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Abstract

Increasing prevalence of non-communicable diseases, aging, and population growth pose significant sustainability

challenges to health systems. Especially the health systems of low- and middle-income countries are more

vulnerable to the risks related to non-communicable diseases and demographic changes. As the Covid-19

pandemic demonstrates, the quality of health systems is vital to save lives, and even the most developed countries

are not immune to the consequences of global health crises. The World Health Organization estimates that non-

communicable diseases such as cardiovascular diseases, chronic respiratory diseases, cancers, and diabetes

cause around 40 million deaths in a year, and 15 million people aged between 30 and 69 suffer from premature

deaths mostly in low- and middle-income countries. The United Nations aim to address this problem through the

Sustainable Development Goal 3.4 that stresses to reduce by one third premature mortality from non-

communicable diseases through prevention and promote mental health and well-being until 2030. Poor quality

health systems and inadequate access to healthcare services by the most vulnerable groups are some of the main

reasons for premature deaths. Improving the quality of health systems through innovation and digitalisation is

strategic to deliver essential healthcare services to the most vulnerable people. Digital health technologies such as

mobile health applications for chronic disease self-management play a key role in improving the health status of

individuals and the accessibility of healthcare services. Type 2 Diabetes Mellitus (‘T2DM’) is one of the most

prevalent non-communicable diseases suffered by almost half a billion people, and current developments in digital

health technologies offer innovative methods for its treatment. Hence, this study investigates the effectiveness of

a T2DM self-management smartphone application called DiaWatch and its potential benefits for the Sustainable

Development Goals in terms of addressing the challenges of health systems.

Methodology: Using the Technology Acceptance Model as an overall conceptual framework, a comprehensive

literature review was performed to clearly define the objectives and methods for the study. Based on these

findings, two sets of semi-structured qualitative interview questions have been prepared for collecting empirical

data. Ten healthcare professionals working at a university hospital in Istanbul, Turkey, and ten T2DM patients

using a T2DM self-management app called DiaWatch have been interviewed from mid-February to early-March.

A thematic analysis has been carried out to analyse the empirical data collected through the semi-structured

interviews.

Results: Firstly, the results of the interviews with T2DM patients using the DiaWatch app suggest that the health

status and chronic condition self-management experience of the majority of the interviewees improved since using

the app and they adopted behavioural changes, such as being more adherent to the treatment, increased physical

activity, having a healthier diet and measuring blood glucose level more regularly. The interviewees reported less

dependency on healthcare facilities and increased accessibility of healthcare services, as they are tele-monitored

by their physicians. Secondly, the results of the interviews with healthcare professionals highlight the benefits of

digital health technologies for the health systems in terms of facilitating the job of healthcare staff, reducing the

costs, and saving time. The interviewees state that tele-monitoring helps to decrease the number of redundant

hospital admissions and screenings; however, data privacy and irreplaceability of face-to-face medical

examinations are the main concerns before the acceptance of these technologies.

Keywords: sustainable development, digital health technologies, non-communicable diseases, T2DM, SDGs,

technology acceptance model
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Summary

Non-communicable diseases as cardiovascular diseases, chronic respiratory diseases, cancers, and diabetes are

some of the most common health problems and the main cause of every seven out of ten deaths in a year. The

changing lifestyle from rural to urban, along with a growing and aging population, cause a dramatic increase in

the prevalence of non-communicable diseases, especially in low- and middle-income countries. 15 million people

suffer premature deaths from non-communicable diseases in a year, and approximately 13 million of them take

place in low- and middle-income countries due to the poor-quality health systems and insufficient accessibility to

healthcare services.

The United Nations’ Sustainable Development Goal 3.4 targets to tackle the problem of premature deaths related

to non-communicable diseases by 2030 through improved prevention and treatment. We believe that innovation

and technology can be a gamechanger in the healthcare sector to address the challenges of health systems and

reduce the number of premature deaths. The Covid-19 pandemic showed the importance of having a strong health

system to save lives and the role of technology in healthcare. Some countries introduced smartphone apps to trace

the Covid-19 cases via GPS and Bluetooth. Smartphones and mobile health technologies offer great potential for

the treatment and prevention of non-communicable diseases.

In this study, we aim to investigate the effectiveness of digital health technologies, particularly a smartphone

mobile health application called DiaWatch for Type 2 Diabetes self-management in improving the health status,

accessing the healthcare services, and addressing the challenges of health systems in the context of health-related

Sustainable Development Goals. To reach the objectives of this study, we carried out a comprehensive literature

review and two sets of semi-structured qualitative interviews based on the Technology Acceptance Framework,

with 10 Type 2 Diabetes patients using the DiaWatch app and ten health professionals working at a university

hospital in Istanbul, Turkey. We approached the problem from both perspectives to have a clearer understanding.

The results showed us that the DiaWatch app helped its users to improve their health status through adopting

healthy behavioural changes such as exercising more, eating healthier, and being more conscious of their disease.

The app also increased the accessibility and utilisation of healthcare services of the interviewees through tele-

monitoring and improved communication with their physicians. The healthcare professionals think that digital

health technologies are beneficial to facilitate their jobs in terms of working more time- and cost-efficiently, as

well as reducing the number of unneeded hospital admissions and lighten the burden on healthcare staff. Data

privacy of patients and the importance of seeing a patient in person are considered as the main issues of digital

health technologies by the interviewees because personal medical data is an extremely sensitive information about

an individual and remotely examining a patient could cause medical malpractices.

Given the fact that around half a billion people have diabetes and its prevalence continuously increases mostly in

the low- and middle-income countries, digital health technologies can potentially play a key role to address the

challenges of health systems through enhancing the quality of health systems, increasing their accessibility and

utilisation especially by the most vulnerable people and improve the health status of individuals. Hence, digital

health technologies can contribute to meeting the Sustainable Development goal 3.4 by reducing the number of

premature deaths from non-communicable diseases.

Keywords: sustainable development, digital health technologies, non-communicable diseases, T2DM, SDGs,

technology acceptance model
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1. Introduction 

1.1 Background 
The changing demographic patterns, aging, and growing population are the greatest challenges that the 

health systems are globally facing (Braithwaite et al., 2018). The world population has been 

continuously increasing for centuries, and the current population projections estimate that the world 

population is expected to reach, respectively, over 8.5 billion by 2030, nearly 10 billion by 2050, and 

exceed 10 billion by 2100 (UN, 2019). The developments in medicine and pharmaceuticals enable 

people to live longer, thus the proportion and number of older people consistently increase (ibid). It is 

projected that most of the countries will experience an aging population problem, particularly in Europe 

and North America, where one-fourth of the population will be 65+ years old by 2050 (ibid). 

Additionally, the increasing prevalence of non-communicable (hereinafter “NCDs”) and chronic 

conditions poses another serious threat to the sustainability of health systems (NCD Countdown 2030 

Collaborators, 2018). The estimated number of mortalities related to the NCDs and chronic conditions 

was more than 40 million, out of nearly 57 million total deaths (ibid). The mortality rate attributed to 

NCDs is remarkably higher in low- and middle-income countries (hereinafter “LMICs”), while it is the 

lowest in the developed Asia-Pacific countries, Canada, and western Europe (ibid). Due to the fact that 

the LMICs suffer more severely from the NCDs, the United Nations (hereinafter “UN”) addressed this 

challenge in its Sustainable Development Goals (hereinafter “SDGs”) (Schmidt and Barnhill, 2015; 

NCD Countdown 2030 Collaborators, 2018; Niessen et al., 2018).  

The UN SDG 3, Good Health and Well-Being addresses the health-related challenges that the UN aims 

to overcome by 2030 (GBD 2015 SDG Collaborators, 2016). SDG 3 consists of 13 targets and 26 

indicators (ibid). SDG 3.4 is a particularly important target, as it addresses the NCDs and chronic 

conditions that are the most common reasons for global mortality (Schmidt and Barnhill, 2015; NCD 

Countdown 2030 Collaborators, 2018; Niessen et al., 2018). SDG 3.4 targets to “By 2030 reduce by 

one-third premature mortality from NCDs through prevention and treatment and promote mental health 

and well-being (UN, 2020).” The first indicator of SDG 3.4 illustrates the NCDs that are targeted, which 

are “cardiovascular disease, cancer, diabetes or chronic respiratory disease” (ibid). The UN SDGs are 

interconnected goals that aim to jointly achieve the 2030 Sustainable Development Agenda of the UN 

(Nilsson et al., 2016). The SDGs address a wide range of sustainable development challenges such as 

poverty, inequalities, climate change, nature, economics, health, and well-being, and so on (Pradhan et 

al., 2017). 

Diabetes is one of the most serious NCDs and chronic conditions across the globe that is currently being 

suffered by more than 463 million people (IDF, 2019; Saeedi et al., 2019). The majority of the people 

with diabetes live in the LMICs, in which the prevalence of diabetes is steadily increasing (Saeedi et 

al., 2019). The current projections about the prevalence of diabetes estimate that the number of diabetics 

will be more than 700 million by 2045, with an accelerating pace in the LMICs (IDF, 2019). 

Undiagnosed diabetes is another fundamental problem, according to the International Diabetes 

Federation (hereinafter “IDF”), and the IDF estimates that half of the diabetes cases are undiagnosed, 

approximately 230 million people (ibid). Diabetes is a disease that requires life-long treatment. 

Therefore, the health expenses related to diabetes cost a tremendous amount of money for the health 

systems (Saeedi et al., 2019). To illustrate this, IDF (2019) estimates that diabetes caused $760 billion 

US dollars (hereinafter “USD”) health expense only in 2019. The American Diabetes Association 

(hereinafter “ADA”) states that a diabetes patient costs 2.3 times higher a non-diabetic patient in the 

US healthcare settings (ADA, 2018). Considering the abovementioned facts, diabetes is expected to 

pose a great challenge to the health systems in the future, especially for the LMICs (Jamison et al., 

2013; Kruk et al., 2018; Niessen et al., 2018). In this context, finding cost-efficient methods in the 

treatment of diabetes emerges as a vital sustainability question to be addressed by the healthcare 

providers, decisionmakers, private sector, universities, and governments (Bloom et al., 2018). Some 
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best practices of cost-efficient diabetes and other chronic condition treatments demonstrate that the 

interoperable digital health technologies are promising tools to address this question (Kahn et al., 2010; 

Yamey and Morel, 2016; European Commission, 2019). 

 

1.2 Problem definition 
The prevalence and total number of NCDs and chronic conditions have been continuously increasing, 

as the world population grows and ages, along with the shifting lifestyle as more people inhabit in urban 

areas and work at sedentary jobs (Bloom et al., 2018; Braithwaite et al., 2018; Niessen et al., 2018; 

Schmidt and Barnhill, 2015). The reasons for contracting NCDs and chronic conditions vary according 

to the economic development and demographic patterns of a country (Bloom et al., 2018). The aging 

population is one of the main reasons to have NCDs and chronic conditions in developed countries 

while shifting lifestyle causes more people to get NCDs in the LMICs. (ibid). Unhealthy lifestyle 

changes in LMICs make people vulnerable to contract NCDs due to exposing pollution, carbohydrate-

rich diet, and sedentary lifestyle (ibid). Bloom et al. (2018) conclude in their study on the economic 

burden of chronic diseases, that the chronic conditions have multifaceted impacts on a country’s 

economy, in terms of labour loss, capital loss, misallocation of resources, and so on. Hence, it is 

essential to accurately address the challenge of increasing the prevalence of the NCDs and health 

systems have the greatest responsibility in combating against them (Kruk et al., 2018). 

The rising burden on the health systems threatens their coping mechanisms with NCDs and chronic. As 

Kruk et al. (2018) state that the poor-quality health systems fail to prevent millions of avoidable deaths 

annually and cause misallocation of economic resources. To illustrate that, Kruk et al. (2018) estimate 

that the poor-quality health systems cause 8 million premature deaths and $6 trillion USDs in economic 

loss per year. The problems with the accessibility of healthcare services in LMICs and their non-

utilisation are the main reasons for premature deaths and misallocation of resources, stress Kruk et al. 

(2018). Therefore, improving the quality of health systems is a vital challenge to overcome these 

problems. There is an ambitious effort to discover new approaches to enhance the health systems and 

enabling effective and cost-efficient healthcare for people. Improving the accessibility of health systems 

is considered as one of the key actions by the World Health Organization (hereinafter “WHO”) to enable 

more people in LMICs to utilise the healthcare services (WHO, 2011).  

The UN SDG 3.4 aims to address the problem of premature mortalities from NCDs and aims to reduce 

them by one-third through prevention and treatment and to promote mental health and well-being. (UN, 

2020). It is a difficult target to achieve, as their global prevalence has already been increasing, especially 

in the LMICs (Saeedi et al., 2019). Therefore, uncovering new approaches to be successful in combating 

against the NCDs is crucial. The need for a patient-oriented health system that promotes health 

education and disease self-management is seen very important to empower the patients having NCDs 

(Schmidt and Barnhill, 2015; Yamey and Morel, 2016). The significance of preventive care is 

emphasized by many experts since avoiding to contract any NCDs is the most effective way to reduce 

its premature mortality (Jeffrey et al., 2019). In this context, the interoperable digital health 

technologies, including mobile health applications (hereinafter “mHealth apps”) at the end-user level is 

significant progress in achieving a patient-oriented and accessible health system (WHO, 2011, Kruk et 

al., 2018).  

Numerous studies have demonstrated that mHealth apps and interoperable digital health technologies 

provided great benefits, as mHealth apps enable a more effective and proactive chronic condition self-

management experience (Boels et al., 2018; Cui et al., 2016; Jeffrey et al., 2019). However, these 

technologies are relatively new, and there is not sufficient empirical data available to understand their 

effectiveness at a large-scale implementation scenario. The recent studies carried out on mHealth apps 

for Type 2 Diabetes Mellitus (hereinafter “T2DM”) self -management and interoperable digital health 
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technologies present that mHealth apps are beneficial to improve the chronic condition self-

management and adopting healthy behavioural changes (Anderson et al., 2016; Angelini et al., 2019).  

The mHealth apps are useful to achieve the empowerment of vulnerable groups with chronic conditions, 

especially poorly educated women with lower income in LMICs since mHealth apps offer educational 

and training materials about health education (Hoque, 2016). 

 

1.3 Research gap 
The meta-analyses and systematic reviews addressing the digital health technologies and mHealth 

technologies for T2DM self-management have been read in detail to identify the research gaps (see, 

e.g., Angelini et al. (2019), Cui et al. (2016), Free et al. (2013), Goyal et al. (2016), Hou et al. (2016), 

Kitsioi et al. (2017), and Whitehead et al. (2016)). From the reviewed literature, it has been understood 

that there is no study conducted that investigates the digital health technologies for T2DM disease self-

management, in the framework of the UN SDGs. The number of mHealth applications and related 

interoperable health technologies have been rapidly proliferating over the past two decades (Braithwaite 

et al., 2018), thus more end-users use these technologies in their disease self-management (Jeffrey et 

al., 2019). This study utilised other studies conducted about the effectiveness of mHealth technologies 

on the health status of T2DM patients (Hong et al., 2015; Saffari et al., 2014; Boels et al., 2018; 

Muralidharan et al., 2017), and aims to fill in the research gap with the UN SDGs interactions and 

interoperable digital health technologies. This study pursues a bottom-up approach to conceptualise the 

impacts of digital health technologies on T2DM patients and the health systems at the macro level, 

within the UN SDG framework. The gap to be filled will be helpful to understand the potential role of 

digital health technologies in improving the quality and accessibility of health systems, as well as the 

health and well-being of T2DM patients. 

