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Abstract 

Chronic obstructive pulmonary disease (COPD) negatively impacts the quality of life and 

mortality of patients and is very costly for healthcare systems to manage. Digital health (DH) 

has been proposed as a novel solution to support self-management, reduce exacerbations 

and decrease hospitalisations. However, despite showing promise, evidence demonstrating 

significant outcomes for patients, or for the management of the disease, are limited and 

unconvincing to date.  

To smooth adoption and mitigate sustained engagement challenges, human-centred design 

(HCD) approaches are recommended when designing digital health interventions (DHI) as 

they emphasise the importance of situating user experiences, needs and preferences as the 

driver of the intervention design.  However, recent research has identified there is an absence 

of a core principle in HCD, user-involvement, in the development of DHIs in COPD with 

user-experience issues commonly cited as reasons for poor levels of adoption for both HCPs 

and patients. To address these shortcomings and to contribute new insights to an area lacking 

in empirical research, this thesis explored the perceptions of HCPs and patients regarding 

the potential for DH in the management of COPD. 

The thesis employed a qualitative study design, namely semi-structured interviewing. The 

sample consisted of n=30 patients and n=32 HCPs. Thematic analysis was conducted on the 

data using NVivo 12 software. The research also involved conducting a systematic review 

that explored the use of HCD principles in the design of DHIs in COPD randomised 

controlled trials (RCT). 

The findings identified there is an absence of user-involvement in the design of COPD DHIs, 

and that the needs of patients and HCPs are rarely the foundation or driver of the design 

process. The findings also offer previously unexplored insights regarding the potential for 

DH to address the needs of COPD patients and HCPs. The findings show there are several 

opportunities for DH to enhance patient self-management practices such as symptom 

management, improving patient self-efficacy and engagement, and increasing the delivery 

of preventative and personalised care which to date, have not been researched elsewhere. 

Furthermore, the findings provide new insights regarding the barriers and facilitators 

patients and HCPs perceive facing the adoption and implementation of DHIs. The findings 

highlight substantial individual, structural and social barriers to overcome before DH can be 

realised as a routinely prescribed intervention in COPD. Patient and HCP digital literacy for 
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example represents a significant individual level barrier, as does the patient’s perception of 

their illness. Structural barriers however, such as an absence of an evidence-base, or clinical 

guidelines, for the use of DHIs in COPD represent salient obstacles to overcome. Several 

facilitators to support the implementation and adoption of DHIs were identified. The 

facilitators focus largely on education and training, but the participants also placed 

significant weight on the importance of being aware of patient’s needs as a means to ease 

the adoption of DHIs. Such facilitators have not been published in the COPD context until 

now. 

This thesis offers a comprehensive list of human-centred recommendations for future DHI 

design in COPD. They propose a number of potential new research trajectories and provide 

new insights regarding the adoption needs of this cohort which can inform the development 

of implementation strategies for future DHIs in COPD. Importantly, these recommendations 

are generated from an empirical exploration of the needs and experiences of the patients and 

HCPs which has not been conducted thoroughly to date. 
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Chapter 1: 

Background to Research



 

 1 

1.1 Introduction 

Chronic obstructive pulmonary disease (COPD) is a debilitating condition and accounted 

for 3.2 million deaths globally in 2015 [1]. Due to the progressive nature of the disease and 

the perseverance of symptoms, exacerbations of COPD are prevalent and are associated with 

increased hospitalisations and length of stay, heightened risk of mortality and place a 

significant financial burden on healthcare systems [2]. Furthermore, engaging patients and 

HCPs to develop or maintain an active role in the management of COPD has proven 

problematic, with low adherence rates to treatment and limited clinical resources commonly 

cited as barriers facing the appropriate management of the disease. Recently, digital health 

(DH) has emerged as a potential solution to support stakeholder engagement, and although 

this area of research has shown promise, systematic reviews have yet to show that significant 

outcomes for patients have been accomplished.  

There is a growing body of research examining why this may be the case. Firstly, research 

to date has highlighted issues regarding the methodological approaches employed to design 

digital health interventions (DHI) for COPD. They highlight there is a general absence of 

user-involvement in the design phases of DHIs in COPD resulting in the needs of patients 

and healthcare professionals (HCPs) being rarely accounted for or prioritised as an integral 

aspect for the development of these interventions [3, 4]. However, without fundamental 

human-centred design (HCD) approaches like this, critical user-adoption conditions such as 

intention to use and perceived usefulness are difficult to establish which will impact 

negatively on user-experience and thus, sustained user-engagement. Secondly, there is a 

sparsity of knowledge regarding patient and HCP perceptions of DH in COPD [5], with little 

empirical insight available to inform the design of interventions in a human-centred manner. 

Therefore, this thesis will focus on addressing these shortcomings by qualitatively exploring 

the potential for DH in the management of COPD from the perspective of patients and HCPs. 

The remaining sections of this chapter are organised as follows: Section 1.2 provides an 

overview of the disease context for this research, COPD. Following this, Section 1.3 briefly 

describes the emergence of DH. Section 1.5 then outlines the various applications of DH in 

the management of COPD and Section 1.6 explores the current perspectives on the state of 

DH in COPD. The theoretical framework for the thesis is then presented in Section 1.7. 
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Finally, sections 1.8 and 1.9 describe the thesis aims and objectives and overall thesis 

organisation respectively.  

1.2 Chronic Obstructive Pulmonary Disease 

Chronic obstructive pulmonary disease is a manageable, largely preventable respiratory 

disease and is the fourth leading cause of death globally [6]. The disease is characterised by 

the Global Initiative for COPD as “persistent respiratory symptoms and airflow limitations 

caused by airway and/or alveolar abnormalities usually the result of significant exposure to 

noxious particles or gases” [2]. Common symptomology includes dyspnea, cough and 

sputum production [7]. An acute worsening of respiratory symptoms resulting in additional 

therapy is known as an exacerbation [2]. They represent an important event in the 

management of COPD as they severely affect quality of life, disease progression and rates 

of hospitalisation and readmissions [8–10]. Many patients are susceptible to frequent 

exacerbations (two or more annually), and the most reliable predictor of a patient’s future 

exacerbation frequency is the number of events they had in the prior year [2]. 

The primary risk factor for COPD is smoking tobacco, however other environmental factors 

like biomass fuel exposure and polluted air can contribute, whereas host factors such as 

genetic or lung abnormalities and accelerated aging are known contributors [2]. Although 

prevalence data vary widely, an estimated 6 - 11.7% of the adult population have been told 

they have COPD, with higher prevalence observed in men compared to women, with approx. 

3 million deaths attributed to the disease annually [2]. COPD adversely affects the quality 

of life of the patient, their family and caregivers while also having a negative impact on the 

individual’s physical, emotional and social functioning  [11]. Spirometry is required to 

diagnose COPD and the presence of a post-bronchodilator fixed ratio of Forced Expiratory 

Volume1/ Forced Vital Capacity (FEV1/FVC) < 0.70 confirms persistent airflow limitation 

[2]. There are four disease classifications, A, B, C, and D, which are based on post-

bronchodilator FEV1/FVC. COPD patients often present with other chronic illnesses at 

diagnosis, and COPD is also associated with the development of multi-morbidities, 

especially in the elderly [12]. Common multi-morbidities include cardiovascular disease, 

metabolic syndrome, skeletal muscle dysfunction, depression, osteoporosis, anxiety and 

lung cancer [13]. 
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Maintenance therapies include pharmacological and non-pharmacological options, with 

pharmacological therapies mainly used to decrease symptoms and to prevent exacerbations 

[2]. Bronchodilators (commonly used in inhaler form) are the primary option for managing 

symptoms and include β2 -agonists, anticholinergics, and methylxanthines, used alone or in 

combination. Other pharmacological treatments include, antimuscarinic drugs, 

methylxanthines, anti-inflammatory agents, inhaled corticosteroids, triple inhaled therapy, 

oral glucocorticoids, phosphodiesterase-4 inhibitors, antibiotics, mucolytic and antioxidant 

agent and vaccinations (influenza and pneumococcal) [2]. For more severe cases, long term 

oxygen therapy is required, while non-invasive ventilator support is also commonly used 

[14].   

Non-pharmacological treatments include smoking cessation programmes (this is often 

supported by nicotine replacement products) and counselling delivered by HCPs regarding 

tobacco use [15]. Another treatment option is pulmonary rehabilitation (PR), this refers to 

“a comprehensive intervention based on thorough patient assessment followed by patient-

tailored therapies that include exercise training, education, self-management intervention 

aiming at behaviour change, designed to improve the physical and psychological condition 

of people with chronic respiratory disease and to promote the long-term adherence to health-

enhancing behaviours” [2]. Pulmonary rehabilitation programmes usually have a duration 

of 6-8 weeks with patients attending twice a week. Education is an important aspect for 

changing behaviour in COPD patients, it is recommended that education and training be 

incorporated into PR or addressed as part of self-management to better facilitate 

personalisation [16]. 

Because COPD care is primarily undertaken by the patient in the community, self-

management is a central component to managing the disease [17]. Self-management in 

COPD is defined as a “structured but personalised and often multi-component 

[intervention], with goals of motivating, engaging and supporting the patients to positively 

adapt their health behaviour(s) and develop skills to better manage their disease” [18]. This 

process relies on iterative interactions between the patient and HCPs, and behaviour change 

techniques are employed to target patient motivation, confidence and competence [18]. In 

recent times, DH has emerged as an area of interest to support the self-management of 

COPD, as such, the next section will provide a brief description of DH and its evolution. 
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1.3 Digital Health 

Global influences such as the ageing population and the growing prevalence of chronic 

diseases such as COPD are placing a significant financial and resource burden on healthcare 

systems. In response, healthcare systems now place an emphasis on shifting the management 

of chronic disease from a purely hospital-based endeavour to an integrated care model 

involving the appropriate use of primary care facilities to support patients in the community 

[19, 20]. However, since the inception of chronic care models in the 1990’s, establishing 

and implementing effective chronic disease management strategies has faced many barriers 

and community supports for chronic disease patients are still lacking, including the existence 

of a fragmented treatment approach with limited access to an integrated disease management 

service that includes specialist care   [21–23]. Furthermore, care provision practices continue 

to move away from paternalistic models of care, resulting in patients and their caregivers 

needing to assume increasing levels of responsibility in the management of their health in 

the home [24]. 

In this context, research exploring the role of technology to augment the management and 

delivery of healthcare outside the clinical setting began to emerge. At the turn of the century, 

disciplines such as tele-medicine, tele-health, tele-care and tele-monitoring were beginning 

to gain traction and as electronic health records emerged, the term eHealth was born, a 

largely umbrella term describing the use of information and communication technology in 

healthcare [25–27]. By the end of the 2000’s, new concepts aimed to evolve the idea of 

single-point technological solutions towards technology-driven healthcare models aiming to 

defragment healthcare services in a patient-centred manner, such as connected health [28, 

29]. Around this time also, mHealth had surfaced, as the use of mobile technologies in 

healthcare began to capture the imagination of industry and healthcare professionals alike 

[30]. The advancement of these concepts soon accelerated due to several important socio-

technical factors including the development of broadband infrastructure, advancements in 

smart technology increasing the affordability and ubiquity of smartphones, the advent and 

proliferation of wearable sensing devices, the consumerisation of self-monitoring equipment 

and the growing public desire to track, measure and understand our bodies encapsulated by 

social-phenomenon like the Quantified-Self movement [31, 32]. 

In the past five years, the emergence of big-data analytics has expanded the promises of 

these technologies for healthcare, particularly as many healthcare systems (or are aiming to) 
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migrate from paper-based workflows to electronic platforms. Proponents of big data 

analytics in healthcare argue the large amounts of structured and unstructured health-related 

data generated from, for example, record keeping, compliance and regulatory requirements, 

patient care, electronic medical records, social media, wearable and self-monitoring devices 

and healthcare apps can be efficiently managed and mined to more effectively inform a wide 

range of medical and healthcare functions including diagnostic and treatments, clinical 

decision support, disease surveillance and population and individual health [33]. As the 

conversation grew regarding the promises of big data, an increasing curiosity emerged 

regarding the ‘small data’ people were generating about their health through apps, wearable 

sensor technology and electronic self-monitoring devices. In 2012, the term patient 

generated health data was coined to describe these small data, referring to “health-related 

data – including health history, symptoms, biometric data, treatment history, lifestyle 

choices, and other information – created, recorded, gathered, or inferred by or from patients 

or their designees to help address a health concern” [34]. 

It is at the nexus of such global, societal, and healthcare influences where DH has emerged. 

In this thesis, DH describes the “general use of information and communications 

technologies for health and is inclusive of both mHealth and eHealth.” and the term DHIs is 

used in this thesis to refer to the tools and devices that enable the implementation of DH. 

[35]. Digital health interventions can be classified as follows: ‘Interventions for Clients’, 

‘Interventions for Healthcare Providers’, ‘Interventions for Health system or Resource 

managers’, and ‘Interventions for Data Services’. This thesis is interested in DHIs for clients 

and healthcare providers, otherwise referred to in this thesis as COPD patients and HCPs 

delivering health services to COPD patients and the next section will outline the primary 

application contexts for DHIs in COPD designed for these stakeholders. 

1.4 Digital Health in the Irish Healthcare Context 

It is also important to provide a brief description of how digital health has been and is 

currently deployed in Irish healthcare. Beyond providing the necessary context for the 

research presented in this thesis, more particularly, it will provide an added layer of 

understanding to the findings presented throughout the thesis.  

The Health Service Executive (HSE) Information and Communications Technology 

Directorate is responsible for supporting digital health functions within Ireland’s current 
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public healthcare delivery system. Unfortunately, the public perception of the HSE 

Directorate ability to deliver effective digital solutions is quite low due to previous failed 

projects and the decreasing funding available for healthcare [36].  However, there are 

existing examples of successful digital health initiatives that provide a flavour for the work 

that has and is currently on-going in this space.  

For instance, Healthlink is a web-based messaging service that allows for secure transfer of 

clinical patient information between hospitals, healthcare entities and general practitioners 

(GPs) in real time [36]. It is the national messaging broker system and acts as a 

communications gateway across healthcare delivery entities using HL7 as its messaging 

standard. Healthlink is currently used by approx. 2,900 GPs and 32 hospitals. Another digital 

health initiative is ‘iheed’. It is a social enterprise dedicated to innovating global health 

worker training and education and is located in Co. Cork. It aims to accelerate the training 

of millions of new health workers who are needed to reach the billion people globally who 

do not have access to a healthcare worker. iheed tries to address this issue by crowdsourcing 

global animation expertise to develop short 2-minute health training and education lessons. 

The technology is designed to be interoperable with affordable tablets and mobile phones 

and can be overdubbed in many languages. 

Digital health solutions in Ireland have also been implemented in the remote consultation 

space. In 1999, CareDoc, a not-for-profit service, was established and includes Doctor-on-

Call and Telephone and Online Nurse Triage support [36]. They also offer a remote 

management service for chronic disease patients such as COPD and Diabetes through the 

Caredoc Community Intervention Team. This is a GP-led acute nursing service aimed at 

reducing hospital admissions by managing patients in the home using tablet computers to 

remotely monitor patients in the home. To ensure the timely sharing of data, the tablet 

computers are used to update the patients’ record in real time. 

In terms of digital health innovation, recent reports namely ‘The Doing More with Digital – 

National Digital Strategy for Ireland’ and Ireland’s eHealth strategy have called for 

disruptive reform in this space [37].  These calls have been backed by the Irish government 

who have funded several research centres in recent times. For instance, over the past 10 

years the government has supported funding mechanisms for the Centre for Affective 

Solutions for Ambient Living Awareness, the Technology Research for Independent Living, 

the Applied Research for Connected Health, the Insight Centre for Data Analytics, and the 
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National Digital Research Centre, all of which are partly or exclusively conducting research 

and development in the area of digital health [36]. 

However, even with all this work, the penetration of prescribed digital health interventions 

remains very low. There are some examples of DHIs being prescribed within the healthcare 

system to monitor for instance, blood pressure or the use of continuous positive airway 

pressure devices to aid individuals with sleep-apnoea but DHIs are rarely witnessed in use 

in the routine workflows of HCPs or the daily health management practices of patients. More 

recently, with the rise of consumer digital health devices, Ireland has begun to show an 

upward trend for the sale of health and wellbeing wearable technology, and anecdotal 

evidence would suggest there is a growing demand for electronic blood pressure monitors 

and electronic oximeters but rigorous evidence of these trends is still sparse. 

 

1.5 COPD and Digital Health 

Digital health in COPD has focused primarily on three discrete application contexts aiming 

to: (1) predict and/or reduce exacerbations, (2) enhance patient engagement with self-

management, and (3) increase patient access to PR education and training.  

1.5.1 Predict and/or Reduce Exacerbations 

As mentioned above, an exacerbation presents as an acute worsening of respiratory 

symptoms requiring additional therapy. Exacerbation-related hospitalisations account for 

approximately 70% of COPD healthcare expenditure and are related to greater mortality and 

morbidity compared to those treated in out-patient settings [38, 39]. Therefore, a common 

interest for healthcare and respiratory care practitioners has been to explore innovative 

solutions to reduce exacerbations. To achieve this, approaches have focused on the early 

recognition of an exacerbation to facilitate the delivery of timelier interventions, which are 

associated with reducing the risk of hospital admission and healthcare utilisation but 

achieving this requires effective management of the disease in the community [40]. 

However, studies have reported consistently poor reporting behaviours amongst COPD 

patients, with approximately 50% of exacerbations going unreported [40–42].  
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To support patients and HCPs with the management of exacerbations, DHIs have received 

close attention in COPD, primarily focusing on the automatic (data transmitted without input 

from patient) and manual (data inputted by patient) capture of daily symptoms, vital signs 

and physiological variable data to predict and/or detect exacerbations [43, 44]. Studies 

aiming to capture symptom data have leveraged touch screen home monitors, personal 

digital assistants and smartphones and laptop computers [45–48] to facilitate the completion 

of daily questionnaires such as the ‘Clinical COPD Questionnaire’ and ‘The Exacerbations 

of Chronic Pulmonary Disease Tool - Patient-Reported Outcome’ [44]. Oxygen saturation 

(Sp02) is commonly captured using a pulse oximeter [49–51], with lung function being 

measured by peak-flow meters (peak expiratory flow rate (PEFR)) and spirometers (forced 

expiratory volume per second (FEV1))[52–55]. Heart rate data have been captured using 

wearable wrist worn sensors and 24hr heart rate monitors [56–58], with blood pressure (BP) 

primarily measured with electronic BP cuff monitors [59, 60].  Studies capturing data related 

to weight have used electronic weighing scales [55, 60] while thermometers have been used 

to capture temperature data [55, 58], and some studies have investigated the use of non-

invasive ventilation to measure respiratory rate [61, 62]. In most instances, the data 

transmitted from the patient’s home are analysed using predictive analytics and machine 

learning techniques to aid HCPs with intervention decision-making, the HCP’s decision is 

then relayed to the patient who performs the recommended exacerbation treatment such as 

starting a course of antibiotics [43, 44]. 

1.5.2 Enhance Patient Engagement with Self-management 

Because COPD care is primarily undertaken by the patient in the community, self-

management is a central component to managing the disease [17]. The aims of COPD self-

management are: “(1) optimising and preserving physical health; (2) reducing symptoms 

and functional impairments in daily life and increasing emotional and social well-being and 

quality of life; and (3) establishing effective alliances with HCPs, family, friends and 

community” [18]. Self-management is associated with increased patient autonomy, 

reduction in hospitalisations and duration of exacerbations, decreased healthcare costs and 

improved health-related quality of life [63, 64]. Yet, engaging COPD patients to take an 

actively participate in behaviours, activities and decision making related to self-management 

has proven difficult with non-adherence to therapeutic regimes and action plans frequently 

associated with poorer outcomes [64–69]. Furthermore, COPD is associated with the 
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existence of persistent and variable symptomatology, and patients often do not possess the 

adequate levels of disease knowledge or self-efficacy to manage their disease independently 

[7, 68, 70].  

Recently, there has been an emphasis placed on DHIs to facilitate an integrated, patient 

centred care model for the management of COPD [31, 71–74]. These approaches focus on 

the tailoring of disease treatment and self-management plans to the needs of the patient by 

leveraging multimodal data sources, including those captured outside the clinic by the 

patient themselves in partnership with their care team [75]. A core aim of these technologies 

has been to motivate patients to positively adapt their self-management behaviours through 

increased access to symptom information to improve their awareness, control and 

knowledge of their disease [75–77]. For example, previous research has focused on the use 

of smart technology including mHealth applications and self-monitoring devices to increase 

patient engagement with various components of their self-management [78, 79]. For 

example, Voncken-Brewster et al., designed an app called “MasterYourBreath” aimed to 

support behaviour change by offering two modules, smoking cessation and physical activity, 

with six intervention components: maintenance, health risk appraisal, motivational beliefs, 

self-efficacy, social influence, goal setting and action plans [80]. Similarly, Alharbey and 

Chatterjee developed an mHealth app known as “MyLung” to increase patients’ self-

awareness and promote better self-management through three integrated modules; 

education, monitoring and risk reduction, the app was accompanied by a Bluetooth enabled 

oximeter to self-monitor oxygen saturation [81]. 

Research has also focused on supporting patients to achieve higher levels of medication and 

treatment adherence, including adherence to exercise regimes, when self-managing. COPD 

patients are physically less active than healthy people of the same age, with physical 

inactivity linked with poorer health outcomes and mortality in this cohort, thus, engaging 

patients to increase their exercise capacity has received much attention from DH research 

[82–87].  Burkow et al. developed a virtual peer-exercise group application with the aim of 

delivering support and guidance with outdoor ground walking and indoor resistance and 

strength training [83]. Their tablet-based application facilitated the completion of virtual 

exercise classes where participants performed the required activity together but in different 

locations. Whereas the smartphone accelerometer was used to track outdoor activity which 

participants could log in the dedicated exercise diary embedded in the application. Mendoza 

et al. conducted a randomised controlled trial (RCT) to investigate the impact of using a 
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pedometer (a Tanita PD724 Triaxial pedometer) on physical activity, namely daily step-

count [85]. Participants wore the pedometer for 3 months and attended self-management 

counselling sessions once a month for the duration of the study. Caulfield et al. trialled a 

consumer pedometer, the Fitbit One, to investigate if increases in physical exercise capacity 

and physical activity could be observed but unlike Mendoza et al., this study did not involve 

clinical support [84]. 

As mentioned above, the primary treatment for COPD includes bronchodilators and 

corticosteroids, often administered through a variety of devices such as aerosols, pressurised 

metered-dose inhalers and dry powder inhalers [2]. In COPD, clinical outcomes depend 

largely on the patient’s adherence to the prescribed treatment frequency (temporal 

adherence) as well as using their inhaler in a correct manner (user-technique adherence) 

[88]. Yet, approximately 70-80% of patients do not use their inhalers correctly with underuse 

and overuse commonly cited problems [89–91], and despite numerous solutions aiming to 

increase inhaler adherence, HCPs are still unclear when and why patients decide to use or 

not use their inhalers [88]. The emergence of sensor and smart technology has resulted in 

research investigating the promise of digital inhaler attachments to measure inhaler 

technique and adherence. Smart inhalers have been developed to measure when an inhaler 

has been used, measure inspiratory flow rates and characterise inhaler technique [92]. 

Whereas other research has focused on using digital solutions to remind COPD patients to 

use their inhalers, while also offering feedback on technique and timing [93, 94]. More 

recent work has investigated audio-based inhaler monitoring systems. This research 

suggests sounds generated when a patient is taking their inhaler, such as breathing and 

inhaler device sounds, can provide actionable information regarding temporal and user 

technique adherence, which can be used to identify non-adherence and poor technique 

allowing for personalised interventions to be provided [95].  

1.5.3 Increase Patient Access to PR Education and Training 

Pulmonary rehabilitation has been shown to increase quality of life, self-efficacy and 

physical function for COPD patients [2]. The PR programme is routinely delivered in a 

clinically supervised manner with additional unsupervised training recommended in the 

home [96], however, long term adherence to supervised and unsupervised PR is often low 

[96, 97]. Factors contributing to poor adherence include, frailty, access and poor levels of 

health literacy affecting comprehension of instructions [98]. Due to their capability as 
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portable communication technologies, smartphones, laptops and computer tablets have 

gained traction as potential tools to administer home PR support and education [99–101]. 

Ringbaek et al. provided participants (n=46 in intervention group (IG)) with a tablet 

computer that incorporated a PR application within [102]. The application included a 

training diary and video recordings of all training exercises and provided a synopsis of 

training results to the participants. The application also included a clinician portal, where 

HCPs could view the patient’s training data and development. Benzo et al. developed a 

health coaching application to deliver home-based PR training [103]. Their programme 

consisted of a tablet computer, pulse oximeter and activity tracker. Participants (n=12) were 

asked to complete exercises and answer a well-being questionnaire daily. This information 

was reviewed by dedicated health coaches who called the patient once a week and provided 

tailored education and advice to the patient using motivational interviewing techniques. 

Legear et al. employed the Nintendo Wii to facilitate PR exercises in the home of ten 

participants [104]. The Wii exercise programme consisted of marching, dancing and two 

air-punching exercises and took 15 mins to complete two rounds of each exercise. While 

completing the exercises, the participants were asked to wear an activity tracker (to measure 

steps and energy expenditure) and an oximeter (to measure SpO2 and heart rate) throughout 

the exercises. This section has shown there is considerable research and promise for the use 

of DHIs in the management of COPD. As the next section will outline however, the current 

evidence for the use of DH in COPD provides a different perspective. 

1.6 Current Perspectives on Digital Health in COPD 

Despite the promises of DH to enhance the management of COPD, systematic reviews have 

continuously demonstrated that the evidence remains limited and/or unconvincing across 

outcomes such as quality of life [78, 79, 105], disease control [106], mortality [106], rates 

of exacerbations [107–109], cost-effectiveness [110], healthcare utilisation [78, 79], the 

clinical value of home-oximetry [111] and patient and clinician user-experience [3, 112, 

113].  

These findings have been the springboard for recent reflections regarding DH in COPD 

where a level of frustration has been expressed, for example, Pinnock and McKinstry’s point 

of departure is to ask,  “What is going wrong?” [114].  
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Recent research has raised concerns about the methodologies used to design DHIs for 

COPD, particularly, this work has highlighted that there is an absence of end-user 

involvement in the interventions design cycles employed [79, 112, 115]. This is surprising 

considering HCD approaches have gained significant traction over the past 10 years for the 

design of DHIs across multiple chronic and acute conditions [116–122]. Furthermore, 

scholars investigating the design of DHIs, strongly emphasise the central role of the user in 

the design cycle, recommending an exploration of user needs and preferences prior to 

development as well as their involvement throughout the entirety of the design cycle [123–

126]. Without adequately understanding and incorporating user needs into the design cycle, 

there is a tendency for designers of DHIs to define predetermined research goals, which 

often lead to the development of “one-size-fits-all” solutions that prioritise clinical outcomes 

at the expense of accounting for individual needs and preferences [127, 128]. Furthermore, 

without user-involvement, designers are not afforded the opportunity to establish potential 

issues before the specifications of a solution are considered which can impact negatively on 

factors such as the user’s sense of perceived usefulness, their intention to use and thusly, the 

level of user adoption achieved [129].  

