as CVD include decreased productivity at the workplace, 

diminished resources and prolonged disability. These are some 

of the motivations for embarking on this research stream.  

Along with an extensive literature review, we have presented 

the rationale for conducting the research in Sub-Saharan 

Africa.  We are starting with Kenya because it is one of the 

countries that have shown high adoptions of smart phones in 

the past decade. We have presented an original research model 

for the planned research.  

The methodology we are using is survey questionnaire. The 

survey questionnaire is a modified version of the Health 

Metrics Network framework that describes HIS components in 

terms of resources, indicators, data sources, data management, 

information products, etc.  According to Creswell (p.155), a 

survey research design “provides a quantitative or numeric 

description of trends, attitudes or opinions of a population by 

studying a sample of that population.”  In line with the 

Creswell survey design, we anticipate to be able to draw 

inferences to the population.  Most of Sub-Saharan countries 

share similar characteristics with regards to healthcare and 

information and communications technology sectors. 

Therefore, results from the Kenya case study may be 

generalizable to other parts of the continent. 

The analysis of the results to be gathered will utilize 

hierarchical logistic-regression as done in a recent mortality 

rates study published in the New England Journal of Medicine 

Ross et al. (2010). We have presented the dependent and 

independent variables with ample background discussions. The 

methodology, data collection and analyses plans were also 

presented in much detail. Appendix A and Appendix B at the 

end of the manuscript provide the scope of the work involved, 

and the analysis of the data to be collected.  We believe this 

research will help answer many questions, especially in the 

context of HIS and the SSA country of Kenya.  We are 

optimistic that the results from the study will provide support 

for Kenya‟s quest to enhance its ICT and HIS infrastructure. 

With that, we expect other African countries to follow.   

After the data collection and analyses, we plan to present the 

findings in a follow-up manuscript to this journal for 

publication consideration. We also plan to conduct a more 

comprehensive grant-supported research project to extend this 

research in SSA.  

A limitation in using a survey design relates to closed 

responses, as these do not allow respondents an avenue to 

express their views or offer insights that are not included in the 

survey instrument. Surveys also have a set number of answers  

 

 

 

 

and therefore may miss out on important elements of the 

phenomenon under investigation. There is also the possibility 

that some people will not respond to the surveys.  Paper-based 

surveys may also not reach the intended recipients on time or at 

all.  

On the other hand, this research method has been shown to 

be effective in similar settings.  We anticipate that sharing the 

results from this and follow-up studies with policy makers 

would encourage them to enhance ICT infrastructure, Health 

Systems infrastructure, and HIS across all counties in Kenya. 

Ultimately, the lessons from Kenya would be shared with other 

African countries and lead to better health and economic 

empowerment. 
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APPENDIX:  Survey of  Directors of  Hospitals  

 

APPENDIX B Part1A:  
ASSESSING HEALTH INFORMATION SYSTEMS (HIS Service Records)  

Highly adequate  Adequate Present, but not adequate 
Not adequate at 
all 

Total 
Score 

3 2 1 0 

Question1: There is a health service based information system that brings 
together data from all county health facilities. 

Yes, it covers both public and 
private facilities 

Integrated but covers few 
private facilitates (e.g. private 
and NGOs) 

Covers few private facilities 
(e.g. only NGOs) 

No data from 
private facilities 

  

Question2: There is a systematic approach to evaluating the quality of 
services provided by health facilities. This includes both: (a) systematic 
standardized supervision with reporting of findings to the county and national 
levels; and (b) a health-facility survey of all facilities or of a nationally 
representative sample at least once every 5 years. 

There is both systematic 
standardized supervision with 
reporting and a nationally 
representative health-facility 
survey 

There has been at least 1 
nationally representative 
health facility survey in the 
past 5 years 

there is information on quality 
of services but only from a 
convenience sample of health 
facilities 

Records    

Question3: The health information system has a cadre of trained health 
information staff who have at least 2 years of specialized training and are in 
place at the county level. 

At least 75% of counties 10-74% of counties 1-9% of counties Not in any county   

Question4: Health workers in clinics and hospitals receive regular training in 
health information that is either integrated into continuing education or through 
in-service training in the public sector. 

Most health workers have 
received such training in the past 
5 years 

25-49% of health workers 
have received such training 
in the past 5 years 

5-24% of health workers have 
received such training in the 
past 5 years 

Not adequate at 
all 

  

Question5: There are mechanisms in place at national and county level for 
supervising, and receiving feedback on, information practices in the public 
sector. 