 

1.4 Aims of the study 
This master thesis primarily aims to investigate the effectiveness of interoperable digital health 

technologies in improving the quality of health systems, empowering people with NCDs and chronic 

conditions, particularly T2DM, and addressing the health-related SDGs. This research carries out a case 

study to understand the role of interoperable digital health technologies, including eHealth and mHealth, 

in achieving an enhanced T2DM treatment process for both healthcare service providers and T2DM 

patients. The case study on DiaWatch (see the case study chapter 4.2.2) evaluates the outcomes of a 

mHealth app for T2DM self-management. Diabetes is a serious chronic condition whose prevalence 

rapidly increases, especially in LMICs. Studying the mHealth apps for T2DM self-management is 

significant in discovering the potential of interoperable digital health technologies in combating against 

NCDs. The role of interoperable digital health technologies in the treatment and prevention of NCDs is 

noteworthy. Therefore, their possible contribution to meeting SDG 3.4 and the SDG interactions related 

to interoperable digital health technologies will be investigated by this study. Hence, the results of this 

master thesis will be beneficial to understand the significance of digital health technologies in 

addressing the future challenges of health systems through employing cost-efficient, innovative, 

decentralised, and patient-oriented healthcare delivery approaches.  
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 The objectives of this study are as below; 

➢ O1: Investigating the potential contributions of the interoperable digital health technologies to 

addressing the future challenges that the health systems will be facing due to the increasing 

prevalence of non-communicable diseases, growing/aging population and shifting lifestyle. 

➢ O2: Understanding the effects of a mHealth application (DiaWatch) on the health and well-

being of T2DM patients and their chronic disease self-management capacity. 

➢ O3: Assessing the potential contributions of digital health technologies to improve the quality 

of health systems, in terms of enhancing the efficiency, accessibility, and utilisation. 

➢ O4: Understanding how digital health technologies can help to meet health-related UN SDGs, 

in particular SDG 3.4. 

➢ O5: Identifying the SDG interactions related to digital health technologies, particularly 

mHealth apps. 

 

1.5 Research questions 
The following research questions (hereinafter “RQ”) have been formulated to achieve the objectives of 

this study. 

RQ1: What impacts do interoperable digital health technologies have on improving the quality of 

health systems, and combating against the NCDs and chronic conditions, in terms of the SDG 

framework? (Addressing the objectives 1, 2, 3, 4, and 5) 

RQ2: How can interoperable digital health technologies make healthcare services more time and 

cost-efficient for T2DM patients and healthcare service providers? (Addressing the objectives 2 and 

3) 

RQ3: What are the effects of the mHealth application “DiaWatch” on the health condition and well-

being of its users? (Addressing the objective 2) 

RQ4: How can interoperable digital health technologies affect the physical dependency of T2DM 

patients on healthcare facilities and improve their accessibility to healthcare services? (Addressing 

the objective 3) 
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2. Literature review 

2.1 Quality of health systems 
The quality of health systems is a fundamental problem, especially in LMICs (Kruk et al., 2018). Poor-

quality health systems have tremendous negative impacts on health and well-being, as they cannot 

adequately address the health-related problems (Kruk et al., 2018). According to the Lancet Global 

Health Commission on High-Quality Health Systems in the SDG Era (hereinafter “the commission”), 

(Kruk et al., 2018), poor-quality health systems cause over 8 million avoidable deaths per year due to 

inaccessibility and non-utilisation of healthcare services. The economic consequences of poor-quality 

health systems are another massive problem that causes the misallocation of $6 trillion USDs in 2015, 

estimated by the commission (ibid). The figures provided by the commission highlight that the 

magnitude of the problems stems from poor-quality health systems. The commission argues that high-

quality healthcare systems have the potential to save millions of lives, including 2.5 million deaths 

related to cardiovascular diseases, 1 million infant deaths, 900.000 tuberculosis deaths, and half of the 

maternal deaths (ibid). The commission believes that poor-quality health systems are a multifaceted 

problem that must be addressed collectively by different sectors such as governmental bodies, private 

sector, universities, infrastructure, education, and civil society (ibid). Enabling more people to access 

and utilise the healthcare is considered essential by the commission to curb the health-related problems, 

save millions of lives, and prevent misallocation of trillions of dollars (ibid). 

The commission believes that global health lived its golden ages over the last two decades thanks to the 

drastic improvements in health systems, particularly in the LMICs (ibid). The accessibility of healthcare 

services has remarkably increased in LMICs, thanks to the rise in internal health expenditures and donor 

funding (ibid). Increased access to healthcare services prevented millions of deaths in LMICs, 

particularly the deaths attributed to infectious diseases, such as HIV, tuberculosis, and malaria, as well 

as prenatal and postnatal deaths (ibid). However, these positive developments with communicable 

diseases could not be achieved with the NCDs and acute conditions, especially cardiovascular diseases, 

stroke, and diabetes (ibid). In this context, it is important to recall the UN SDG 3.4.1, reducing the 

mortality rate attributed to cardiovascular disease, cancer, diabetes, or chronic respiratory disease 

(UN, 2020). NCDs and chronic conditions still pose a fundamental risk to health systems, especially in 

LMICs.  

The remarks of the commission about the quality of health systems suggest that high-quality health 

systems can more likely meet the health-related SDGs, therefore transforming poor-quality health 

systems is a great challenge for decision-makers. In this sense, the principles suggested by the 

commission are noteworthy to perceive how high-quality health systems ought to be. Firstly, health 

systems are for people. This principle suggests that the health systems should stimulate secondary 

benefits for all people, such as economic benefit and confidence in the healthcare system (ibid). 

Secondly, the principle of respectful care which emphasizes the importance of patient-centred 

healthcare that values human dignity (ibid). Lastly, fundamental change stresses the need for the 

transformation of healthcare systems accordingly to the emerging health needs of people (ibid). The 

commission acknowledges that healthcare systems may resist the change as its adaptive capacity is low 

(ibid).  

The commission’s framework of a high-quality health system consists of three main components that 

are namely quality impacts, processes of care, and foundations. These three components are very 

significant in assessing the quality of health systems (ibid). Better health, confidence in the system, and 

economic benefit are the subbranches of quality impacts. Process of care is the second component of 

the framework whose subbranches are competent care and systems and positive user experience, which 

is the basis of the results & analysis section of this study. Lastly, foundations are the final component 

of the framework that includes population, governances, platforms, workforce, and tools. A detailed 

description of the components can be found in the table below (ibid).  
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Table 1. The high-quality system framework components (retrieved from Kruk et al., 2018). 

Quality Impacts Components 

Better health 
Level and distribution of patient-reported outcomes: function, symptoms, pain, 

wellbeing, quality of life, and avoiding serious health-related suffering 

Confidence in system Satisfaction, recommendation, trust and care uptake and retention 

Economic benefit 
Ability to work or attend school, economic growth, reduction in health system 

waste, and financial risk protection 

Process of Care Components 

Competent care and systems 

Evidence-based, effective care: systematic assessment, correct diagnosis, 

appropriate treatment, counselling, and referral; capable systems: safety, 

prevention and detection, continuity and integration, timely action, and 

population health management 

Positive user experience 

Respect: dignity, privacy, non-discrimination, autonomy, confidentiality, and 

clear communications; user focus: choice of provider, short wait times, patient 

voice and values, affordability, and ease of use 

Foundation Components 

Population 

Individuals, families, and communities as citizens, producers of better health 

outcomes, and system users: health needs, knowledge, health literacy, 

preferences, and cultural norms 

Governance 

Leadership: political commitment, change management; policies: regulations, 

standards, norms, and policies for the public and private sector, institutions for 

accountability, supportive behavioural architecture, and public health functions; 

financing: funding, fund pooling, insurance and purchasing, provider contracting 

and payment; learning and improvement: institutions for evaluation, 

measurements, and improvement, learning communities, and trustworthy data; 

intersectoral: roads, transport, water and sanitation, electric grid, and higher 

education  

Platforms 

Assets: number and distribution of facilities, public and private mix, service mix, 

and geographic access to facilities; care organisation: roles and organisation of 

community care, primary care, secondary and tertiary care, and engagement of 

private providers; connective systems: emergency medical services, referral 

systems and facility community outreach  

Workforce 

Health workers, laboratory workers, planners, managers: number and 

distribution, skills and skill mix, training in ethics and people-centred care, 

supportive environment, education, teamwork, and retention 

Tools 
Hardware equipment, supplies, medicines, and information systems; software: 

culture of quality, use of data, supervision, and feedback 

 

2.2 Health-related UN sustainable development goals 
One of the most comprehensive scientific reports written about the health-related SDG is Measuring 

the health-related Sustainable Development Goals in 188 countries: a baseline analysis from the Global 

Burden of Disease Study 2015 (GBD 2015 SDG Collaborators, 2016). The findings of the analysis are 

quite illuminating to understand the differences in the capacity of the health systems of 188 countries 

in addressing the health-related SDGs. The analysis identifies 47 health-related indicators and 28 health-

related targets amongst 11 SDGs. The authors of the analysis developed an index to measure the health-

related Sustainable Development Goal performance of 188 countries. Thirty-three indicators have been 

identified among the health-related SDG indicators. The findings of the analyses suggest that there is a 

correlation between the development level of a country and its SDG performance (ibid). Figure 1 

demonstrates the SDG indexes of 188 countries and the difference between developed countries and 

LMICs is noteworthy.  
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The countries with higher GDP and HDI per capita have considerably higher SDG performance level, 

in comparison to the LMICs. Especially, African, and Southeast Asian countries have significantly 

lower SDG indexes (ibid). The analysis provides useful quantitative data on the health-related SDG 

index of these 188 countries. The median SDG index has been 59.3 (out of 100 and 5% margin of error) 

in 2015. The best performing countries were Iceland, Singapore, and Sweden, with over 85 points, while 

the worst performing countries were Central African Republic, Somalia, and South Sudan, with around 

20 points, according to the health-related SDG performance index (ibid). As the analysis points out, a 

few countries have outperformed the others with their progress on the health-related SDGs (ibid). For 

instance, some conflict-affected countries like Colombia, Tajikistan, and Timor-Leste had progressively 

recovered their health systems by successfully implementing the UHC and delivered essential health 

services to their citizens. The countries like Taiwan and Iceland became exceptionally successful in 

reducing the mortality from NCDs through increasing the health expenses, executing the necessary 

legislations, and investing in digital health technologies (ibid). Hence, making progress towards the 

health-related SDGs is significant to improve the quality of health systems and meet the needs of people.  

 

UN SDG 3, Good Health and Well Being is the SDG that addresses health-related sustainability 

challenges. SDG 3 has 13 targets and 26 indicators that address different health and well-being related 

goals (UN, 2020). The targets and indicators of SDG 3, listed below, are the main ones focused on this 

study, along with other relevant SDGs that potentially contribute to achieving SDG 3.  

UN SDG 3 Good Health and Well Being 

UN SDG 3.4: By 2030, reduce by one third premature mortality from non-communicable 

diseases through prevention and treatment and promote mental health and well-being. 

 3.4.1: Mortality rate attributed to cardiovascular disease, cancer, diabetes, or chronic 

respiratory disease 

UN SDG 3.8: Achieve universal health coverage, including financial risk protection, access to 

quality essential health-care services and access to safe, effective, quality, and affordable 

essential medicines and vaccines for all. 

 3.8.1 Coverage of essential health services (defined as the average coverage of 

essential services based on tracer interventions that include reproductive, maternal, new-born 

and child health, infectious diseases, non-communicable diseases and service capacity and 

access, among the general and the most disadvantaged population). 

Fig. 1. The Health-Related SDG index of 188 countries (retrieved from GBD 2015 SDG Collaborators, 2016). 
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2.3 Digital health technologies for diabetes self-management 
Digital health is defined by WHO as “the use of digital, mobile and wireless technologies to support 

the achievement of health objectives. Digital health describes the general use of information and 

communications technologies for health and is inclusive of both mHealth and eHealth.” (WHO, 2016). 

Digital health technologies have been proliferating from the early 2000s, as the developments in the 

ICTs enabled the end-users to access them for affordable prices. Especially, the emergence of 

smartphones and expanding mobile internet infrastructure made a revolutionary impact on the 

utilisation of digital health technologies by the end-users (Angelini et al., 2019). There are numerous 

mobile apps and software available, along with the diagnostic devices and wearable technologies for 

various health purposes (ibid). One of the most common usage areas of digital health technologies is 

chronic disease self-management, and nearly 100 000 mHealth apps have been released between 2014 

– 2019 (ibid). Thousands of mHealth apps have been developed for diabetes self-management as well 

since it is one of the most prevalent chronic diseases (ibid). Every one out of 11 people had diabetes in 

2015. Furthermore, this number is projected to be one out of ten by 2040 (ibid). Given the fact that the 

burden of diabetes will increase on the health systems, innovative digital health technologies are 

considered as impactful tools for improving disease self-management capability of individuals, 

decreasing the health expenditures per diabetes patient, making healthcare more accessible through 

digital platforms, and enhancing the health status and well-being of diabetics (ibid).  

The systematic review by Angelini et al. (2019) provides one of the most up-to-date information about 

the mHealth apps for diabetes self-management. The mHealth technologies are seen as a crucial 

potential for facilitating the chronic disease self-management through offering an easy-to-use platform 

for the end-users that they can use conveniently in their daily routine (ibid). Thus, Angelini et al. (2019) 

suggest that the end-users and HCPs should be involved in the designing of these digital health 

technologies in order to ensure a tailored product that can be used in the long-term by both parties. 

Besides that, the involvement of HCPs and health systems is considered a key aspect of sustaining the 

utilisation of these technologies at the end-user level (ibid). As Braithwaite at al. (2018) argue too that 

the evolving health technologies pave the way for new models of healthcare delivery. Patient-centred 

and preventive healthcare is considered strategic to protecting people against contracting chronic 

conditions by promoting healthy behavioural changes and improving self-management (Boels et al., 

2018). In this context, some features of mHealth apps for diabetes self-management are peculiarly 

emphasized by Angelini et al. (2019). Firstly, self-monitoring of glycaemia is the most common and 

vital feature among numerous mHealth apps for diabetes self-management because it helps to prevent 

any fatal hypo/hyperglycaemic events that could cause premature mortality (ibid). Secondly, diet and 

nutrition management are some key aspects of diabetes self-management apps, as adhering to a healthy 

diet is essential to stay healthy (ibid). Thirdly, monitoring physical activity is another key feature of 

mHealth apps since diabetes patients need to be physically active to maintain their well-being (ibid). 

Lastly, monitoring adherence to drug therapy is extremely important as not adhering to drug therapy 

can be fatal. Hence, the mHealth apps for diabetes self-management are considered as beneficial tools 

for empowering patients and having patient-centred healthcare that allows more personalised diabetes 

treatment (ibid).  