It is unsurprising therefore, that in COPD DH studies, user experience issues have been cited 

as reasons for low adherence and sustained engagement levels with deployed interventions 

for both patients and HCPs [3, 112, 130, 131]. For patients, adoption has been affected by 

user-experience problems such as digital and health literacy [115, 132], the usability of the 

technology [133, 134] and the burden of completing added self-management tasks using 

technology [74]. For HCPs, a lack of perceived clinical usefulness and workflow disruption 

have been found to impact negatively on sustained engagement with DHIs [5, 79]. 

Elsewhere, research has shown that across multiple conditions and clinical settings, HCPs 

face several challenges with the integration of patient-generated data from DHIs including 

data accuracy and reliability, relevance of data captured and insufficient time to interpret 

shared patient data but this research has not focused on the experiences of HCPs in COPD 

[135, 136]. Recent research has concluded the requirement for qualitative research 

investigating the user needs of COPD stakeholders to highlight the ‘key ingredients’ to better 

inform the design of DHIs in a human-centred manner [3, 74, 78, 137, 138] but a significant 

gap remains regarding the perceptions of patients and HCPs in relation to DHIs in COPD 

[5, 139]. This is the problem space within which this research is situated, and the work 

contained within this thesis will aim to address this significant gap through a qualitative 
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exploration of COPD patient’s and HCP’s perceptions of DH. The next section will present 

the theoretical framework supporting the work completed in this thesis. 

1.7 Theoretical Framework 

Recent research has called for DHI development to adopt a HCD approach [35, 140–144]. 

Responding to these calls, this research is guided by HCD theory which emphasises the 

importance of understanding user needs and the importance of involving users as early in 

the design process as possible [145]. Human-centred design has evolved overtime from 

fields such as ergonomics, computer science and later, human-computer interaction. More 

recently, HCD has emerged as a design paradigm with human behaviour and perception as 

its core foundation, with Giacomin defining HCD as “the use of techniques which 

communicate, interact, empathise and stimulate the people involved, obtaining an 

understanding of their needs, desires and experiences.” [145]. In this definition we can 

observe traces of contemporary concepts such as design thinking theory, that emphasises a 

mindset rooted in generating empathy with users’ needs and contexts to design novel 

solutions [146]. The use of HCD approaches, including design-thinking, are gaining traction 

in DH and service innovation in healthcare as they are linked to, increased perceived 

usefulness, lower attrition rates and sustained engagement [147–153]. Because HCD focuses 

on developing solutions which address the unmet needs of people, it also corresponds with 

the prominent technology adoption theory, Davis’s Technology Acceptance Model [154]. 

More specifically, HCD is a gateway to enhancing one of Davis’ core principles, perceived 

usefulness. It is argued if end-users do not perceive a technology as useful, whether this is a 

product or part of a service, this will create an adoption barrier as their intention to use will 

diminish [154–157]. 

 

As well as leveraging HCD theory to guide this research, the author sought to identify a 

comprehensive and clearly described framework for the development of DHIs that 

emphasised the HCD approach. There are a number of frameworks available for the 

development of DHIs across eHealth, mHealth, DH, connected health but the degree of 

comprehensiveness, guidance and clarity offered varies greatly [123, 124, 143, 158–166]. 

Of these, some focus on development in terms of evaluation and iteration solely [158], 

whereas other do not integrate a behaviour change component [159], and others do not adopt 

a HCD approach [161]. Appendix 1 provides a more detailed description of the considered 
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frameworks from Yardley et al., O’Raghallaigh and Adam, and Van Gemert-Pijnen et al. 

[124, 161, 162]. 

 

The most comprehensive framework identified is proposed by Mummah et al. who leverage 

design thinking techniques, HCD approaches, and behaviour change theory as the 

foundation of their framework for the development of DHIs [123]. Their framework, 

‘Integrate, Design, Assess, Share’ (“IDEAS”), is an integrated 10-phase process to guide 

DHI development, see Figure 1. The framework consists of the following 10 phases: (1) in-

depth qualitative research to empathise with the needs and behaviours of the target cohort 

(pre-development); (2) specifying target behaviours; (3) ground in behavioural theory; (4) 

ideation of implementation strategies; (5) product prototyping; (6) gathering user-feedback; 

(7) build minimum viable product; (8) pilot testing of intervention efficacy and usability; 

(9) efficacy evaluation via RCT; and (10) dissemination. These phases are grouped into 4 

higher-level categories: Integrate, Design, Assess, and Share. 

 

The framework provides thorough guidance regarding how to apply the necessary tasks and 

practices for each step in the process, summarised in Figure 1 [123]. Unlike Yardley et al., 

the empathise phase of this framework stresses the use of qualitative research to gain an in-

depth understanding of stakeholders’ unmet needs. They also recommend these insights 

should be the basis for the development of the target need or problem which the intervention 

will aim to address. In other words, the insights gained from the empathise phase are the 

driver of the intervention design cycle. In contrast to Van Gemert-Pijnen et al., this 

framework provides a very useful behavioural strategy toolkit consisting of 15 strategies to 

support the identification of a strategy which aligns with the insights gained from the 

qualitative phase, the toolkit is based on research regarding intrinsic motivation and 

intervention behaviour change. Furthermore, where O’Raghallaigh and Adam do not include 

the assessment or evaluation of interventions, Mummah’s framework proposes RCTs as 

their summative evaluation approach, but they emphasise that the chosen outcomes should 

include measurements of the original unmet needs and behaviours specified in Phases 1 and 

2. They also focus on the importance of data-collector and researcher blinding in RCTs and 

the need for robust randomisation techniques. In consideration of the frameworks presented, 

the author selected Mummah et al., to guide this research. As outlined in Section 1.9, the 

aims and objectives of this thesis will focus on fulfilling research guided by Phase 1 of the 

IDEAS framework as it is the author’s position that this will contribute much needed human-
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centred insights to inform the trajectory and development of future COPD DHI designs, 

particularly for those seeking to design an intervention that addresses the unmet needs of 

patients and HCPs. 
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Figure 1: IDEAS Framework [121] 
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1.8 Thesis Aims & Objectives 

The preceding discussion highlighted that the current literature examining the use of DHIs 

in the management of COPD has found limited evidence to support this approach as a 

treatment option. It was also highlighted that COPD patients and HCPs are rarely involved 

in the design cycle of DHIs and furthermore, there is currently a sparsity of knowledge 

regarding COPD patients and HCPs perceptions of DH. Therefore, the aim of this thesis is 

to employ a HCD approach to qualitatively explore the potential for DH in the management 

of COPD. 

In order to achieve this aim, a number of objectives were identified for this thesis: 

 

• Conduct a systematic review to investigate the use of HCD in the development of 

DHIs for COPD. 

 

• Explore patient and HCP’s perceptions of the potential for the DHIs in the 

management of COPD. 

 

• Explore the barriers and facilitators patients and HCPs perceive to the adoption and 

implementation of DHIs. 

 

• Integrate findings from patient and HCP studies and explore implications for 

practice. 

 

• Generate a set of recommendations to inform future research and implementation 

considerations for the application of DH in the management of COPD. 

 

1.9 Organisation 

The subsequent chapters in this thesis are organised as follows: 
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Chapter 2: presents a systematic review investigating the role of HCD in the development 

of DHIs in COPD. 

Chapters 3: explores the perceptions of patients regarding the potential for DH for the 

management of COPD. 

Chapter 4: explores the potential for DHIs in the management of COPD from the 

perspective of HCPs. 

Chapter 5: explores the barriers and facilitators patients perceive as impacting the adoption 

and implementation of DHIs. 

Chapter 6: explores the barriers and facilitators impacting the adoption and implementation 

of DHIs perceived by HCPs. 

Chapter 7: explores the perceptions of patients and HCPs regarding the potential for DH in 

the clinical consultation. 

Chapter 8: integrates the findings from Chapters 3-7 and provides a discussion of the key 

implications and recommendations of the findings for practice. 

Chapter 9: presents the author’s concluding reflections including a synopsis of the 

recommendations. 
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Chapter 2: Human-Centred 

Design for COPD Digital Health 

Interventions: A Systematic Review 

of Randomised Controlled Trials. 
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2.1 Introduction 

As discussed in Section 1.5, recent systematic reviews have concluded there is lack of 

evidence demonstrating the effectiveness of DHIs in COPD. Section 1.5 discussed why this 

may be the case, highlighting a number of important concerns regarding the design of these 

interventions: (1) the literature suggests there is an absence of user-involvement in the 

design of DHIs in COPD; (2) without user involvement, user needs and preferences are 

rarely accounted for throughout the intervention design cycle and clinical outcomes tend to 

get elevated above addressing user needs; (3) user-experience issues are common and create 

barriers to implementation and adoption; and (4) HCD approaches are recommended when 

designing DHIs but it appears they are not regularly employed in the design of DHIs in 

COPD. Although such design issues have been identified in the literature, a systematic 

investigation of HCD approaches employed in the development of DHIs in COPD has yet 

to be conducted. Therefore, instead of replicating the recent work concerned with the 

effectiveness of DHIs in COPD, this chapter will try to break new ground by exploring if 

the design of DHIs in COPD are based on an understanding of patient and HCP’s needs as 

this may offer a reason for why their effectiveness has yet to be established. It will also 

assess the degree to which HCD approaches, such as pre-development user-research studies 

and user-involvement throughout the entire design cycle are being employed for DHIs 

developed in COPD. 

2.1.1 Hypothesis and Aims 

This hypothesis-generating research stands to elucidate the absence of HCD methodologies 

in the design of DHIs for COPD. 

The aim of this review is: 

• To synthesise and evaluate the extent to which the principles of HCD have been 

incorporated or used to inform the design of DHIs in COPD. 

• To provide a set of recommendations for the use of HCD in COPD DH research. 

2.2 Methods 

2.2.1 Literature Search Strategy and Study Selection Process 
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The protocol for this review was informed by  the PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) statement and the ‘A MeaSurement Tool to Assess 

systematic Reviews’ (AMSTAR) 2 guidelines [167, 168]. Following the AMSTAR 

guidelines, three databases were searched using appropriate Boolean operators and search 

taxonomies: PubMed, Scopus and Web of Science, no time range parameters were set for 

the search which was completed in August 2019. Table 1 describes the search strategy 

employed, papers were included if they aligned with the following criteria: COPD, home-

monitoring and randomised controlled trials (RCTs).  The search strategy was compiled by 

reviewing relevant published systematic reviews which concerned digital health 

interventions. Appropriate terms were determined, and title/abstract keywords and related 

synonyms and various spelling were employed in a series of combinations and tailored to 

the configuration of each database. There was no date of publication criteria applied to the 

search. RCTs were chosen as the highest quality studies available. Should the adoption of 

HCD principles become commonplace in the design of DHIs for COPD, they will need to 

be demonstrated at the RCT level.  Furthermore, RCTs were included to limit study 

heterogeneity and to facilitate qualitative synthesis. 

The PRISMA flow diagram depicts the process for article selection, Figure 2. This involved: 

(a) conducting a computerised search with no time constraint place upon publication date; 

(b) removing duplicates and screening the title and abstract of the remaining articles; (c) the 

full texts were then read and selected based on the inclusion/exclusion criteria, see Table 2. 

To ensure literature saturation, reference lists and citations of included studies were 

reviewed to identify missed articles [169]. 

 
   

    

PubMed ((wearable[Title/Abstract] OR telehealth[Title/Abstract] OR 

telecare[Title/Abstract] OR telemedicine[Title/Abstract] OR 

mHealth[Title/Abstract] OR telehomecare[Title/Abstract] OR 

telehealthcare[Title/Abstract] OR telemonitoring[Title/Abstract])) AND (chronic 

obstructive pulmonary disease[Title/Abstract] OR chronic obstructive 

airway[Title/Abstract] OR emphysema[Title/Abstract] OR 

bronchitis[Title/Abstract] OR COPD[Title/Abstract])) AND 

(Randomized[Title/Abstract])) 

 

Scopus wearable or telehealth or telecare or telemedicine or mHealth or telehomecare or 

telehealthcare or telemonitoring and chronic obstructive pulmonary disease or 

chronic obstructive airway or emphysema or bronchitis or COPD and randomised 
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Table 1: Search Strategy: *home-monitoring as defined in this study must include the necessity for the 

participant to input/provide information. 

 

 

Table 2: Inclusion / Exclusion Criteria 

          

 

2.2.2 Data Extraction 

Data extraction was conducted by the author (PS). A standardised data extraction form was 

designed, piloted, reviewed by the project collaborators, and implemented. The study details 

extracted were: aims, sample, type of intervention, each key principle of HCD, primary 

outcome measures and results. 

The HCD principles used in this study follow those described by the International 

Organization for Standardization: user research (clear understanding of users, tasks, and 

environments); user involvement throughout design and development; human-centred 

evaluation and user-experience; iterative design process; and multi-disciplinary input in 

design process [170]. A qualitative review of the data was performed by reporting on 

findings relating to each HCD principle and the study design details are described in Table 

5. Where a previous publication described the design and development of the intervention 

 

Web of Science  Line 1: wearable or telehealth or telecare or telemedicine or mHealth or 

telehomecare or telehealthcare or telemonitoring 

Line 2: chronic obstructive pulmonary disease or chronic obstructive airway or 

emphysema or bronchitis or COPD 

Line 3: randomised 

 

 
    

  

        
Inclusion Criteria  RCT trialling a home-monitoring intervention of physiological or 

psychosocial elements; sample with a confirmed diagnosis of COPD; 
comparator cohort; articles written in English; published in peer-
reviewed journals 
 

Exclusion Criteria  Systematic or literature reviews; mixed samples; conference 
papers; pilot or feasibility studies; protocol paper; not an RCT; 
observational, prospective or retrospective studies; not home-
monitoring; not in English language; no authorship available 
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deployed in the published RCT study, information pertaining to each HCD principle was 

extracted from this source. For example, information was extracted from Hardinge et al., as 

this study describes the design of the intervention used in Farmer et al. [171, 172]. This 

approach was performed only when the RCT study cited the previous work. Otherwise, it 

was assumed that that no previous study was performed. Meta-analysis was considered to 

be inappropriate to answer the primary research question, was belied by the heterogeneity 

of the studies and the non-quantitative nature of the outcomes of interest for this review. 
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Records identified through 
database search N=409 

 

(Pubmed = 70; Scopus = 141; Web 
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Additional records identified 
through other sources 

(n = 0) 

Records after duplicates removed 
(n = 271) 

Title and Abstract 
screened 
(n = 271) 

Records excluded 
n = 231 

(Mixed Sample = 30) 

(Conference Paper = 23) 

(Pilot or Feasibility Study 
= 34) 

(Protocol Paper = 13) 

(Review Paper = 52) 

(Not an RCT = 53) 

(Observational, 
Prospective or Retrospective 

Studies = 12) 

(Not home-monitoring = 
13) 

(Not English = 1) 

Full-text articles 
assessed for eligibility 

(n = 40) 

Full-text articles excluded, 
with reasons 

(n = 12) 

(Mixed Sample = 3) 

(Conference Paper = 1) 

(Pilot or Feasibility Study 
= 1) 

(Protocol Paper = 2) 

(Review Paper = 1) 

(Observational, 
Prospective or Retrospective 

Studies = 1) 

(Not home-monitoring = 
4) 

Studies included in 
narrative synthesis 

(n = 28) 

Figure 2: PRISMA diagram depicting the articles deemed eligible for the screening, selection, extraction and synthesis      

stages of review. 
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2.2.3 Quality Assessment 

The quality of the included articles was assessed using a modified version of a tool 

developed by Hailey et al. and adapted by Polisena et al., see Table 3 [173, 174].  Each study 

was rated on a scale from A (High quality and a high degree of confidence in the study 

findings) to E (poor quality with unacceptable uncertainty in study findings). The following 

study characteristics were the foundation for the ratings: design; patient selection; 

description of comparators; outcomes reported.  

 

Table 3: Quality Assessment Scoring system [174] 

 

 

  

 
 

  

Study design  

1. Large RCT (over 50 subjects in each arm): 5 

points 

 

2. Small RCT: 3 points  

3. Prospective: 2 points  

4. Retrospective: 1 point  

 

If RCT*: 

 

A. Randomisation appropriately described?  

B. Blinded?  

C. Blinding appropriately?  

  

Study performance  

Score (0 = information missing), 1 = information limited, 2 = information satisfactory) 

1. Patient selection (e.g. consider: methods of randomisation) 

2. Description/specification of the intervention (e.g. consider: adequate description of intervention and control groups) 

3. Specification and analysis of study (intention-to-treat) (e.g. consider: sample size, statistical methods) 

4. Patient disposal (e.g. consider: length of follow up; drop-outs; compliance) 

5. Outcomes reported (e.g. consider: fullness and clarity of reporting; missing results) 

 

Overall Score Category Interpretation 

11.5 - 15.0 A High quality – high degree of confidence in study findings 

9.5 - 11.0 B Good quality – some uncertainty regarding the study findings 

7.5 - 9.0 C Fair to good quality – some limitations that should be 

considered in any implementation of study findings 

5.5 - 7.0 D Poor to fair quality – substantial limitations in the study; 

findings should be used cautiously 

1.0 - 5.0 E Poor quality – unacceptable uncertainty for the study findings 

*An RCT was awarded full points if it addressed all three characteristics. Half a point was deducted if one 

characteristic was not addressed. 



 

 26 

Table 4: Quality Assessment Scoring Results 

Study Large RCT* Small RCT* 

Study 

Design 

Score 

Study 

Performance 

Score 

Total 

Score 

Quality 

Grade 

       

Cordova et al. 2016 

 
 x 3 5 8 C 

De San Miguel et al. 2013 

 
 x 2 4 6 D 

Demeyer et al. 2017 

 

x  4.5 9 13.5 A 

Emme et al. 2014 

 

 x 1.5 5 6.5 D 

Farmer et al. 2017 

 

x  4 10 14 A 

Ho et al. 2016 

 

x  4.5 4 8.5 C 

Jakobsen et al. 2015 

 
 x 2 6 8 C 

Jehn et al. 2013 

 
 x 1.5 4 5.5 D 

Kessler et al. 2018 

 

x  4 9 13 A 

Korsbakke Emtekaer Haesum et 

al. 2016 

x  3.5 

 

6 9.5 B 

Korsbakke Emtekær Hæsum et 

al. 2017 

x  3.5 

 

6 9.5 B 

Kwon et al. 2018 

 
 x 2 6 8 C 

Lewis et al. 2010 

 
 x 1.5 3 4.5 E 

McDowell et al. 2015 

 

x  3.5 8 11.5 A 

Pedone et al. 2013  x 1.5 6 7.5 C 

Pinnock et al. 2013 x  5 10 15 A 

Ringbaek et al. 2015 x  4 7 11 B 

Rixon et al.  x  4 7 11 B 

Schou et al. 2014  x 2.5 4 6.5 D 

Schou et al. 2013  x 1.5 4 5.5 D 

Sink et al. 2018 x  4.5 9 13.5 A 

Soriano et al. 2018 x  4 8 12 A 

Sorknaes et al. 2013 x  3.5 5 8.5 C 

Stoddart et al. 2015 x  4 4 8 C 

Tupper et al. 2018 x  3.5 6 9.5 B 

Vianello et al. 2016 x  4.5 10 14.5 A 

Vorrink et al. 2016 x  4.5 9 13.5 A 

Walker et al. 2018 x  4 10 14 A 
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2.3 Results 

2.3.1 Search Results and Quality Assessment Overview 

The results of the database search are presented in Figure 2.  The quality assessment scoring 

results can be observed in Table 4. Of the 410 articles identified through the search strategy, 

28 studies were included in this review. The quality assessment results are shown in Table 

4. From the quality assessment, 10 studies were identified as being of high quality, 5 were 

of good quality, 7 were of fair to good quality, 5 studies were deemed poor to fair quality 

and 1 study was of poor quality. For example, when assessing the study design quality of 

the articles, randomisation was appropriately described in 13/28 studies, 9/28 were blinded 

with 6/28 describing blinding appropriately. When assessing the Study performance quality 

of the articles, a score of 0 (relevant information missing or given in little detail), 1 

(reasonable detail provided but with important limitations) or 2 (information provided had 

not significant limitations) was assigned to five criteria, see Table 3. For example, 

appropriate descriptions and specification of the intervention were identified in 11/28 

studies, with specification and analysis adequately described in 14/28 and 15/28 studies 

reported their outcomes with clarity and fullness. 

2.4 Narrative Review 

This section presents the results of the narrative review. An in-depth discussion of these 

results will be provided in Section 2.4.2.  

2.4.1 Study Design Overview 

Sample sizes ranged from 40 to 447 participants with IG samples ranging from 20 to 334.  

Study duration ranged from 6 weeks to 2 years.  

Interventions measurements included: peak flow [175]; blood pressure (BP) [176–183]; 

weight [176, 180–182, 184, 185]; temperature [58, 179, 183, 186–191]; heartrate [58, 186, 

192]; pulse oximetry [58, 172, 177, 178, 180–183, 185, 187–190, 192–198]; spirometry 

[178, 185, 187, 188, 190, 194–196, 199]; physical activity [87, 200]; steps [86]; galvanic 

skin response [58]; and within-breath respiratory mechanical impedance [192]. 
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Data collection devices included: electronic peak flow meter [175]; electronic diary [172, 

175, 183]; electronic BP monitor or sphygmomanometer [176–178, 180–183, 192, 194]; 

weight scales [180, 182, 185, 186, 194, 201]; thermometer [58, 176, 183, 187–192]; pulse 

oximeter [172, 177, 178, 180–183, 185, 187–190, 192–198, 200]; portable unit/touch-screen 

device/personal assistant [47, 58, 176, 177, 182, 188–190, 192, 195, 197, 199]; coaching 

app [86]; activity app [87]; rehabilitation app [193]; step-counter (pedometer) [58, 86, 87]; 

video-conferencing [187, 190, 195, 196]; spirometer [178, 185, 187, 188, 190, 194–196, 

199]; accelerometer [199]; web-platform [193, 202]; tablet computer [180, 181, 185, 194]; 

wearable wristband [58, 192]; text-messaging [203]; phone-calls [202, 203]; and respiratory 

mechanical impedance device [192]. 

Primary outcome measures were as follows: number of hospitalisations and/or admissions 

[175, 176, 194, 200]; mortalities [175], emergency department presentations [176], number 

of steps or physical activity [86, 87], self-efficacy related to self-management [187], quality 

of life (including Health-related QoL) [172, 177, 182, 185, 189, 192, 198], rate or number 

of readmissions (within 30 days of discharge) [183, 188, 196], number of exacerbations 

[178, 199, 200], number of unplanned, all-cause, hospitalisation days [202], functional 

health literacy [180, 181], change of respiratory function parameters [193], time to 

hospitalisation [47, 192, 203], cognitive performance [195], self-reported symptoms [190], 

number of exacerbations requiring hospitalisation [178], and cost and cost-effectiveness 

[197]. The extracted study design details can be observed in Table 5. 
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Table 5: Extracted Study Design Details 

Study Sample Intervention Duration Primary Outcome Primary Outcome Findings Quality 

Assessment 

Grade 

       

Cordova et al. 2016 

 

n=79 patients 

(n=39 IG) 
Symptom reporting; peak flow and 

electronic diary 
2 years Number of 

hospitalizations and 

mortalities 

No significant difference was observed in 

hospitalisation or mortality between groups. 35 

hospitalisations occurred in the intervention 

group compared with 44 in the control group (p = 

0.31); mortality between intervention group 

versus control group, n = 6 versus n = 2, 

respectively; p = 0.25. 

C 

De San Miguel et al. 2013 

 

n=80 patients 

(n=40 IG) 
Participants measured their vital 

signs (blood pressure, weight, 

temperature, pulse, and oxygen 

saturation levels) and answered 

questions relating to their general 

state of health using a portable unit. 

6 months Number of 

hospitalisations and 

ED presentations 

ED presentations: IG 11 vs CG 6; Admissions: IG 

8 vs CG 17. None of these differences reached 

statistical significance. 

D 

Demeyer et al. 2017 

 

n=280 patients 

(n=140 IG) 
Step-counter plus tailored coaching 

app. 
12 weeks Number of steps IG patients had an increase over controls of mean, 

95% CI (lower limit – upper limit; ll-ul) 1469, 

95% CI (973 to 1965) steps/day (29% from 

baseline) and 10.4, 95% CI (6.1 to 14.7) min/day 

MPA (44% from baseline), p≤0.001 for all. 

A 

Emme et al. 2014 

 

n=50 patients 

(n=25 IG) 
Virtual admission with video-

conferencing and home-monitoring 

(spirometer, pulse oximeter, 

thermometer)  

3 months Self-efficacy three 

days after discharge 

from hospital or 

virtual admission. 

Measure: CSES 

(Danish version) 

No significant differences between the 

intervention group and control group at three-

month follow-up: IG 99.9 (27.1) CG 104.9 (27.8) 

Mean difference (95% CI): -4.9(-22.8 to 13.0) 

p=0.584. Adjusted difference (95% CI): -4.1 (-

24.1to16.0) p= 0.680.  

D 

Farmer et al. 2017 

 

n=166 patients 

(n=110 IG). 

Electronic symptom diary plus 

pulse oximeter 

12 months Quality of Life. 

Measure: SGRQ-C. 

 

QoL improved in both groups from baseline to 6 

months, and again to 12 months. The estimated 

difference at 12 months (EDGE system−usual 

care) was −1.7 with a 95% CI of −6.6 to 3.2 

(P=.49). 

A 
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Ho et al. 2016 

 

n=106 (n=53 

IG) 
Report symptoms on electronic 

diary using pulse oximeter, 

thermometer and 

sphygmomanometer 

6 months Readmission rate Time to first readmission increased in IG 

compared to CG (p = 0.026 by log-rank test); at 6 

months:  probability of COPD-related re-

admission was significantly lower for IG (HR = 

0.42; 95% CI = 0.19–0.92); reduced all-cause re-

admissions from 0.68 to 0.23 per patient (p = 

0.002) over a period of 6 months. 

C 

Jakobsen et al. 2015 

 

n=57 (n=27 IG) A touch screen with a Webcam, 

pulse oximeter, spirometer, 

thermometer, nebuliser for 

aerosolised inhalation medication, 

oxygen compressor.  

6 months Readmission rates 

due to COPD within 

30 days after the 

intervention had 

ended. 

Cox regression showed no significant difference 

between the readmission rates (HR = 2.01; 95% 

CI, 0.71– 5.71). 

C 

Jehn et al. 2013 

 

n=62 (n=32 IG) Mobile medical assistant; 

spirometer and accelerometer 
9 months Number of 

exacerbations 

Significantly fewer IG patients suffered 

exacerbation of COPD during the summer period 

compared to CG patients (3 for IG vs. 14 for CG; 

P = 0.006). IG had significantly lower 

exacerbation related hospital admissions at 9 

months compared to the CG (7 for TG vs. 22 for 

CG; P = 0.012)  

D 

Kessler et al. 2018 

 

n=345 (n=172 

IG) 
Symptom data sent via telephone-

web-platform.  
2 years Number of 

unplanned, all-cause, 

hospitalisation days, 

normalised to 1 year 

of follow-up.  