Highly adequate Adequate Present, but not adequate 
Not adequate at 
all 

  

Question6: There is a mechanism in place from district up through national 
level for verifying the completeness and consistency of data of data from 
facilities. 

Highly adequate Adequate Present, but not adequate 
Not adequate at 
all 

  

Question7: The time elapsed since an annual summary of health service 
statistics was published with statistics disaggregated by major county 
administrative level. 

Less than 2 years ago 2-3 years ago 4-5 years ago 
6 or more years 
ago 

  

Question8: Degree to which your county compiles its own monthly/quarterly 
and annual summary reports, disaggregated by health facility. 

Highly adequate Adequate Present, but not adequate 
Not adequate at 
all 

  

Question9: Degree to which vertical reporting systems for communicable 
and/or non-communicable diseases communicate well with the general health 
service reporting system. 

Highly adequate Adequate Present, but not adequate 
Not adequate at 
all 

  

Question10: Degree to which managers and analysts at national and county 
levels frequently use findings from surveys, civil registration (or other vital 
statistics systems) to assess the validity of clinic-based data. 

Highly adequate Adequate Present, but not adequate 
Not adequate at 
all 

 

Question11: Degree to which data derived from health service records are 
used to estimate the coverage of key services (e.g., CVD Care). 

Highly adequate Adequate Present, but not adequate 
Not adequate at 
all 
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Appendix B (Part 1B):  
ASSESSING HIS DATA SOURCES (Resource records Infrastructure 
and health services). 

Highly adequate  Adequate Present, but not adequate Not adequate at all 
TOTAL 
SCORE 3 2 1 0 

Question1: There is a county database/roster of public and private-sector 
health facilities. Each health facility has been assigned a unique identifier 
code that permits data on facilities to be merged. 

Yes 

There is a database of public 
health facilities with a coding 
systems that permits integrated 
data management 

 Very old and rudimentary 
county database. 

None   

Question2: Global Positioning System (GPS) coordinates for each county 
health facility are included in the database. 

True for 90% or more of public 
and private facilities 

True for 90% or more of public 
facilities 

True for less than 90% of 
public facilities 

Not adequate at all   

Question3: There are human resources and equipment for maintaining and 
updating the database and maps on health facilities and services. 

Highly adequate Adequate Present, but not adequate Not adequate at all   

Question4: Period since the county database of facilities was updated. Less than 2 years ago 2-3 years ago More than 3 years ago 
There is no county 
database 

  

Question5: Maps are available in the county showing the location of most of 
the health infrastructure, health staff and key health services. 

Highly adequate Adequate Present, but not adequate Not adequate at all   

Question6: Managers and analysts at county level commonly evaluate 
physical access to services by linking information about the location of 
health facilities and health services to the distribution of the population. 

Highly adequate Adequate Present, but not adequate Not adequate at all  

 

Appendix B Part 1C:  
NOTE: This Question is about the total number of beds that can be 
used by patients at the hospital. 
 
Question 1: What is the total number of beds that can be used by 
patients at your hospital? 

Greater than 100 beds Between 40 and 99 beds Between 20 and 39 beds Less than 20 beds 
 

      

Appendix B Part2:  
General Questions on issues such as  satisfaction with Tracking of 
CVD cases prevalence, survival rate, Quality of care, etc.  

Highly adequate  Adequate Present, but not adequate Not adequate at all 
Total 
Score 

  3 2 1 0   

Question 1: In the past 5 years, county representative population based 
survey(s) have measured the prevalence of CVD and leading risk factors 
(e.g. diet and physical inactivity).                                                                                                               
"Biomarkers" - substance used as an indicator of a biologic state (e.g. 
screening for antibodies in blood and urine sample).          

Yes, county representative 
surveys have measured CVD 
biomarkers and more than 2 
conditions or risk factors. 

County representative Surveys 
have measured CVD 
biomarkers, but have measured 
only 1 or 2 conditions or risk 
factors. 

County representative 
surveys have   measured 
CVD biomarkers, but not 
conditions or risk factors. 

No population-based 
surveys have been 
organized in the past 
5 years 

  

Question 2: The county has adequate capacity to: (1) conduct household 
surveys (including sample design and field work); (2) process the data; and 
(3) analyze the data on CVD. 

Adequate capacity for all 3 Adequate capacity for 2 of the 3 
Adequate capacity for only 1 
of the 3 

Adequate capacity 
for none of the 3 
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 Question 3: A surveillance strategy exists for health 
conditions of substantial public health importance such as 
leading causes of mortality, morbidity and disability related to 
CVD. 