2.4 History of innovation in health systems 
The innovation efforts in health systems had accelerated from the 1950s, thanks to the prior scientific 

developments during the post-war era that paved the way for technological advancements in numerous 

fields, including health technologies (Lehoux et al., 2016). Three main time periods for the 

developments of health technologies have been identified by Lehoux et al. (2016). The first period 

covers the initial technological developments in health starting from the 1950s, during this period the 

R&D in military technologies in the realm of the Cold War had tremendously catalysed the scientific 

and technologic advancements (ibid). During this era, forming health systems based on Universal 

Healthcare Coverage (hereinafter “UHC”) was a key objective for the governments to ensure the social 
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security of their citizens in the age of welfare states (ibid). The scientific and technological 

developments in the period of 1950 – 1980 are significant in terms of utilising the means of technology 

in health services such as diagnostic and monitoring technologies (ibid). The emergence of computer-

based technologies enabled dramatic improvements in the screening/monitoring technologies as well 

(ibid). Computerised Axial Tomography (CT), Magnetic Resonance Imaging (MRI), Positron Emission 

Tomography (PET) are some of the prominent examples of computer-based screening/monitoring 

technologies (ibid). These emerging technologies fostered further developments in healthcare 

innovation and research. The second period that Lehoux et al. (2016) identify is between 1980 and 

2000. The changing economic patterns throughout the ‘80s led governments to support the R&D in 

health technologies to curb the dramatically increasing health expenses because of the growing burden 

of UHC and hospital-oriented healthcare systems (ibid). Especially in the US, private businesses joined 

the competition in health R&D along with the universities (ibid). Hence, the R&D in health technologies 

in the developed countries pioneered the high-tech health innovations (ibid).  

The last period started from the 2000s and still continues. Lehoux et al. (2016, p. 119) write that the 

2000s brought “a knowledge-based economy where hype about genetics, biotechnology and 

information technology (IT) fuels speculative investments.”. The involvement of universities in R&D 

in health technologies thanks to the Bayh-Dole Act in 19801 provided an important opportunity for the 

universities to act as an entrepreneurial university (ibid). One of the most significant developments in 

health innovation was the employment of information and communication technologies (hereinafter 

“ICTs”) in healthcare. The emergence of digital health technologies, includes eHealth and mHealth, is 

one of the milestones in the 2000s (ibid). The health systems have been deeply digitalised thanks to the 

developments in ICT over the past two decades (ibid). Lehoux et al. (2016) argue that healthcare R&D 

investments became speculative and short-term profit-seeking as it became one of the most profitable 

sectors. Forbes, a prominent business magazine, projected in 2016 that the most profitable sector would 

be healthcare technologies (ibid).  

Lehoux et al. (2016) state that UHC and hospital-oriented healthcare had increased the healthcare 

expenditures that became a burden for the social welfare states in the second half of the 20th century. 

The realm of the market economy was colliding with the idea of UHC and rising healthcare expenditures 

per capita. Therefore, the privatisation of healthcare was being discussed in some countries, shifting to 

the market economy (ibid). Therefore, the private sector and universities got more involved in health 

innovation and R&D to tackle health-related challenges (ibid). The ICTs have been applied in the health 

technologies from the 2000s, and the pace of innovation got significantly accelerated. Hence, the 

interoperable digital health technologies like eHealth and mHealth got on the stage. These developments 

are seen as a great potential to achieve universal and sustainable health systems by Lehoux et al. (2016). 

In particular, the implementation of ICT in healthcare can contribute to realising the 4As of healthcare 

that are namely Availability, Accessibility, Appropriateness, and Affordability (ibid). Lehoux et al. 

(2016) state that a more effective primary care can prevent the avoidable mortalities; therefore, it is 

relevant considering the SDG 3.4 that stresses reducing premature mortalities from non-communicable 

diseases.  

 

 

 

 
1 The Bayh-Dole Act is considered as a milestone for innovation policy because it enabled the American 
universities to use their resources for commercial purposes by lifting some restrictions and licencing procedures 
that was hindering their innovation efforts. The act came into force in 1980 (Grimaldi et al., 2011). 
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3. Conceptual framework 
The conceptual framework section defines the key concepts, terms, and themes of this study. In the light 

of the conceptual framework, seven hypotheses have been identified that are tested through the results 

of semi-structured qualitative interviews, the DiaWatch case study and the literature review. The 

empirical findings of this study have been framed based on the following conceptual framework. 

 

Fig 2. The conceptual framework of this master thesis (designed by the author) 

3.1 Technology acceptance model (TAM) 
The Technology Acceptance Model (TAM) is one of the most commonly used research models in 

studying the acceptance or rejection of a new technology (Marangunić and Granić, 2014). The history 

of TAM traces back to the 1980s and has been developed by Fred Davis for analysing the acceptance 

of newly implemented IT systems by the employees in the private sector. (Davis, 1989; Holden and 

Karsh, 2010; Marangunić and Granić, 2014). Some theories of behavioural psychology, such as the 

Theory of Reasoned Action (TRA) and the Theory of Planned Behaviour (TPB) influenced TAM 

(Marangunić and Granić, 2014). 

The implementation of the ICTs in healthcare services and expanding the availability of health 

technologies at the end-user level make TAM a suitable research model for the studies about digital 

health technologies (Holden and Karsh, 2010). Within the framework of this study, two constructs of 

TAM, namely Perceived Usefulness and Perceived Ease of Use, are significant to conceptualise the 

chronic condition self-management technologies. Holden and Karsh (2010) identify the measurement 

dimensions of the aforementioned constructs (see Table 3), that are also used in the design of this study, 

and semi-structured interview questions. 

TAM

Digital health technologies

Healthcare providers

Work performance

High-quality health systems

Time & cost efficiency

Healthcare customers

Accessibility

Health & well-being

Development 
level

Fig. 3. The Framework of Technology Acceptance Model (retrieved from Holden and Karsh, 2010). 
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Yarbrough and Smith’s (2007) paper on TAM is a key study to understand the technology acceptance 

among physicians. The first studies about the ICTs in health systems date back to 1996, which makes 

it a relatively new research field (Yarbrough and Smith, 2007). According to Yarbrough and Smith 

(2007), TAM appears to be a trustable model to study the acceptance of technology across various user 

groups. TAM is considered as a more accurate model to study the digital health systems than TPB 

because of its methodological advantages as TAM has been specifically designed for the ICT research 

(Yarbrough and Smith, 2007). The deployment of digital health technologies and their acceptance is 

seen strategic by Yarbrough and Smith (2007), in terms of their potential capacity to enhance the quality 

of health systems, to improve the working conditions and work efficiency of HCPs and to increase 

patients’ satisfaction with healthcare services. Taking the provided information about TAM in health 

technologies into account, the first hypothesis of this study is as follows. 

H1: The acceptance of digital health technologies by both healthcare service providers and 

consumers are strategic to achieve a more effective and personalised healthcare experience for T2DM 

patients. 

Table 2. Measures of key constructs use (retrieved from Holden and Karsh, 2010). 

Construct Measurement dimension of construct 

Perceived usefulness 

Useful for job (or task) 

Increases productivity 

Enhances effectiveness of job (or work) 

Allows tasks to be accomplished more quickly 

Improve job performance 

Makes it easier to do job/work 

Increases quality of care 

Increases quality of work 

Improves work efficiency 

Allows tasks to be done more accurately 

Allows tasks to be done more objectively 

Supports critical aspects of job 

Increases chance of getting a raise 

Allows greater control over work 

Enables decisions on better evidence 

Improves patient care and management 

Not enough information on measurement 

Perceive ease of use 

Easy to use 

Clear and understandable 

Easy to become skilful with system 

Easy to get it to do what you want it to 

Easy to learn to operate 

Flexible to use/interact with 

Low mental effort 

Easy to do what I want 

Easy to do tasks with system 

Clear 

Understandable 

Does not demand much care and attention 

Navigation is easy 

Easy to remember how to perform tasks with 

system 

Not enough information on measurement 
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3.2 Digital health & quality of health systems 
The Lancet Global Health Commission on High Quality Health Systems in the SDG Era defines the 

high quality health systems as follows: “A high quality health system is one that optimises healthcare 

in a given context by consistently delivering care that improves or maintains health outcomes, by being 

valued and trusted by all people, and by responding changing population needs.” (Kruk et al., 2018, p. 

1200). In the light of the definition, high-quality health systems should be addressing dynamic needs 

such as changing demographics. On the one hand, the aging and growing population along with the 

increasing prevalence of NCDs and chronic conditions, pose a potential hazard to the sustainability of 

health systems. On the other hand, the consequences of poor-quality health systems are extremely 

threatening to sustain the health systems, particularly in the LMICs. According to Kruk et al. (2018), 

insufficient accessibility to healthcare services in LMICs is one of the main causes of approximately 8 

million avoidable deaths annually. Inefficient health systems cause significant economic losses, as well. 

Bloom et al. (2018) estimate in their macroeconomic model for calculating the cost of chronic diseases 

in China, Japan, and South Korea, that chronic disease will cost over $12 trillion USDs between 2010 

and 2030 for these three countries. Therefore, the quality of health systems is a core health-related 

sustainability problem. The necessity of improving the quality of health systems, especially in LMICs, 

is a sophisticated challenge that requires a multi-disciplinary response. Informatics is one of the 

disciplines that provide solutions for achieving sustainable health systems by employing ICTs (Hayes 

et al., 2014; Kahn et al., 2010). The emerging digital health technologies over the past two decades are 

considered as one of the solutions which can improve the quality of health systems. 

H2: Digital health systems offer a great potential to improve the quality of health systems 

especially in the LMICs, thus digital health systems can be a key component of mitigating the problems 

related to poor-quality health systems. 

The principles of high-quality health systems defined by Kruk et al. (2018) help to understand the 

concept. The first principle suggests that health systems are meant to serve people (ibid). It means that 

health systems ought to go beyond the purpose of improving health outcomes, such as creating non-

health-related values that increase the confidence in the health system and create economic benefits 

(ibid). The second principle is the ability to provide good quality and respectful care within the capacity 

of national resources (ibid). It includes acceptable waiting times at healthcare facilities, adequate time 

for medical examination, non-discrimination in receiving healthcare services (ibid). In this context, the 

significance of digitalisation of health systems is emphasized by numerous experts due to their capacity 

in addressing the challenges of poor-quality health systems (EXPH, 2018). Hayes et al.’s (2014) 

remarks on mHealth apps are interesting to envisage how mHealth can shape the future of health 

systems by decreasing the costs. Zwaanswijk et al. (2011) also suggest that digitalisation and online 

data exchange contribute to avoiding redundant costs in healthcare, such as duplicated monitoring or 

unneeded hospital admissions. Thus, digital health technologies can lead to more time- and cost-

efficient health systems. 

H3: Interoperable digital health systems can significantly contribute to improving the quality 

of health systems through reducing the costs related to unneeded hospital admissions and monitoring 

and increasing the accessibility of healthcare. 

3.3 Digital health and T2DM self-management 
WHO defines the diabetes disease as follows: “Diabetes is a chronic, metabolic disease characterized 

by elevated levels of blood glucose (or blood sugar), which leads over time to serious damage to the 

heart, blood vessels, eyes, kidneys and nerves. The most common is type 2 diabetes, usually in adults, 

which occurs when the body becomes resistant to insulin or does not make enough insulin (WHO, 

2020).”. There are three types of diabetes: type 1 diabetes mellitus, type 2 diabetes mellitus and 

gestational diabetes (WHO, 2020). Type 1 diabetes mellitus is an unpreventable disease with current 
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medical techniques. Gestational diabetes is a type of diabetes that may occur during pregnancy, but it 

can transform to T2DM afterwards, and T2DM is the most common type of diabetes (WHO, 2020). 

The unhealthy changes in the urban lifestyle and aging are the most important reasons of contracting 

T2DM however adopting healthy behaviours significantly helps to avoid contracting T2DM 

(Braithwaite et al., 2018; Saeedi et al., 2019). For instance, having an unhealthy diet, obesity, high BMI, 

smoking habits, lack of exercise, stress, anxiety, and a sedentary lifestyle can trigger T2DM (WHO, 

2020). Cui et al. (2016) argue that self-management is peculiarly important in the treatment of T2DM 

is a disease that requires life-long treatment as there is no cure available. Minor behavioural changes 

can make huge impacts on the health and well-being of a T2DM patient. Considering the 

abovementioned rationales, the following two hypotheses are developed: 

 H4: Digital health improves the health state and well-being of T2DM patients, as it triggers 

behavioural changes in their T2DM treatment process. 

H5: T2DM self-management via mHealth apps makes the patients more pro-active in the 

disease management and paves the way for a patient-oriented healthcare system. 

3.4 Digital health and interconnected SDGs 
The 17 SDGs have been adopted in 2015 by the UN General Assembly within the framework of UN’s 

2030 Sustainable Development Agenda (Nilsson et al. 2016). These 17 SDGs are considered as an 

indivisible whole that are meant to achieve various sustainability goals and address the current 

sustainability challenges, such as climate change, economic and gender inequalities, environmental 

destruction, biodiversity loss, health and well-being, and so forth (Pradhan et al., 2017). Nilsson et al. 

(2016) argue that the SDGs are interdependent goals; however, the interdependency of SDGs was not 

explicitly specified by their creators. Thus, policy coherence is an important aspect of SDGs (ibid). The 

seven-point scale of SDG interactions, created by Nilsson and his colleagues (2016) is a useful tool to 

identify the interactions between the SDGs. The seven-point scale is basically a scoring system designed 

for summarising the impacts of an SDG/target on another SDG/target. The detailed grading criteria 

extracted from Nilsson et al.’s (2016) article can be found in table 3 below. Four considerations have 

been identified by Nilsson et al. (2016) in applying the seven-point scale to the SDG interactions. 

Firstly, the reversibility or irreversibility of the interaction. Secondly, whether the interaction is 

bidirectional. Thirdly, the strength of interaction, and lastly the certainty of interaction (ibid). Within 

the framework of this study, the seven-point scale is used to analyse the SDGs relevant to digital health 

technologies, NCDs, and chronic conditions.  

The number of people with diabetes is expected to steadily rise, and LMICs will suffer the most due to 

the growing burden of diabetics and other chronic diseases on their healthcare systems (Nabyonga-

Orem 2017). Achieving the health-related SDGs in LMICs is, therefore, a necessity to mitigate the 

problems arise from the NCDs and chronic conditions and accomplishment of an SDG can pave the 

way for accomplishing another one (ibid). Considering the impacts of digital health technologies in 

improving the chronic condition self-management and their benefits for the health systems, their 

proliferation can be helpful to allow more people to benefit from these technologies (Aikens et al., 2014; 

Hong et al., 2015; Saffari et al., 2014). The proliferation of smartphones and mobile internet access in 

LMICs provides an important opportunity to facilitate the accessibility of affordable digital health 

technologies (Asi et al., 2018; Hayes et al., 2014; Pew Research Center, 2019).  

H6: The SDGs are interconnected and interdependent goals. Therefore, achieving an 

SDG/target can contribute to achieving another one. In this context, achieving SDG 9.C, enabling more 

people to access the ICTs and internet, especially in the least developed countries contributes to the 

utilisation of digital health technologies in the low- and middle-income countries. 
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The SDG 9.C stresses increasing accessibility of the ICTs by more people, particularly in the LMICs. 

Hence, achieving this goal allows to deliver the digital health technologies to more vulnerable groups 

in LMICs, or in remote places where the healthcare services do not reach.   

UN SDG 9 Build Resilient Infrastructure, Promote Inclusive and Sustainable Industrialization 

and Foster Innovation 

UN SDG 9.C Significantly increase access to information and communications technology and 

strive to provide universal and affordable access to the Internet in the least developed countries by 

2020 

UN SDG 9.C.1 Proportion of population covered by a mobile network, by technology 

 

Table 3. The seven-point scale by Nilsson et al. (retrieved from Nilsson et al., 2016). 