Annual unplanned all-cause hospitalisation days 

(mean±SD) were 17.4±35.4 in the IG group and 

22.6±41.8 in the CG group, with medians (IR) of 

0 (0−203) days and 5 (0 −259) days, respectively. 

Differences between groups were not significant 

in the primary non-parametric analysis (p=0.161) 

or in an ANOVA comparison of the mean values 

adjusted for country differences (−5.3 days, 95% 

CI −13.7 to 3.1; p=0.212). 

A 

Korsbakke Emtekaer 

Haesum et al. 2016 

n=116 (n=60 

IG) 
Telehomecare solution comprising 

a tablet, a digital BP monitor, a 

scales and pulse oximeter. 

12 months Functional Health 

Literacy. Measure: 

TOFHLA 

There was no significant association between the 

FHL scores of the two groups, regression analysis 

produced a P-value of 0.434. 

B 

Korsbakke Emtekær 

Hæsum et al. 2017 

n=116 (n=60 

IG) 
Telehomecare solution comprising 

a tablet, a digital BP monitor, a 

scales and pulse oximeter. 

10 months Functional Health 

Literacy. Measure: 

TOFHLA 

Independent t-test explored mean FHL score 

provided a P-value of 0.62, indicating no 

significant difference between the intervention 

and the control group at follow-up after 10 

months. 

B 
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Kwon et al. 2018 

 

n=153 

randomised to 3 

groups: (n=40 

IG) 

Pulse oximeter, rehabilitation apps, 

patient monitoring website. 
12 weeks Change of respiratory 

function parameters 

CAT scores showed significant changes in the CG 

(P=.01) at 6 weeks, and some improvement was 

also observed in the IG (P=.06). 6MWT and 

mMRC did not show statistically significant 

changes in all groups at 6 or 12 weeks. 

C 

Lewis et al. 2010 

 

n=40 (n=20 IG) Handheld telemonitor; 

thermometer and pulse oximeter. 
6 months Quality of Life. 

Measure: SGRQ 

The ANOVA indicated: (a) that there was no 

Time x Group interaction effect on the SGRQ 

score (P=0.19), indicating that the IG and CG had 

similar scores over time.  

E 

McDowell et al. 2015 

 

n=100 (n=50 

IG) 
Home-telehealth system, blood 

pressure monitor and pulse 

oximeter 

6 months Quality of Life. 

Measure: SGRQ, EQ-

5D and EQ-VAS 

At 6 months: SGRQ-C improved between groups 

(mean 61.1 vs 66.8), with a significant between-

group difference (P=0.001); EQ-5D scores 

showed non-significant between group difference 

(P=0.08); EQ-VAS scores recorded at six months 

showed the between group difference was not 

significant (P=0.50)  

A 

Pedone et al. 2013 n=99 (n=50 IG) Monitoring system: wristband 

measuring heart rate, physical 

activity, near-body temperature, 

and galvanic skin response; and 

pulse oximeter 

9 months Number of 

admissions and 

exacerbations 

The corresponding figures for hospital 

admissions where 13/100 person/years and 

20/100 person/years, respectively (IRR: 0.66, 

95% CI: 0.21 – 1.86). Incidence rate of 

respiratory events was 28/100 persons/years IG 

vs 42/100 person/years for control group (IRR: 

0.67, 95% CI: 0.32 – 1.36). 

C 

Pinnock et al. 2013 n=256 (n=128 

IG) 

Touch-screen telemonitoring 

system to enter symptom scores. 

12 months Time to hospital 

admission due to 

COPD exacerbation 

up to one year after 

randomisation 

The median time to the first hospital admission 

with an exacerbation of COPD was 362 days (IR 

131 to >365) in the telemonitoring group and 361 

days (113 to >365) in the control group. No 

significant difference in the hazard ratio for 

admission in the telemonitoring group compared 

with the control group (adjusted HR 0.98 (95% CI 

0.66 to 1.44)). 

A 

Ringbaek et al. 2015 n=281 (n=141 

IG) 

A tablet computer with a web 

camera, a microphone, spirometer, 

pulse oximeter, and bathroom 

scale. 

6 months Number of hospital 

admissions 

No significant difference in: COPD related 

admissions (mean range) between groups 

(0.55(0-5) vs 0.54 (0-4) P-value (0.74); all-cause 

admissions (mean range): 1.19 (0-12) vs 1.31 (0-

B 
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9) P-value (0.28); at least one admission (any 

cause %): 46.8% vs 51.4% P value (0.44). 

Rixon et al.  n=447 (n= 334 

IG) 

LCD screen monitoring system 

plus pulse oximeter, BP monitor, 

weight scales. 

4-12 months Quality of Life. 

Measure: CRQ, EQ-

5D and SF-12 

Emotional functioning (CRQ) improved 

significantly in available cohort and complete 

cohort IG F= 4.341, P<0.040 and F=10.572, 

P<0.001. Mastery over managing COPD 

significantly improved in the IG group vs CG in 

the complete cohort (F=5.981, P<0.041), but not 

in the available cohort (F=1.346, P<0.248). No 

significance was found in the other measures.   

B 

Schou et al. 2014 n=44 (n=22 IG) Touch-screen PC with video-

conferencing system plus 

spirometer, pulse oximeter and 

thermometer.   

6 weeks Cognitive 

performance 

Measure: ISPOCD 

In all seven neuropsychological test variables at 6 

weeks, no statistically significant difference was 

found. e.g. Visual Verbal Learning (Cumulated 

recall: 23.6 (6.6) vs 22.6 (5.4) P value (0.78)); 

Concept Shifting Test (number of errors: 0.6 (1.5) 

vs 1.3 (1.8) P value (0.15)) 

D 

Schou et al. 2013 n=44 (n=22 IG) Touch-screen PC with video-

conferencing system plus 

spirometer, pulse oximeter and 

thermometer.   

3 months Self-reported 

symptoms. Measure: 

SGRQ 

Self-reported respiratory problems were better in 

the control group (59.8) than in the intervention 

group (72.5), but the difference was not 

significant (P = 0.05) 

D 

Sink et al. 2018 n=168 (n=83 

IG) 

Patients replied to text-message or 

phone call to self-report symptoms. 

8 months Time to 

hospitalisation 

Significant change found in time to 

hospitalisation between the IG and CG, with a HR 

of 2.36 (95% confidence interval 1.02–5.45, 

p=0.0443.  

A 

Soriano et al. 2018 n=229 (IG 

n=115) 

Pulse oximeter, blood pressure 

monitor, spirometer and a 

respiratory rate and oxygen therapy 

compliance monitor. 

12 months Number of 

exacerbations 

requiring admission. 

At 12 months, no statistically significant 

differences in severe exacerbation (60% in IG vs. 

53.5% in CG (p=0.321)); nor mean number of 

exacerbations was comparable between groups, 

1.1 in IG vs. 0.9 in CG (p=0.1810). 

A 

Sorknaes et al. 2013 n=266 (n=132 

IG) 

Tele-consultation equipment plus 

combined device with spirometer 

and pulse oximeter. 

26 weeks Number of 

readmissions (COPD-

related and non-

There was no significant difference in total 

hospital readmissions (P=0.62) between the IG 

and CG groups at follow-up. 

C 
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COPD-related) per 

patient within 26 

weeks of discharge. 

Stoddart et al. 2015 n=256 (n=128 

IG) 

Touch-screen system to input 

symptoms plus pulse oximeter. 

12 months Cost and cost 

effectiveness 

Overall healthcare costs during the trial period 

(excluding the direct costs associated with 

telemonitoring) were slightly higher in the 

telemonitoring arm. The mean costs per patient 

were £11,224.47 in the telemonitoring arm and 

£9727.22 in the usual care arm (95% CI: -1535.74 

to 4688.80) 

C 

Tupper et al. 2018 n=281 (n=141 

IG) 

Tablet computer with a web 

camera, a microphone plus 

spirometer, pulse oximeter, and 

bathroom scale 

6 months Quality of Life. 

Measure: 15D and 

CAT 

COPD patients in the IG group had a significant, 

but a small improvement in the QoL. 6-month 

follow-up mean (SD) IG: 0.761 (0.107) vs CG: 

0.728 (0.121); Within-group difference, mean: 

0.016 (0.002–0.031) (CI) p=0.03 (t-test) vs -0.003 

(-0.018 to 0.012) (CI) p=0.68 (t-test). 

B 

Vianello et al. 2016 n=334 (n=230 

IG) 

Pulse oximeter transmitted data 

over telephone line. 

12 months Health-related quality 

of life. Measure: SF 

36 (Italian version) 

At follow-up, there were no significant 

differences in the scores on the eight subscales of 

the SF36 between the two groups. E.g. Physical 

function: −0.85 (-4.16 - 2.44) P= 0.6105; General 

Health: 0.20 (-2.27 - 2.68) P= 0.87.  

A 

Vorrink et al. 2016 n=183 (n=62 

IG) 

Smart-phone app to track physical 

activity. 

6 months Physical activity Physical activity as assessed by steps per 

weekday decreased over time (p<0.001), but no 

group by time interaction (p=0.811) nor group 

effect was observed (p=0.934). These data show 

that both groups declined over time in a similar 

way. 

A 

Walker et al. 2018 n=312 (n=158 

IG) 

Within-breath respiratory 

mechanical impedance device 

using forced oscillation, a touch-

screen computer and a mobile 

modem plus wearable device to 

assess blood pressure, oxygen 

9 months Time to first 

hospitalisation and 

Quality of Life. QoL 

Measure: EQ 5D, 

CAT, PHQ-9. 

Mean TTFH was 224 days (IR: 209-240) in the 

intervention group and 254 days (IR: 240-270) in 

the control group (p=0.342). There were no 

significant between-group differences in the EQ-

5D, CAT, or PHQ-9 scores at 9-months. E.g. EQ-

5D Utility score (mean SD) IG .640 (.248) vs CG 

A 
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saturation, heart rate and body 

temperature for those with CHF. 

.637 (.225) P = 0.915 and EQ-VAS score (mean 

SD) IG 55.75 (21.17) vs CG 55.35 (18.46) P = 

0.869. 

       

ED – emergency department; IG – intervention group; CG – control group; CI – confidence interval; ANOVA – analysis of co-variance; SD – standard deviation; QoL – quality of life; HR – hazard ratio; IR - 

interquartile range; CAT – COPD Assessment Test; mMRC - Modified Medical Research Council Dyspnea Scale; 6MWT – six-minute walk test; SGRQ - St. George's Respiratory Questionnaire; SGRQ-C - St. 

George's Respiratory Questionnaire (Short); EQ-5D – EuroQoL 5 Dimensions; EQ VAS – EuroQoL Visual Analogue Scale; IRR – Incidence Ratio Rate; SF 36 – Short Form 36; TTHT – time to first 

hospitalisation; PHQ-9 – Patient Health Questionnaire 9; ISPOCD - International Study of Post-Operative Cognitive Dysfunction; Danish Test of Functional Health Literacy in Adults (TOFHLA). 15D – 15 

Dimensional. 
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2.4.2 Human-centred Design Principles 

This section details the extracted information regarding the principles of HCD found in each 

reviewed study, see Table 6. 

User Research 

One study (3.5%) of those included conducted user research as part of their design process. 

Kwon et al., recruited 11 patients to interview and performed in-person consultations with 

HCPs regarding the user-requirements for the app, wearable device and patient monitoring 

website.  

User Involvement to Inform Design and Development 

Four studies (14.2%) stated active user involvement in the design of their interventions. 

Farmer et al., conducted a small patient focus group to optimise the app software [171]. 

Kwon et al., compiled a set of requirements from the early user research, as mentioned 

above, and this data informed the app development for their pilot study. Pinnock et al., 

conducted a pilot study prior to completing the full RCT [134]. They performed interviews 

(n=55), focus groups (n=1) and observational work. Vorrink et al., carried out three short 

pilot testing studies with healthy participants (n=10 for 1 week), two COPD patient groups: 

one group (n=3) for 4 days and another group (n=7) for 3 weeks [204]. Feedback was 

collected from participants at the end of each pilot study.  

Human-centred Evaluation and User-experience 

Seven (25%) studies included measurements or explorations relating to HCD and user-

experience. De San Miguel et al., conducted user-satisfaction interviews at the end of their 

RCT [176]. Farmer et al., interviewed (n=19) patients post pilot study regarding their 

experiences of using the intervention [205]. Jakobsen et al., administered a user-satisfaction 

questionnaire to 20 patients at discharge and to 8 telehealth nurses [188].  Kwon et al., 

administered a usability evaluation survey at the end of their 6-week pilot study [193]. 

Similarly, McDowell et al., administered a user-satisfaction questionnaire by interview post-

RCT [177]. Pinnock et al., performed an early qualitative evaluation of their intervention in 

a pilot study as mentioned above [134], while they also conducted an embedded qualitative 
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evaluation in their RCT with patients (n=38) and healthcare workers and professionals 

involved in the trial (n=32) [71]. Vorrink et al., hosted feedback consultation sessions 

regarding user-experience and usability with participants at the end of each of the three pilot 

test studies they conducted [204].  

Iterative Design Process 

Three studies (10.7%) reported that the development of their intervention was subjected to 

iterations throughout the design process. Farmer et al., report refining their app after the 6-

month pilot study [171]. Similarly, Kwon et al. report that iterations were made to their 

intervention [193]. For example, based on user feedback from the pilot study, the limitations 

of the trialled app resulted in a separate app been designed to meet these needs. Vorrink et 

al., used feedback from their post-pilot study consultation sessions to build user-

requirements to inform the iteration of their app and user-interface [204].  

Multi-disciplinary Input in Design Process 

Multi-disciplinary input was reported as being part of the intervention design process for 

three (10.7%) of the included studies. Farmer et al., report that clinicians, engineers and 

patients were involved in their intervention design [172]. Kwon et al., state that HCPs and 

patients had intervention development input [193]. Whereas, patients, healthy volunteers, 

HCPs and communication and multimedia design students were reported to be involved in 

the intervention design process for Vorrink et al. [204].
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         Table 6: Extracted HCD Information 

Study User Research (pre-

development) 

User involvement to 

inform design and 

development 

Human-centred 

evaluation and user-

experience 

Iterative design 

process 

Multi-disciplinary 

input in design 

process 

Intervention 

informed by previous 

published study? 

       

Cordova et al. 2016 

 

x x x x x x 

De San Miguel et al. 2013 

 

x x User-Satisfaction 

interview. Data 

collection, number, 

analysis, not stated.  

x x x 

Demeyer et al. 2017 

 

x x x x x x 

Emme et al. 2014 

 

x x x x x x 

Farmer et al. 2017 

 

x Small participant 

focus group to inform 

design of app 

(Hardinge, 2015) 

(number, how data 

collected and 

analysed not stated) 

Interviews conducted 

with patients (n=19) 

after the 6- month 

pilot study. 

(Williams, 2014) 

Intervention app 

refined after 6-month 

pilot study. (data 

collected, analysis 

and iterations made 

are not stated). 

Clinicians, engineers 

and patients involved 

in design. (how each 

informed the design 

is not stated) 

(Williams, 2014; 

Hardinge, 2015) 

Ho et al. 2016 

 

x x x x x x 

Jakobsen et al. 2015 

 

x x non-validated user-

satisfaction 

questionnaire 

completed by 20 

patients (at 

discharge) and 8 

telehealth nurses (not 

stated when). 

Development, 

justification, analysis 

not stated.  

x x x 

Jehn et al. 2013 

 

x x x x x x 

Kessler et al. 2018 

 

x x x x x x 

Korsbakke Emtekaer Haesum et al. 2016 x 
 

x x x x x 
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Korsbakke Emtekær Hæsum et al. 2017 x 
 

x x x x x 

Kwon et al. 2018 

 

Surveyed 11 patients 

and conducted 

interviews with HCPs 

(no number stated) 

and patients to gather 

user requirements for 

iteration and not for 

initial design. 

Analysis, what/how 

data was collected, 

validated or not, 

interview methods, 

not stated. 

User input informed 

iteration after user 

research. 

6-week pilot study 

plus usability 

evaluation survey. 

Type, results given 

but analysis, 

validated, not stated. 

Based on feedback 

from pilot study, 

another app was 

developed to meet a 

range of needs. 

Iterations to initial 

app not stated. 

HCPs and patients. x 

Lewis et al. 2010 

 

x x x x x x 

McDowell et al. 2015 

 

x x Satisfaction 

questionnaire 

administered by 

interview post-study. 

Justification/rationale

, analysis, only quant 

results. 

x x x 

Pedone et al. 2013 x x x x x x 

Pinnock et al. 2013 x Pilot/feasibility study 

conducted prior to 

full RCT. Interviews 

and focus groups 

before and after study 

with patients and 

HCPs. Observations 

of implementation 

also conducted. N=55 

interviews and 1 

focus group. (Ure et 

al., 2012). 

Early qualitative 

evaluation performed 

in Ure et al., 2012. A 

qualitative user-

evaluation was also 

conducted during the 

RCT (interviews with 

patients and HCPs 

and professionals 

involved in trial). 

(Fairbrother et al., 

2013) 

x x (Pilot study 

involved HCPs and 

patients, but findings 

did not inform the 

design of RCT) 

(Ure et al., 2012) 
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Ringbaek et al. 2015 x x x x x x 

Rixon et al.  x x x x X x 

Schou et al. 2014 x x x x x x 

Schou et al. 2013 x x x x x x 

Sink et al. 2018 x x x x x x 

Soriano et al. 2018 x x x x x x 

Sorknaes et al. 2013 x x x x x x 

Stoddart et al. 2015 x x x x x x 

Tupper et al. 2018 x x x x x x 

Vianello et al. 2016 x x x x x x 

Vorrink et al. 2016 x Three pilot studies 

with healthy (n=10; 

1-week pilot) and 

COPD participants 

(n=3-7; 4 days to 3 

weeks). Validated 

usability, mobile app 

preference scale and 

privacy scale were 

used. 

Feedback sessions 

regarding user-

experience and 

usability were held 

with participants at 

the end of each pilot 

test study. Analysis 

and primary findings 

from Qual data not 

stated. 

App and interface 

iterated after pilot 

studies. 

Patients, healthy 

volunteers, HCPs and 

communication and 

multi-media design 

students. 

(Vorrink 2016b) 

Walker et al. 2018 x x x x x x 

Total 1 (3.5%) 4 (14.2%) 7 (25%) 3 (10.7%) 3 (10.7%) 3 (10.7%) 
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2.5 Discussion 

2.5.1 User Research 

The essence of user-research involves exploring the lived-experience of end-users to identify 

their needs and unmet needs related to a particular phenomenon; in a DH context this may 

involve exploring patient self-management routines or HCP care-provision practices [206]. 

User-research primarily employs qualitative methodologies, primarily ethnographic based 

(e.g. interviewing, observations) which allow for a deeper knowledge of end-user behaviour 

to inform the development of meaningful use-cases and empathetic user-requirements, and 

is associated with smoother implementation, lower attrition rates, increased user-experience 

and sustained engagement [207–210]. It is especially important to conduct user-research 

when developing digital interventions for healthcare; people with chronic or debilitating 

illnesses may be particularly vulnerable, meaning that their experiences can be very different 

from those of the researchers or designers which makes it hard to empathise with such users 

and more importantly, to understand their issues [211]. DH research has begun to adopt user-

research as an integral part of the design process across a variety of disease contexts and has 

been recognised in international policy frameworks which set guidelines for digital 

intervention design [3, 35, 212–215]. 

However, the findings of this review suggest that HCD approaches such as user-research 

have yet to gain traction in the design of COPD digital interventions, with only one study 

performing user-research pre-intervention development [193]. Methodologically, this 

component of their study was poorly designed from a qualitative research perspective, see 

Quality Assessment Results in Table 4. The authors report that they interviewed 11 patients 

but do not provide a sample number for HCPs that partook in the interviews. An interview 

topic guide outlining the types of questions asked in these interviews is not provided raising 

concerns about the level of bias that was involved in collecting the data [216]. Nor do they 

describe how the data was analysed (e.g. thematic or content analysis, grounded theory), 

which raises questions about the risk of bias and rigor attached to the findings [217, 218]. 

Moreover, although this research was conducted before the intervention design phase 

commenced which corresponds to best practice, the aim was to explore user-requirements 

for their already defined conceptual intervention i.e. a PR app, wearable device and home-

monitoring website. Such an approach suggests that this element of their research was more 
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inclined towards early concept validation and user-requirements gathering, rather than 

unearthing if there was a need for such an intervention based on the needs of patients HCPs.   

The findings in this section suggest the aims, outcomes measured, type of interventions 

chosen, and user-requirements defined were based heavily on the perceptions of the authors 

and their dedicated design teams rather than being informed by a foundation of user-insight 

gathered from understanding the contextual needs of the key stakeholders. Vorrink et al., 

capture this approach by stating, “Based on the literature and our own practice-based 

experience in the treatment of patients with COPD, the eHealth intervention that we sought 

to develop had to meet the following requirements…” [204]. Previous work has highlighted 

similar issues in the development of COPD digital interventions, focusing on their tendency 

to set pre-determined research goals, such as healthcare utilisation or rate of admissions 

[112, 219]. Such an approach tends to result in one-size-fits-all solutions being developed 

that in turn, elevate the importance of clinical outcomes, meaning the needs of patients, for 

example issues they may have with self-managing, are often ignored in the design phases of 

DH intervention studies in COPD [112]. It is unsurprising then, that patient adoption and 

satisfaction issues are still frequently cited and, although work has recently been published 

aiming to gather patient perceptions of DH pre-development, a lack of research remains [3, 

5, 78]. 

Furthermore, due to the complexity associated with DH interventions, catering for the needs 

of both direct and indirect stakeholders is recommended [35, 170]. It is therefore important 

that user-research also involves understanding the needs of HCPs, which only one study in 

this review attempted [193]. The absence of user-research with HCPs in this review 

corresponds with previous work highlighting the sparsity of knowledge about the 

perceptions of HCPs regarding the role for DH technology in the management of COPD [5]. 

This research will be valuable to help overcome the many barriers that exist for the use of 

DH interventions in routine care such as the lack of perceived usefulness experienced by 

HCPs [135, 154, 220–222]. 

Based on these findings, it is the author’s contention that future COPD DHIs will benefit 

from incorporating user-research into their design processes. This can help researchers to 

avoid the pitfalls of making assumptions about the experiences and needs of patients and 

HCPs, which can result in biasing the study-design towards what they perceive is the 

appropriate for DH research in COPD [223, 224]. Additionally, employing the user-research 

approach may also support the development of a human-centred evidence-base to inform 
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new research trajectories as well as facilitating the generation of patient-centred and 

clinically relevant use-cases for DHIs in COPD.  

2.5.2 Human-centred Evaluation and User-experience 

This principle emphasises the importance of human-centred evaluation to inform the design 

of a product, intervention and/or service across all stages of the design process [170]. 

Methodologies to evaluate usability and user-experience may include: heuristic evaluation, 

think-aloud sessions, feedback workshops regarding low- and high-fi prototypes, early 

usability and user-experience testing, cognitive walkthroughs, storyboarding, context-based 

observations, semi-structured interviews or satisfaction/acceptance questionnaires (e.g. 

System Usability Scale - SUS; Technology Acceptance Model Satisfaction Questionnaire 

(TAMS) [225–228]. Human-centred evaluations ideally will take place during the lab-based 

and ‘real-world’ deployment phases of the intervention to ensure iterations are based on 

insights that reflect a variety of experiences [229–232]. 

A core component of human-centred evaluation methods is usability, defined as the “extent 

to which a system, product or service can be used by specified users to achieve specified 

goals with effectiveness, efficiency and satisfaction” [170]. Usability testing is essential for 

exploring if the product meets user expectations, aligns with the characteristics of the end-

user (whether physical or psychological needs), helps to identify flaws and bugs and allows 

designers to observe how successfully users can perform tasks [233–236]. Human-centred 

evaluation also highlights the importance of user-experience factors such as perception, 

engagement, usefulness and importantly, how and why these affective states change over 

time [226]. Crucially, user-experience is not tantamount to usability and as such, 

development or evaluation should explore and account for the perceptual and emotional 

responses that emerge from interacting with a product or intervention [237]. Evaluating the 

user-experience of a product is important as it provides insight into a person’s intention to 

use, which is often studied through the lens of perceived usefulness, a core pillar of Davis’s 

well-established technology acceptance model and related to Roger’s ideas of relative 

advantage as outlined in his diffusion of innovation model [154, 238, 239]. To illuminate 

this point, Grindrod et al., explored the user-experience and usability of five off-the-shelf 

medication management apps that aim to support users track, remember and read about their 

medications. Interestingly, although the participants (n=35 Aged: 52-78 years) found the 

apps easy-to-use, they also report the participants struggled to perceive a need for such apps 

http://edutechwiki.unige.ch/en/Usability_and_user_experience_surveys#System_Usability_Scale_-_SUS
http://edutechwiki.unige.ch/en/Usability_and_user_experience_surveys#System_Usability_Scale_-_SUS
http://edutechwiki.unige.ch/en/Usability_and_user_experience_surveys#TAM_Satisfaction_Questionnaire
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in their own lives [240]. Grindrod’s work highlights that regardless of favourable usability, 

perceived usefulness and relative advantage rely more on the contextual needs of the end-

users and these aspects are not addressed, can negatively affect an individual’s intention to 

use.  

Of the studies included in this review, 7 (25%) report conducting either usability or user-

experience evaluation. De San Miguel et al. conducted a non-validated client satisfaction 

interview with patient participants at the end of their study. The results of these interviews 

report that the intervention was easy to use and there are four participant quotes expressing 

perceived usefulness in relation to earlier identification of decline, reduced healthcare 

utilisation and improved empowerment [176]. Farmer et al. did not conduct an embedded 

user-evaluation of their RCT instead they conducted interviews at the end of their 6-month 

pilot study with patient participants (n=19) [205]. Their findings suggest the intervention 

was easy to use despite early technological uncertainty and patients reported experiencing 

increased self-efficacy and improved symptom awareness. Jakobsen et al. administered a 

non-validated satisfaction questionnaire to patient participants (n=20) at discharge from the 

trial and to telehealth nurses (n=8) at the end of the study [241]. The findings report that all 

patient respondents agreed or strongly agreed that they felt their problems were well 

understood during telehealth ward rounds whereas 7/8 nurses agreed they could understand 

the patient’s problems. All patients agreed the equipment was easy to learn how to use and 

they all agreed they felt confident using the equipment. Six of the nurses agreed feeling 

confident with the equipment and three nurses did not find the telehealth solution easier or 

less time-consuming compared to conventional treatment. Kwon et al. administered a non-

validated 5-item usability evaluation questionnaire (11/12 patient participants completed the 

questionnaire) at the end of their 6-week pilot study [193]. Their report that the Exercise 

Diary has the highest usability and the Exercise Method section has the lowest score 

(average score for each section was 3.56). Post-study, McDowell et al. asked patients if they 

agreed/disagreed/don’t know: “if telemonitoring helped me feel more in control of my health 

on a day to day basis; if I had the opportunity to use telemonitoring again, I would do so”; 

and were asked to report “any difficulties experienced with the monitoring equipment” 

[177]. The results show that: 84% agreed telemonitoring helped them feel more in control 

of their health; 81% of patients agreed they would use the intervention again, and 17% of 

patients experienced difficulties with the equipment.  
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The intervention deployed in Pinnock et al. was initially evaluated during their pilot study 

using a focus group (only HCPs and managers), observational work (a sub-sample of 

patients) and semi-structured interviewing with patients (n=20) and HCPs and managers 

(n=25) [242]. Findings reflect positive user-experiences related to the early detection of 

exacerbations with participants experiencing feelings of reassurance due to being monitored. 