True for all CVD leading causes of 
morbidity, mortality and disability 

True for most CVD leading causes of 
morbidity, mortality and disability 

True for some CVD leading 
causes of morbidity, mortality 
and disability 

No good surveillance 
system exists other 
than epidemic-prone 

  

Question 4: Mapping of specific at-risk populations in place 
(e.g., populations with high levels of malnutrition and poverty) 
and general population exposed to specific risks known to lead 
to CVD (e.g. vectors, and environmental and industrial 
pollution) 

Maps are up to date and comprehensive 
and there is capacity to promptly address 
new features 

Maps are up to date and reasonably 
comprehensive 

Mapping of only a few public 
health risks 

No mapping of public 
health risks 

  

Question 5: The country has adequate capacity to: (1) 
diagnose and record cases of notifiable CVD; (2) report and 
transmit timely and complete data on CVD; and (3) analyze 
and act upon CVD data for response and planning of public 
health interventions 

Adequate capacity for all 3 activities 
Adequate capacity to carry out activities 
(1) and (2) 

Adequate capacity to carry 
out activity (1) only 

Adequate capacity for 
none of the 3 activities 

  

Question 6: Percentage of health workers making primary 
diagnoses of CVD who can correctly cite the case definitions 
of CVD.   

 
90% or more 

 
75-89% 

 
25-74% 

 
Less than 25% 

 

Question 7:  What is the severity of CVD cases when first 
diagnosed at your hospital?  

Most severe Mildly severe Low level severity 
Very low or just 
symptomatic 

  

Question 8:  What is the 1 year survival percentage or rate 
for patients with most severe CVD case at your hospital?   

Greater than 75% of them survive past 1 
year. 

Between 50% and 75% of them survive 
past 1 year. 

Between 25% and 50% of 
them survive past 1 year. 

Less than 25% of 
them survive past 1 
year. 

 

Question 9:  What is the 4 year survival percentage or rate 
for patients with very low or just symptomatic CVD case 
at your hospital?   

Greater than 75% of them survive past 4 
years. 

Between 50% and 75% of them survive 
past 4 years. 

Between 25% and 50% of 
them survive past 4 years. 

Less than 25% of 
them survive past 4 
years. 

 

Question10: What is the percentage of  CVD patients re-
admitted to your hospital every month? 

 
  Less than 25% 

 
Between 25% and 50% 

 
Between 50% and 75% 

 
Greater than 75% 

 

Question 11: What is the Percentage of health facilities 
submitting weekly or monthly CVD surveillance reports on time 
to the district level in your county? 

 
90% or more 

 
75-89% 

 
25-74% 

 
Less than 25% 

  

Question 12: What is the percentage of districts within your 
county submitting weekly or monthly surveillance reports on 
time to the next-higher level (your level) 

 
90% or more 

 
75-89% 

 
25-74% 

 
Less than 25% 

  

Question 13: Use of facility-retained patient medical records 
to support quality and continuity of care for CVD patients  

90% or more of patient records are 
completed adequately and can be retrieved  
for 90% or more of patients in time to 
promptly inform clinical decision-making 

Records are usually completed 
adequately and can be retrieved  for 
majority of patients in time to promptly 
inform clinical decision-making 

Essential patient information 
is usually not recorded and/or 
records cannot be recorded 
for most patients 

No system for patient 
medical records in 
most health facilities 

  

Question 14: 'International Statistical Classification of Disease 
and Related Health Problems (ICD)' is currently used for 
reporting hospital discharge diagnoses of CVD 

ICD-10 detailed Tabulation List ICD-10 ICD-9 
No ICD used or ICD-8 
or earlier 
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Question 15: Integration of reporting for CVD 
disease surveillance and other focused public 
health programs (e.g., maternal care, family 
planning and growth monitoring) 

A single form is used for 
notification of CVD diseases. 
Reporting of other public health 
programs is also well integrated 

Although there are a number of CVD 
reporting forms, there is good coordination 
and efforts to integrate the reporting 
requirements of public health programs 

 Health workers and managers face 
a fairly manageable burden in 
completing and reviewing separate 
reports for CVD. 

Health workers and managers 
face a very heavy burden in 
completing and reviewing 
separate reports for CVD.  

  

 

Source:  World Health Organization, 2008: Assessing the national health information system: an assessment tool. Retrieved from http://www.who.int/healthmetrics/tools/Version_4.00_Assessment_Tool.pdf?ua=1 

 

 