 

An effective T2DM self-management and preventive care are vital to prevent the premature deaths 

caused by T2DM (Årsand et al., 2012). Bearing the SDG 3.4 in mind, improving the self-management 

of NCDs and chronic conditions is a crucial objective, in order to achieve SDG 3.4. The significance of 

self-management and the effectiveness of mHealth apps in enhancing the T2DM self-management are 

discussed by numerous experts (Angelini et al., 2019; Årsand et al., 2012; Hayes et al., 2014; Hou et 

al., 2016; Ramirez et al., 2016). Given the fact that the number of people with diabetes will be nearly 

600 million by 2030 (IDF, 2019), proliferating digital health technologies and preventive care are 

strategic to mitigate the premature deaths from NCDs. 

  H7: Digital health technologies have the potential to curb the number of premature mortalities 

from non-communicable diseases, as they improve the health status of individuals and increase the 

accessibility of healthcare services. 
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4. Methodology 

4.1 Research paradigm 
The focal point of this study is investigating the potential of the interoperable digital health technologies 

in achieving SDG 3.4. Understanding the effectiveness of mHealth apps in chronic condition self-

management is strategic to achieve the objectives of this study. Therefore, the case study on DiaWatch 

and its results help to perceive the effects of digital health technologies on chronic condition self-

management and health & well-being. Firstly, a detailed literature review has been carried out to 

understand and conceptualise the problem and determine the best fitting research paradigm for this 

study. The Technology Acceptance Model has been widely utilised by numerous researchers to assess 

the effects of digital health technologies on chronic condition self-management. Therefore, TAM 

appears to be the most suitable research approach to accomplish the objectives of this study. (Holden 

and Karsh, 2010; Marangunić and Granić, 2014; Yarbrough and Smith, 2007). Considering the 

characteristics of TAM and the aims of the study, a qualitative research paradigm is adopted since the 

individual experiences of the mHealth app users and healthcare professionals (hereinafter “HCP”) are 

essential to understand the role of digital health technologies in health & well-being. Hence, semi-

structured qualitative interviews have been carried out with a sample group of 20 people, representing 

both target groups of this study. Anderson et al.’s (2016) semi-structured qualitative interview guide 

has been utilised in the design of the interview questions. WHO’s research and assessment guide for 

digital health has been utilised in the sampling of the target group and identifying the limitations of this 

research (WHO, 2016).  

4.2 Data collection methodology 

4.2.1 Literature review 
A comprehensive literature review about the interoperable digital health technologies, NCDs and 

chronic conditions, health systems, and SDGs has been carried out to find the answers to RQs of this 

study. The literature review targets to have a deep understanding of the current state of digital health 

technologies and their applications across different health systems. Besides that, the relevant literature 

about the health-related SDGs and innovation in health technologies have been reviewed to acquire 

sufficient knowledge about the topic. Primary sources have been prioritized for the literature review in 

order to ensure academic quality. Peer-reviewed journal articles, official reports and statistics, books 

and other relevant materials from reliable sources and institutions such as UN, WHO, WB, ADA, and 

IDF have been utilised. The sources have been obtained through searching online academic search 

engines, such as Google Scholar, JSTOR, PubMed, Cochrane, the Lancet, and the library of Uppsala 

University. The most up-to-date articles have been prioritised to maintain the actuality of the topic. The 

following criteria were applied in searching the sources of this study.  

Searched terms: Digital health, interoperable digital health technologies, quality of health systems, 

health technology innovation, health technology R&D, sustainable development goals, technology 

acceptance model, mHealth, eHealth, non-communicable diseases, chronic conditions, self-

management, type 2 diabetes mellitus. 

Time period: The time interval of the sources of this master thesis is from January 1990 to May 2020.  

Exclusion criteria: The scientific articles, official reports and statistics that are out-dated are excluded 

from this study, in order to provide the most updated results with the most recent data. 
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4.2.2 The context of the DiaWatch study 
To address the research questions, we carried out a sub-study of a larger T2DM study testing the 

effectiveness of an innovative digital mHealth app for T2DM self-management, called DiaWatch. 

DiaWatch is a T2DM disease self-management mHealth app whose pilot-test is carried out with 200 

volunteers in four different European countries, including Portugal, Spain, Italy, and Turkey between 

July 2019 to July 2020. The users are provided with some diagnostic devices for self-monitoring 

purposes such as glucometer, blood pressure meter, scale, smart watch, and an android smartphone to 

use the mHealth app. The diagnostic devices transmit the measurement data via Bluetooth to the app, 

and then to the interoperable clinician platform. The cloud-based data and interoperability of the app 

and clinician systems ensure a continuous data transmission between patient and physician.  

The app includes T2DM self-management features, such as blood glucose level (hereinafter “BGL”) 

measurements, medication diary, nutrition diary, physical activity diary, blood pressure, and weight 

measurements. In addition to that, DiaWatch aims to empower T2DM patients by providing them with 

education and training materials about their chronic condition. The expected outcomes of DiaWatch are 

to improve disease self-management capability of people with T2DM through empowering them, to 

enable them to be tele-monitored by their doctors, to reduce their physical dependency on healthcare 

facilities, and to decrease the T2DM-related health expenses. A university hospital located in Istanbul, 

Turkey (Ümraniye Research and Training Hospital / University of Health Sciences) hosted the pilot-

test of DiaWatch. 

The main data collection method of the sub-study carried out for the thesis is semi-structured qualitative 

interviews. Two different sets of semi-structured interviews have been designed for the data collection 

by employing the interview guide of Anderson et al. (2016), and each interview set targeted ten 

interviewees. The first target group is the T2DM patients using DiaWatch and the second target group 

is the HCPs using interoperable digital health technology.  
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Fig. 4. The interface of the 

DiaWatch app. 

 

 

 

 
Fig. 5. The food diary feature of 

the DiaWatch app. 

 

 
Fig. 6. The targets set by the 

physician for the user. 

 

 
Fig. 7. The training center of the 

DiaWatch app and the articles 

aiming to increase the knowledge 

of users about T2DM. 

 

 
Fig. 8. The medication diary 

feature of the DiaWatch app. 

 

 
Fig. 9. The training center of the 

DiaWatch app and the surveys 

aiming to raise the awareness of 

users about T2DM. 
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4.2.2.3 Semi-structured interviews 
Selection & sampling of interviewees, recruitment, and follow-up of the users.  

The enrolment of volunteer DiaWatch users has been done at the Ümraniye Hospital. Each volunteer 

has been provided averagely 30 minutes of face-to-face training about how to use DiaWatch and the 

diagnostic devices. Each volunteer was asked to fill in some questionnaires to understand their current 

physical and mental health state, and well-being at the beginning of the pilot-test. All patients have been 

undergone a medical check-up to before they got started to use DiaWatch, in order to see the changes 

with their health status over the time that they use the app. All volunteers enrolled in DiaWatch pilot-

test have been called to the hospital every three months to have their medical check-ups updated. These 

follow-ups enable the evaluators to see the impacts of DiaWatch on the users. 

The interviews have been carried out from 17th February 2020 to 4th March 2020 at the Ümraniye 

Hospital, and each interview took averagely 30 minutes. Nineteen of the interviews have been 

conducted face to face while one interview has been done by telephone. The interviews have been held 

in Turkish, as it is the mother tongue of the researcher and the interviewees. The identities of the 

interviewees will remain anonymous upon the confidentiality agreement between the hospital and the 

researcher. Voice-recording was not allowed during the interviews due to confidentiality. Instead, 

detailed notes have been taken at the interviews. The questions of semi-structured interviews can be 

found in the appendices section (see the Appendix I). 

Non-probability sampling approach has been used in the selection of the interviewees as the study is 

based on a qualitative method (WHO, 2016). Purposive sampling method is preferred to achieve high 

accuracy with the sampling (ibid). Ten most suitable HCPs and 10 T2DM patients were interviewed to 

obtain the most accurate results. The HCPs/Patients who have not met the inclusion criteria were 

excluded from this study. 

The inclusion criteria of the health care professionals (HCPs) 

1. Working at the internal medicine department as an HCP 

2. Using an interoperable digital health technology  

3. Working with T2DM patients 

The inclusion criteria of the patients as follows: 

1. Having Type 2 diabetes mellitus (T2DM) 

2. Being between 25-50 years old 

3. Using the DiaWatch app 
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4.3. Data analysis 
A thematic analysis has been carried out to analyse the empirical data collected through the semi-

structured interviews (Braun and Clarke, 2006). Thematic analysis is a commonly used method for 

analysing qualitative interviews that was introduced by Braun and Clarke (2006) to analyse the 

qualitative research in psychology then the method has been applied in other social science disciplines. 

The thematic analysis by Braun and Clarke consists of six steps, that are briefly defined in the table 

below.  

Table 4. The six steps of thematic analysis (Braun and Clarke, 2006) 

 

According to Braun and Clarke’s model of thematic analysis (2006), the data retrieved from the semi-

structured interviews and literature have been carefully read. The interviews were not voice-recorded; 

therefore, the interviews could not be transcribed. However, the interview notes were taken in detail. 

The interviews were manually analysed rather than using a software. The codes for the thematical 

analyses have been generated through analysing the interview notes, which led to generating the themes 

of the research results. The themes have been utilised to categorise the answers of the interviewees, and 

they are defined in the results & analysis section.  

4.4 Research ethics and data privacy 
All participants to this study have been explicitly informed regarding the content and purposes of this 

study. The participants have been asked to sign a consent form in order to ensure their legal rights and 

data privacy. All patient data are stored and processed with their consent, and in compliance with the 

GDPR. Upon the request of the interviewees, the interviewee identities remain anonymous due to the 

confidentiality concerns about the pilot-test process of DiaWatch app. 

4.5 Limitations 
The limitations of this study are identified from the research and assessment guide for Monitoring and 

Evaluating Digital Health Interventions by WHO (2016). The main limitations identified are as below.  

1. Representativeness of the Sample Group 

The total number of people interviewed for this study is 20, including 10 HCPs and 10 T2DM 

patients. The HCPs are working at the same hospital and mostly at the same department. The T2DM 

patients are generally from a similar socioeconomic background. This situation creates a limitation 

regarding the representativeness of the target groups. Due to the time and logistical concerns, 20 

interviews have been considered as the optimal option to fulfil the objectives of this study. Further 

•Comprehensively reading the data to sufficiently understand 
them.

1. Getting familiar with the 
data

•Generating the codes out of the empirical data, and categorise 
them to be able to carry out a more comprehensive analysis.2. Code generation

•Generating the themes. The themes are described by the 
researcher to prepare the basis for the thematical analysis.3. Theme generation

•Testing whether the generated themes are consistent with the 
conceptual framework and empirical data collected. 4. Theme review

•The themes that will be used in the thematical analysis are defined 
and named. (see the result section)

5. Defining and naming 
themes

•Carrying out the thematical analysis in the light of the themes 
generated, hence writing the analysis. (see the results section)6. Report production
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studies with larger and more representative sample groups could generate more inclusive outputs about 

the subject. 

2. Generalizability of the Case Study 

The DiaWatch app has been at the pilot-test phase during the case study. As the monitoring and 

evaluating of digital health guide of WHO (2016) states, the success of digital health technologies may 

show differences depending on their stage of maturity. Thus, a mHealth app pilot test can be more 

successful than its large-scale implementation because it is more convenient to maintain the quality of 

the app, provide technical assistance and follow-up the users at the pilot phase compared to large-scale 

implementation (ibid). Hence, generalizability is the second limitation of this study, as DiaWatch have 

not been implemented at a large-scale yet. 

3.   Validity and Reliability of the Study 

The abovementioned limitations, in combination, cause the third limitation, validity, and reliability 

of the study. It was originally planned to include a comparative analysis, in order to crosscheck the 

consistency of the results by comparing a developed country (Italy) and a developing country (Turkey), 

using the same interoperable digital health technology, in different health system settings, and sample 

groups in terms of demographic patterns. The plan of comparative study in Italy had to be cancelled 

due to Covid-19 pandemic started in early 2020. Consequently, this study solely focused on the case 

study in Turkey. A comparative study could be an interesting subject to future research in terms of 

understanding the socioeconomic differences in technology acceptance and effectiveness of digital 

health technologies (see the Future research section 8). 

4. Methodological Limitations 

The semi-structured interview questions are designed to retrieve the most relevant and accurate data 

from the sample group. The answers to the interview questions were highly subjective and varied across 

the personal experiences and backgrounds of the interviewees. Besides that, the interview durations 

with the HCPs had to be shortened due to their schedules. Longer interviews could have led to more 

interesting discussions; however, it was not desirable for the HCPs to be interviewed more than half an 

hour. On the other hand, the lack of some key quantitative data such as annual governmental health 

expenditure per T2DM patient in Turkish health system settings or long-term usage data on the mHealth 

app poses another methodological limitation. 
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5. Results 
The results section presents the empirical findings of this research that are obtained through two sets of 

semi-structured interviews with a total of twenty interviewees (for details about the data collection 

method, please see the data collection chapter). This section consists of two parts. The first part releases 

the results of the interviews with ten T2DM patients. The second releases the results and of the 

interviews with ten HCPs.  

5.1 Results – T2DM patients  
The semi-structured interviews carried out with ten T2DM patients aim to understand the effects of the 

DiaWatch mHealth app for T2DM self-management and to perceive their experiences with a new 

technology, in the framework of TAM. The results are summarised under five categories, respectively 

Health and Well-Being, Healthcare Facility Dependency, Accessibility of Healthcare Services, and 

Technology Acceptance of DiaWatch among the T2DM patients. The information table below 

demonstrates the profiles of the interviewees.  

 

 

Table 5. The interviewee profiles of the T2DM patients 

Interviewee 

Code 

Gender Age Level of 

Education2 

Level of 

Income 

Duration of 

T2DM Disease (in 

years) 

Duration of mHealth 

App Use (in months3) 

Date of 

Interview 

P1 female 42 bachelor's middle 12 7 17.02.2020 

P2 female 47 primary  middle 9 7 17.02.2020 

P3 female 48 primary  middle 11 7 17.02.2020 

P4 female 49 primary  middle 12 7 17.02.2020 

P5 female 44 bachelor's lower-

middle 

14 7 18.02.2020 

P6 male 38 master's upper-

middle 

2 6 19.02.2020 

P7 male 35 upper 

secondary 

middle 10 7 21.02.2020 

P8 female 40 primary  upper-

middle 

1 7 24.02.2020 

P9 male 42 upper 

secondary 

middle 6 7 04.03.2020 

P10 female 43 upper 

secondary 

middle 1 7 04.03.2020 

 
 

 

 

 
2 According to the ISCED coding system. 
3 Until the date of the interview 
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5.1.1 Health and well-being 
There are various indicators taken into account to evaluate the health condition and well-being of a 

T2DM patient such as average BGL, glycated haemoglobin level (hbA1c), low-density lipoprotein 

cholesterol level (LDL-C), high-density lipoprotein cholesterol level (HDL-C), daily calorie intake, 

daily physical activity level, smoking habits, and mental well-being. The changes in these indicators 

throughout the mHealth app usage period are significant to evaluate the effectiveness of mHealth 

technology, whether it has any impacts on their health status and well-being, or not. The responses of 

the interviewees are mostly positive regarding the impacts of DiaWatch. The interviewees were asked 

to compare their health status and well-being, before and after the mHealth intervention periods, by 

considering the aforementioned health indicators. 90% of the interviewees stated that mHealth 

intervention has remarkably improved their health and well-being, while only one interviewee 

expressed a moderate impact of the mHealth intervention. Overall, all of the responses regarding the 

effects of mHealth on health and well-being are positive. None of the interviewees expressed any 

negative impacts of mHealth intervention on their health and disease management. It is understood that 

the mHealth intervention had differently affected the interviewees. Thus, there have been numerous 

reasons stated by the interviewees about the effects of the mHealth intervention on their health and well-

being.  