It was also noted through observational work, that the equipment was easy to use for 

participants, whereas HCPs and managers felt care may be improved with the system but 

felt frustrated with elements of using the technology, particularly, there were issues with 

clinician user-interface. The evaluation embedded in the RCT involved semi-structured 

interviews with patients (n=28) and HCPs (n=32) [243]. In terms of user-experience, 

patients perceived the intervention to offer new knowledge and empowerment in relation to 

self-management and felt improved reassurance regarding their health as they had a sense 

of being watched over. Healthcare professionals found the intervention to be beneficial as 

they felt it increased patient engagement with their health but were also concerned that 

patients may become obsessed with measuring oxygen saturations. Vorrink et al. evaluated 

their intervention in previous research where they conducted three usability pilot tests [204]. 

The pilot studies involved healthy participants (n=10 for a 1-week trial) (C1), a COPD 

patient group (n=3 for a 4 days) (C2) and another COPD group (n=7 for a 3-week trial) (C3). 

At the end of each pilot study, participants were asked questions regarding the following: 

wearing the mobile phone, using the app, comprehensibility, navigation, future use, and 

improvements to the app. Each participant then completed the following questionnaires: (1) 

the Usefulness, Satisfaction, and Ease of use (USE) questionnaire on usability, (2) the 

Florida State University (FSU) mobile device feedback preferences scale; and (3) the FSU 

physiological monitoring privacy scale. The findings report that the app had easy learnability 

and was easy to use by the healthy participants as well as by the COPD patients. Lastly, of 

the user-evaluations present in this review, only two studies leveraged their findings to 

provide recommendations regarding facilitators for the implementation or design of DH 

interventions [47, 205, 242]. It was instead common for authors to emphasise the positive 

aspects of their user-evaluations without discussing the implications of their findings to 

inform future research in COPD DH [176, 177, 193, 244]. This means that of the 28 studies 

reviewed, of which seven performed user-evaluations, and of those, only two discussed the 

implications of their research for future research in the area. 
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The user-evaluations conducted in the reviewed studies contain significant methodological 

flaws. Six of the seven studies employed qualitative methodologies as part of their user-

evaluation [47, 186, 193, 244, 245]. Of this six, three studies failed to provide a rationale 

for why they chose their methodology (e.g. semi-structured interviewing) and failed to 

justify why it was more suitable than another (e.g. focus groups), nor did they describe how 

the interview questions were designed (e.g. did they base the questions on a literature review, 

expert consultation and/or their research questions?) and they also failed to mention if an 

interview topic guide was used to aid with data collection [176, 177, 193]. Crucially, four 

of the seven studies, failed to report how the qualitative data gathered was organised and 

analysed [176, 177, 193, 244] and only two of seven reported the use of qualitative analysis 

software [47, 245].  One study also used very leading questions in their interview and they 

also failed to report the qualitative findings of their evaluation [177]. Two studies employed 

a quantitative method namely questionnaires in their user-evaluation studies [241, 244]. 

Jakobsen et al., used a non-validated satisfaction questionnaire but did not provide a 

rationale for why they chose to design the tool rather use a validated questionnaire? They 

also failed to describe how this questionnaire was analysed. Vorrink et al., employed three 

validated questionnaires but failed to report the analysis approach conducted on the data 

gathered. Interestingly, patient participants were included in all seven evaluation studies, 

however, just two (7.1%) of the studies included in this review conducted user-evaluations 

with HCPs in relation to the deployed interventions [47, 241]. As stated earlier in this 

review, this finding aligns with previous work which highlighted there is a sparsity of 

research that explores the perceptions of HCPs regarding DH in COPD. 

In summary, the findings of this section demonstrate several key points. User-evaluations 

are not prevalent in RCTs trialling COPD DHIs. With the exception of Farmer and Pinnock’s 

work [47, 245], it is also evident the methodologies used to evaluate the interventions in the 

reviewed studies have significant methodological flaws, which raises questions about the 

trustworthiness and usefulness of the findings. It was mentioned earlier, that there is also a 

sparsity of recommendations reported in the included studies to inform the design, adoption 

or implementation of future COPD DH studies. This may offer a potential reason to why 

user-experience issues are still prevalent for COPD patients using DH intervention such as 

usability, digital and health literacy and the burden of performing added self-management 

tasks using technology [74, 115, 133, 246]. The following recommendations are suggested 

based on the finding of this section: (a) researchers designing user-evaluation studies for 
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RCTs should focus on best-practice qualitative and quantitative methodologies including 

paying particular attention conducting and reporting the methods of data analysis employed; 

(b) authors reporting the findings of user-evaluations conducted in COPD DH RCTs would 

benefit this field of research by reflecting and outlining the implications on their findings, 

particularly in relation to informing the design, implementation and adoption aspects of their 

results; and (c) more emphasis should be placed on exploring and understanding the DH 

adoption needs of COPD patients and HCPs prior to intervention development or 

deployment. This may help to identify factors that key stakeholders perceive as barriers for 

the adoption of DH interventions. If the barriers are understood, these insights can be 

leveraged to inform the design of human-centred adoption and implementation strategies 

and help to mitigate the presence of user-experience and usability issues being built into the 

intervention [123, 124, 154]. Indeed, exploring COPD patient’s perceived barriers to using 

DH technology could be incorporated into the user-research component recommended in 

the previous section.  

2.5.3 Iterative Design Process 

This principle rests on the idea that the specifications and prototypes/versions of a product, 

system or service are subjected to revisions and refinement at different points in their 

lifecycle [170]. Within this approach, revisions and refinements are ideally informed by 

insights derived from user-feedback and user-evaluations to ensure the needs of end-users 

are appropriately addressed throughout the design cycle [247]. There are no temporal 

constraints to iterating a product, system or service. Indeed, to account for how needs and 

expectations of users can transform overtime, it is best practice to treat evaluation and 

iteration as on-going practice [248]. Thus, there are two components to iterative design. The 

first is user-involvement in the design cycle, usability testing and user-evaluation are 

examples of this. The second component of iterative design is making refinements or 

revisions to the product, system or service, based on the findings from user-involvement. 

The previous sections of this review have outlined the various aspects of user-involvement 

present in the included studies and the aim of this section is to discuss if the insights gathered 

from users led to iterations of the trialled interventions. 

Three studies report making iterations to their intervention based on findings they garnered 

from user-involvement [193, 244, 245]. Farmer et al., report that their intervention was 

refined in a 6-month pilot study [171]. However, although this pilot study did involve user-



 

 47 

evaluation, the iterations made to the interventions are not reported. Kwon et al., report 

iterating their intervention based on findings from their 6-week pilot study. It was found that 

users expressed a desire for the app to offer longer exercise regimes with varying intensity, 

as the piloted app did not allow for new targets to be set. A second app was then developed 

and added to the intervention for the trial. This app had an interactive feature built-in that 

allowed the user to set exercise targets as they progressed. Vorrink et al., iterated the physical 

activity app used in their trial [204]. Feedback gathered from the three pilot studies they 

conducted, outlined in further detail above, was used to inform iterations. For example, they 

found from the pilot studies that users had to charge the smartphone at least twice a day. The 

solution was to adjust continuous measurement to include five minutes of measurement 

followed by five minutes of no measurement. Although this resulted in diminished 

measurement accuracy, the iteration provided day-long battery life, which was deemed 

necessary for adherence to the intervention. Of the three studies, two do not state the 

iterations they made to the intervention [193, 245] and two failed to describe how the data 

used to develop iterations were analysed [193, 244].  

It is evident that the use of iterative design is not widespread in the reviewed studies. 

Although COPD has been slow to adopt this approach, iterative design is gaining traction 

amongst DH research in other health-related and disease contexts like diabetes, mental 

health, breastfeeding practices, weight-loss, prescribing and public health [124, 230, 249–

252]. Indeed, a recent design framework for DHIs has been proposed and iterative design is 

a core component of both the formative and evaluative phases of the design cycle [123]. 

Interestingly, Mummah et al., include RCTs in a part of their evaluation framework, 

however, conducting an RCT appears at step 9 of 10 and they recommend preceding this 

with eight HCD methodologies before the intervention is used in an RCT, see Figure 1. 

Considering the benefits of conducting user-research and user-evaluation outlined above, it 

is the recommendation of this review that they are performed in conjunction with an iterative 

design approach. This will help establish a clearer rationale for why user-feedback is being 

gathered while also providing a structured pathway for integrating user insights back into 

the design of the intervention, optimising the benefit of user-involvement as well as the 

dedicated time and resources to conduct user-evaluations.  

2.5.4 Multi-disciplinary Input in Design Process 
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A range of multi-disciplinary expertise, including those from technical and non-technical 

experts, end-users and other key stakeholders throughout the design process is desirable 

[170]. Multi-disciplinary input can be facilitated by seeking expert consultation or ideally, 

be embedded in the design team [170]. The benefits of assembling a multi-disciplinary team 

(MDT) to lead the design of DHIs has been recognised previously [253–256]. These studies 

emphasise the importance of including both technical and user representatives (non-

technical) in MDTs to provide direction and supervision of project planning and 

development, with the central aim of bridging the gap between intervention and context of 

use. Importantly, the members of the MDT should not to be relied upon as the sole 

informants of the study design or intervention design. For example, an MDT may include 

patient and HCP representatives, but they should not substitute the necessity for user-

research to inform the development of study design or user-requirements. Instead, the 

purpose of having user representatives is to take on the role of collaborators which may 

involve evaluating and/or developing the recruitment strategy for participants for user-

evaluation studies, to identify ethical or patient safety concerns that may arise, or to help 

translate user-feedback findings for the tech and design team. 

Three studies in this review reported the presence of multi-disciplinary involvement in the 

design of their interventions [172, 193, 244]. Farmer et al., report that clinicians, engineers 

and patients were involved in the development of their intervention. However, the types of 

clinicians and engineers is not reported nor is it described how either of these groups 

influenced the design of the intervention. Kwon et al., involved patients and HCPs in the 

intervention design phase. In-person consultations were performed with HCPs regarding the 

requirements for the deployed app, wearable device and patient-monitoring system, but the 

findings from these consultations are not provided making it difficult to determine the extent 

and characteristics of this input. Vorrink et al., were by far the most comprehensive to report 

the multi-disciplinary input they incorporated into the intervention design. Patients, healthy 

volunteers, HCPs and communication multimedia students were involved in the design and 

development phases. Patients and healthy volunteers were involved in pilot testing and 

feedback sessions, HCPs (10 independent respiratory nurses and 2 physiotherapists) were 

consulted to validate the requirements for the HCP monitoring website, whereas 

communication multimedia students (number not stated) were employed to assist in 

improving the design of the app and the widget post-pilot studies [204].  
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There is a distinct lack of MDT involvement in the design of the interventions included in 

this review. This offers one possible explanation to why user-research and user-evaluations 

are not prevalent in the reviewed studies, for instance, if user-representatives are not 

interacting or collaborating with the design team, decisions regarding their involvement may 

be overlooked or not provided adequate priority. It may also help to illuminate why technical 

and design teams develop or rely more on their assumptions about patient or HCP needs and 

experiences, as they do not have a representative present to sanity check such thinking. It is 

the contention of the author that future DH RCTs or DH intervention studies conducted in 

COPD, consider assembling an MDT of technical and non-technical expertise, such as 

respiratory nurses, respiratory consultants and COPD patient advocacy group members, as 

part of their design process. Importantly, this will mean that the voice of the key stakeholders 

(i.e. care providers and COPD patients) are present from the early stages of study design, 

supporting the opportunity to establish a human-centred focus for intervention design and 

development.  

2.5.5 User Involvement to Inform Design and Development 

Active user involvement throughout the design process provides a valuable source of insight 

regarding how a product, system or service can meet the needs of the end users [170]. 

Indeed, to support efforts to democratise the research process, healthcare and funding bodies 

have begun advocating for patient and public engagement mandates to increase the active 

participation of this cohort. Patient and public engagement in research is linked with 

increased credibility of results and improved translation of results into clinical practice 

[257]. User involvement should be present throughout the design cycle, for example, user 

participation in early concept development or prototyping, usability testing or user-

evaluation are staples of the this HCD principle [170]. The characteristics of the users 

involved should be representative of the direct and indirect stakeholders in the context of 

use. It is evident from the results and from the discussion up to now, that active involvement 

of users throughout the design and evaluation of interventions of the studies in review is 

severely lacking. Only one study (3.5%) of the 28 reviewed, incorporated all five HCD 

principles. Moreover, the HCD principles presented from each study were shown to have 

numerous methodological flaws suggesting, although user-involvement is occasionally 

practiced, the rigor and trustworthiness of this research is questionable. With this in mind, 

the author has two recommendations. Firstly, in COPD DH RCTs there is a need to 
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incorporate experts in HCD methodologies into the design teams, studies may benefit further 

if these experts or someone in their design team is competent in the use of quantitative and 

qualitative methodologies. This will better support the development of rigorous study 

designs that hold up to critical evaluation. As a result, the findings from human-centred 

studies can be viewed with increased credibility and trustworthiness, so that researchers and 

professionals working in COPD DH can build upon existing research without insecurities 

regarding rigor. 

Secondly, it appears that there is a lack of structure to the user-involvement approaches 

employed in the reviewed studies, they often seemed tacked on and not fully rationalised or 

understood; the flawed methodologies and absence of actionable implications been drawn 

from findings are testaments to this. A recommendation, therefore, is for COPD DH RCTs 

to base their intervention design processes on established design theory regarding user-

involvement. Recently, DH research has started to pay attention to the value of using 

participatory design, also known as co-design, approaches [129, 258, 259]. Participatory 

design refers to a methodology by which users take an active participation in the design 

process including exploration of needs and potential research avenues, in designing and 

prototyping as well as in the organisation of implementation [260]. The aim is to facilitate 

the transcendence of the user from being purely an informant to taking a role as an 

acknowledged and legitimate participant in the design process, where what they say, do and 

make is embedded throughout the design process [259–261]. Participatory design has been 

used to develop solutions for multiple conditions including COPD [258, 262–266]. Das et 

al. for example, conducted five co-design sessions with COPD patients to establish their 

daily healthcare needs, which included mapping their daily experiences, storytelling and 

creating scenarios for what they perceived as being their ideal future healthcare [258]. The 

findings were used to co-design requirements for a mHealth application. The use of 

participatory design in the development of COPD digital interventions is uncommon, 

however. 

2.6 Practical Implications 

The practical implications of this review deserve consideration. For researchers and 

professionals seeking to develop a DHI for COPD patients, it is recommended they consider 

developing a design process that accounts for the HCD principles outlined in this review. 

Importantly, they should emphasise the role of user-research with key stakeholders prior to 
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development, as this will aid with generating user-requirements that are based on an in-depth 

understanding of user needs and the context of use. Crucially, this will help mitigate a 

common problem in DH of designing a solution and then retrospectively trying to find a 

clinical issue or use-case for it [129]. The significance of conducting methodologically 

thorough user-evaluations and testing needs to be stressed. It is also central for the evolution 

of DH research in COPD that studies, particularly longitudinal RCTs, provide actionable 

implications from the findings of their user-evaluations. This is critically important to help 

address the adoption, user-experience and implementation barriers commonly faced by 

patients and HCPs partaking in DH intervention trials and studies. This review also makes 

a number of recommendations that add further detail to the practical implications of the 

study, these are seen in Table 7. 
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               Table 7: Summary of Recommendations for Future Studies 

 

 

 

 

Context for consideration Recommendations   

    

User research (pre-development) Intervention design will benefit from conducting user-

research prior to development. This will support the 

generation of a human-centred insights to inform new 

research trajectories and patient-centred, clinically relevant 

use-cases for DH interventions in COPD. Methodologically, 

designers/researchers should use topic guides to structure 

qualitative interviews, with a clear description of how they 

were compiled e.g. what literature was read to inform the 

questions? Finally, they should clearly describe how the data 

collected was analysed e.g. was thematic analysis or content 

analysis employed? 

  
Human-centred evaluation and user-

experience 

User-evaluation studies should focus on best-practice 

qualitative and quantitative methodologies; the field would 

benefit from authors reflecting and outlining the implications 

on their findings, particularly the design, implementation and 

adoption aspects of their results; exploring and understanding 

the DH adoption needs of COPD patients and HCPs prior to 

intervention development or deployment is required. They 

should consider using only validated questionnaires to collect 

data and provide a clear rationale for the evaluation methods 

employed. 

 

Iterative design process Iterative design approaches should be employed as part of 

design processes. Researchers/designers should provide a 

clear rationale for how and why user-feedback was gathered 

and describe in detail how they integrated these user insights 

back into the design of the intervention. This will help 

optimise the benefit of user-involvement as well as the 

dedicated time and resources to conducting user-evaluations. 

 

Multi-disciplinary input in design process Studies should consider assembling an MDT of technical and 

non-technical expertise as part of their design process. This 

will mean the voice of the key stakeholders, such as COPD 

patients and HCPs treating COPD, are present from the early 

stages of study design, supporting the opportunity to establish 

a human-centred focus for intervention design and 

development. The types of participants involved, and their 

specific roles, should be outlined effectively and how their 

input was leveraged should also be described. 

 

User involvement to inform design and 

development 

There is a need for human-centred design experts to be part of 

design teams as well as people with competencies in 

quantitative and qualitative methodologies. This will support 

study design rigor that hold up to critical evaluation. Studies 

would benefit from basing their intervention design processes 

on established design theory regarding user-involvement such 

as participatory design. 
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2.7 Limitations 

There are a number of limitations to consider when considering the results of this review. 

Studies not published in English were excluded which may have influenced the outcomes 

of the analysis but this somewhat curtailed by the fact that there is a strong probability that 

researchers would aim for high-impact English language journals to achieve satisfactory 

dissemination. Importantly, the initial search, extraction and quality assessment elements of 

the review were conducted by one individual, the author, meaning that the erroneous 

exclusion of certain studies may have occurred. Additionally, without a second reviewer of 

extraction and quality assessment, mitigating the presence of bias is made more difficult. 

2.8 Conclusions 

This review has shown that there is limited use of HCD principles in the design of DHIs for 

RCTs in COPD.  User-involvement in the design of DHI tested by RCT in COPD is not 

commonly practiced with user-experience issues often cited as impacting negatively on the 

implementation and adoption of DHI for COPD patients and HCPs. Human-centred design 

approaches have been recommended for the design of DHIs. However, although randomised 

controlled trials represent the gold standard methodology for determining the clinical 

significance of an intervention, this review has shown HCD principles are rarely present in 

RCTs trialling DHI in COPD. The review has also shown when HCD principles are 

employed in such RCTs, the methodologies used have significant methodological flaws. 

There exist numerous considerations for future DHI trials in COPD which are outlined in 

Table 7. Crucially, there is a need for researchers and professionals in this context to embed 

user-involvement in the intervention design process, and to emphasise the importance of 

conducting user-research prior to development to ensure the intervention is been designed 

with insights that provide a clear understanding of user needs. 
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Chapter 3: 

Potential for DHIs in the 

Management of COPD: 

Patient Perceptions 

 

Element of this chapter have been published elsewhere:   

Slevin P, Kessie T, Cullen J, Butler MW, Donnelly SC, Caulfield, B. Exploring the potential 

benefits of digital health technology for the management of COPD: a qualitative study of 

patient perceptions. ERJ Open Res 2019; 5: 00239–02018 
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3.1 Introduction 

The previous chapter has highlighted a significant absence of user-involvement in the design 

of DHIs in COPD. The findings also suggest that the development of specifications, user-

requirements and use-cases for DH interventions in COPD are rarely based on a clear 

understanding of key stakeholders’ needs and preferences. Indeed, previous research has 

highlighted the tendency of DH studies to set pre-determined research goals, such as 

reducing admissions or resource utilisation, which tend to offer ‘one-size-fits-all’ solutions 

which elevate the importance of clinical outcomes, resulting in an absence of key 

stakeholder needs in the development stages of interventions [112, 127]. Unsurprisingly, 

user experience issues such as patient adoption and user dissatisfaction are frequently cited 

[3, 78], further suggesting research has yet to adequately identify or address the needs of 

COPD patients to inform the intervention development process. 

There is a need therefore, to engage patients in the development of DHIs and to explore 

initially if they perceive potential benefits accruing from the use of DHIs in the first 

instance? Instead of assuming how these technologies can help them, we should explore 

what unmet needs they have and how they feel DHIs can potentially support them. Exploring 

this avenue may help to identify future areas of DH research that align more with the needs 

and self-management behaviours of COPD patients to inform human-centred solutions  [78, 

112]. 

3.2 Study Aim 

This study aims to explore: (a) What are COPD patient’s perceptions of the potential for 

DHIs in the self-management of their disease? (b) What are their perceptions of how DH 

can potentially impact on how their disease is managed and treated by their HCPs? 

3.3 Methods 

3.3.1 Study Design 

This study adopted a qualitative study design namely one to one in-depth semi-structured 

interviewing of COPD patients. 
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3.3.2 Recruitment and Sample 

Patients were recruited from respiratory clinics at two university hospitals, see Table 8 for a 

description of patient characteristics. Respiratory consultants (MB and JC) identified 

potential participants at clinic who were then invited to partake in the study. Inclusion 

criteria were: a confirmed diagnosis of COPD following GOLD guidelines, see Table 8 for 

disease classification. [267]. Exclusion criteria were the existence of cognitive or psychotic 

disorders, or the existence of severe life-limiting co-morbidities, for example, lung cancer. 

Of the thirty participants, only two had experience of using a DHI, which was an oximeter 

in both cases. Interested patients received an information leaflet and consent form and were 

given a 48-hour reflection period before being contacted by the author to confirm their 

participation. If they confirmed, a time and date convenient to the participant was scheduled 

for the interview. Written consent was obtained before each interview and all thirty 

interviews were conducted at patient’s homes. Ethical approval was granted by University 

College Dublin, St. Vincent’s University Hospital and Tallaght University Hospital, Dublin, 

Ireland. Ethical approval letters for the research presented in thesis can be viewed in 

Appendix 5. Participant Information Leaflets and Consent Forms for the studies conducted 

in this thesis are seen in Appendix 6. 

 

Table 8: Patient Characteristics 

Characteristics  Data 

   

No. Male/Female       17/13 
Mean Age       68.2 ± 10.1** 
 
Smoking History  

  

Current Smoker       5 
Ex-smoker       25 
 
Occupation Status 

  

Homemaker       1 
Carer’s Allowance Recipient     1 
Retired        20 
Employed       5 

Unemployed       3 
 
Marital Status 

  

Married        19 
Widowed       7 
Single        3 
Separated       1 
 
Highest Education Level 
Attained 

  

Primary        12 
Secondary       6 
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Third Level and above      12 
 
Technology 

  

Smartphone       16/30 
Laptop and/or PC       18/30 
Both smartphone and laptop                                                                      15/30 
DHI (Oximeter)         2/30 
 
COPD Severity Classification*** 
Mild: GOLD stage 1 (FEV1 ≥ 80% predicted)    2 
Moderate GOLD stage 2 (50% ≤ FEV1 < 80% predicted)  16 
Severe GOLD stage 3 (30% ≤ FEV1 < 50% predicted)   9 
Very Severe GOLD stage 4 (FEV1 < 30% predicted)   3 

 

* Patient Characteristics Data captured at interview 
* Mean age data includes standard deviation*** COPD severity data captured from patient medical 
chart 
 

3.3.3 Procedure 

In-depth interviews were conducted by the author who is an experienced qualitative 

researcher. Semi-structured interviewing was chosen as this approach employs open-ended 

questions to gain a deep understanding of human experience, perceptions, beliefs and/or 

motivations in relation to a social phenomenon [268] which was deemed appropriate in 

consideration of the thesis objectives . A semi-structured interview topic guide was used to 

frame the discussion, see Appendix 2. An initial draft of the topic guide was informed by 

relevant digital health literature which explored patient’s perceptions of DHIs as per the 

objectives of the study. The initial draft was then shared with the author’s supervisor and 

the lead respiratory consultants for review. Based on their feedback, the topic guide was 

revised and finalised. Questions explored patient’s perceptions about the potential for (a) 

using DHIs in the self-management of their disease and (b) how DHIs may impact how their 

disease management plan and treatment is delivered by their HCPs. The topic guide and 

open-ended questions allowed for new areas of conversation to emerge which were then 

explored with the patient [269]. 

3.3.4 Data Analysis 

Interviews ranged between 60-90 minutes. They were audio-recorded, transcribed verbatim 

and anonymised. NVivo 12 software was used to perform thematic analysis of the data (QSR 

International Pty Ltd, Victoria, Australia). Thematic analysis of the transcripts was 

conducted in line with Braun and Clarke [218] and the topic guide provided an initial 

structure for developing the codebook [270]. A subset of the transcripts were initially 
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analysed by the author and Dr Threase Kessie to iterate and finalise the codebook [271, 272]. 

Analysis involved reading each transcript closely, identifying emergent patterns, labelling 

codes to data, and generating themes and sub-themes [218]. Analytical rigour was ensured 

by PS and TK coding the data independently and afterwards scrutinising, comparing and 

discussing the coding to resolve any discrepancies identified [273]. Analysis was conducted 

after every ten interviews and data saturation was determined at thirty participants when no 

new patterns or themes were emerging from analysis [274]. 

3.4 Results 

All 30 patients completed an interview. The following themes emerged from analysis: 

Potential of DHIs for Patient Self-management Practices which includes 3 sub-themes: 

Symptom management; Anxiety management and Interaction with Physician; and Potential 

for DHIs in HCP Care Provision which includes 3 sub-themes: Care Management; 

Personalising Care; and Preventative Intervention. To provide context for their response, 

participant characteristics are provided next to each quote which include their participant 

number (e.g. P122), their age, their disease severity and level of education attained. 

Supplementary data for the results of Chapters 3, 4, 5, 6 and 7 are located in Appendix 4.  

3.4.1 Potential of DHIs for Patient Self-Management Practices 

Symptom Management 

Participants felt DHIs had the potential to improve self-management skills such as symptom 

management. They felt capturing health related data could help with recognising and 

understanding their symptoms to better inform the modification of their self-management 

regime. 

“I’d say having that extra responsibility, you know, measuring those things would 

give someone a more purposeful feeling with their COPD. Like, it’s very hard to 

keep track of all the symptoms… so it can be frustrating not knowing why am I out 

of breath?” (P122: Aged 68, Stage 3, Undergraduate) 

“I would like to know what is going on with me, I don’t know the odd day why I am 

feeling lowly, or sleepy or out of breath so I can look at what I did today that was 

different and maybe change that.” (P101: Aged 62, Stage 2, Primary) 
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It was also evident that patients felt self-monitoring would cultivate their engagement by 

establishing proactive self-management approaches to symptom change which could lead to 

timelier decisions to seek healthcare attention. 

“Well, checking the levels would help keep your mind in an active state, to react to 

something sinister, to keep going.” (P113: Aged 89, Stage 2, PhD) 

“It’s about seeing them moments when I might not recover quickly, because they are 

the times I really need to act fast so that I don’t get even worse.” (P106: Aged 67, 

Stage 4, Undergraduate) 

Anxiety Management 

Participants also spoke about the worry and anxiety associated with their disease.  For some, 

the worry of falling ill creates a source of apathy towards medication compliance and they 

see a potential for DHIs to provide a reassuring status update that could ease such concerns.   

“I worry from time to time that I’m going to get worse quickly, so I suppose if I have 

something showing me that I am as healthy as I can be that can only be a good thing 

because worry puts a stress on the body and I mightn’t be as all action, and then if 

you aren’t bothered you might forget to take the inhalers.” (P104: Aged 73, Stage 

2, Undergraduate) 

“It could tell me I’m in a good spell, not too bad. And that is great, because I’d be 

wondering and it would on my mind, so if I can see the number there, I know where 

things are, and that just eases my thoughts, like, if you might feel you are not doing 

great, but then you see the number and you know it’s a good spell.” (P118: Aged 66, 

Stage 2, Secondary) 

 

Participants also commented on the potential to receive status updates which they felt may 

help reduce symptom anxiety as they adjust to the new and changing physiological 

characteristics associated with their diagnosis.  

“Imagine after my diagnosis I’d be given a device to help me see the differences in 

a good day of breathing against a bad day of breathing? I know that would have 

eased the worry I had about every little change I was feeling. I’m sure plenty do 

panic at the slightest sign of being breathless.” (P132: Aged 61, Stage 2, 

Undergraduate) 

 

Interaction with Physician 

There was a general feeling of dissatisfaction expressed by the participants regarding their 

consultation experiences. For example, some felt their consultations are do not focus on 
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aspects which are meaningful to them and perceived a potential for their own data to help 

create conversation points they feel important to them. Other participants felt having their 

own data to refer to in a consultation could support them to accurately describe their 

symptoms in situations when they cannot satisfactorily provide this type of information. 

“A lot of time is wasted in consultations talking about things I don’t care about. If I 

was monitoring here at home then there would be plenty to talk about because the 

information collected would be about my COPD, about my symptoms, so that 

wouldn’t be a waste of time, it’d be actually something to talk about and try to figure 

out, say if it was bad at the time.” (P127: Aged 57, Stage 4, Secondary) 

“The type of monitoring we're talking about, it follows on into times when I am in 

the clinic with my GP, and he is asking me to describe how I have been feeling, that 

isn’t easy to describe and then he will be asking me what were you doing that day, 

anything different? And I won’t be able to remember, I’ve a terrible memory. It all 

gets vague from my side, and it is frustrating.” (P130: Aged 64, Stage 1, 

Undergraduate) 

 

3.4.2 Potential of DHIs for HCP Management Practices 

Care Management 

Participants spoke about the benefits they felt could arise from sharing their digitally 

generated data with HCPs. Some felt the sharing of data could act as evidence to HCPs of 

their adherence to self-management practices, such as exercise regimes. They also perceived 

data presenting health status indicators could be leveraged by HCPs for scheduling 

appointments, for example if a patient’s data suggested they were stable, they may not need 

to attend a routine appointment in the hospital and a visit to their GP could suffice. 

“I would feel they could see how the exercise doesn’t change that much week to 

week, so they could be more confident that I am actually doing the right things.” 

(P121: Aged 72, Stage 3, Primary) 

“If they were getting an idea for how my breathing is say, if they knew that, “Yea, 

he’s getting on well.” Then they mightn’t need to see me or that they could just tell 

me to head down to the GP instead.” (P117: Aged 64, Stage 2, Undergraduate) 

  

Personalising Care 
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It was also suggested by participants that sharing their data could help with personalising 

their treatment through progress tracking. For instance, participants alluded to the 

opportunity for data to identify the efficacy of their inhaler treatment with the potential for 

this information to personalise the optimisation of their medication. Others expressed a 

feeling that due to the large caseloads HCPs are faced with, having a detailed knowledge of 

each patient must be difficult, and they perceived a potential for data generated in the home 

to increase the knowledge HCPs have about their status. 

“I’m sure hundreds of COPD patients are on the same inhalers, but they all can’t 

work for each person the same, so if you are monitoring, they might be able to tailor 

the inhalers for each person based on the information being gathered.” (P131: Aged 

46, Stage 2, Undergraduate) 

“So, imagine being a doctor and facing so many people every day, it must be 

impossible to know all of them? You couldn’t know them too well or what goes on 

with them…if in the future I am using the phone and answering questions there’s a 

chance they would know more about me.” (P107: Aged 82, Stage 2, Apprenticeship) 

 

Preventative Intervention 

Participants perceived an opportunity for HCPs to use data captured in the home to address 

the preventative care needs of individuals, but this was primarily spoken about in the context 

of ill-health. For example, participants commented on the potential of these data to instigate 

a timely intervention to help classify the seriousness of their symptoms. 

“I think if they saw that information, that might tweak something with them or they 

could ask why I am feeling that way, say if I’m wheezing for a few days then it’s 

clear I am not well, but if someone got onto me to say, we don’t like the look of that, 

then I might take it more seriously.” (P105: Aged 65, Stage 3, Primary) 

Whereas it was the opportunity of capturing multiple health related data points that 

interested other participants, who felt having comprehensive indicators would streamline 

their access to healthcare services. 

“With my GP everything is done by appointment. If they say to me it’s going to take 2 

to 3 days before I can see you, I can become incredibly worse and if so, what should 

we do now? So, I can say to the secretary, tell the doctor my oxygen level is 88 and it 

was like that last night and the morning before and tell him that my temperature is 

101, so I really need to see them. No doctor can ignore them signs, so then I would be 

either brought in, or they could make the call to send me to hospital.” (P108: Aged 

65, Stage 3, Secondary) 
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3.5 Discussion 

These findings offer new insights about the perceptions of COPD patients regarding the 

potential for DHIs in the self-management and treatment of their disease. Recognition and 

understanding of symptoms have been shown to affect COPD patient’s ability to detect 

exacerbations [275] and in this study, patients perceived their capacity for symptom 

management could be improved by capturing data from DHIs. Participants also expressed 

DHIs helping to encourage proactive responses to symptom change, such as prompting more 

effective decision-making behaviours regarding accessing healthcare resources. By 

enhancing these skills and behaviours, the findings suggest DHIs could foster a greater sense 

of self-efficacy, referring to an individuals’ confidence in their ability to actively perform 

tasks associated with managing their disease [276, 277]. It has been found that a decreased 

sense of self-efficacy can hinder the development and execution of fundamental self-

management skills such as problem solving, self-tailoring, decision-making and self-

monitoring [68, 278]. These findings support previous work identifying improved patient 

engagement and self-efficacy as an outcome of using data generated by DHIs [279, 280]. 

Findings reveal participants perceive a role for data generated by DHIs to reduce feelings of 

anxiety associated with their COPD. Anxiety is closely linked to the experience of 

deteriorating symptoms and a dyspnea-related fear which can impede the confidence of 

patients to self-manage, leading to non-adherence with treatment [281, 282]. Interestingly, 

the opportunity to leverage DH data to enhance patient self-efficacy could have a positive 

cascading effect on COPD-related anxiety, but this area has not been identified or explored 

elsewhere in the literature. 

Participants also spoke about how DH data could help optimise the consultation experience 

by empowering them to partake in collaborative conversations concerning their self-

management. It was perceived these data have the potential to ensure patient centred 

communication and shared decision-making, which are known to have a positive impact on 

patient satisfaction, adherence and self-management outcomes [283, 284]. Furthermore, 

participants felt their data could help with answering physician questions when, for instance, 

they were not satisfied they could provide an accurate account of symptoms from memory 

alone. Prior research has found that COPD patients’ recall of exacerbations over a 6-month 

period is overall inaccurate which can lead to imprecise decisions regarding appropriate 

therapy [285, 286]. The potential application of DHIs to address patient recall issues in 
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COPD as not been previously explored or identified in the literature, suggesting these 

findings are novel in that respect. 

Additionally, the findings demonstrate that the participants perceive several potential 

benefits accruing from sharing DH data with HCPs. Particularly, findings relate to the 

opportunity for the capture of on-going data to provide information about the patient’s status 

during the inter-appointment period, where traditionally a knowledge gap exists [287]. It 

was felt these data could act as a form of progress reporting that leverages indicators of 

health status, such as therapy compliance or symptom updates, to inform case management 

decisions including determining the necessity for hospital or general practitioner (GP) visits. 

Moreover, the progress reporting capability of the data generated by DHIs was perceived as 

a possible mechanism for informing preventative interventions [288]. Patients felt sharing 

physiological and self-reported data would help HCPs identify suboptimal medication 

outcomes, which could facilitate the tailoring of inhalers based on personalised information. 

This finding speaks to the previous research investigating the self-management needs of 

COPD patients, which found participants expressing a desire for the provision of 

personalised care [289]. From the provider perspective, findings elsewhere have 

demonstrated that HCPs recognise that the provision of personalised care is a significant 

factor affecting the self-management behaviours of COPD patients [69]. 

Studies have found consistently poor reporting behaviours amongst COPD patients, 

resulting in most exacerbations being unreported [40, 41] while other work has highlighted 

50% of asthma and COPD patients were found not to receive GP intervention prior to 

presenting to hospital [290]. Therefore, early detection of exacerbations and prompt 

intervention is preferred as they have been shown to reduce recovery time, improve health-

related quality of life and reduce the risk of hospitalisation [40]. Such findings correspond 

to the types of self-management needs that patients perceived DH data helping to address in 

this study but to the authors’ knowledge, this is the first study to highlight COPD patients’ 

perceptions of how DHIs could address this problem. For example, participants commented 

upon the potential for their data to stimulate collaboration with HCPs in the early detection 

of worsening symptoms. It was felt data shared from the home may encourage the timelier 

input of HCPs to help patients determine the seriousness of their symptoms and to guide 

appropriate action. Lastly, the opportunity for DHIs to create a comprehensive set of 

meaningful, objective indicators was discussed. It was suggested by the participants that 
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health-related data could better validate the urgency of their status to HCPs and 

subsequently, streamline their access to healthcare services. 

Finally, it is interesting to note that the findings of this study present a range of unmet needs 

which differ from the types of use-cases presented in the RCTs reviewed in Chapter 2. For 

example, the participants in this study identified several routine self-management issues they 

perceive DHIs can address including consultation recall problems and anxiety management. 

However, as the findings of the review demonstrate, such self-management needs are not 

the focus of RCTs in COPD, which are instead inclined to focus on clinical and health 

economic outcomes such as calculating the rates of hospitalisation, number of exacerbations 

or quality of life.  This adds further weight to the findings of the review presented earlier, 

which highlighted the need for HCD approaches for the design of DHIs in COPD.   

Using qualitative methodology, this study sought to gain an in-depth understanding of 

COPD patient perceptions regarding the potential benefits that DHIs may have in the self-

management and treatment of their disease. The rigorous approach employed in data 

collection and the use of NVivo12 software to support analysis offers strength to the 

findings. However, although heterogeneous, due to the relatively small sample size, the 

perceptions expressed may have limited generalisability. For example, although a sample of 

convenience was recruited, this cohort are well-educated, largely ex-smokers with a 

significant proportion having exposure to various technologies. These sample characteristics 

should not be ignored when considering the generalisability of the findings. 

 

3.6 Conclusion 

Digital health is seen as an innovative solution for the provision of an integrated, patient 

centred care model for the management of COPD. The findings of this study are encouraging 

as they suggest COPD patients are receptive to the role DHIs can have to positively impact 

on the management of their disease, with benefits being highlighted on several fronts. 

Participants perceived DHIs enhancing their self-management by cultivating self-efficacy 

and engagement, empowering them to partake in collaborative discussions during 

consultations and supporting HCPs to foster preventative care-provision practices. These 

findings are important as they highlight patients have unmet needs in several domains of 

self-management which, as Chapter 2 has shown, are not explored or prioritised in the design 
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of COPD DHIs. Therefore, these findings offer new patient-centred use-cases for 

researchers and industry aiming to develop DHIs to address the needs of COPD patients. 
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Chapter 4: 

Potential for DHIs in the 

Management of COPD: HCP 

Perceptions 

 

 

Elements of this chapter have been published elsewhere:  

Slevin P, Kessie T, Cullen J, Butler MW, Donnelly SC, Caulfield, B. A qualitative study of 

clinician perceptions regarding the potential role for digital health interventions for the 

management of COPD. Healthcare Informatics Journal (In Review). 
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4.1 Introduction 

The previous chapter explored patient’s perceptions of the potential for DHIs in the 

management of their COPD. However, because HCPs represent the lynchpin of a patient’s 

care management plan and more importantly, are one of the primary gatekeepers for the 

prescribing of new interventions in routine care, it is crucial to explore if they perceive a 

role for DHIs in the management of COPD. Yet, previous research has highlighted a lack of 

knowledge regarding HCPs perceptions of DHIs in the management of COPD [5]. 

Moreover, as Chapter 2 highlighted, there is a distinct lack of user-research conducted to 

explore and understand the needs of patients and HCPs when designing DHIs for COPD, 

adding further weight to the necessity for involving this cohort in studies regarding DH. 

Although previous research has found that healthcare professionals managing COPD 

experience feelings of disempowerment and frustration when treating patients [291, 292], 

research has yet to explore the potential for DH to address the unmet needs of HCPs working 

in COPD.  

Recent work by Korpershoek et al., has begun addressing this gap by investigating the 

perceptions of COPD patients and HCPs regarding the use of mHealth technology to manage 

exacerbations [5]. Even though their research adds much needed insight, they have a limited 

sample size of HCPs (n=6), and their focus is targeted to mobile technology and does not 

include perceptions of common DHIs such as self-monitoring devices. Therefore, this study 

will expand on recent work with a larger and more heterogenous sample to address the gaps 

in the literature. 

4.2 Study Aim 

This study aims to explore the perceptions of HCPs regarding the potential for DHIs in the 

management of COPD. 

4.3 Methods 

4.3.1 Study Design 
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The study design for this research was one-to-one in-depth semi-structured interviews with 

healthcare professionals. 

4.3.2 Recruitment and Sample 

By means of snowball sampling [293], 32 participants were recruited. All participants were 

fulltime professionals providing care to COPD patients at the time of the study. The sample 

consisted of: 4 Respiratory Physiotherapists; 4 Respiratory Specialist Nurses; 8 General 

Practitioners; 8 Respiratory Consultants; 8 non-consultant hospital doctors (NCHDs) (n=5 

Specialist Registrars; n=3 Senior House Officers)). Table 9 provides details on the 

participant’s characteristics. Participants were recruited from two Dublin university 

hospitals (n=24) while the GP cohort were recruited from various Health Service Executive 

(Ireland) GP clinics in the greater Dublin area. The author was initially introduced to 

respiratory consultants by collaborating consultants at each hospital site. They also 

introduced the lead author to respiratory physiotherapists, respiratory nurses and NCHDs 

within their respective hospitals via email and in-person. The author was introduced to a GP 

by his supervisor via email, and one GP was known to the author, subsequent GPs were 

recruited by snowballing through each of these participants. Each participant was invited to 

partake in the study via email by the author, however, the number of participants invited to 

partake but did not respond or declined was not recorded. There was no requirement for 

participants to have prior knowledge of DH to partake. Participants provided written consent 

prior to their interview. Approval for this study was granted by the Research Ethics 

Committees at University College Dublin, St. Vincent’s University Hospital and Tallaght 

University Hospital, Dublin, Ireland. 

 

Table 9: Participant Characteristics 

Characteristics*  Data 

   

No. Male/Female       17/15 
Mean Age       41.5 ± 11.1** 
 
Occupation  

  

Respiratory Consultant      8/32 
Respiratory Nurse      4/32 
Respiratory Physiotherapist     4/32 
Specialist Registrar      5/32 
Senior House Officer      3/32 
General Practitioners      8/32 
 
Range of Years in Current Role 
Respiratory Consultants      5-23 
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Respiratory Nurses      13-28 
Respiratory Physiotherapists     4-9 
Specialist Registrars      3-5 
Senior House Officers      1-2 
General Practitioners      3-30 

 

* Patient Characteristics Data captured at interview 
** Mean age data includes standard deviation 

 

 

4.3.3 Procedure 

The in-depth semi-structured interviews were conducted by the author. Semi-structured 

interviewing was chosen as this methodology uses open-ended questions to gain a deep 

understanding of human experience, perceptions, beliefs and/or motivations in relation to a 

social phenomenon which was deemed appropriate for the study aim [268] which was 

deemed appropriate given the objectives of the study. A semi-structured interview topic 

guide was used to frame each interview, see Appendix 3. An initial version of the interview 

topic guide was informed by relevant literature [5, 135, 136, 205, 294, 295] in line with the 

research objectives. This initial version was then reviewed by the author’s supervisor for 

review. This version was then trialled by interviewing collaborators MB and JC, both 

respiratory consultants, after which a final version was drafted collaboratively with these 

authors. The use of open-ended questioning permitted the emergence of new topics to 

discuss and these were unpacked with the participants as they occurred. Each interview was 

conducted in the participant’s workplace office by the author. 

 

4.3.4 Data Analysis 

The duration of interviews ranged between 30-60 mins. Each interview was recorded using 

a voice recorder, transcribed verbatim and then anonymised. Thematic analysis of the 

interview transcripts was conducted using NVivo 12 software (QSR International Pty Ltd, 

Victoria, Australia). The interview topic guide provided an early framework for the 

development of a codebook [296]. Using this early version, PS and TK then analysed a 

subset of transcripts to revise and finalise the codebook [271, 272]. Data analysis involved 

an inductive and cyclical approach of closely reading and rereading each transcript, 

identifying patterns that emerged, coding the data with labels and generating themes and 
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sub-themes [218]. To practice analytical rigour, the data was coded independently by PS 

and TK, who then collaboratively examined, compared and deliberated the coding, any 

inconsistencies or differences were discussed until resolved  [273]. Analysis was conducted 

after every ten interviews and data saturation was determined at thirty-two participants when 

no new patterns or themes were emerging from analysis [274]. 

4.4 Results 

All 32 participants completed an interview. The following themes were identified from 

analysis: Interappointment Data; Role in Consultation; and Patient self-management 

4.4.1 Interappointment Data 

Participants discussed that having access to patient health data between appointments had 

the potential to facilitate timelier interventions. For example, capturing health status 

indicators could allow them to review treatment efficacy. 

“If I have given a patient an inhaler, and I can now find out what’s happening at 

home with them, for example if they are simply inputting about activities of daily 

living and I see no improvement, but I know they should be more active and their 

exercise capacity should have increased, and if they are also inputting a dyspnea 

score but I see that hasn’t been affected along with their quality of life scores, that 

lends me the chance to intervene earlier.”  (Respiratory Consultant 7) 

 

It was also highlighted by participants that interappointment data could augment existing 

care provision practices, such as check-ups conducted over the phone. 

“If we can contact the patient as we already do is some situations, with self-report 

information coming into us, we can advise them better. Now we have a scenario 

where I have improved my care and they also feel more attended to. That regular 

contact and advice, makes a huge difference to how patients manage because they 

are getting regular influence to keep up with their current management and just been 

told “Yes, keep it up”, that encourages them a lot, it’s hard to provide that to a 

patient when you don’t know if they are doing all they should be.” (Respiratory 

Nurse 1) 

 

There was a perception amongst participants that multi-modal datasets captured between 

appointments, including healthcare utilisation data, could inform the prioritisation of patient 
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needs in terms of their next scheduled check-up. 

 

“Imagine having a symptom score, a measure of their lung function, be it saturation 

of oxygen, if they are having infections, if they are going to see their GPs regularly 

due to that, I’d want to know that is happening. So, if a patient is due to come back 

to see me in 6 months’ and then it turns out in 3 months’ that they’ve seen their GP 

3 times and their symptom scores have gone up, then we definitely need them to come 

back in before 6 months to see if we can improve their treatment.” (Respiratory 

Consultant 8) 

 

4.4.2 Role in Consultation 

The potential impact of DHIs to optimise the consultation process was discussed. 

Participants discussed that patients can generate multiple health indicators using DHIs, with 

the potential to offer HCPs important contextual data to target for preventative interventions. 

They spoke about the need for such data to support the development of personalised 

treatment plans. 

“I see them during an acute exacerbation but how they got to this point is mostly left 

unsolved. I see a place for self-reported aspects, like are they taking their inhalers 

and do think they are doing so correctly, are they using their short acting 

bronchodilators or are they on their nebs or their Ventolin, do they actually feel they 

are managing OK? If they could bring that information in, then that’d give me 

context for their exacerbation, and we can make targeted changes with that.” 

(General Practitioner 6) 

 

Participants also perceived that contextual data has the potential to help them identify the 

reason for a patient’s presentation in a more efficient manner which may reduce the time-

burden associated with completing investigations. 

“I only get a maximum of 10-12 minutes with patients. A COPD patient needs, at 

minimum, 20 minutes, so we need a way to help with answering questions and issues 

they come in with, so our investigations don’t take up all that time. If they are coming 

in with self-report measures of management problems, complaints, inhaler 

technique, educational aspects, that usually can’t be done in 10 minutes, with this 

added information maybe we can prioritise the advice we need to address.” 

(Respiratory Consultant 1) 
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Participants questioned the accuracy of subjective information provided by patients during 

consultations. They felt that DH data generated in the home could provide a truer 

representation of the patient’s health status, for example, in situations where they are 

unwilling to share exact details for fear of hospitalisation. It was also felt that longitudinal 

objective measures captured by DHIs could help support information gathering when 

patient’s struggle with symptom recall. 

“But a lot of the time they’ll try and hold back because they just don’t want to go 

back to hospital again. So, there is a certain amount of your own examination that 

you need to use, as opposed to just what the patient is telling you. Because sometimes 

that’s when they go, “Yeah, I’m good, good.” But if we have other scores or 

measurements in front of us, we can see that they were coughing for three days in a 

row and they had lots of sputum, we can say, “hold on!” (General Practitioner 2) 

 

“Unfortunately, it just doesn’t really work that well when a patient is trying to look 

back and give an accurate picture of what was happening in a certain point in time. 

They’re only going to remember the previous few days especially if they have just 

had an exacerbation, that will be more vivid and will also cloud their memory of the 

past few weeks. So that ability to collect information over a longer period time would 

mean patterns would show and that is what I want as a doctor, objective and 

accurate information over time.” (Specialist Registrar 4) 

 

Participants perceived that patients using DHIs have the potential to feel more involved in 

the consultation. They felt that the measurements could act as a talking point for patients, 

enabling them to take a more active role in the consultation as they begin to reflect on the 

data they are generating. 

“They become curious, and they start to question the variance in the numbers. Then 

when they come back, they often comment that they saw a difference and weren’t 

optimistic or were happy with it, so that means they are accepting the diagnosis and 

it allows for us to start from a place where they are ready for action.” (Respiratory 

Consultant 5) 

“The process of actually collecting information in the home gives patients something 

concrete as well to talk about. They can refer to the days they logged poorer levels 

of exercise and that they also felt increased breathlessness during that time too. So, 

it gives them a talking point, a prompter for discussing how they were which I see 

giving them more confidence in speaking about their disease.” (Respiratory Nurse 

3) 

“I see it as being an enabling agent for the patient, for them to be more engaging 

and for them to feel they are more involved, because they are going to feel like they 
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collected this, now I want answers and views, so that’s a win, win.” (Respiratory 

Nurse 2) 

4.4.3 Patient Self-management 

The participants felt DHIs can have a positive impact on patient self-management. They 

perceived practices associated with DHIs, such as symptom tracking, can support patients 

to adhere to treatment plans. For instance, it was felt that symptom data can become a 

motivational adherence tool as they offer patients the opportunity to see reassuring progress 

trends. Furthermore, participants felt that capturing activity from a pedometer for example, 

could increase patient self-efficacy through the encouragement they receive from seeing 

their progression. 

“The big difficulty with COPD patients is non-compliance and some will fall into the 

temptation of smoking again because they are not seeing improvement and get 

demotivated. But if they can see that their symptoms are changing for the better and are 

consistent, then they are more likely to keep with the plan and stay away from smoking.” 

(Respiratory Consultant 3) 

 

“Getting them to wear an activity band would do wonders to get them to continue their 

exercise programme or to try and walk. They are really poor adherers to exercise, they 

don’t think they can do it. If they can see the numbers, the amount of steps they can do, 

that would spur them on and give them confidence to keep at it, because self-confidence 

is so low in most patients and they are usually not great at keeping to their plans.” 

(Respiratory Physiotherapist 2) 

 

The potential for DHIs to impact patient symptom management was discussed by 

participants. It was felt DHIs can help patients develop their understanding of personal 

symptom characteristics such as their individual baseline. Consequently, participants 

perceived that this increased understanding can then empower patients to appropriately 

question changes in symptoms when they occur.  

“They could understand what symptoms they have when they are well, like to 

understand their personal baseline. For example, they only get shortness of breath 

during exertion and all of a sudden, they are short of breath sitting on a chair. They 

need support to think in that situation, “Do I think that’s a sign that things are better 

or worse?”, so they can recognise what they are looking out for, and to get them 

thinking critically about their symptoms.” (Respiratory Nurse 4) 
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“It’s about reacting to how they perceive their symptoms, and if they feel worse than 

their usual variability they will present to us, but this often has no foundation other 

than perception and that can be skewed by panic and lack of understanding. Imagine 

the difference if a patient had to log information about their saturations or activity, 

they would start to see they are doing fine and get used to how it feels with their 

normal symptoms, I feel that would save them a lot of worry and trips to ED.” 

(Respiratory Consultant 4) 

 

4.5 Discussion 

This is the first study to explore the perceptions of HCPs regarding the potential for DHIs 

in the management of COPD. The opportunity for patients to share interappointment data 

was discussed. Participants felt the capability of DHIs to transmit multi-modal patient data 

from the home could facilitate timelier interventions. For example, it was felt that inhaler 

efficacy can be identified in a more efficient manner if expected improvements in patient 

outcomes are not evident in self-reported data such as dyspnea or activity levels. Patient-

related factors that determine inhaler adherence include regular use, good technique and 

follow-up supervision, the latter could be supported by the timely sharing of adherence 

indicators with HCPs ensuring that optimal implementation of inhalers is performed [65, 

297, 298]. The results suggest the participants perceive interappointment data having the 

potential to augment routine check-ups conducted over the phone. This may be particularly 

useful for a virtual clinic format in the hospital setting or for HCPs providing care to COPD 

patients in the community, where caseloads are usually very high yet under-resourced, 

meaning the needs of every patient are difficult to address especially for those working with 

patients located in rural areas [299–303]. The potential for DHIs to inform appointment 

scheduling based on remotely shared patient data was also highlighted in the findings. 