T2DM disease self-management 

T2DM requires a life-long disease self-management and treatment since there is no cure available for 

the disease. Therefore, self-management is a vital concept for diabetics. Pursing a healthy lifestyle is 

important to be able to cope with T2DM. A diabetes patient, regardless of the type of diabetes, must be 

careful with his/her BGL measurements, medication, diet, physical activity, and smoking habits. The 

responses of the interviewees indicate that their T2DM self-management ways improved since they 

have been using DiaWatch. Mainly three aspects of self-management come to the forefront. Firstly, the 

interviewees reported better BGL and blood pressure levels compared to the pre-intervention period 

and more adherence to medication intake.  

P2, F, 47: “To be honest, I was not measuring my BGL regularly before the mHealth 

app. I am doing it now more regularly because I know that I am being tele-monitored by my 

doctor and the app reminds me when I should measure my BGL and take my pills.” 

P6, M, 38: “I used to measure my BGL perhaps once in 3 months. My doctor told me 

that I have to measure it twice per week. I am measuring it now as recommended because my 

doctor monitors me through the app and view my BGL measurements online.” 

Secondly, increased physical activity is another important output of the mHealth intervention. Eight of 

the interviewees stated that their physical activities remarkably increased since they began to use 

DiaWatch. The interviewees emphasized the role of the app and wearable technologies in increasing 

their physical activity. The mHealth app retrieves the physical activity data through a smartwatch and 

notifies the user to meet his/her daily goal. This feature of the DiaWatch is found very motivating by 

the interviewees for increasing their daily physical activity.  

P1, F, 42: “I was not a physically active person at all before the mHealth intervention. 

I was provided with a smartwatch that counts my steps. My doctor suggested to me to meet my 

daily physical activity targets. I have been taking longer walks to meet my targets for several 

months. I feel much better, thanks to my increased activity level.” 

P9, M, 42: “I have never thought about my physical activity level before having this 

smartwatch. It is interesting to keep a record of daily exercises, burned calories, and the 

distance that I walked. The app shows me my daily targets, and the bar turns to green when I 
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meet my daily target. I am always trying to keep the physical activity bar in green colour. I feel 

motivated in this way.” 

Thirdly, a healthy and balanced diet. Six of the interviewees stated that their dietary habits changed 

over time. The food diary feature of DiaWatch enables users to keep a record of their daily calorie 

intake, especially carbohydrates, proteins, and fats. The interviewees P7 and P3, who find the mHealth 

app beneficial for their diet, emphasized the role of mHealth in their diet management. The interviewees 

stated that they feel more adhered to their diet list provided by their dietician since the app sets their 

calorie-intake targets and notifies their dieticians when they exceed the daily calorie intake, as well as 

losing weight and reduced BMI index. 

P7, M, 35: “The food diary is the most commonly used feature of the mHealth app for 

me. I am an over-weighted person, and I have always had problems with my weight. I have to 

be strictly following my diet for my sake. I can say that the app helped me with this since I can 

keep an organised diary of my nutrition.” 

P3, F, 48: “I feel more energetic since I lost some weight in the last six months. I was 

not used to calculating my daily calorie intake; however, this app has a food diary which lets 

me keep a record of my calorie intake. Thus, I adjusted my calorie intake according to my diet 

program, and I got positive results at the end.” 

The mHealth app triggered behavioural changes among the interviewees and led them to pursue a 

healthier lifestyle. There is a consensus among the interviewees that they have experienced positive 

impacts throughout the mHealth app usage. The behavioural changes that the interviewees adopted such 

as being more active, eating healthier, measuring regularly BGL and blood pressure are noteworthy 

effects of DiaWatch on the interviewees.   

5.1.2 Dependency on the healthcare facilities and the number of hospital 

admissions 
The physical dependency on healthcare facilities and unnecessary hospital admissions cause redundant 

health expenses and overwhelming workload on the health system. The findings about the healthcare 

facility dependency of DiaWatch users suggest mixed results depending on their individual health 

status. Therefore, it should be acknowledged that the results presented in this chapter are limited to the 

T2DM related hospital admissions. Six of the interviewees stated that their physical dependency on 

healthcare facilities decreased since they started to use DiaWatch. Three of the interviewees stated that 

there is no change in their hospital dependency nor in the number of hospital admissions, and only one 

interviewee exceptionally stated increased number of hospital admission due to her high BGL values.  

Decreased healthcare facility dependency and number of hospital admissions 

Various factors decreased the healthcare facility dependency and the number of hospital admissions of 

these six patients. Firstly, being continuously tele-monitored by a physician emerges as the most 

important factor. Most of the interviewees, whose dependency reduced, expressed that there is a 

considerable difference in the number of hospital admissions since they began to use DiaWatch. The 

interoperable features of mHealth technologies enable the physicians to tele-monitor their patients 

without calling them to the hospital for some regular medical checks, such as BGL controls. 

P3, F, 48: “I have diabetes for 11 years. I had to frequently visit the hospital for my 

BGL checks. I used to record my BGL values on a notebook. It was not convenient because I 

had to carry the notebook always with me and show it to my doctor weekly or monthly 

depending on my health state. It was difficult to go to the hospital due to my work. I was not 

able to take a day-off every time. It was a waste of time and money for me. Since I started to 
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use the mHealth app, I do not have to go to the hospital for BGL checks, as my doctor can tele-

monitor it now.” 

The case of the P3 demonstrates that some T2DM patients are heavily dependent on hospitals for their 

periodic medical checks. It is a crucial part of their treatment process in order to maintain their health 

and well-being. The hospital admissions can be time and money consuming for some patients, 

especially for the ones who are working because they have to take a day off to visit the hospital. Taking 

a day off means money-loss for a patient because his/her salary is deducted. The mHealth app facilitated 

the doctor controls of P3 since her BGL values can be checked remotely by her doctor. The patient 

stated that her physical dependency on the hospital and the number of hospital admissions remarkably 

decreased since she began to use DiaWatch. Hence, she did not have to take several days off for her 

BGL related doctor checks which decrease her financial losses due to her diabetes. 

P2, F, 47: “I had obstacles to visit my doctor because I was taking care of my mom 

who was dependent on me due to her illness and I ended up neglecting my own health. Now I 

have been using the mHealth app for almost half a year. My doctor checks my BGL values even 

though I do not have to be physically present at the hospital. I wish that this app would have 

existed when I was taking care of my mom.” 

P9, M, 42: “My number of hospital admissions definitely decreased. I already use E-

Nabız (The national health information system in Turkey), now I am also using DiaWatch. I 

used to come to the hospital quite often to learn the results of my medical analyses, to ask 

questions to my doctor or to show my BGL measurement results. Now I can access my medical 

analyses results through E-Nabız. My doctor can see my BGL results through the mHealth 

app.” 

The responses of P2 and P9 suggest that interoperable eHealth and mHealth systems potentially 

decrease the healthcare facility dependency and hospital admissions. It is understood that BGL checks 

are one of the main reasons for T2DM patients’ hospital admissions and tele-monitoring technologies 

enable T2DM patients to show their BGL values to their physicians without going to the hospital. 

No changes with the healthcare dependency 

Three out of ten interviewees stated that nothing changed with their healthcare facility dependency and 

the number of hospital admissions. The common aspect of these interviewees is that they prioritise their 

job over their medical checks. As mentioned above, some adults cannot easily visit the hospital due to 

their works and salary deduction risk if they take day-off. These three interviewees commonly said that 

they can rarely go to the hospital when they really have to. Personal reasons and economic factors may 

determine hospital dependency and hospital admissions. More detailed findings, regarding the barriers 

before accessing healthcare services, are presented in the following chapter. 

5.1.3 Accessibility of healthcare services 
The accessibility of healthcare services in Turkish settings differentiates person to person, depending 

on various reasons. These reasons can be listed under three categories, respectively difficulties with 

getting an appointment from a specialist, absence of time to visit a hospital, and level of income. 

Accessibility is defined by WHO (2013) as the “availability of good health services within reasonable 

reach of those who need them and of opening hours, appointment systems and other aspects of service 

organization and delivery that allow people to obtain the services when they need them.”. 

The general opinion on the accessibility of healthcare services in Turkish settings is mostly positive, 

with some exceptions. The majority of the interviewees stated that they have adequate access to 

healthcare services. All of the interviewees said that they are covered by the social security system, 

which enables them to access the healthcare services free of charge. The constitution of the republic of 

Turkey, article 3, specifies that Turkey is a social state (TR Ministry of Justice, 2020), in which the 
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healthcare services are provided by the state. Private healthcare facilities also exist in Turkey, which 

makes the Turkish health system a hybrid health system. 

Difficulties with getting an appointment from a specialist 

The common experience with getting an appointment from a specialist is one of the most serious 

problems faced in Turkey. Eight out of ten interviewees stated that they struggle to get an appointment 

within a reasonable time from their physicians. The other two respondents did not express any problems 

with their doctor appointments. Some interviewees said that it might take several weeks to get an 

appointment by a specialist. The Turkish healthcare system allows people to make an appointment via 

telephone or MHRS (Centralised Doctor Appointment System) directly with a specialist, without any 

primary triage.  

P5, F, 44: “I am originally from a city 2 hours away from Istanbul. I prefer to go to the 

hospital in my hometown because it is easier to make an appointment. There are several 

hospitals around where I live in Istanbul, but they are usually fully booked, and the limited 

available appointment slots never fit my schedule. Therefore, I prefer to go to a hospital in my 

hometown.”  

The remarks of P5 is interesting to understand a healthcare accessibility problem in the overpopulated 

cities. Istanbul is a metropolitan city that has approximately 16 million inhabitants, and the population 

density is 2.844 people per square kilometre (TÜİK, 2020). Due to its population, the demand for 

healthcare services is overwhelming, considering the capacity of the healthcare facilities. Hence, getting 

an appointment from a hospital outside of Istanbul could be more convenient for P5. Other interviewees 

have identical experiences with P5 in getting an appointment from a specialist, but they either wait until 

they find a suitable appointment slot or go to a private hospital. P5 stated that her accessibility to 

healthcare service increased through eHealth (E-Nabız) and mHealth (DiaWatch). She said she can 

access her medical analyses results and prescriptions online. In addition, she is called to the hospital 

less frequently since her T2DM related measurement data can be reached by her doctor remotely. 

Absence of time to visit a healthcare facility 

Time limitation is one of the noteworthy factors hindering the accessibility of healthcare services as the 

specialists can be accessed within the working times, from 9:00 to 16:00. Visiting the hospital can be a 

challenge for the people whose working schedule overlap with the hospital admission times or who are 

responsible for taking care of their relatives. Taking a day off from work or finding someone else to 

take care of the relatives is not always possible. Therefore, time limitation becomes a barrier before 

accessing healthcare. 

P4, F, 49: “It is difficult to go to the hospital for the people who must be at work. I am 

also working, and my health is ‘unfortunately’ not my priority. I am aware that it is not good 

for me, but I cannot afford to lose my job at the moment. So, I neglect my health problems and 

hospital visits.” 

P4’s response reflects the general view of many interviewees. The daily routines and responsibilities 

may lead people to neglect their own health problems. Majority of the interviewees reported that they 

save a lot of time with their hospital visits since they use DiaWatch. The factors contributed to saving 

time are firstly, the app-enabled them to be tele-monitored and reduced their dependency on healthcare 

facilities. Secondly, their BGL values are electronically recorded instead of a notebook, and it reduced 

the time that their physicians spend on checking BGL values. Lastly improved communication between 

patient and physician helped to access the physicians faster. 
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Level of income 

Considering the demographic data of the interviewees, the empirical data suggests that a higher income 

improves accessibility to healthcare services. Turkey has a hybrid health system that consists of public, 

university, and private hospitals. Healthcare is provided by the state for free. However, private 

healthcare facilities play a significant role since it composes one-third of the Turkish healthcare system 

(TR Ministry of Health, 2019). Seven of the interviewees placed themselves in the middle-income level 

while only one interviewee has lower-middle income level and two of them have upper-middle income. 

Money is an important facilitator to access healthcare services. Accessing private healthcare requires 

purchasing power. Therefore, fewer people have the opportunity to afford private healthcare services. 

Considering the demographic data of the patients, the empirical data suggests that higher income 

improves the accessibility to healthcare services. 

P6, 38, M: “I prefer to go to a private hospital. My workplace has an agreement with 

some private hospitals, and it helps me to access private healthcare services.” 

 P8, 43, F: “It can be sometimes problematic to get an appointment from a public 

hospital. Most of the time, I struggle to find an appointment that does not overlap with my work. 

I think that it is more convenient to make an appointment from a private hospital because their 

workload is less than the public hospitals, of course. I sometimes prefer to go to private 

hospitals because it is difficult to get everything done at a public hospital in a day.” 

5.1.4 Technology acceptance of DiaWatch among the T2DM patients  
Technology acceptance of a new technology is fairly important to evaluate its effectiveness. This 

chapter presents the results about the technology acceptance of DiaWatch app. The results are extracted 

through the TAM framework, in terms of perceived usefulness, perceived ease of use and actual use of 

the technology. Overall opinion on the acceptance of this relatively new technology is mostly positive; 

however, some of the interviewees reported minor difficulties regarding the usability of DiaWatch such 

as technical errors, Bluetooth synchronisation, and app performance. The interviewees were asked how 

useful the DiaWatch app is in their daily life routines. The interviewees, regardless of their age, gender, 

level of education, and level of income gave homogenous responses. Therefore, there is no correlation 

found between the demographic patterns of the interviewees and their technology acceptance of the 

DiaWatch app.  The adaptability of the interviewees to the mHealth technology may vary depending on 

their prior technology knowledge, and a basic level of technology literacy contributes significantly to 

using the app. The technology acceptance of DiaWatch is high across the various user profiles. For 

example, the differences between P3 and P6 in terms of education level and technology literacy is high. 

However, it did not cause a major variation in their technology acceptance. 

P3, 48, F: “I have recently started to use a smartphone. I, unfortunately, did not study 

after elementary school; therefore, I consider myself poorly educated. Even I can easily use the 

app. It is convenient to use it, and it takes just 5 minutes per day. Now it is a part of my daily 

life because I am following up my disease through the app.”  

P6, 38, M: “It is like another mobile application that I already use. It is not time-

consuming, and it does not affect my daily routine. I could say that this app can be used by 

anyone who can use a smartphone.” 

P7, 35, M: “The technical problems sometimes affect the usability of the app. I feel 

demotivated to use it when there is a problem with data transmission or when the app works 

slowly. Technology also has its own disadvantages, but the overall idea behind the app is nice, 

and the technical problems can be solved over time.” 
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5.2 Results - HCPs 
The second part of the results section presents the findings of the interviews with ten HCPs working at 

Ümraniye Research and Training Hospital in Istanbul, Turkey. Three internal medicine specialists, one 

gastroenterology specialist, four medical residents, one dietician, and one diabetes nurse, participated 

to the interviews. The findings of the interviews are summarised under five categories, respectively 

Quality of Health Systems and Healthcare Services, Accessibility of Healthcare Services from the HCP 

Perspective, Gender and Socioeconomic Factors in Chronic Disease Management, Digital Health 

Technologies, and Technology Acceptance of Digital Health Technologies among the HCPs. In the 

context of the interviews with the HCPs, the term Digital Health Technologies refers to all eHealth and 

mHealth technologies used by the interviewees.  