Participants discussed the opportunity for DHIs to capture multi-modal patient data such as 

objective measures, including oximetry and subjective, self-reported measures, including 

health care utilisation data, as having the potential to help HCPs identify if a patient is coping 

sub-optimally. This information was perceived as a possibly helping HCPs to prioritise those 

patients in need of support through the scheduling of an earlier appointment than that 

originally planned. This sentiment departs from much of the work in COPD DH studies 

aiming to detect declines, which has primarily focused on the early detection of 

exacerbations [44, 107]. However, the evidence is poor for the detection of exacerbations, 
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and there is still much debate regarding the value of predicting or detecting an exacerbation 

when reliable markers of an imminent exacerbation are still contested [109, 114, 192]. 

Instead, these findings provide new insights which suggest the aim should be to identify 

multiple data sources to determine if patients are managing optimally. This finding also 

offers a new perspective for future DH studies in COPD aiming to reduce admissions. 

The results offer previously unpublished insights regarding the role of DHIs in COPD 

consultations. They suggest the consultation process can potentially benefit from patients 

using DHIs on numerous fronts. There was a sentiment expressed by participants if patients 

are generating health-related data in the home, this could offer HCPs contextual information 

to support the delivery of personalised care. Contextual information here, refers to 

modifiable risk factors contributing to ill health, these may include medication use, inhaler 

technique, exercise, sleep, or a patient’s sense of self-efficacy with managing their disease. 

Generally, HCPs do not have access to information about a patient’s health status in the 

home and are constrained to a very particular perspective of the nature and progression of 

their disease that is afforded by the investigations they conduct in the clinic or hospital. In 

COPD, these investigations frequently involve gathering important objective measurements, 

such as investigating lung function through spirometry which determines progression and 

disease classification. But clinic-based investigations are also limited, in that they capture 

data at a point in time, whether during a review appointment, an emergency admission, or a 

routine check-up, which in a sense offer a snapshot of the patient’s health status. 

Consequently, a significant knowledge gap exists regarding how patients live with and 

manage their disease daily, as well as what their natural symptomology and fluctuations 

look like in the community [287]. This situation further adds to the difficulties for HCPs 

when determining the contributing factors that lead to an exacerbation of COPD [304, 305]. 

The findings also suggest DHIs are perceived as a potential way for patients to capture self-

reported contextual information. It was discussed that if patients are presenting to a 

consultation with these types of data, a HCP has the potential to establish for instance, the 

reason why a patient has exacerbated, in a more informed manner. Furthermore, they felt 

this information could be leveraged to offer personalised treatment, as the HCP may have 

the opportunity to educate the patient in relation to the specific factor that caused their 

decline. The findings resonate with previous research which found COPD patients showing 

preference for personalised treatment, while it has also been found that HCPs recognise that 

one of the barriers facing effective self-management is providing patient-centred treatment 
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plans [69, 289]. However, this is the first qualitative study to highlight HCPs managing 

COPD patients perceive a role for DHIs to support the personalisation of care when in a 

consultation. 

The findings highlighted the potential for DH to help HCPs maximise consultation time. 

Participants felt the capture of contextual data could reduce the duration of history-taking, 

and the need for time-intensive investigations, as they perceived such data supporting the 

efficient identification of the patient’s presentation, allowing them to effectively utilise the 

time to address the patient’s specific needs. Time is an important factor in the development 

and maintenance of a patient-clinician relationship [306]. Research has shown that patients 

place an emphasis on a feeling of being listened to in a consultation and were found to be 

dissatisfied with experiences where they felt hurried, elsewhere research has shown that 

treatment concordance is negatively affected if time is insufficiently granted to the patient  

[307–310].  The opportunity for DHIs to allow HCPs to focus more time on the patient’s 

needs is promising, as a satisfactory patient-clinician relationship is linked to increased 

disease knowledge, improved self-management skills and better outcomes [311, 312].  

Participants perceived a potential for DHI data to support the information they garner 

subjectively from patients. The findings suggest that the accuracy of subjective information 

gathered in consultations can be influenced by factors that bias how patients recall their 

symptoms, such as an unwillingness to share exact details for fear of hospitalisation or issues 

caused by trying to recollect a history of symptoms over a long period. These findings 

correspond to previous research suggesting that symptom recall problems are common in 

patient populations, while research has also shown that COPD patients using long-term 

oxygen were shown to have poorer levels of verbal memory when compared to healthy 

adults of the same age [285, 313]. It was felt however, that longitudinal self-reported data 

could be used in conjunction with the patient’s verbal information to provide a more precise 

description of their symptoms. These findings offer new insights that highlight an important 

unmet need for HCPs and patients, particularly, as the accurate recall of symptoms is a key 

factor for HCPs when establishing the selection of treatment [285]. However, although 

barriers do exist with patient recall, it is an understudied area in DH research. 

The results suggest HCPs perceive DHIs as a gateway for patients to take a more active role 

in the consultation. Interestingly, participants highlighted the enabling quality of the data 

patients can generate using DHIs. For example, they felt as patients begin to reflect on the 

meaning behind their data, their measurements can become a talking point in consultations 
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and as the patient’s interest grows in their data, this may cultivate a sense of self-confidence 

to partake in conversations about their disease. The findings of this study are supported by 

previous research showing that patient generated health data from DHIs can improve 

patient-clinician communication [314, 315].  

The effective management of COPD relies heavily on achieving successful patient-clinician 

communication [316, 317]. Research has shown however, that patients and HCPs are often 

dissatisfied with communication concerning COPD [318, 319]. For patients, it has been 

found that dissatisfaction stems from a lack of information regarding the nature and course 

of their disease, while HCPs have been found to encounter barriers when trying to elicit 

symptom information from patients [318, 320]. It has been suggested, that facilitating the 

patient’s active involvement in the consultation through patient-centred approaches is 

central to improving patient-clinician communication [321]. Although information seeking 

behaviours vary, patient-initiated questioning is a simple form of information gathering 

practiced [322]. Healthcare professionals are encouraged to facilitate this type of 

information exchange as it helps the patient shape and manage their involvement in the 

conversation [322, 323]. The findings of this study suggest patient data generated by DHIs 

can potentially empower patients to initiate discussions regarding their measurements, 

providing an alternative avenue to help address communication barriers they perceive exist 

in COPD consultations. 

The results indicate how the participants feel about the potential for DHIs to improve how 

COPD patients self-manage. Self-management in COPD has been shown to be inconsistent, 

with non-adherence to treatment plans often contributing to unsatisfactory patient outcomes 

[64, 66]. The findings in this study suggests that data captured from symptom tracking, can 

potentially provide reassuring health indicators of improvement for patients. As a result, the 

participants felt these data could reassure patients of treatment efficacy, motivating them to 

continue to adhere to their self-management plan. Similarly, self-tracking with a pedometer 

was a suggested intervention to increase patient’s self-efficacy regarding their ability to 

perform exercise regimes. Research has shown that poor levels of engagement and self-

efficacy can demotivate patients from developing or adhering to basic self-management 

practices [68, 278]. The findings suggest that symptom tracking facilitated by DHIs, is seen 

as a mechanism to increase symptom awareness and provide self-management 

encouragement to COPD patients through the real-time access to health status information, 
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both of which are linked to better outcomes for patients self-managing [69, 134, 205, 324, 

325]. 

The findings also express a sentiment from participants for the potential of DHIs to support 

patients with symptom management. Disease knowledge is an important aspect for the 

effective self-management of COPD and is particularly useful for how patients recognise 

and react to their symptoms [326]. However, studies have shown that COPD patients often 

have inadequate levels of health literacy [327, 328]. This cohort are more likely to have 

worse symptom management and increased hospitalisation due to a higher prevalence of 

exacerbations [70, 329]. The results suggest symptom tracking can potentially enhance 

patient’s symptom knowledge, by empowering them with the information to support the 

identification of abnormal deviations and to manage these situations appropriately. Studies 

have shown COPD patients demonstrate consistently poor reporting of exacerbations, with 

50% of patients failing to seek GP treatment before hospitalisation [40, 41, 290]. The 

potential for DHIs to increase the disease knowledge of COPD patients has not been 

previously recognised but is a promising area for future research, as it presents an 

opportunity to improve patient safety and reduce healthcare utilisation.  

There are several factors that are important to consider when reviewing these findings. 

Although the sample is multidisciplinary, its relatively small size may impact the degree to 

which the findings are reflective of those working in the wider respiratory community. 

Participants were recruited from two hospitals and a number of GP clinics in the greater 

Dublin area, which may also affect the generalisability of the findings as healthcare systems 

and the delivery of care to COPD patients differs internationally. 

4.6 Conclusions 

This study has shown the various ways in which HCPs are open to the use of DHIs by their 

patients and perceive numerous potential benefits impacting the management of COPD. 

Participants felt DHIs have the potential to capture important contextual patient data in the 

interappointment period, can enhance the consultation process by augmenting the subjective 

information gathered from patients, and support patients to increase their disease knowledge 

through improved engagement and understanding of their symptoms. Importantly, the 

findings add to the sparse knowledge regarding HCPs perceptions of DH in COPD. These 

findings can be used to inform the development of DH studies aiming to address clinical 
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needs, as they highlight HCPs have several unmet needs when managing COPD patients. 

The insights offered can be leveraged to develop clinically relevant use-cases that have yet 

to receive adequate attention from DH studies in COPD. The findings as such, may help 

address adoption and engagement issues experienced by HCPs as DH studies begin aligning 

their aims with the needs of healthcare professionals working in COPD care. 
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Chapter 5: 

Barriers and Facilitators to 

Adopting DHIs: Patient 

Perceptions 

 

 

Elements of this chapter have been published elsewhere:  

Slevin P, Kessie T, Cullen J, Butler MW, Donnelly SC, Caulfield, B. A qualitative study of 

chronic obstructive pulmonary disease patient perceptions of the barriers and facilitators to 

adopting digital health technology. Digit Heal 2019; 5: 205520761987172. 
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5.1 Introduction 

Chapter 3 and 4 have shown there are many unmet needs faced by patients and HCPs when 

managing COPD, and the findings suggest they perceive DHIs have the potential to address 

these challenges in numerous ways. Understanding the unmet needs of users is important as 

these findings inform and drive the design cycle, that is, they help to define what will the 

intervention try to solve and why? However, exploring the needs of key stakeholders can 

have a further central role in the intervention design cycle. For example, understanding the 

needs and experiences of the key stakeholders can also help to inform important questions 

about implementation, while also aiding researchers to understand how users can be 

supported to adopt the solution. Traditionally, these issues are usually identified through 

post-study user-evaluations, as identified in Chapter 2, at which point there is no opportunity 

to mitigate the impact of user-experience issues on the outcomes of the study. The review 

also showed, even when user-evaluations are conducted during the design cycle or post-

study, they often focus on measuring ease-of-use, and rarely qualitatively explore 

implementation or adoption challenges faced by participants. Furthermore, the 

methodologies often lack rigor nor are the implications of these evaluations properly 

described in the studies meaning it is difficult for readers to learn from the findings. 

Therefore, it is also important to explore and understand patient’s perceptions of the factors 

which they feel will create barriers for them to adopt DHIs, and to investigate their 

perceptions of the facilitators they perceive can support implementation. To the authors 

knowledge, this is the first study to explore these aspects in COPD. Considering the vastness 

of the COPD DH literature, this is a significant gap to have remained empty, especially when 

user-adoption and engagement issues are frequently cited in COPD DH research and across 

numerous other conditions and clinical settings [330–332]. Therefore, these findings can 

contribute much needed insights to inform the development of patient-centred 

implementation strategies to better support patients with the adoption process, which may 

mitigate the emergence of user engagement issues in the first instance.  

5.2 Study Aim 

The aim of this study is to explore the barriers and facilitators COPD patients perceive facing 

the adoption of DHIs. 
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5.3 Methods 

The findings of this chapter were generated using the same dataset as Chapter 3. As such, 

for further details regarding the study design, recruitment strategy, sample characteristics, 

data-collection procedure, and data analysis for this chapter, please refer to Section 3.3.  

5.4 Results 

In total, thirty interviews were completed. Sample characteristics can be observed in Table 

8. Of the thirty participants, only two had experience of using a DHI, both were using an 

oximeter. The following themes and sub-themes were identified in the data: Barriers to 

Adopting DHIs, with three sub-themes: Lack of Perceived Usefulness; Digital Literacy; 

Illness Perception and Social Context; and Facilitators to Adopting DHIs, including three 

sub-themes: Existing Digital Self-efficacy; Personalised Education; and Community-based 

Support. 

5.4.1 Perceived Barriers 

Lack of Perceived Usefulness 

There was a lack of perceived usefulness highlighted on several fronts by patients. It was 

felt by patients that their current self-management practices are already overwhelming and 

time-consuming, and therefore were not receptive to the addition of a DHI. 

“I spend enough time taking medications and inhalers, so if I have to start using a 

new gadget, I'm not sure there's a place for it, as I said, it gets overwhelming.” (Aged 

70, Stage 2, Secondary) 

 

Patients also discussed their preference for clinical visits with concerns being raised about 

the consequences for clinical decision-making in situations where digitally shared health 

information replaces traditional face-to-face conversations. 

“A conversation is worth so much to me, it is hard enough to get time with the GP, 

let alone the doctor in the hospital. So, when you get them you want to tell them 

everything that is happening. But if you are telling them how you are with something 

they have to read, are they going to really get what they need?” (Aged 64, Stage 2, 

Undergraduate) 
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Others perceived little benefit accruing from HCP having continuous access to captured 

data, for example, patients felt that the continuous sharing of health data would not disrupt 

current healthcare practices such as visiting the clinic.  

"If the oximeter levels were down low I’m not sure what he [General Practitioner 

(GP) could do if he had that information in the meantime, I’d still end up going in 

which I would have done anyways.” (Aged 82, Stage 2, Apprenticeship) 

 

Digital Literacy 

Digital literacy was highlighted as an adoption barrier for the use of DHIs. Patients responses 

related to their sense of technological self-efficacy and how this could negatively affect their 

ability to correctly perform the required tasks appropriately.  

“It’s a confidence thing isn’t it? I couldn’t do it by myself.  I’d just be worried I’d 

do it and it wasn’t right then it might waste the doctor’s time.” (Aged 65, Stage 3, 

Primary) 

 

It was also highlighted that if patients do not possess specific digital literacy skills this would 

create a barrier to their ability to interpret and act upon device readings in a beneficial 

manner. 

“If I do not understand what the readings mean for me, then I can’t really do anything 

about it, I am just seeing a number and that’s useless.” (Aged 67, Stage 4, 

Undergraduate) 

 

Illness Perception and Social Context 

Illness perception emerged as an adoption barrier. For instance, patients may perceive that 

their current physical functioning does not align with the goals of the prescribed digital 

intervention. 

“I am getting to a stage where I am not well enough to try anything new because say 

something like the exercise apps, they apply to someone who is able to go out and 

walk. I’m really not there at the moment.” (Aged 73, Stage 3, Apprenticeship) 

 

Patients also discussed the impact of their social context as an adoption barrier. The burdens 

associated with living on one’s own were emphasised such as the lack of familial support to 
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help with managing their COPD, and this was extended to the adoption of digital 

interventions also. 

“Like I’m totally dependent on myself, I’ve no wife or children. It puts a lot of burden 

on me to deal with all the appointments and going to my GP… so I think I would be 

at a disadvantage when taking this type of technology on.” (Aged 69, Stage 2, 

Primary) 

 

5.4.2 Perceived Facilitators 

Existing Digital Self-efficacy 

Although digital literacy and technological self-efficacy were perceived as a barrier by 

many, other patients felt that because they have already established digital skills and 

knowledge from using various digital technologies this would facilitate easier adoption. 

“Because I am already using a smartphone I would be more open to trying things 

like recording information at home. The technology to do that wouldn't be as big as 

problem for me either, so I wouldn't need much training.” (Aged 46, Stage 2, 

Undergraduate) 

“I don’t go an hour of the day without checking my phone and I see tracking as part 

of life now. I have GPS on my phone and that tells me everywhere I’ve been and how 

to get places, so I am happy to take that into my healthcare.” (Aged 61, Stage 2, 

Undergraduate) 

 

Personalised Education 

The primary adoption facilitator patients discussed was education. However, it was 

perceived by patients that a ‘one-size-fits-all’ education approach will not be appropriate for 

DH. For example, many felt that the education received should be personalised and reflect 

the clinical and psychosocial factors of an individual’s disease. 

“The education you are getting shouldn’t be general, it should take your illness and 

quality of life into the equation… because if it’s just general that might not give you 

the best results.” (Aged 65, Stage 2, Secondary) 

 

Patients also highlighted the need to provide this education as early as possible to help 

demystify the use of digital interventions in the management of their disease. 
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“Teaching people as early as they can with technology would take the mystery out of it 

and might mean that people wouldn’t be as afraid of it.” (Aged 57, Stage 4, Secondary) 

 

Community-based Support 

Patients spoke about their desire for community-based support to ease the adoption process. 

Many patients mentioned their preference to receive on-going education and supervision as 

their digital competencies develop.  

“It would be great to have the nurse come out here [to their home] to show you and 

to do rounds until the person can cope on their own with it.” (Aged 74, Stage 4, 

Primary) 

Patients also highlighted their preference for a social learning environment to support 

adoption. 

“I’d see it working best if you were able to do it in a group, like if a group of 6 people 

were given a device or an app on their phone and were adding information 

together…you could see how everyone else is doing along with you and learn from 

each other and maybe talk about your information with them too.” (Aged 69, Stage 2, 

Primary) 

 

5.5 Discussion 

This study identifies new perspectives regarding the barriers and facilitators perceived by 

COPD patients for the adoption of DHIs. The results identify three primary barriers. It is 

well established that perceived usefulness is a core determinant to a person’s intention to 

adopt a technology [154, 239]. For self-management technology, perceived usefulness refers 

to the degree to which a person believes the technology could improve or enhance the 

effectiveness of their ability to manage their disease [333]. However, the perceived 

usefulness of DHIs was questioned by participants in this study. Patients expressed a 

sentiment that due to the burden associated with their existing self-management task-load 

[289, 334], the addition of a digital intervention was not perceived as appropriate. Previous 

research in COPD has shown self-management benefits associated with DHIs may not be 

perceived by all patients because of the commitment to actively engage in long term 

management, however they suggest this barrier can be addressed by assessing and 
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accounting for the patients particular self-management approaches during implementation 

[205].   

Some patients were not receptive to the prospect of DH data replacing the opportunity to 

share information through face-to-face conversations with HCPs with concerns raised about 

the appropriateness of digital data to adequately inform treatment decision-making. These 

concerns align with recent findings regarding the use of DH data by HCPs [135, 335]. These 

studies highlighted that HCPs often perceive these data offering inadequate clinical evidence 

while it has also been found, they experience a lack of confidence when interpreting and 

actioning these data for treatment decisions. Other patients were unconvinced about the 

effectiveness of their HCP having continuous access to health data generated in the home, 

for example, patients did not perceive this would reduce the need for clinical visits. 

Interestingly, reducing clinical visits has long been an aim of COPD DH studies, yet very 

few have achieved significant outcomes in this area [79, 336, 337]. This raises questions 

about the level of priority given to patient’s needs in the development of study aims for DH 

research in COPD. 

Digital literacy was widely discussed as an adoption barrier. Digital literacy refers to the 

“interplay of individual and social factors in the use of digital technologies to search, 

acquire, comprehend, appraise, communicate and apply health information in all contexts of 

health care with the goal of maintaining or improving the quality of life throughout the 

lifespan.” [338]. Aspects of this definition are found in patients’ perceptions of digital 

literacy in this study. Regarding individual and social factors, patients drew attention to the 

negative impact a reduced sense of technological self-efficacy can have on a person’s 

perceived ability to use a DHI appropriately. This perception may be explained by the mean 

age of this study sample at 68.2±10.1, who traditionally, as an over-65 cohort, have lower 

computer literacy and technological self-efficacy levels [339]. However, this is consistent 

with the age-profiles observed in COPD populations [340], therefore, because age has been 

found to negatively correlate with technological self-efficacy [341], addressing the digital 

literacy needs of patients participating in COPD DH studies should help to ease age-related 

adoption issues.    

Patients also perceived potential barriers arising from their ability to comprehend the data 

generated by DHIs. This was articulated as an uneasiness about how to action the data 

provided to make a health-related decision. The potential to create positive patient outcomes 

with DHIs relies heavily on the individual to possess a unique set of digital literacy skills to 
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properly interpret and apply the data to their health. However, the impact of digital literacy 

on the adoption of DH is an under researched topic, even though it is recognised as a road-

block to reducing the digital divide [342]. Participatory design approaches are recommended 

in the development of DHIs to ensure that the spectrum of health and digital literacy needs 

in patient populations are catered for [254]. 

The findings also highlighted that a patient’s illness perception and social context are 

perceived as barriers to the adoption of DHIs. Illness perception refers to the ideas, views 

and beliefs that a patient has about their symptoms and illness [343]. The impact of illness 

perception on the use or adoption of DHIs in COPD has not received adequate attention, but 

this research has shown that if a patient does not believe their current health status is 

conducive to the proposed digital intervention, this can create an adoption barrier. 

Additionally, patients perceived their social context will be a factor impacting the adoption 

of DHIs. This was particularly pertinent for those patients who live on their own, or for those 

lacking a strong social ecology consisting of friends and family who could otherwise support 

them to manage the use and adoption of such interventions. Previous research has shown 

the presence or perception of a strong social support structure improves patient compliance 

to self-management plans in COPD and across chronic disease in general  [344, 345] yet, 

the impact of social support on the adoption of DHIs,  has not been previously researched in 

the context of COPD. 

Three facilitators to aid adoption of DHIs were identified in the findings. Although digital 

literacy was a perceived barrier for the majority, there were patients who felt the adoption 

of DHIs would be eased due to their existing knowledge and skills with digital devices such 

as smartphones. Prior knowledge and experience of technology has been shown to increase 

a person’s intention to use, as it facilitates understanding the technologies purpose while 

helping to foster ease of use through intuitive interaction [239, 346]. Patients felt adoption 

can be facilitated through the provision of personalised education that takes into 

consideration the individual needs and preferences of the patient. It was also felt DH 

education should be provided as early as possible to COPD patients to help demystify 

technology and mitigate adoption barriers caused by unfamiliarity. To facilitate smoother 

user adoption, patient-centred approaches for delivering technology education have been 

proposed for eHealth implementation strategies [347–349] while a recent wearable and 

mHealth study in COPD found their educational component should have been tailored to 

the individual sedentary behaviours of patients to better support adherence [350]. 
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The findings also show a preference from patients for DH adoption strategies to involve a 

variety of community-based supports. Patients referenced the desire for on-going 

supervision from healthcare professionals as their digital competencies evolve. Although 

on-going support may be outside the resource capabilities of many HCPs, patient-clinician 

partnerships have been emphasised to facilitate adoption as they afford HCPs the 

opportunity to work collaboratively with patients to aid with the development of data 

synthesising and decision-making skills [351]. Others perceived adoption could be 

facilitated by the creation of a peer-to-peer social learning environment. Peer coaching has 

shown success in mHealth research aiming to increase physical activity in individuals with 

Parkinson’s who benefitted from cooperative goal setting and regular feedback [352]. 

This study used qualitative methods to gain an in-depth understanding of the barriers and 

facilitators COPD patients perceived to adopting DHIs. The findings are strengthened by 

the rigour demonstrated in data collection and the use of NVivo 12 software to aid analysis. 

However, when considering the generalisability of findings, the relatively small sample size 

should be viewed as a limitation. For instance, the mean age of this cohort is 68.2±10.1 with 

11/30 patients having no smartphone, laptop or PC which may offer a reason as to why this 

cohort placed an emphasis on digital literacy as a barrier and the need for technology-

focused education as a central aspect of their perceived facilitators. 

5.6 Conclusions 

Digital health interventions promise to improve self-management engagement in COPD 

patients, but many user-adoption issues are still commonly cited in the literature. The 

findings demonstrate patients perceive several barriers and facilitators to adopting DHIs. 

Lack of perceived usefulness, illness perception and social context, and digital literacy were 

all highlighted as barriers to adoption. These findings suggest future COPD DHIs should 

consider the use of HCD approaches, such as conducting user-research in the empathise 

phase as outlined by Mummah et al., to help ease adoption barriers associated with factors 

of the digital divide [123]. Existing digital self-efficacy, personalised education and 

community-based support were discussed as facilitators. The findings also suggest future 

DH studies in COPD should budget for added human resources to effectively integrate 

training and education programmes into their implementation strategies. This paper 

contributes previously unpublished insights and considerations for researchers and 

clinicians to inform the design of human-centred DHIs, aiming to account for the needs and 
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preferences of COPD patients in the development of implementation and adoption 

strategies. 
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Chapter 6: 

Barriers and Facilitators to 

Adopting DHIs: HCP 

Perceptions 

 

 

Elements of this chapter have been published elsewhere:  

Slevin P, Kessie T, Cullen J, Butler MW, Donnelly SC, Caulfield, B. Exploring the barriers 

and facilitators for the use of digital health technologies for the management of COPD: A 

qualitative study of clinician perceptions, QJM: An International Journal of Medicine 2019; 

hcz241.  
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6.1 Introduction 

Chapter 5 highlighted the barriers and facilitators COPD patients perceive impacting the 

adoption of DHIs. The adoption and implementation of a DHI, however, often relies on the 

interdependencies of the intervention satisfying the needs of both patients and HCPs as well 

as the wider healthcare eco-system within which the solution is situated. For example, a 

patient may purchase a Bluetooth enabled pulse-oximeter, may perceive it to be useful for 

the purposes of self-monitoring and favour the feature allowing them to share their oximetry 

with their HCP. They may even find the tasks associated with the pulse-oximeter fit 

seamlessly into their daily self-management practices. Yet, when they visit their GP, they 

find she does not have the time to review their data, nor is she convinced the device can be 

trusted to provide the standard of data they deem safe for patient to act on. Their HCP does 

agree having a pulse-oximeter has the potential to support symptom tracking and feels this 

engagement is important to establish. Although, because of the issues with the reliability of 

the device and the fact there is no-evidence showing their effectiveness in the home-

environment, she would feel uncomfortable using the data to make treatment decisions.  

In this scenario, even though benefits are perceived on both sides, there are significant user-

experience issues perceived by the HCP creating barriers to the implementation of the device 

as part of the patient’s treatment plan. The review chapter showed HCPs are rarely involved 

in the design or evaluations of DHIs in COPD, and to the authors’ knowledge the barriers 

HCPs perceive to adopting DHIs have not been explored, and nor have the facilitators to 

implementing DHIs been investigated with this cohort. To address the existing knowledge 

gap, this chapter has the following aim. 

6.2 Study Aim 

The aim of this study is to explore the barriers and facilitators HCPs perceive facing the 

adoption of DHIs in the management of COPD.  

6.3 Methods 

The findings of this chapter were generated from the same dataset as Chapter 4. Therefore, 

further details regarding the study design, recruitment strategy, sample characteristics, data-

collection procedure, and data analysis for this chapter, please refer to Section 4.3.  
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6.4 Results 

All 32 participants completed an interview. The following themes and sub-themes were 

identified from analysis: Barriers include the following sub-themes, Data Quality; Evidence-

based care; Resource constraints; Patient digital literacy; and Facilitators include the 

following sub-themes, Digital health training and education; Improving HCP digital 

literacy; and Personalised prescribing. 