Table 6. The interviewee profiles of the HCPs 

Interviewee Code Role Date of Interview 

D1 internal medicine specialist 17.02.2020 

D2 internal medicine specialist 17.02.2020 

D3 internal medicine resident 18.02.2020 

D4 diabetes nurse 19.02.2020 

D5 internal medicine resident 19.02.2020 

D6 dietician 19.02.2020 

D7 gastroenterology specialist 24.02.2020 

D8 internal medicine specialist 27.02.2020 

D9 internal medicine resident 27.02.2020 

D10 internal medicine specialist 27.02.2020 

 

5.2.1 Quality of health systems and healthcare services 
This chapter presents the findings regarding the effects of digital health technologies on the quality of 

health systems and the delivery of healthcare services. The HCPs have been asked to elaborate their 

general opinions on digital health technologies in relation to the quality of healthcare services. 

Numerous factors, such as HCP working conditions, health systems capacity, digitalisation of health 

systems, affect the quality of healthcare. In this context, the HCPs were asked to take into account these 

factors in responding to the interview questions. The responses about the quality of health systems are 

mixed and vary across the interviewees. However, the interviewees agreed that the biggest problem of 

healthcare services is the overwhelming workload on hospitals. For example, the university hospital, at 

which the case study is carried out, hosts approximately 30 thousand people per day, says D7. The 

interviewees state that hospital admissions are extremely high in Istanbul because the city is densely 

populated, and the demand for healthcare is high. According to the interviewees, the primary care units 

do not effectively function, therefore, more people go directly to hospitals.   
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D10, internal medicine specialist: “In my opinion, the biggest challenge in public 

hospitals is the workload per specialist. I examine approximately 100 patients per day. An 

examination lasts a maximum of four to five minutes. It is not enough to do a proper 

examination in such a short time. I think 15 minutes examination would be ideal for both 

doctors and patients.” 

D3, internal medicine resident: “The direct admissions to specialists without primary 

triage is the problem. More patients per physician mean shorter examination. Some patients do 

not feel satisfied with a few minutes of examination, and they tend to go to another specialist 

or hospital.” 

According to D10 and D3, short examination durations affect the quality of examinations. This is not 

seen optimal by the interviewees since the examination time is inadequate for both physicians and 

patients. In these four-five minutes, the physician has to do so many things, including examining the 

patient, entering the patient data onto the hospital information system, prescription, and reporting. 

Eliminating the unnecessary hospital admissions is, therefore considered very crucial to improve the 

quality of healthcare services by reducing the burden on the HCPs. Hence, both physicians and patients 

can take advantage of longer examination durations. 

The HCPs have positive opinions about the possible contributions of mHealth technologies to increase 

the quality of healthcare services. The interviewees think that mHealth technologies have potential to 

decrease the number of hospital admissions and the case of DiaWatch demonstrates that the T2DM 

patients were called less to the hospital whereas some of the patients had to come to the hospital every 

week to show their BGL values recorded manually on a notebook. As D1 stated, his patients who use 

DiaWatch have to come to the hospital around four times less compared to their pre-app period, but D1 

also added that the app is in the pilot-test process and its implementation in larger-scale could be 

different. 

D1, internal medicine specialist: “I expect mHealth to reduce the number of hospital 

visits of T2DM patients. Most of the T2DM patients are called to the hospital to show their 

BGL values recorded on a notebook. The app enables us to keep a record of BGL electronically 

and transmits the data automatically to the doctor. I can see the results on a graph on my 

computer, which is easier to visualise the data. The patients in DiaWatch pilot-test are called 

to the hospital almost four times less.” 

5.2.2 Accessibility of healthcare from HCPs perspective 
Insufficient accessibility of healthcare services causes millions of preventable deaths per year in the 

countries having poor quality health systems (Kruk et al., 2018), therefore understanding the 

accessibility barriers before healthcare services is a key point for this study. This chapter presents the 

remarks of the interviewees about the current accessibility situation of the healthcare services in Turkish 

settings. The interviewees were asked to express their opinions about the barriers before the 

accessibility of healthcare services. The answers show consistency and the easily accessible structure 

of Turkish healthcare services is seen as a paradox by the interviewees since it causes so many redundant 

hospital admissions. 

Accessibility paradox 

The most interesting finding of this chapter is the accessibility paradox of healthcare. All of the 

interviewees stated that it is too easy to access a specialist in the Turkish healthcare system, which is 

considered as the root of the problem. In many other health systems, a patient firstly goes to primary 

care and then referred to a specialist if required. In Turkish settings, specialists can be directly accessed 

by getting an appointment via MHRS (Centralised Doctor Appointment System). This setting obligates 

the specialists to examine hundreds of patients in a day. The total amount of hospital admissions in 
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Turkey reached to almost 500 million in 2019. The easily accessible structure of Turkish healthcare 

system generates a major problem for the quality of healthcare, and its accessibility by others. 

D7, gastroenterology specialist: “There have been 500 million hospital visits in Turkey 

last year. Turkey is a country of 80 million people; this means, statistically, one person visits a 

hospital six times in a year. It is one of the highest rates of hospital admission in the world. 

Quality matters here rather than quantity.” 

The interviewees consider the ineffectiveness of primary care and referral system as the biggest 

handicap in the Turkish health system. Even the patients whose health problems can be addressed by 

the primary care units tend to see a specialist and go to a hospital. This situation generates a problem 

for HCPs as their workload increases due to redundant admissions. The interviewees stated that efficient 

primary triage and referral system potentially reduce their problems and unneeded admissions can be 

prevented that helps to save time and money for both HCPs and patients.  

D3, internal medicine resident: “An effective referral system is needed. Patients can 

directly make an appointment with specialists without any prior triage. In some cases, the 

patients who are in need of seeing a specialist cannot make an appointment because specialists 

are mostly fully booked. Referring system could prevent unnecessary admissions.” 

5.2.3 Gender and socioeconomic factors in T2DM management 
An interesting finding of this research is the role of socioeconomic factors and gender perceptions in 

T2DM management, stressed by two of the interviewees. According to them, higher socioeconomic 

development levels, especially education and income, lead to more successful disease self-management. 

D8 and D9 stated that the most vulnerable risk group to chronic diseases is poorly educated women 

with lower income. Education and consciousness increase the success of treatment process regardless 

of using a mHealth app or not, said D9. As D9 thinks, conscious patients do not need so much external 

help with their disease management, and mHealth apps do not make drastic changes with their self-

management. Therefore, D9 believes that the success of mHealth apps highly depends on the awareness 

of users. 

D9, internal medicine resident: “Socioeconomic factors are so important in disease 

management. For instance, T2DM patients with lower education levels struggle more to adhere 

to their treatment. I think socioeconomic and education levels play a key role. More conscious 

patients get better results with their treatment.” 

There is further empirical data needed to prove the correlation between the socioeconomic development 

level and success rate in T2DM disease management. The socioeconomic level does not guarantee the 

well-being of a T2DM patient. However, it facilitates the disease management and treatment process. 

D8 pointed out a noteworthy aspect of the impacts of gender inequality in disease management. Poorly 

educated women with lower income are the most vulnerable group to chronic conditions due to several 

reasons, such as low adherence to treatment, economic dependency, and unhealthy habits like physical 

inactivity, and carbohydrates-rich diet. D6, the dietician, added that nutrition is vital in diabetes 

treatment and in traditional/patriarchal families, women have the role of taking care of the family 

members and feeding them. The culinary habits of some particular regions of Turkey contain high 

carbohydrates, sugar, and fat, which is unhealthy for the people with diabetes. In this context, the 

awareness of women plays a key role in the nutrition of family members, and unhealthy dietary habits 

can be extremely harmful to family members with diabetes. 

D8, internal medicine specialist: “The most vulnerable patient group is the middle-

aged or older women with poor education and lower-income. There are some patients whose 

education level is very low; even some of them are illiterate. Consciousness of the disease is 

important in diabetes management, but it comes along with education.” 
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D6, dietician: “The women from some particular regions of Turkey tend to cook more 

carbohydrates, sugar and fat, rich food due to their dietary habits. It is extremely harmful to 

diabetics, and unfortunately, some of my patients insist on continuing their harmful dietary 

habits. Educating people about nutrition is important in the treatment of diabetes.” 

5.2.4 Digital health technologies 
This chapter presents the findings about the utilisation of digital health technologies by the interviewees 

in their daily work routine. The interviewees were asked to express their experiences and opinions 

regarding digital health technologies by considering their advantages and disadvantages. The answers 

vary according to the experiences of the interviewees. The overall opinion about digital health 

technologies is positive, and the majority of the interviewees think that digital health technologies have 

improved the quality of health systems through increased efficiency.  

Advantages 

The interviewees stated mostly positive opinions about digital health technologies as they think these 

technologies allow them to work more efficiently. Digital health technologies facilitate the job of the 

interviewees through enabling integrated hospital information systems, nationwide medical databases, 

tele-monitoring, and easier paperwork. The interviewees emphasized that the digitalisation of health 

systems helped to save a vast amount of money and time. Firstly, data integration of patients is one of 

the most significant advantages of digitalisation since it enables the HCPs to access all necessary data 

about a patient. The data about medical records, prescriptions, screenings, and medical analyses of a 

patient are very important for physicians in terms of facilitating their job and paving the way for a more 

effective examination. Therefore, the integrated and interoperable systems are seen as crucial by the 

interviewees. D7 believes that digitalisation will have more room in healthcare, and electronic 

examinations will be possible in the future. As D7 stated, data integration helps to avoid wasting time 

and redundant expenditures. 

D7, gastroenterology specialist: “An integrated data set is extremely useful to improve 

the efficiency of examinations. I am expecting that there will be e-examinations in the future 

because the current advancements in digitalisation are promising. A data-based approach to 

healthcare will facilitate our and patients’ jobs.” 

Secondly, most of the interviewees think that digital healthcare technologies are time-efficient. 

Integrated patient data, getting the results of screenings and medical analyses faster, and tele-monitoring 

are the factors stated by the interviewees that helped them to save time. D2, an experienced internal 

medicine specialist, who worked with both paper-based and digital systems, mentions that digitalisation 

is time-efficient and enables the physicians to easily access the previous medical records of patients, 

which was very time consuming on the paper documents. 

D2, internal medicine specialist: “eHealth reduces the amount of time that a doctor 

spends on the former records of a patient. Before the digital systems, the paperwork was 

burdensome. Digital transformation enabled us to save time and money, as we access the 

complete data of a patient.” 

Lastly, cost-efficiency is considered as one of the key advantages of digital health technologies. 

Unnecessary hospital admissions, screenings, prescriptions, and medical analyses cause redundant 

health expenses, and it creates a problem with the allocation of resources. As D5 stated, national health 

information systems are beneficial to avoid redundant expenses since the physicians can view older 

medical analyses, screenings, and records of a patient. As the interviewee mentioned, previously, many 

of the medical analyses and screenings had to be duplicated because a hospital was not able to access 

the patient data entered by another hospital. Integration solved this problem and helped to save a 

significant amount of money by eliminating the duplications. 
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D5, internal medicine resident: “I believe that eHealth is very beneficial for our 

healthcare system because eHealth decreased the health expenditures. Before the digital 

systems, it was not possible to view a medical analysis of a patient, unless the patient shows it 

to us. Now it is possible to view everything since the systems are nationwide integrated.” 

 Disadvantages 

Digital health technologies are relatively new and rapidly evolving technologies. This situation 

stimulates peculiar handicaps such as data privacy risks, technical problems, blurring physician-patient 

interactions, and possible malpractices. The significance of data privacy is emphasized by many of the 

interviewees as medical records of a person is confidential data. Digital health technologies contain a 

vast amount of medical data of persons, and their protection is considered very essential because any 

doubts about personal data can affect the reliability of health systems.  

D2, internal medicine specialist: “Patient data is very sensitive. Digital health 

technologies should be 100% reliable in terms of data privacy. Medical records of an individual 

must be kept confidential.” 

D6, dietician: “Patient privacy should be prioritised, and users of these systems should 

be feeling safe about their data.” 

D7, gastroenterology specialist: “Digital health systems must be protected from any 

cyber-attacks and data leakage because their safety is vital for both us and patients.” 

Technical problems are the second most mentioned disadvantage. The interviewees stated in general 

that the health system is deeply digitalised, and all paperwork of a patient is carried out electronically. 

Therefore, any technical problem with electronic systems interrupts the delivery of healthcare services. 

The frequent technical problems mentioned by the interviewees are interruption of internet connection, 

system failures, and system latencies. The responses of D9 and D10 highlight the importance of a 

developed electronic health system and high-speed internet connection since the performance of digital 

technologies are dependent on the infrastructure. The interviewees stated that some patients sometimes 

need to come to the hospital multiple times if their examination affected by a technical problem. This 

causes extra hospital admissions and cost for the health system.  

D10, internal medicine specialist: “We are highly dependent on the electronic system. 

If they do not work, we cannot work either. Patients get upset when they have to wait due to the 

technical problems, and it is difficult to explain to them what the problem is.” 

D9, internal medicine resident: “I often experience system failures. My job is affected 

sometimes by the speed of the internet because our digital systems are online. The internet 

should be faster and stable to prevent any system failures.”   

The third disadvantage is that the electronic communication between physicians and patients is not seen 

optimal by the interviewees because they believe that medical examinations must be carried out in 

person and patients can express themselves more clearly face-to-face than text. Most of the interviewees 

have reservations about implementing electronic examinations due to the risk of malpractice. Even 

though the interviewees believe that tele-monitoring is supportive for them, they are tentative whether 

electronic examinations are accurate and effective or not.  

D2, internal medicine specialist: “It is very important for a physician to see the patient 

in person. If face-to-face consultations disappear, there can be so many malpractices.” 

D3, internal medicine resident: “The patients can express themselves better face to face 

than sending messages via the mHealth app. The patients cannot explain their problems clearly 

via text messages. I think that examining a patient in person is more efficient for me.” 
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The written communication between physician – patient is not found optimal by the interviewees 

considering their experiences with the text messages via DiaWatch app. The app enables users to 

communicate with their physicians via text messages. The interviewees find this disadvantageous due 

to various reasons. Firstly, replying to the messages of patients in the pilot-test is viable. However, the 

large-scale implementation would be very different because it requires re-adjustments with their 

workflow. Secondly, some patients tend to misuse the communication channel and overwhelm the 

physicians by asking irrelevant health questions. D10 told that some people get paranoid by reading 

fallacious information about health and self-diagnose themselves.  

D10, internal medicine specialist: “In some cases, insignificant health problems alert 

patients because of the information pollution on the internet. For example, some patients think 

based on an article that they found on Google that a simple headache is a symptom of a severe 

disease and immediately write to me.” 

D6, dietician: “mHealth changes the concept of working times, and it makes us more 

accessible. It has pros and cons, but my opinion is that patients need to be selective what they 

ask their physicians and the communication must be balanced.” 

 

5.2.5 Technology acceptance and usability 
This chapter presents the results regarding technology acceptance and the usability of digital health 

technologies by the interviewees in their daily work routine. The responses are quite mixed due to 

personal differences in technology usage and perceptions. Implementation of new technologies in 

healthcare requires a rapid adaptation by the HCPs, and their technology acceptance is important. 

Digital transition in health systems changes the working patterns of the HCPs and brings uncertainties 

along with. The technology acceptance among the HCPs is relatively lower than the T2DM patients 

because their technology acceptance is affected by several factors, mainly occupational concerns. The 

HCPs have the responsibility of patients’ health. Therefore, they approach new technologies more 

prudently. D7 stated that rapid digitalisation in healthcare fundamentally changed the way of paperwork 

and data management. D7 added that the format of paper-based patient files was more user-friendly 

than the interface of current electronic patient files. D7 concluded, the current version of digital health 

technologies is burdensome considering the workload of HCPs, but they can be more usable if they 

have user-friendly interfaces. 

D7, gastroenterology specialist: “The workload per physician increased after the 

digitalisation. There is a misperception that digital technologies speed up the examinations. I 

think paper-based files were easier to read than the interface of the hospital information system. 

The data on the IT systems are not organised, and it makes the job complicated. More organised 

and department-specific interfaces could increase the usability.”   

Another reservation about accepting the new digital health technologies is the importance of face-to-

face interaction between the HCPs and patients. D4 thinks that even though tele-monitoring and 

mHealth apps are beneficial for T2DM patients, some essential trainings for diabetes patients cannot be 

replaced with online trainings. D4 said, diabetes nurses are responsible for teaching the essentials of 

diabetes such as insulin injections, measuring BGL, and so on to diabetes patients. Therefore, D4 

believes that online trainings are not as effective as face-to-face trainings. 

D4, diabetes nurse: “I provide trainings about diabetes treatment, and it is essential 

for a patient to attend the training in person. I think it is more efficient to demonstrate 

practically how to inject insulin because it is vital for a diabetes patient. These trainings must 

be provided face-to-face to avoid any mistakes, and in online trainings, I cannot physically help 

to a patient.” 
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6. Discussion 
The results section above displays the findings of this study and sets the ground for further discussions 

about the role of digital health technologies in T2DM treatment and health-related SDGs. The case 

study about DiaWatch suggests that mHealth apps are effective in disease self-management and address 

the main problems of T2DM patients about healthcare services. For example, the interviewees using 

DiaWatch reported less dependency on healthcare facilities. They, therefore, experience less issues with 

getting an appointment from a physician or taking day off from their jobs. Reduced dependency 

generates economic benefits for both health systems and patients as the number of hospital admissions 

decreases. Regarding the accessibility of healthcare services, DiaWatch app contributed to the 

accessibility of healthcare services through enabling the patients to be tele-monitored and a 

communication channel between the patients and physicians. An interviewee stated that she had an 

emergency while travelling, and she could reach her doctor through the app. It is an important example 

to see the effectiveness of mHealth in terms of decentralising healthcare and enabling patients to receive 

healthcare independently of their location. The most important result of the case study is that the 

interviewees reported improved health status as they adopted healthy behaviours by using DiaWatch 

such as increased physical activity, healthy dietary habits, and measuring BGL regularly. Diabetes 

requires life-long treatment, and having a healthy lifestyle is crucial for diabetics. Most of the 

interviewees reported better BGL values, more BGL measurements, more exercise, and reduced weight. 

In the long-term, it is expected that mHealth apps will play a bigger role in chronic condition 

management and provide significant health benefits to T2DM patients. 

Seeing the challenges of health systems from the HCP perspective is important to understand the 

problems studied by this master thesis. The interviews with the HCPs help to identify the problems of 

Turkish healthcare settings, the barriers before the accessibility of healthcare, the socioeconomic factors 

affecting the disease treatment, and the role and acceptance of digital health technologies in healthcare 

services. The results suggest that the main problem of the Turkish healthcare system is the vast number 

of hospital admissions which is around 500 million in a year. It is understood that the primary care units 

and patient referral system are not effectively functioning, besides that, people can directly make an 

appointment with the specialist without any primary triage. This situation increases the workload of 

physicians and negatively affects their work performance. Short examination durations put pressure on 

physicians and can reduce the quality of examination.  

The findings regarding the accessibility barriers are interesting because the results suggest that direct 

access to specialists and hospitals by skipping primary care and triage is not optimal. The easily 

accessible structure of Turkish health system causes millions of redundant hospital admissions and 

overwhelms the health system. Eliminating redundant admissions is strategic to improve the quality of 

healthcare and to use the resources more efficiently. Regarding the socioeconomic factors and gender 

perceptions in disease management, this study finds that consciousness and education play a key role 

in diabetes treatment. The interviewees stated that patients with higher awareness of their disease are 

more successful in chronic condition self-management. It is also understood that the most vulnerable 

group to diabetes are poorly educated women with lower income. Education has a great impact on being 

conscious of health and well-being, therefore providing health education and training for vulnerable 

groups is helpful to minimise the harms of chronic diseases on individuals and health systems. Income 

level also has a direct relation with accessing healthcare services and life quality. The results suggest 

that people with lower income tend to have more carbohydrates-rich diet and unhealthy nutrition that 

negatively affect their well-being. Besides that, higher income helps to access private healthcare as 

getting an appointment from a private hospital is more convenient, and examinations are longer. Hence, 

providing education for diabetes patients and increasing their incomes can tremendously contribute to 

their health and well-being. 
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Regarding the role and acceptance of digital health technologies, the results suggest that they improve 

the quality of the health system by lessening the paperwork, integrating patient data, and speeding up 

the procedures. Digitalisation in healthcare makes it more time and cost-efficient by decreasing 

redundant screenings and medical analyses. The interviewees stated some reservations about the 

digitalisation such as data privacy and risk of malpractice. In a data-driven world, it is extremely 

sensitive to guarantee the data privacy of individuals and any leakage of patient data could damage the 

reliability of the health system. Even though the interviewees agree that digitalisation helps to deliver 

some healthcare services remotely, they believe that seeing a patient in person is irreplaceable. Hence, 

it is understood that digital health technologies will be an inseparable aspect of the health systems and 

bear a significant potential to achieve cost-efficiency in healthcare, as well as providing health benefits 

to the patients.  

In the light of the abovementioned recap of the results, this master thesis firstly tests the hypotheses 

then discusses the following aspects, respectively. Firstly, the role of digital health technologies in 

empowering patients with chronic diseases, specific to T2DM. Secondly, digital health technologies as 

a promising tool to improve the quality of health systems and early-diagnosis, thirdly the interaction of 

SDGs and digital health technologies, and lastly curbing the gender inequalities in health education 

via mHealth apps.  

 

6.1 Testing the hypotheses 
The results from the literature review and the qualitative data analysis provided the opportunity for 

testing the hypotheses of the thesis. 

H1: The acceptance of digital health technologies by both healthcare service providers and 

consumers are strategic to achieve a more effective and personalised healthcare experience for T2DM 

patients. 

The TAM framework applied to this research suggests that the interviewees using DiaWatch have high 

acceptance of the DiaWatch app, and they easily adapted this new technology in their daily routines. 

This situation can lead to a data-based and personalised healthcare service delivery. Consequently, the 

digitalisation of health systems can foster the effectiveness of healthcare services.  

H2: Digital health systems offer a great potential to improve the quality of health systems 

especially in the LMICs, thus digital health systems can be a key component of mitigating the problems 

related to poor-quality health systems. 

The findings of this research suggest that the interviewees using DiaWatch reported higher satisfaction 

with their healthcare experiences and increased accessibility thanks to DiaWatch. The HCP 

interviewees stated that the overwhelming hospital admissions and workload is one of the main reasons 

decreasing the quality of healthcare. The digital health technologies help to eliminate the redundant 

hospital admissions, reduce the costs of unnecessary screenings, and lighten the burden of paperwork. 

Thus, digital health technologies can help to mitigate the problems derive from the poor-quality health 

systems.  

H3: Interoperable digital health systems can significantly contribute to improving the quality 

of health systems by reducing the costs related to unneeded hospital admissions and monitoring and 

increasing the accessibility of healthcare. 

The DiaWatch case study and the experiences of the HCPs highlight that tele-monitoring technologies 

have a remarkable impact on reducing the number of redundant hospital admissions, screenings, and 

medical analyses. Regarding the accessibility, both interviewee groups concluded that digital health 

technologies are beneficial to improve the accessibility of healthcare services, especially by the most 
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vulnerable groups. Hence, it is understood that interoperable digital health technologies can contribute 

to improving the quality of health systems.  

H4: Digital health improves the health state and well-being of T2DM patients, as it triggers 

behavioural changes in their T2DM treatment process.  

The DiaWatch case study demonstrates that the interviewees experienced better T2DM self-

management experienced and improved health status. The interviewees reported increased physical 

activity, having healthier dietary habits, regulated BGL values and raised awareness of their disease. 

Thus, it is understood that the interviewees adopted behavioural changes during the period that they use 

the app. 

H5: T2DM self-management via mHealth apps makes the patients more pro-active in the 

disease management and paves the way for a patient-oriented healthcare system. 

The interviewees with T2DM reported raised awareness of their disease and more adherence to their 

treatments. As an interviewee stated, he started to measure his BGL more regularly by himself without 

the reminders of his physician. Additionally, digital health technologies enable to provide decentralised 

healthcare services that may lead to a shift towards patient-oriented healthcare delivery.  

H6: The SDGs are interconnected and interdependent goals. Therefore, achieving an 

SDG/target can contribute to achieving another one. In this context, achieving SDG 9.C, enabling more 

people to access the ICTs and internet, especially in the least developed countries contributes to the 

utilisation of digital health technologies in the low- and middle-income countries. 

The literature review suggests that increased smartphone ownership and expanding mobile internet 

network are the key factors in the proliferation of smartphone apps, including mHealth apps. The 

number of smartphones rapidly proliferates in the world, and mobile internet access gets more 

affordable and accessible in the LMICs. Hence, achieving SDG 9.C can potentially allow more people 

to access digital health technologies in the LMICs. 

H7: Digital health technologies have the potential to curb the number of premature mortalities 

from non-communicable diseases, as they improve the health status of individuals and increase the 

accessibility of healthcare services. 

WHO estimates that 85% of the premature mortalities from NCDs take place in LMICs, that makes 

around 13 million out of 15 million, and it is understood from the literature review that poor quality 

health systems cause approximately 8 million avoidable deaths in a year due to inaccessibility and 

insufficient utilisation of healthcare services. Considering the effectiveness of digital health 

technologies on improving the health status of individuals and improving the quality of health systems 

through increased accessibility, time- and cost-efficiency; they can contribute to curbing the premature 

mortalities from non-communicable diseases and achieving the SDG 3.4. 
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6.2 The role of digital health technologies in empowering the 

patients with chronic diseases, specific to T2DM 
The patient-centred approach in health systems embraces the concept of chronic disease self-

management. In this regard, empowering patients and improving their self-management abilities are 

strategic goals to take advantage of preventive care and helping people to protect themselves against 

contracting NCDs. Self-management reduces the dependency of patients on healthcare facilities and 

relatives, also leads a healthier life and improved well-being. The concept of self-management becomes 

more popular among T2DM patients, and thousands of mHealth apps have been designed over the past 

decade for T2DM self-management. The increased number of smartphone ownership and expanded 

mobile internet network enabled more people to utilise mHealth technologies. Understanding the role 

of these mHealth apps in T2DM management is crucial to discover their potential in empowering the 

patients and lighten the burden of T2DM patients on the health systems. The number of T2DM self-

management apps outnumbers other chronic condition self-management apps on various mobile app 

download platforms such as App Store or Google Play Store (Angelini et al., 2019; Martinez-Perez et 

al., 2013). The reason behind this is that more than 460 million people have diabetes as of 2019, and 

their demand for mHealth apps grows (IDF, 2019; Saeedi et al., 2019). 

Several studies about the effectiveness of mHealth apps for T2DM self-management highlight that the 

intervention groups using a mHealth app reported better health status and more improved self-

management than the control groups (Anderson et al., 2016). It is understood from the relevant studies 

(Boels et al., 2018; Cui et al., 2016; Free at al., 2016; Hong et al., 2015; Hou et al., 2016) about T2DM 

self-management via mHealth apps that the apps helped the users with regulating their BGL values, 

increasing physical activities, adhering diet programmes, and pursing healthier lifestyles, as well as 

adopting healthy behaviours like sleeping sufficiently, avoiding stress, and socialising. The results of 

this study show consistency with the previous studies carried out about the impacts of mHealth apps on 

T2DM patients as the interviewees using DiaWatch app reported similar outcomes. The health status 

and life quality of DiaWatch users improved over time, and their dependency on healthcare facilities 

has decreased. It is important to see that the interviewees overall came less frequently to the hospital 

thanks to DiaWatch, and they also benefitted economically from it as they did not have to take a day 

off from their workplaces. Hence, DiaWatch app achieved various goals in terms of empowering the 

T2DM patients and employing the means of ICTs in T2DM self-management. 

 

6.3 Digital health technologies as a promising tool to improve the 

quality of health systems and early-diagnosis 
The interviewees with T2DM reported increased satisfaction with the quality of healthcare services in 

comparison to their previous experiences with the healthcare services. The interviewees stated that some 

of their fundamental problems with accessing healthcare are lightened after having participated to the 

DiaWatch pilot-test. The overwhelming workload in hospitals decreases the quality of healthcare 

services for both the HCPs and patients. Getting an appointment or having to wait at the hospital are 

the main problems stated by the interviewees. The root of this problem is the redundant hospital 

admissions as people can directly make an appointment with a specialist and come to the hospital 

without going to a primary care unit. Considering this problem and the results of this study, digital 

health technologies help to reduce the number of unnecessary hospital admissions and thus, the burden 

on hospitals can be decreased. As one the HCP interviewee said that they call the patients mostly for 

their regular BGL controls which also can be done remotely through the tele-monitoring systems. Thus, 

eliminating these sort of unnecessary hospital admissions could facilitate the workload of HCPs and 

enable other patients to make an appointment with their doctors more easily. In addition to that, 

eliminating redundant hospital admissions leads to significant economic benefits for health systems as 
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well. Thus, the scarce resources of health systems could be used more efficiently and equitably, trillions 

of USDs would not be wasted, and most importantly millions of lives could be saved at the end of the 

day. 

Diagnosing the undiagnosed 

Diagnosing is the first step to combat against a disease. Early diagnosis is vital to prevent NCDs to 

advance and cause premature deaths. IDF estimates that there are hundreds of millions of people, who 

are not aware of their diabetes. The estimation of IDF assumes that half of the existing diabetes patients 

continue their lives without knowing that they have the disease. The problem of undiagnosed diabetes 

is more severe in LMICs as their health systems are weaker. Besides the undiagnosed people, more than 

350 million people aged between 20 and 79 carry a high risk of developing diabetes as projected by 

IDF. Hence, diagnosing the people that are not aware of their diabetes and early diagnosing the people 

who have a risk of developing diabetes are crucial to mitigate the damages of diabetes and prevent 

premature deaths due to diabetes. In the context of SDG 3.4, diagnosing is a key action as it helps to 

reduce the mortality related to diabetes. As the WHO (2016) estimates, diabetes and high BGL caused 

approximately 3,7 million deaths in a year. The actual number could be much higher than WHO 

estimates because of the undiagnosed cases. Therefore, utilising the digital health technologies for 

diagnosing purposes, particularly in the LMICs, is a great opportunity to prevent premature mortalities. 