6.4.1 Perceived Barriers 

Data Quality 

Participants discussed data quality as a potential barrier for the use of DHIs. They perceived 

that consumer devices often do not meet the expected clinical standards, for example they 

may lack validation and calibration. Therefore, the accuracy of the data generated may be 

questionable which could create patient safety concerns if inaccurate readings cause undue 

health anxieties.  

“They also buy them from less than credible places, and they are often not that 

accurate and they are not calibrated very well, they are not set up to indicate a false 

reading versus a normal reading, so I think there is a lot of opportunity for them to 

give inaccurate readings, and that can cause stress and anxiety that they don’t need 

so there is the potential for patient safety to be reduced which is the last thing we 

want.” (Respiratory Consultant 8) 

“I would see the odd patient who has handheld oximetry to check their saturations, 

they’re not extremely accurate which is a cause for concern because if we are getting 

patients to collect objective data at home, it needs to be useable, if not, then it's all 

a waste of resources and more worryingly, raises serious safety concerns.” (Senior 

House Officer 1) 

 

The participants questioned the diligence of their patients to generate complete datasets and 

discussed how this may impact the reliability and accuracy of the data being captured by 

DHIs. In cases where the completeness of the data is an issue, the participants were unclear 

about the required response to those scenarios.  

“It may be all a bit idealistic, I'd be sceptical that they are going to be diligent 

enough with gathering the data and then will all the right data be there, and if it's 

not, what then?” (General Practitioner 2) 



 

 93 

“If patients are filling out online questionnaires about symptoms, there will be an 

issue with accuracy, so the question then will be about, can we rely on this data, and 

what are the criteria for poor data?” (Specialist Registrar 2) 

 

Evidence Based Care 

The participants discussed a need for a strong evidence base before they could adopt DHIs 

in clinical practice. They perceived this absence of evidence affecting their ability to safely 

prescribe these technologies, while also impacting their willingness to encourage or 

recommend DHIs as a treatment option. 

“If we are prescribing or encouraging our patients to use these monitors, then we 

have to be sure it will benefit them and cause no harm. This is where the evidence 

comes in, how was it used, what were the outcomes, were they significant, we need 

that to be proven, otherwise, all I’ve done is created another problem for the patient 

that they didn’t have and that’s not what I want.” (General Practitioner 7) 

“No, I have never recommended that patient use apps or monitors, definitely not 

oximeters, it’s always been the patient has had them already. I’d rather patients went 

by their symptoms to be honest with you. Because it is the same with us, we always 

look at the patient first and then look to get the objective readings you know but I 

haven't seen any evidence for these monitors. It's not like peak flow with asthmatics, 

that is proven.” (Respiratory Specialist Nurse 3) 

 

Correspondingly, the lack of clinical guidelines describing the use of DHIs in COPD creates 

a further significant barrier for their adoption. This was mainly discussed by HCPs as a need 

for guidelines to define the recommended action patients should take based on data, they 

observe from their DHIs, otherwise this may cause further confusion for patients regarding 

their treatment. 

“Creating a defined set of guideline criteria that tells us, at this level and with these 

symptoms, the patient should be encouraged to, contact their GP, take rescue 

medication, this is a fundamental for me as a physician.” (Respiratory Consultant 

5) 

“The biggest trouble with symptoms in COPD is that they are so variable. Nice sunny 

day they feel great, your symptoms could be fine, and then the next day is wet, damp, 

cold day and they could decrease. So, if someone is tracking them they might think 

'I’m exacerbating', but their symptoms are not a presentation alone. If we don't have 

guidelines on what they need to know and do in these scenarios, how can we safely 

allow patients to do it?” (Respiratory Consultant 4) 
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“It’s incredibly hard to make up an action plan for someone with COPD, they don’t 

exist, so then we are just saying you need to go to your GP when you feel this, and 

then the use of devices may help with that, but without the clinical oversight, the best 

practice been outlined, this will only muddy the waters further, that’s no good for 

me and certainly not for the patient, they are already at sea with treatment.” 

(Respiratory Specialist Nurse 1) 

 

Resource Constraints 

The participants spoke about the challenges their clinical setting would face if data from 

DHIs was to become part of routine care. They were mainly concerned that the necessary 

level of resources would be unavailable to oversee the management or utilisation of the data 

generated by these technologies, while others felt ethical concerns would arise if data could 

not be acted upon appropriately due to a sparsity in resources. 

 

“There is nothing close to the capacity for doctors or other allied healthcare 

professionals to be able to act on the day to day information that is coming from 

patient’s devices in the home because there is already a sea of data and only a 

handful of people to implement the management of those cases and the information 

they produce.” (Respiratory Consultant 5) 

“Everyone wants to create a sustainable treatment plan for the patient, and one that 

has meaningful follow up, but that means more time is needed to actually put that in 

place, but how do we release more time for scanning and interpreting readings that 

come in from patients, it'd be a complete rethink of the way the ward works, where 

my time goes, is it even feasible?” (Specialist Registrar 7) 

“I’d hate to have loads of information that yes, is super useful, but we can’t act on 

it. That raises ethical concerns, we already get it hard to reach everyone, so this type 

of care with patient data would have to have a solid infrastructure.” (Respiratory 

Consultant 6) 

 

Patient digital literacy 

Digital literacy emerged as a discussion point for participants. They suggested that patients 

who have poorer levels of digital literacy may find interpreting readouts from DHIs a 

challenge, as this task requires an understanding of symptom deterioration and how to react 

appropriately to their measurements. Participants also highlighted the presence of co-

morbidities, including cognitive impairments, will potentially affect the degree to which 

patients can understand how to use a DHI. 
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“There is a problem with patients and knowing what to do when they recognise their 

symptoms worsening. Many of them short circuit and don’t go to their GP, they come 

straight here to the ED. So, knowing how to act on the data will depend on their level 

of understanding of what the readings mean, and this is already nearly impossible 

to teach most patients.” (Respiratory Consultant 1) 

“With something like oximetry that is getting quite popular, the problem is 

misinterpreting what they read. The thing is, a person can be pretty sick, and their 

saturation can still look good. They could in theory also turn up their oxygen to get 

the numbers back up and that might be good in the short term but in long term it 

might mean they don’t come into the hospital or go to the GP when they really should 

be. The symptoms may go away but the underlying cause remains untreated and that 

is not good.”  (Respiratory Consultant 8) 

“I have my concerns though, as I have always wondered about the digital literacy of 

our patients because so many of my patients have cognitive issues as well and along 

with severe chronic diseases and that is coupled with hypoxemia in many cases, it is 

understandable that even if they were familiar with laptops and smartphones, that 

these things would create barriers to their literacy of them.” (Respiratory 

Physiotherapist 2) 

 

6.4.2 Perceived Facilitators 

Digital Health Training and Education 

The participants highlighted a number of strategies they perceived would facilitate the 

adoption of DHIs for patients and HCPs. Pulmonary rehabilitation was discussed as a 

possible existing option for educating and raising patient awareness regarding the use of 

these interventions. 

“As part of the pulmonary rehab programme, they are educated about their disease 

and their medication, and then taught about the trigger factors, vaccinations and 

because of that they become more confident and start asking questions which means 

they feel more involved. It would make perfect sense if education and training around 

digital health could be incorporated too, that platform could have great success for 

increasing patient’s awareness.” (Respiratory Consultant 3) 

For those HCPs with access to community-based outreach programmes, they felt the 

individualised care provided through these approaches offered a favourable method for 

supporting patients to adopt DHIs. 

“Because some people find it hard to take ownership, whether through low self-

confidence or they are just too sick with multiple diseases, I think for collecting 
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information at home they would benefit from a coached or case-management style 

support as it’s something that we’ve seen work well on our outreach programme. 

They get to call one of us or the nurses and then we can advise those patients.” 

(Respiratory Physiotherapist 3) 

 

There were discussions regarding the importance of the initial conversation with patients 

regarding the use of DHIs. Participants felt this conversation could determine whether the 

patient’s perceived value and concordance with the device is achieved or not.   

“The conversation before sending them home with a device is the time when 

concordance is or isn’t achieved, therefore, that conversation can't be vague. It will 

be a case of trying to educate and inform them on why this treatment is important 

and why it is important for their future treatment decisions, so that we can come to 

an agreement that this is something we need to do and they are going to do it also, 

if the conversation doesn’t go well and they are not engaging in the idea, then the 

chances are they will leave the office and they won’t touch it because the value I 

described wasn’t done so in a manner that was meaningful to them, so then that 

affects concordance.” (Respiratory Consultant 6) 

 

There were also discussions about how to effectively involve the patient in discussions 

regarding DHIs as a treatment option.  

“A great way to structure the conversation about digital treatments would be to go 

through ICE format, ideas, concerns, expectations. Like, what are their ideas about 

monitoring, let's say using a smartphone, because there is probably a lot of 

misconception and misunderstanding about what it is, what are their concerns about 

it and talk at length about that and then what are their expectations about this type 

of treatment plan? Then, what do they believe they are going to get from all this and 

what do they think monitoring symptoms is going to do for them, it would give us a 

way to really delve into all that.” (General Practitioner 5) 

 

Improving HCP Digital Literacy  

To effectively support patients with the adoption of DHIs, participants spoke about the need 

for HCPs to increase their own digital literacy. They felt the advent of DH is giving rise to 

a new type of informed and inquisitive patient, but to ensure the needs of these patients can 

be met satisfactorily, HCPs will have to enhance their understanding of DH. Interestingly, 

participants also pointed to a necessity for HCPs to improve their DH communication skills 
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but in the meantime, they must try to negotiate patient conversations without being 

misleading or creating confusion.  

“I think as we move forward and with the availability of the internet, information is 

all around and this is creating a new type of patient, ones that come with new 

questions, new information, more information, and I see that culture arising, and 

digital tools are a branch of that and we as clinicians have to evolve to meet these 

needs. We have to learn about the available technology, so that we can give better 

advice and protect our patients.” (Respiratory Consultant 7) 

“We don't have any formal language for digital health so that will be important to 

address. In the meantime, we will need to make an effort to break things down simply, 

I make a conscious effort with patients to make it as simple as possible without being 

patronising but all this is brand new to me. Because we don't want to be just throwing 

out words and terms we are not entirely sure of either…where they are going "yeah, 

what is she talking about?" So, I think that's a massive aspect to be figured out.” 

(General Practitioner 3) 

 

Personalised Prescribing 

Participants perceived a personalised approach should be taken for the prescription of DHIs. 

However, this was spoken about in terms of determining whether a patient would be suitable 

for a treatment plan involving a DHI based on the characteristics of the individual. For 

example, participants were unconvinced that many of their patients possessed the self-

management mastery to adopt these interventions, as this approach may increase the 

challenges they face. While they also questioned whether the complexities associated with 

self-managing COPD would act as a deterrent to use DHIs, particularly for patients who 

already feel demotivated to engage with their self-management. 

“Technology is great when you have someone who is educated and already 

managing well, but most of my COPD patients are elderly and they for the most part 

can’t manage their COPD, their basic self-care in fact is poor, so giving them a 

monitor is not going to solve their problems, it will only create more.” (General 

Practitioner 4) 

“You see, these technologies, I'm not sure, it’s a hard disease to cope with because 

there is no cure, and it is very debilitating. Many patients don’t ever feel really good, 

they are symptomatic the whole time so are they going to be bothered if they feel 

managing is a futile endeavour? There is just so much for them to do, so taking 

control of all that with minimal support is a big ask, it’s inevitable that some won’t 

do it.” (Respiratory Specialist Nurse 1) 
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Participants discussed the need some patients have for human contact in their healthcare. 

They perceived this to be an important factor when deciding whether a patient will be 

motivated to adopt a DHI in the first instance. 

“Patients often only need human time, many won’t ever experience monitoring 

because they need time from people. If a person prefers to come into the clinic to talk 

to me and get examined here, then this is a person I will never ask to monitor because 

they do not have the motivation to do so, if I can’t motivate this person to quit smoking, 

I am not going to spend valuable time trying to motivate them to use a monitor. They 

need my time to be as valuable as possible, to get to understand their disease and what 

symptoms to look out for, this will increase their quality of life quicker than the 

monitor.” (Respiratory Specialist Nurse 3) 

 

6.5 Discussion 

This is the first comprehensive study of the barriers and facilitators HCPs perceive to the 

adoption of DHIs for the management of COPD. Regarding patient self-monitoring with 

DHIs, the participants questioned the credibility of such devices, and perceived the absence 

of validation and calibration as a factor affecting the accuracy of the data they capture. 

Participants were also unconvinced that their patients would diligently perform data-

collection as required. Previous research has highlighted that HCPs have reliability and 

validity issues with consumer DHIs which correspond to the findings in this chapter, 

including the completeness and accuracy of data captured [135, 314]. Due to such factors, 

self-monitored or patient generated data is often perceived as less trustworthy than clinically 

captured information and this sentiment is also reflected in the findings of this chapter [294]. 

To overcome accuracy and reliability issues, it may be useful to focus on reducing the 

opportunity for human error by designing or deploying devices that passively collect patient 

data. However, such approaches may contradict efforts in DH to empower patients to take 

more ownership over the daily monitoring of their condition which was a finding from 

Chapter 3. 

The HCPs also perceived an absence of evidence-based care for the use of DHIs in COPD 

as a significant barrier facing adoption. With a lack of evidence demonstrating significantly 

improved outcomes, the participants did not feel willing to recommend or prescribe DHIs 

as a treatment, as they were unsure if these technologies were a safe option for their patients. 

The findings of this study are reflected in the wider COPD literature regarding DH. As stated 
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earlier, systematic reviews have yet to show significant results for the effectiveness of DHIs 

in COPD nor are they part of routine care provision, suggesting the establishment of an 

evidence-base is still a barrier to overcome before the integration of DH in COPD can be 

realised. To the authors’ knowledge however, this is first qualitative study to explore this 

with HCPs working in COPD. The need to build clinical guidelines for DHIs has been 

recognised at a wider international level. A recent report from the World Health 

Organization in collaboration with the mHealth Technical and Evidence Review Group 

(mTERG), developed the mHealth Evaluation, Reporting and Assessment (mERA) 

checklist [353]. The mERA checklist aims to standardise the criteria for reporting findings 

from mHealth research and innovation implementation. Likewise, a current report titled, 

“Evidence Standards Framework for Digital Health Technology” compiled by the National 

Institute for Health and Care Excellence (NICE) in conjunction with the National Health 

Service, England aims to describe the standards for the evidence that should be available, or 

developed, to demonstrate the value of DHIs [354]. 

The findings suggest resource constraints will represent a major barrier for the use of data 

generated by DHIs in the clinical setting which contributes new insights in a previously 

unexplored area of COPD. Participants felt the management and utilisation of existing 

patient information is already challenging and suggested the interpretation and integration 

of these new data would require a reimagining of the way clinical workflows function, 

whereas resource constraints were also perceived as possibly creating ethical concerns if 

HCPs were unable to act on the data being remotely shared by patients. Situational 

constraints have been previously highlighted as barriers to DHIs by HCPs, particularly in 

the context of having insufficient time to interpret patient generated data from such 

technologies [136]. To address resourcing and situational constraints, prior research has 

focused on implementing co-design and participatory design processes for developing DHIs 

to help mitigate workflow issues emerging during implementation[355–359]. 

Digital literacy was perceived as a barrier facing patients for the adoption of DHIs. There 

was a sentiment that patients with lower levels of health literacy regarding the management 

of their symptoms, would experience challenges with interpreting the readouts from devices 

such as oximeters, potentially causing the patient to make sub-optimal treatment decisions. 

Participants also felt a new digital divide may emerge between those with lower health 

literacy levels compared to those with higher competencies, as the latter cohort would be 

able to use these technologies to their full potential [342]. For example, a recent publication 



 

 100 

surveyed n=1,270 individuals with COPD, to investigate their levels of eHealth literacy in 

relation to COPD web-based information (ref). They found this group had moderate levels 

of eHealth literacy however, they also found that participants with lower levels of health 

literacy were much less confident in their ability to distinguish between low and high-quality 

information they found on the internet about COPD. The authors conclude that additional 

research is needed to understand how new social technologies can be used to support 

medically underserved COPD patients to benefit from web-based self-management 

resources. To avoid this type of digital marginalisation and to ensure patient safety, human-

centred approaches to the design of eHealth technologies have been proposed, where the 

eHealth literacy needs, and capabilities of people are incorporated into their design [254]. 

These findings offer new insights that raise further questions about the long-term 

acceptability of, and sustained engagement with, DHIs for patients with inadequate levels 

of health literacy as they are more likely to experience poorer levels of self-efficacy in 

relation to self-management as well as reduced levels of adherence to treatment plans [360–

362]. 

The findings present participant’s perceived facilitators for the adoption of DHIs. Two 

existing patient programmes were discussed as potential implementation strategies. Due to 

the increased sense of confidence and involvement associated with PR programmes, the 

findings suggest this platform could offer a favorable environment for incorporating DH 

training and education to patients [363, 364]. Whereas, community-based outreach 

programmes were also favored because of the opportunity to provide individualised and on-

going support to patients who are using DHIs. Research recognising the importance of 

personalised training and support as a facilitator for DHIs supports the findings in study 

[365–367] with this study also adding to the sparsity of research exploring this topic in the 

context of COPD. This personalised approach has been previously facilitated by building 

implementation strategies that are directly administered by healthcare professionals to help 

empower  patients to engage with mHealth and eHealth technology [368, 369]. The findings 

also highlight the initial conversation regarding DHIs as a treatment option is perceived as 

an important facilitator. The findings suggest patient-centred care approaches emphasising 

shared decision-making could potentially ease adoption issues such as concordance and 

perceived value with a DHI treatment plan. It was suggested employing patient-centred 

approaches, like the Intentions, Concerns, Expectation (ICE) concept may offer a framework 

to structure how the patient is introduced to the intervention. These findings are supported 
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by prior research associating shared decision-making with improved patient self-efficacy 

and higher levels of medication adherence [297, 370, 371]. The findings also focus on 

establishing perceived value in a DHI treatment plan in the initial conversation between 

patient and HCP, this is supported by technology acceptance theory which argues that 

perceived usefulness is a significant determinant of a person’s intention to adopt a 

technology [154]. 

Interestingly, the findings show the participants perceive a need for HCPs to increase their 

digital literacy. Digital literacy is defined as the “interplay of individual and social factors 

in the use of digital technologies to search, acquire, comprehend, appraise, communicate 

and apply health information in all contexts of health care” [338]. However, with the growth 

of the DH culture, participants perceive a new type of informed patient is emerging. To 

satisfactorily respond to their needs, HCPs felt they would have to increase their digital 

literacy, including how they comprehend and communicate to patients regarding DHIs, to 

avoid providing misleading or confusing advice that could endanger their patients. Our 

findings are supported by existing literature that found knowledge of DHIs to be a facilitator 

for the adoption of mHealth technology by HCPs, with other research highlighting that 

HCPs are concerned they lack the data literacy expertise or training to comprehend the 

information generated by DHIs [136, 332]. Research has begun investigating how to address 

HCP’s needs regarding digital literacy [372, 373]. This research has highlighted the potential 

of peer-teaching learning strategies to improve the digital literacy of nursing and midwifery 

students and has shown positive results, whereas other research has focused on developing 

a set of core competencies to inform the design of clinical skills training in DH which 

includes digital communication skills and technology literacy and usage skills. The findings 

of this study extend the previous research regarding digital literacy by adding the perceptions 

of HCPs working in COPD care, an area that has yet to receive adequate attention in the 

literature. 

Our findings suggest a personalised approach to prescribing DHIs may facilitate the 

avoidance of adoption issues arising for patients. The HCPs in this study, discussed the 

importance of determining a patient’s suitability for a DHI based on the individual’s health-

related characteristics such as education and attitude towards self-management. The findings 

also show an awareness from HCPs of the preference and need patients can have for human 

contact in their healthcare which was perceived by the participants as a potential avenue to 

help determine whether a patient would be motivated to adopt these interventions. Even 



 

 102 

though these perspectives may contradict some of the promises foreseen for DH, such as 

improving the way patients engage with their health, these findings raise an interesting 

question: can HCPs be supported to identify whether an individual is suitable to adopt a 

DHI? As suggested by the findings, taking a personalised approach to understanding the 

suitability of a DHI based on patient characteristics is a potential channel to explore. Indeed, 

this approach has been evolving in eHealth research that has witnessed several tools emerge 

for measuring eHealth literacy [255, 374–376]. For instance, the eHealth Literacy 

Assessment toolkit (eHLA) has been developed to screen and assess the eligibility of a 

person’s participation in projects employing eHealth solutions [376]. However, these tools 

focus primarily on measuring and screening a person’s competencies to assess, comprehend 

and use information generated from websites and patient portals [377]. Our findings suggest 

there is potential scope to extend these tools to account for the growth in consumer DHIs 

such as actigraphy monitors or oximeters and blood pressure self-monitoring devices to 

assess and screen patients to determine if they are suitable for such digital interventions. If 

HCPs can be supported to identify whether a patient possesses the necessary health related 

characteristics to utilise a device satisfactorily, doing so may help increase adoption and 

engagement with DHIs as they could gauge the patient’s readiness in an informed and 

personalised manner [378]. As stated above, research investigating the development of 

digital literacy training and education for HCPs may offer an interim solution to address 

pressing unmet DH needs and to help reduce patient safety concerns regarding the use of 

DHIs. 

There are important factors that should be considered when reviewing the findings. Though 

multidisciplinary, the sample is relatively small which impacts the generalisability of the 

findings as they may not reflect the experiences of the entire respiratory community. 

Particularly, because discrete hospitals and healthcare systems have varying types of 

resources for the delivery of care to COPD patients, and may differ internationally, this may 

also affect the generalisability of our results. Future work is also needed to demonstrate the 

effectiveness of co-design approaches for the development of DHIs in COPD, to determine 

if these design processes can improve the adoption and implementation issues currently cited 

in this study and the literature. 

 

 



 

 103 

6.6 Conclusions 

This research contributes to the sparsity of research which has explored the perceptions of 

HCPs regarding DHIs in the management of COPD. These findings suggest there is a 

pressing need for longitudinal research studies that push DH studies away from the pilot 

study culture which is too often relied upon as a means for establishing evidence. Doing so 

may lead to a sturdier platform for the development of evidence-based care and clinical 

guidelines. Whereas implementation barriers like data quality, digital literacy and resource 

constraints could be eased through HCD and co-design approaches where end-users have an 

active role in the development of DHIs. Pulmonary rehabilitation and community-based 

outreach programmes were proposed as possible educational and training channels for DH. 

The findings show there are unmet digital literacy needs amongst HCPs. Peer-teaching 

schemes have shown promise as a possible learning strategy at a student level, which may 

be a potential model to trial at the professional grade. Finally, our findings suggest a one-

size-fits-all mentality may not work when prescribing DHIs to patients. Instead, HCPs in 

this study preferred a personalised approach where the patient’s health-related 

characteristics should be accounted for in DH treatment decisions. These findings offer new 

insights about the needs and preferences of HCPs regarding DHIs which chapter 2 showed 

are rarely incorporated into the design of DHIs in COPD. Furthermore, the findings can be 

leveraged to inform the design of human-centred implementation and adoption strategies to 

help mitigate the presence of user-experience issues in future DHIs in COPD.
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Chapter 7: Exploring the 

Potential for DHIs in the 

Clinical Consultation 
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7.1 Introduction 

Traditionally, the only information people would share in a clinical consultation is, how they 

are feeling. As Swinglehurst et al. identified however, the consultation is evolving beyond 

the dyadic format of the patient and HCP, to a triadic encounter involving a third-party, 

technology [379]. It has been suggested, that as patients and HCPs are faced with new types 

of socio-technical information, for example from the internet or a fitness tracker, the nature 

of communication and the configurations emerging from their use in the clinical consultation 

require attention [379]. To date, this research has focused on investigating the impact of 

electronic patient records and health information from the internet on the patient-doctor 

relationship in consultations [380, 381], whereas more recently, studies have explored the 

impact of integrating patient-generated health data from self-tracking devices into the 

clinical consultation [136, 382, 383]. The research exploring the impact of DHIs on the 

consultation, however, has yet to involve patients or HCPs in the context of COPD.  

Contributions to this area of research have already been discussed in Chapter 3 and Chapter 

4, which highlighted the beneficial impact the participants perceive for DHIs to enhance 

their experience of the clinical consultation. However, because analysis of each dataset was 

initially completed in isolation, it was important to understand what could be learned about 

the participant’s perceptions of the role for DH in the consultation when the datasets were 

analysed in combination. This chapter describes the findings from a deductive analysis of 

the data concerning their perceptions of the clinical consultation and how they perceive 

DHIs impact the process using the Calgary-Cambridge guide to the medical interview. 

7.2 Study Aim 

The aim of this chapter is to explore the participants’ perceptions of the potential for DHIs 

in the clinical consultation. 

7.3 Methods 

7.3.1 Study Design 

This study employed a deductive thematic analysis approach. This section is based on 

an analysis of the same datasets used in Chapters 3, 4, 5 and 6.  
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7.3.2 Data Analysis 

A deductive thematic analysis approach was chosen to analyse the patient and HCP data as 

a combined dataset, as the aim of this chapter was to explore a specific research topic or 

aspect of the data, in this case, data related to participant perceptions of the clinical 

consultation [218]. Deductive thematic analysis takes a top-down approach, where a pre-

existing theory or framework is used to create a rigid structure for guiding analysis [384]. 

In practice, conducting inductive and deductive thematic analysis is the same, albeit one is 

theory or framework driven (deductive) while the other is data-driven (inductive) [218]. 

Further details regarding the practicalities of performing this process can be seen in Sections 

3.3.4 and 4.3.4. 

Before commencing data analysis, it was initially necessary to gain a theoretical 

understanding of the clinical consultation. The ‘Calgary-Cambridge guide to the medical 

interview’ (CCG) was identified through a literature search [385]. The CCG model is seen 

in Figure 3. This model represents a well-established framework for teaching and training 

HCPs the core domains and communication aspects of a medical consultation and has since 

been used and adapted by several discrete medical disciplines including nursing [386–390]. 

As this guide provides a clear understanding and framework for the clinical consultation, it 

was deemed appropriate for the aims of this chapter.  

Next, in line with the deductive thematic analysis approach, a codebook was developed 

based on the components of the CCG, these included: ‘Initiating the Session’, ‘Gathering 

Information’ ‘Physical Examination’, ‘Explanation and Planning’, ‘Closing the Session’, 

‘Providing Structure’ and ‘Building a Relationship’. This codebook was then used to 

structure the coding of the data which was completed with the support of NVivo 12 software 

(QSR International Pty Ltd, Victoria, Australia). Analysis was completed independently by 

the author and an experienced qualitative researcher, Dr Threase Kessie. The two 

researchers convened regularly throughout analysis to scrutinise and discuss the findings of 

their coding as a mechanism for resolving discrepancies that emerged. 