6.4 The interaction of the SDGs and digital health technologies 
Nilsson et al. (2016) describe the UN SDGs as an indivisible whole since some of the SDG targets and 

indicators are interconnected and interdependent. The seven-point scale of SDG interactions, a grading 

tool to identify the interactions amongst SDGs, is developed by Nilsson et al. (2016). This tool is used 

in this study to identify the SDGs interactions that are related to digital health technologies, mHealth, 

and health systems. The case study and literature review identify three major SDG interactions. SDG 

9.C is a particularly important target as it aims to increase access to ICTs and the internet, which is 

essential for the implementation of digital health technologies. SDG 9.C interacts with SDG 3.4.1, 3.8.1, 

and 5.B.1. The interactions are explained below. 

 

Fig. 10. The SDG interactions according to the seven-point scale of Nilsson et al. (2016). 
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1. SDG 9, target C& SDG 3, target 4 and indicator 4.1 = +2 (reinforcing) 

According to the seven-point scale, the SDG interaction between SDG 9.C and SDG 3.4.1 is identified 

as reinforcing (+2). Increasing access to the ICTs and internet coverage are essential to enable more 

people, particularly in LMICs, to use smartphones and mHealth apps. Considering the abovementioned 

benefits of the mHealth apps on health and well-being of people with diabetes, widening their utilisation 

across vulnerable groups can significantly contribute to improving the health status of diabetics and 

preventing premature deaths related to diabetes. SDG 3.4 aims to reduce premature mortalities caused 

by NCDs, and digital health technologies can potentially help to achieve this goal as they contribute to 

improving the quality of health systems, health status of T2DM patients, as well as increasing the 

accessibility of healthcare services.  

 

 

  

 

 

 

 

 

 

 

2. SDG 9, target C & SDG 3, target 8 and indicator 8.1 = +2 (reinforcing) 

Secondly, the SDG interaction between SDG 9.C and SDG 3.8.1 is identified as reinforcing (+2) 

as well. SDG 3.8.1 stresses achieving universal health coverage that includes also accessing quality 

essential healthcare services, especially by vulnerable populations. As discussed in the previous 

chapter, digital health technologies improve the quality of health systems and increase their 

accessibility. The case study highlights that mHealth apps are beneficial for the utilisation of 

healthcare services which is a characteristic problem of poor-quality health systems. As the WHO 

estimates, almost half of the world population do not have adequate access to healthcare. Therefore, 

the potential offered by mHealth apps is promising to address the non-utilisation and accessibility 

problems of healthcare services. The rapid proliferation of smartphone ownership and mobile 

internet network enables more people to use mHealth apps, and it can be a unique opportunity to 

achieve universal health coverage as digital health technologies address some of the barriers before 

the accessibility of healthcare services such as making health systems patient-oriented and 

decentralised. 
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 3. SDG 9, target C & SDG 5, target B and indicator B.1 = +3 (indivisible) 

Thirdly, the strongest SDG interaction is found between SDG 9.C and SDG 5.B.1. SDG 5.B stresses 

to “enhance the use of enabling technology, in particular information and communication 

technology, to promote the empowerment of women.” Thereby, the interaction between these SDGs 

is indivisible (+3). This interaction has been identified upon the interviews with two HCPs, who 

emphasized the significance of empowerment of women in combating against the NCDs. One of 

the findings of this study is that the less socioeconomically developed people in LMICs, more likely 

and severely suffer from NCDs. In this context, poorly educated women identified as the most 

vulnerable group to chronic conditions. As this study suggests, empowering women is one of the 

most powerful ways to achieve health-related SDGs, including SDG 3.4. An extremely beneficial 

feature of mHealth apps is providing health education and training through online learning 

materials. Thus, mHealth technologies can act as a distance education tool and promote health 

education among the most vulnerable groups.   

 

 

 

 

 

6.5 Curbing the gender inequalities in health education via 

mHealth apps 
Health education is important for everyone, especially for the most vulnerable groups at higher risk of 

contracting diseases. Providing health education for vulnerable groups is crucial to raise their awareness 

about their health problems. Thus, they can learn how to cope with their diseases. Education and 

consciousness about health are one of the key factors affecting the health and well-being of an 

individual, and chronic condition management requires a certain level of self-awareness. As some of 

the HCP interviewees stressed that the success of diabetes treatment is highly dependent on the 

socioeconomic factors such as education and income and poorly educated women with lower income 

levels are considered as the most vulnerable group to chronic diseases. Chronic diseases require life-

long treatment and self-management, therefore providing health education and training for people with 

chronic diseases is extremely important for their health status and well-being. 

Gender gaps between women’s and men’s education and incomes are more visible in LMICs than 

in developed countries. The education of women is neglected in many of the least developed countries 

due to the patriarchal gender perceptions, and they earn less money compared to their male counterparts. 

These factors affect the health and well-being of the women in this category. Addressing the health 

education-related problems of the women in LMICs requires innovative and decentralised solutions. In 

this sense, distance education via mobile platforms can be a key opportunity to provide the necessary 

education and training for the people that cannot access education. Smartphones serve as an educational 

hub since it provides access to numerous education and training materials available online and increased 

number of smartphone ownership in LMICs along with expanded mobile internet network help to easily 

access online education materials and mHealth apps. Online learning materials can also support the 

education of illiterate people through providing multimedia contents, such as instructive, and 

educational videos, podcasts, images, and games. The mHealth apps in this context can provide disease-

specific health education and contribute to the health and well-being of vulnerable groups. As the SDG 

interaction between SDG 9.3 and SDG 5.B suggests, enabling more women to access the ICTs and 

internet will be one of the most powerful tools in combating against the inequalities and empowering 

women. 

+3 SDG INTERACTION 
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7. Conclusion 
The primary objective of this master thesis is to investigate the potential contributions of the digital 

health technologies, particularly the mHealth apps for diabetes self-management, to addressing the 

future challenges that the health systems will be facing due to the increasing prevalence of chronic 

diseases and growing/aging population. The following research questions have been formulated to 

provide an answer to the objective(s) of this study. 

RQ1: What impacts do interoperable digital health technologies have on improving the quality 

of health systems and sustaining them, in terms of the SDG framework?  

The quality of health systems is vital to meet the health-related SDGs. It is understood from the 

literature review that high-quality health systems are essential to delivering satisfactory healthcare for 

people that meet their health and well-being needs. The poor-quality health systems cause millions of 

avoidable deaths and waste of a vast amount of resources each year. The results of this study suggest 

that digital health technologies can contribute to improving the quality of health systems from various 

aspects. Digitalisation in healthcare provides numerous benefits for both providers and consumers 

through making the health system more time- and cost-efficient and increasing its accessibility. Thus, 

a more patient-oriented and decentralised healthcare can be achieved that allows tailored disease 

treatment experiences for patients. The health technologies at the end-user level have the potential to 

empower patients with chronic conditions, promote health education, and enhance preventive care. 

 RQ2: How can interoperable digital health technologies make healthcare services more time- 

and cost-efficient for T2DM patients and healthcare service providers? 

 The findings of this study suggest that digital health technologies have significant impacts in 

reducing the costs of healthcare services. It is understood from this study that the unnecessary hospital 

admissions are one of the major problems for both HCPs and T2DM patients that cause redundant health 

expenses. The interviews with both the T2DM patients and the HCPs highlight that the number of 

hospital admissions more likely decreases through the mHealth app. The nationwide integrated medical 

information systems enabled the HCPs to view the previous screenings of a patient. Thus, the number 

of redundant screenings and monitoring remarkably decreased. Lastly, tele-monitoring made it possible 

to adjust the dosage of medications of T2DM patients more effectively. Thereby, unnecessary 

medication intakes are prevented. Considering the abovementioned findings of this study, interoperable 

digital health systems allow the health systems to save a significant amount of money and time.  

 RQ3: What are the effects of the mHealth application “DiaWatch” on the health condition and 

well-being of its users? 

The interviewees with T2Dm mostly reported positive effects of the DiaWatch app on their 

health and well-being and diabetes self-management. These positive effects vary according to the 

personal health needs of the interviewees. For instance, some interviewees reported increased awareness 

of their health as they are tele-monitored by their physicians through the app. The interviewees 

experienced remarkable behavioural changes over using DiaWatch such as increased physical activity, 

eating healthier, more adherence to the treatment and being more conscious of their health. The 

interviewees stated that their knowledge about diabetes is increased through the education materials 

available in the app. Hence, the findings demonstrate that the DiaWatch app helps its users to improve 

their health status by adopting behavioural changes, to be more conscious of their diseases and to self-

manage their chronic condition more effectively. 

 

 



41 
 

 RQ4: How can interoperable digital health technologies affect the physical dependency of 

T2DM patients on healthcare facilities and improve their accessibility to healthcare services? 

The effects of interoperable digital health technologies on reducing the physical dependency of 

T2DM patients on healthcare facilities are noteworthy and can be a gamechanger in addressing the 

future challenges of health systems. Decreasing the number of unnecessary hospital admissions is one 

of the essential challenges that should be tackled to reduce the redundant costs in healthcare and enable 

patients to access healthcare services more conveniently. This study finds that digital health 

technologies can significantly reduce the number of T2DM-related hospital admissions per patient. One 

of the HCP interviewees stated that these sorts of technologies could quarter the number of hospital 

admissions of T2DM patients. Hence, the findings suggest that interoperable digital health technologies 

make healthcare services more accessible from a distance and reduce the physical dependency of T2DM 

patients on healthcare facilities. 

To conclude, the health systems face numerous challenges due to changing demographics and shifting 

lifestyle. The burden on health systems is therefore expected to exponentially rise. The health-related 

SDGs aim to address these challenges. The NCDs are one of the most significant threats to health 

systems due to be the main cause of 70% of global deaths every year. The treatment of NCDs is time 

and money consuming for health systems, therefore patient-oriented and decentralised healthcare, and 

preventive care are essential to address the problem. Digital health technologies and mHealth apps are 

beneficial instruments that can potentially contribute to addressing the challenges of health systems and 

meeting the health-related SDGs. Hence, this study concludes that the implementation of digital health 

technologies at the end-user level heralds a new era for innovative health systems. 
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8. Future research 
Digital health technology is an emerging concept that became a subject to numerous scientific studies 

from the early 2000s onwards. There are plenty of undiscovered aspects of digital health technologies 

and uncovering the potential of them is significant in a world, that technology became an inseparable 

part of daily life. The proliferating number of ICTs and digital health technologies reshapes the health 

systems as well. This study aimed to investigate how digital health technologies, especially mHealth 

apps for T2DM management, can address the challenges of health systems and contribute to the health-

related SDGs. Broadening the discussion about the utilisation of digital health technologies is important 

to find out their potential benefits for improving the quality of health systems and health status of 

individuals, promoting health education, and meeting the health-related SDGs. Hence, this study 

suggests the following future research ideas to have a more comprehensive scientific understanding of 

digital health technologies.  

This study stresses that mHealth apps for chronic disease self-management can generate economic 

benefits for health systems and individuals. The economic impacts of chronic disease self-management 

via mHealth apps is, therefore, an important future research topic. A comparative cost-benefit analysis 

regarding the differences between a T2DM patient receiving a traditional diabetes treatment and using 

a mHealth app for T2DM self-management can be extremely beneficial to identify the role of mHealth 

apps in affecting the healthcare expenses per capita. Further cost-benefit, cost-utility, cost-effectiveness, 

and cost-minimisation analyses are important to achieve the economic sustainability of health systems 

and directing the digitalisation investments in healthcare. 

The effectiveness of digital health technologies may differentiate depending on the country-specific 

settings, due to the differences in health systems and demographics. This study originally planned to 

carry out a comparative analysis about the effectiveness of a mHealth app (DiaWatch) in a developing 

country (Turkey) and a developed country (Italy). However, this plan had to be cancelled due to the 

Covid-19 pandemic started in early 2020. A comparative analysis between two or more countries with 

different characteristics about the effectiveness of a digital health technology could be beneficial to see 

the impacts of a technology in different settings. Consequently, the socioeconomic factors affecting the 

effectiveness and acceptance of a technology, such as education and income, could be more clearly 

identified. 

The Covid-19 pandemic demonstrated that most of the health systems even in developed countries are 

not adequately prepared for crises. The delivery of healthcare services is disrupted in many countries, 

and some countries’ health systems failed. The state of pandemic affected the people who need to 

receive healthcare at healthcare facilities, as the pandemic overwhelmed the healthcare facilities and 

staff. Hence, exploring further implementation areas of digital health technologies in achieving a 

decentralised and distance healthcare approach that can make the health systems immune to fail during 

a state of crisis is an interesting topic for future research. 

The abovementioned ideas for the future research of digital health technologies require a multi-

disciplinary approach and involvement of the disciplines such as economics, informatics, medicine, and 

informatics and stakeholders such as governments, universities, HCPs, patients, and software 

developers. Discovering further implications of digital health technologies is important to address the 

challenges of health systems. Therefore, future multi-disciplinary studies about digital health 

technologies can pave the way for revealing the potential of digital health technologies and broadening 

the horizons of stakeholders. 
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Appendices 

Semi-Structured Interview Questions (Appendix I) 
• The Interview Questions Addressing the HCPs 

• Personal Information 

1. Field of Specialization in Medicine: 

• The Interview Questions 

1. What is your general opinion on eHealth/mHealth, including the positive & negative 

aspects of it?  

2. To what extent eHealth/mHealth facilitates your daily workload / Is it useful in your 

daily work routine? Please elaborate it. 

3. What feature(s) of eHealth do you consider as the most important for your job? / What 

feature(s) of eHealth is the most supportive for your tasks? 

4. What are the problems/barriers before the accessibility to healthcare?  

5. How can eHealth/mHealth to tackling these problems/barriers that you mentioned? / 

How can eHealth/mHealth make the healthcare services more accessible for the 

patients? 

6. What can be the contributions to patients' health through telemedicine? / What is the 

significance of eHealth/mHealth in a T2DM patient's health and well-being? 

7. How could telemedicine affect the number of hospital visits per T2DM patient? Could 

it reduce the dependency of T2DM patients on the hospital/clinics? 

 

• The Interview Questions for the T2DM Patients 

• Personal Information 

1. Name - Surname: 

2. Age: 

3. Gender: 

4. Level of Education: 

5. Level of Income: 

6. Duration of Having Diabetes: 

7. Duration of Using mHealth: 

• The Interview Questions 

1. What is your general opinion on mHealth, including negative and positive aspects of 

it? 

2. To what extent mHealth facilitates your disease management? Please elaborate it. 

3. How do you find the usefulness of mHealth technologies in your daily routine? What 

features are more/less useful for your disease management? 

4. How would you consider the accessibility of healthcare services (in Turkish settings)? 

What difficulties have you had in accessing the healthcare services (e.g. getting an 

appointment, inadequate consultation time, location of hospital, taking off from work, 

obliged to look after someone, etc.) 

5. How did/has mHealth affect/ed your accessibility to healthcare services? What are the 

differences in accessing the healthcare services before and after mHealth? 

6. How would you compare your dependency on the hospital/clinic since you started to 

use DiaWatch? How has the number of hospital visits changed since you started to use 

mHealth? 

7. How would you evaluate the overall impacts of mHealth on your health condition and 

well-being, considering your experience with DiaWatch?  

8. Has mHealth triggered any behavioural changes with your disease management? How 

has mHealth affected your physical activity, calorie intake, taking your medication and 

doing your measurements (BGL, blood pressure and weight)? 





 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