7.3.3 Development of an Infographic 

Based on the findings of the analysis, the CCG framework was then adapted as an 

infographic. This approach was chosen to help visualise the abstract phenomenon of the 

consultation process in a digestible manner as the various components of a consultation may 
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not be easily conceptualised otherwise. The infographic also helps to contextualise the rich 

empirical data gathered in relation to the participant’s experiences.  Initially, a low-fidelity 

draft was developed to obtain feedback. The author then invited five research 

physiotherapists and one research medical doctor, all with clinical experience, to review an 

early version of the document. These participants included PhD students and Post-doctoral 

researchers, who were not specialists in COPD, working in the same research centre as the 

author. To gather this feedback, short one-to-one meetings were conducted with each 

participant to discuss the aim of the infographic and to gather their thoughts regarding the 

structure and content. Scratch notes were taken in each meeting and later written into formal 

fieldnotes. When all meetings were completed, the notes were collated, and the primary 

suggestions were identified to iterate the draft. The feedback resulted in three primary 

suggestions: (1) shorten the text from descriptive sentences to bullet points to aid with 

clarity; (2) to aid visualisation of the ideas present in the text, they suggested adding icons; 

and (3) combine the ‘Gathering Information’ and ‘Physical Examination’ into one module 

as they felt these two often happen simultaneously in practice. A final version of the 

infographic can be viewed in Figure 4. 
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7.4 Results 

Data analysis revealed the following components of the CCG were referred to by 

participants: ‘Initiating the Session’, ‘Gathering Information’ ‘Physical Examination’, 

‘Explanation and Planning’ and ‘Closing the Session’. However, there were no references 

to ‘Providing Structure’ and ‘Building a Relationship’. Interestingly, for each component, 

analysis revealed challenges faced by participants as well as how they perceived DHIs could 

potentially address these issues. 

Initiating the Session 

Initiating the Session involves the following tasks and practices: Preparation; establishing 

initial rapport; and Identifying reason(s) for the consultation [391]. Healthcare professionals 

Figure 3: Calgary-Cambridge Guide to the Medical Interview [387] 
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felt objective data captured by DHIs could help them initiate the session more effectively by 

supporting them to establish an earlier sense of the patient’s presentation. Additionally, they 

felt patient data generated by DHIs could help reduce the information gaps they face 

regarding the health of unfamiliar patients. 

“The most basic and simple device is the thermometer. They have ones now that plug 

into your phone and all. It’s so useful when someone comes in complaining of a chest 

infection or a flu, and then they have temperature readings for the past two days, 

that is way better than someone telling you that they were up all night sweating due 

to a temperature, having the reading there just gives you a starting point and give 

you a sense for what was going on up to now.” (GP 6) 

 “More information is great for us too, say I haven’t been in this practice too long 

so I don’t know patients that well… so if I’m meeting them for the first time and I 

don’t know their background or circumstances and I am trying to gauge all this from 

their responses to the questions, it’s hard, particularly to gauge how they see their 

health, their COPD, are they up to speed or are they not in control at all of their 

illness.” (GP 1) 

Likewise, patients discussed the opportunity for DHIs to provide them with new insight 

regarding their health status, potentially providing them with more information to discuss 

the details of their presentation to clinic. 

“Sometimes I would go into the GP and I’d say I’ve been feeling a bit drained lately, 

but that's the height of what I know, I'd rather have a definite point, this is what’s 

happening, I'm here because of this.” (P132: Aged 61, Stage 2, Undergraduate) 

 

 

Gathering Information and Examination 

Gathering Information involves the following tasks and practices: Exploration of the 

patient’s problem to discover; investigating the biomedical perspective and patient’s 

perspective; and gathering background information for context [391]. The findings suggest 

there is an opportunity for DHIs to aid with the ‘Gathering Information and Examination’ 

component of the consultation, this was highlighted by both sets of participants (also see 

Section 3.4 and 4.4). HCPs discussed the potential for DHIs to generate objective and 

contextual data regarding the patient’s health status. They felt this data could be combined 

with information generated from clinical tests to establish a truer in-situ baseline for patients. 

It was also felt patient data may create new talking points in the consultation as patients 

become more interested about their health through their data. Finally, as patients become 
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more informed and engaged with self-monitoring their data, HCPs felt this could help 

mitigate recall issues that reduce the patients’ ability to share information.  

Patients also highlighted the various ways in which DHIs could address issues faced in the 

‘Gathering Information and Examination’ component. They felt self-monitoring could 

improve their self-efficacy, allowing them to feel more empowered to converse during a 

consultation as they would feel more informed about their health. Patients also perceived a 

potential for DHIs to help address recall issues. They spoke about the difficulties associated 

with recalling their symptomology in a consultation but felt having more health-related data 

to refer to, could support them with such issues. Furthermore, patients highlighted the 

potential role for digital interventions to help focus the agenda of the consultation. They 

expressed a concern that consultation time is often spent on matters that are not meaningful 

to them but perceived an opportunity for data they generate at home to help set new agendas 

that focus on matters they feel are relevant to them. 

Explanation and Planning 

Explanation and Planning involves the following tasks and practices: Providing the correct 

amount and type of information; aiding accurate recall and understanding; achieving a 

shared understanding; incorporating the patient’s illness framework [391]. The findings 

highlight there is the potential for DHIs to support patients with the Explanation and 

Planning component of the consultation. Both sets of participants highlighted the challenges 

caused by the medicalised language used in consultations, which makes it difficult for HCPs 

to communicate their point and creates barriers for patients trying to understand what is 

being said or to have a say in treatment planning. 

“We are aware that most of the time, we use an impenetrable language to explain 

treatments and management to patients, to a point the conversation is almost 

irrelevant for them, so they are the ones that suffer there because they are not as 

armed as they should be leaving the clinic.” (Specialist Registrar 2) 

 

“My GP, I've been with him for 40 years, and he does the job, but with the COPD 

he doesn't really know that much, and it gets to a stage where I'm often lost in the 

conversations about inhalers and nebulizers and when to use them, it's much easier 

to talk to the nurses in the hospital, they put it all in terms the commoner gets.” 

(P113: Aged 89, Stage 2, PhD) 
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However, both HCPs and patients felt there is a potential for DHIs to create a shared 

language in the consultation that can aid the explanation and planning component. For 

example, as mentioned earlier in this chapter, HCPs and patients perceive a role for DHIs to 

create more meaningful talking points in the consultation. As the patient and HCP begin to 

talk about the data generated, this may facilitate clearer communication when explaining 

how to action and integrate the data into the patient’s treatment plan.  

Moreover, HCPs perceived the opportunity for DHIs to increase patient engagement and 

involvement, see Section 4.4. They discussed the role for data from DHIs to help foster 

informed decision-making, as the opportunity to capture new patient insights during the 

interappointment period increases. Patients and HCPs spoke about the opportunity for DHIs 

to support the delivery of personalised care. Both parties felt, as a patient’s disease 

knowledge and self-efficacy increases using DHIs, the opportunities to share new patient 

information can facilitate the delivery of personalised treatment plans (also see Sections 3.4 

and 4.4). 

Closing the session 

Closing the Session involves the following tasks and practices: Ensuring appropriate point 

of closure; and Forward planning [391]. The findings suggest there is an opportunity for 

DHIs to aid HCPs and patients find an appropriate point of closure for the consultation. 

HCPs perceived DHIs could support goal setting for patients by providing them with a key 

takeaway point at the end of the consultation.  This was primarily spoken about in terms of 

setting targets using DHIs, for example, using a pedometer to increase average daily step 

count. They also felt, as patients engage more with the role of DHIs in their care, this will 

provide a platform for collaborative decisions which are clearer to the patient as they leave 

the consultation. 

“I think, they need to have a plan that makes sense to them. They nod their heads 

and I know it's not computing, that's awful hard to deal with when I know they are 

not doing great. I see devices coming into play here to get them focused on 

accomplishing a part of their treatment, like I can tell them, OK, we're going to focus 

on your exercises, and I want you to log each day which ones you did and how you 

felt afterwards, let's see how many you get done over the  next couple of weeks and 

we'll review when you get back. Now they have a goal, even if they are not sure of 

why the exercise is important, if I can get them doing it first, I can work on the 

education.” (Respiratory Physiotherapist 1) 
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Patients also discussed the potential for DHIs to help create a better understanding of, and 

confidence in, their treatment. For example, some patients felt upon leaving the consultation, 

they often did not trust the treatment plan outlined due to their perception that previous 

treatment plans were ineffective. However, if they can objectively see improvements in steps 

per day using a pedometer or a steady oximetry reading, they felt this would help create trust 

and confidence in their treatment plans. HCPs also expressed a similar sentiment in relation 

to inhaler treatment, see Section 4.4. 

“The reality for me is that I feel the things they are prescribing are not working, I 

mean you don’t see the results. But if I had an oximeter, I could see that I am doing 

well, and that way I know that the inhalers and things are working for me, cos if you 

start feeling like they are not doing the job, you might give up on them.” (P104: Aged 

73, Stage 2, Undergraduate) 

 

“The fact I feel I'm not making big improvements is tough, you know? The consultant 

and nurse tell me the whole time to be patient with the medication and inhalers, they'll 

work but you can't always be like that, I get frustrated. So, monitoring could help that, 

if we were to look into the step watches, maybe, would we see a change, it could work.” 

(P120: Aged 64, Stage 2, Secondary) 



 

 
113 

 

 

Figure 4: Infographic of the Perceived Potential Opportunities for Digital Health in the Clinical Consultation 
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7.5 Discussion 

The findings of this chapter suggest that patients and HCPs experience many challenges 

during clinical consultations, to which they perceive DHIs potentially addressing. The 

primary challenges they face concern tasks related to gathering information and explaining 

and planning treatment. For HCPs, the negative impact time constraints had on their 

capability to comprehensively meet the needs of COPD patients was discussed, but they felt 

efficiencies could be garnered from the use of DHIs as contextual information from the 

home regarding the patient’s health status could reduce the need for extensive examination. 

Although consultation time-constraints have long been identified as a barrier to achieving 

optimal patient outcomes [392, 393], the findings of this chapter are novel as previous 

research has not included a large sample of COPD patients nor have the perceptions of HCPs 

providing care in COPD been investigated. The findings also extend research to date, as they 

contribute new perspectives regarding the potential of DHIs to create efficiencies in 

consultations. This could be particularly important for chronic disease patients who require 

increased consultation time, however ~50% of the world’s population have a mean 

consultation length of 5 minutes [394, 395]. The findings also highlight the challenges HCPs 

face with personalising treatment. They felt however, as the capture of novel contextual 

patient data increases, this would help identify areas for patient self-management that require 

prioritisation, creating new opportunities to facilitate person-centred care. 

For patients, consultation challenges related to aspects such as a lack of self-efficacy and 

recall issues which were felt to affect their confidence to partake in discussions concerning 

their condition. Previous research suggests a lack of shared decision-making in consultations 

can lead to prescription misunderstandings, whereas increased participation can lead to 

increased adherence with treatment and higher levels of patient satisfaction [396, 397]. 

Importantly, the findings in this chapter suggest DHIs may offer an innovative way to 

promote a COPD patient’s involvement in consultations. They perceived DHIs potentially 

supporting them to enhance their disease and symptom knowledge, both of which they felt 

would empower them to increase participation and collaborative discussions in the 

consultation. To the author’s knowledge this is the first piece of qualitative research to 

present the perceptions of COPD patients and HCPs working in COPD regarding their 

experiences of the clinical consultation. The author is also not aware of any such qualitative 
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research to contextualise these experiences in the opportunities they perceive for DHIs to 

impact on the consultation in COPD. 

The infographic is also novel as no such similar contributions have been found in the DH or 

COPD literature. The infographic presents a reimagining of the CCG to reflect the potential 

perceived opportunities for DHIs to enhance COPD consultations. It was important the 

infographic reflected that although challenges are faced, HCPs and patients do achieve 

positive outcomes from consultations. On the ‘Consultation Issue’ diagram, the notepad box 

at the bottom shows that consultation goals are achieved, but question marks frequently 

remain regarding the patient’s management or health when they are leaving. For example, 

anecdotally, HCPs would have described consultation scenarios where they retrained a 

patient to use an inhaler and were satisfied the individual understood it. However, they did 

not have the time to address the patient’s other self-management needs, such as educating 

them about smoking cessation or the importance of daily exercise, or they felt recall issues 

created a barrier to establishing a holistic picture of the patient’s presentation. In either case, 

they are left feeling unsure about the patients’ capability to maintain their health or manage 

their condition effectively. Such experiences are captured by the muddled patient jigsaw 

icon. Crucially, the point is not to suggest HCPs or patients do not achieve positive 

outcomes, but rather that consultations often finish without the HCP feeling they have 

addressed the full needs of patient nor feel satisfied they have the full picture to why the 

patient is unhealthy. Equally, patients often leave with a muddled view of their health and 

treatment plan. This may have been caused by a lack of involvement due to low self-efficacy, 

meaning they feel their needs were not fully met and do not feel entirely informed about 

what is going wrong with their condition or how to address these issues. The essence of the 

benefits they perceive accruing from the impact of DHIs, are captured in the completed 

patient jigsaw. HCPs so often expressed a desire for knowledge of the patient in the home, 

to get a more complete picture. The core sentiment of their perceptions regarding DH is a 

feeling they, and patients, could be better supported to fill in the gaps obscuring this full 

picture. 

7.6 Limitations 

While reviewing the findings of this chapter, there are important limitations to reflect on. 

Analysis was conducted in a deductive manner using the CCG to guide the process. Due to 

the rigidness of this approach, relevant data regarding the participants’ perceptions and 
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experiences of consultations may have been missed. Another limitation concerns the 

difficulty of mapping theory onto practice. The CCG was developed as a training tool 

primarily for physicians, and although it has been adapted for use across other HCP 

disciplines, the version used in this chapter may not reflect the practice of respiratory nurses 

and respiratory physiotherapists. 

 

7.7 Conclusion 

This chapter has identified the numerous challenges and unmet needs that COPD patients 

and HCPs experience during consultations across Primary and Secondary care settings. The 

findings are important as they suggest the key stakeholders involved in the management of 

COPD perceive a role for DHIs to support and enhance clinical consultations. The COPD 

consultation has not been studied in the DH literature, but the findings of this chapter suggest 

there are several use-cases to be explored. The following chapter will integrate the findings 

of Chapters 3, 4, 5, 6 and 7 to explore the implications for practice and will also describe 

the recommendations to emerge from this thesis. 
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Chapter 8: Integrating 

Findings and Understanding 

Implications for Practice 
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8.1 Introduction 

Up to this point, the perceptions of the participants regarding the potential impact of DHIs 

have been presented, as well as the barriers and facilitators they identified as factors 

potentially impacting adoption; however, the findings from each participant group have so 

far been explored in isolation, with the exception for Chapter 7. Therefore, it is important to 

explore these findings in an integrated manner to provide a more comprehensive view and 

understanding of the participant’s perceptions and needs regarding DHIs. The findings of 

this chapter will inform the development of a set of key implications and considerations for 

COPD practice regarding DH that are based on a holistic understanding of the needs and 

experiences of both stakeholder groups. 

8.2  Aim of Chapter 

The aim of this chapter is to explore the participant’s perceptions in an integrated manner, 

to develop a set of key considerations and implications for the use of DHIs in COPD 

practice. 

8.3 Methods 

8.3.1 Data Analysis 

The findings of this chapter were generated from the data and analysis approaches described 

in Chapter 3, Chapter 4 and Chapter 7. Similarly, the findings presented in Table 10 below, 

were generated through data analysis described in Chapter 3 and Chapter 4. However, to 

maximise clarity and contribution, these findings were presented in a table which integrates 

the insights from both patients and HCPs instead of presenting them in isolation earlier in 

the thesis. 

8.3.2 Integrating Findings 

To develop a comprehensive understanding of the participants’ perceptions of the potential 

for DH in the management of COPD, the findings from each chapter were integrated. For 

example, the aim of chapters 3 and 4 was to explore the potential for DH in the management 



 

 119 

of COPD from the patient and HCP perspective, respectively. Because these chapters 

explored the same subject matter, it was deemed appropriate to combine and integrate these 

findings to produce a holistic picture of what the participants (as a group) perceived to be 

the opportunities for DH. The same applied to Chapter 4 and Chapter 5 as they explored the 

same topic, the perceived barriers and facilitators to adopting and implementing DH. For 

Chapter 7, because the findings of this chapter were already the result of an analysis of the 

combined patient and HCP datasets, they did not need to be integrated in the same manner. 

Integrating the findings was the foundational step for developing the recommendations 

presented throughout this chapter. 

8.3.3 Developing Venn Diagrams 

To help visualise the contribution from integrating the findings, the author opted to use a 

Venn diagram approach. This would allow for a clearer presentation of the points at which 

both participant groups overlapped in their perceptions while also highlighting the aspects 

where they did not align. It was felt this process would also support efforts to develop 

recommendations that can target individual and group level needs as the Venn diagram 

approach would allow for the areas unique to each group and those which are shared to be 

discerned more easily. 

8.3.4 Developing Storyboards 

To help explain the practical application of how DH may be incorporated into a patient’s 

care-pathway, storyboards were developed. The storyboard format was chosen as it grounds 

the findings of this chapter regarding the opportunities perceived for DH in common COPD 

related occurrences and events which were recounted to the author by both patients and 

HCPs. 

8.4 Overall Findings 

The findings of Chapters 3-7 are integrated in this section. Because many of the themes 

presented in this chapter have been explained and discussed in detail throughout the thesis, 

the following will instead aim to extract the key insights and implications for practice. 

8.4.1  Perceived Potential of DHI for the Management COPD 
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Figure 5 provides a breakdown of the opportunities participant’s perceived for DHIs as 

discussed in Chapters 3 and 4, while the figure also identifies the aspects where their 

perceptions intersect. Interestingly, Figure 5 shows there is considerable overlap in the 

opportunities both parties perceive for DHIs in the management of COPD, these include 

supporting symptom management, improving self-efficacy and patient engagement, 

facilitating the personalisation of care, and enhancing the provision of preventative care. 

When we consider these points of intersection, the findings suggest there are significant 

unmet needs for both parties in relation to self-management, as they identify multiple 

opportunities for DH to improve or support this aspect of patient treatment. Furthermore, 

HCPs also identified two other important clinical challenges concerning a need to determine 

the efficacy of prescribed treatment and to address the issues related to patient adherence 

with treatment. Patients also have unmet needs unique to their own experiences. They felt 

DHIs could address the challenges associated with illness-related anxiety and the difficulties 

they face accessing Primary care. 

Figure 6 describes how the challenges outlined in this section unfold in a common scenario 

faced by patients and HCPs. Figure 7 offers a reimagining of the same scenario but with 

reference to aspects of the perceived opportunities of DHIs been incorporated to tell an 

alternative story. 

Figure 5: Perceived Impact of Digital Health for the Management of COPD 



 

 
121 

Figure 6: Common Hospitalization Scenario 
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Figure 7: Scenario Depicting an Opportunity for Digital Health to Enhance Self-management 



 

 123 

Given the centrality of effective self-management to the outcomes of COPD patients, and 

the importance of the patient’s and HCP’s role to achieve this, it is very surprising such 

issues have yet to be the focus of DH RCTs in COPD. Even more surprising is the lack of 

RCTs aiming to measure effects of DHIs on treatment adherence, particularly as inhalers 

and exercise are two of the most commonly prescribed treatments for COPD.  It is the 

opinion of the author therefore, that these areas represent significant opportunities for future 

DH research to explore. Yet, as Chapter 2 has shown, the outcomes of RCTs rarely aim to 

measure the impact of DHIs on the patient’s experience of self-management, with only one 

study investigating changes in self-efficacy [187]. 

❖ Recommendation 1: Future DH studies in COPD should focus on investigating the 

impact of DHIs on improving the experiences and practices associated with self-

management for both HCPs and patients. This research should aim to address self-

management issues by focusing on delivering personalised and preventative care, 

symptom and anxiety management, creating easier access to healthcare, and 

increasing self-efficacy and engagement with management. 

 

❖ Recommendation 2: Future research may also consider exploring the role of DHIs 

to address the HCP’s treatment needs, including increasing adherence to and 

determining the efficacy of prescribed treatment plans. 

 

8.4.2 Perceived Impact of DHIs on the Clinical Consultation 

Chapter 7 highlighted the numerous unmet needs experienced by patients and HCPs during 

the clinical consultation process, as well as the variety of ways they feel DHIs can potentially 

benefit the consultation process, Sections 7.4 and 7.5 provide more detailed discussions 

about the participants’ experiences. Figure 8 presents the perceived opportunities of DH for 

the clinical consultation and highlights that there is a considerable overlap in these 

perceptions. The majority of the challenges are in the Gathering Information and 

Examination, and the Explanation and Planning stages, so it is no surprise the potential for 

DHIs to improve the consultation experience were more focused on these stages. One of the 

core challenges the participants perceived DHIs helping to address are those concerning 

recall issues with both parties showing an awareness of how this phenomenon impacts each 

other’s experiences of sharing information. The opportunity for DHIs to facilitate the 
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personalisation of treatment was also a core point of intersection for the participants, and 

considerable attention was drawn to the support DHIs could provide to increase patient 

involvement, engagement and self-efficacy during consultations. HCPs also highlighted the 

potential for DHIs to create important contextual and objective measurements of the 

patient’s status in the home and were optimistic about the potential for DHIs to aid with goal 

setting to help engage patients with prescribed treatment plans. Patients too perceived certain 

benefits that were not highlighted by HCPs. For example, they spoke about the opportunity 

for DHIs to enhance the levels of trust they have in their treatment plans. 

 

 

Figure 9 illustrates a scenario which captures some of the challenges faced by patients and 

HCPs during consultations. Figure 10 offers a reimagining of the same scenario but with 

reference to aspects of the perceived benefits of DHIs having been integrated to tell an 

alternative story. 

Figure 8: Perceived Impact of Digital Health for COPD Consultations 
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To the author’s knowledge this is the first piece of research to explore COPD patient’s and 

HCPs’ perceptions of the clinical consultation, and the first to do so in the context of DH. 

The clinical encounter is one of the cornerstones of healthcare and is the primary space 

within which decisions about the trajectory and nature of a patient’s condition are made. 

This process relies heavily on the sharing of accurate and detailed information, but as we 

have seen, there are many challenges facing patients and HCPs in achieving this effectively, 

resulting in feelings of dissatisfaction and a lack of informed decision-making for the key 

stakeholders. It is therefore unusual this context has not received any attention from COPD 

DH studies to date, but when we consider the lack of user-research exploring the needs of 

these stakeholders, there is little reason for this area of research has emerged. The findings 

would therefore suggest, exploring the potential role of DHIs to enhance the patient and 

HCP experience of clinical consultations in COPD is a space with considerable opportunity 

to make an impact on outcomes and patient and HCP satisfaction. 

❖ Recommendation 3: Future research should consider investigating the potential 

role of digitally generated health data in COPD consultations, particularly to 

enhance the Gathering Information and Examination, and the Explanation and 

Planning stages of the consultation. 

 

❖ Recommendation 4:  Research exploring the impact of DH on COPD consultations 

should focus on: (1) enhancing the patient’s capability to recall symptoms, and (2) 

increasing the HCP’s understanding of the patient at home. There is also a need for 

research to investigate the opportunity for DHIs to improve patient-clinician shared 

decision-making in the consultation.
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Figure 9: Scenario Depicting Common Challenges Faced in Consultations 
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Figure 10: Consultation Scenario with Digital Health Component 



 

 128 

8.4.3 Perceived Barriers and Facilitators to Adopting DHIs 

Figure 11 presents the barriers participants perceived to adopting DHIs. Patient digital 

literacy was the only point of intersection, with discussions focusing on patient’s levels of 

technological self-efficacy. Patients were unsure whether they would have the confidence 

to use DHIs correctly, while they also felt there is a requirement for a specific skill set and 

knowledge to interpret and apply the read outs from devices appropriately. Whereas HCPs 

perceived their own lack of digital literacy as barrier to the use of DHIs. Patients and HCPs 

articulated a scepticism about DHIs transforming or replacing established practices, such as 

visiting the doctor, with the electronic sharing of information as some patients may prefer 

the face-to-face approach. HCPs felt the variability observed in patients’ engagement with 

self-management practices will be a significant adoption barrier to overcome and questioned 

the appropriateness of employing a one-size-fits-all approach to implementing these 

technologies. HCPs also questioned the data quality of DHIs, with the accuracy of consumer 

devices been especially concerning. They also expressed doubt about the adoption of DHIs 

due to the lack of an evidence-base, or clinical guidelines outlining best practice use, which 

raised patient safety concerns.  

Data overload was highlighted as a core issue by HCPs, who felt extra resources would be 

required to action the data, otherwise it would not be appropriately utilised. Patients 

perceived the added burden of using DHIs in their management as a potential barrier, while 

also drawing attention to social barriers, such as living alone, having the potential to affect 

adoption also. Furthermore, patients highlighted a potential barrier emerging in cases where 

an individual may not feel physically ready to adopt a DHI. Fewer points of overlap are 

observed in the perceived barriers facing the adoption of DHIs which is understandable. For 

example, one would not expect patients to highlight structural barriers such as those related 

to establishing an evidence-base or resource constraints, or to think about workflow issues 

such as data-overload, nor would it be expected that HCPs think solely in terms of the 

patient’s personal experience. 
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Figure 12 presents the facilitators, and the intersecting perceptions highlighted by the 

participants. Patients and HCPs perceive the need for a tailored DH educational approach 

which demonstrates an awareness of the specific needs of patients. They also felt an 

individual with existing digital self-efficacy will find adoption a smoother process. 

Similarly, HCPs suggested the patient’s characteristics and needs should determine the 

appropriateness of prescribing these interventions. Both sets of participants discussed the 

importance of community-based HCP support to ease adoption and implementation 

particularly in the early stages of use. There were also suggestions from patients that 

implementation could be supported by creating a peer learning environment. This 

corresponds with HCPs’ perceptions that PR may be an appropriate environment for DH 

training due to its patient-centred approach. Moreover, HCP-focused DH education was 

perceived as a necessary facilitator to aid the adoption of DHIs. Patients, however, did not 

speak about the need for their HCPs to improve their digital literacy. 

 

Figure 11: Perceived Barriers to the Adoption and Implementation of Digital Health 
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Figure 12: Perceived Facilitators for Supporting the Adoption and Implementation of Digital Health.  

 

These findings contribute new insights about the DH adoption and implementation needs of 

COPD patients and HCPs. Figure 13 shows the micro and macro levels at which these 

barriers are situated and also provides potential facilitators to address them. At the structural 

level for instance, healthcare systems are often extremely under resourced and over-

burdened, meaning the HCP’s time is generally fully utilised with little space for flexibility. 

Furthermore, due to tightening budgets, the hiring of additional people may not be a viable 

solution to account for new treatment options such as DH. To tackle these structural barriers, 

a reconfiguration of existing resources may be more appropriate. This aligns with 

participants’ suggestion for community-based support as a facilitator. For example, 

healthcare systems and HCPs may consider the potential for PR programmes to integrate 

DH education and training into their curriculum. Because PR is HCP-led, personalised and 

group-based, which are many of the facilitators identified, this approach has the ingredients 

to increase patient knowledge and self-efficacy with DHIs in much more resource and time 

efficient manner. This approach can also create a cascading affect where individual barriers 

such as patient digital literacy and patient preferences for face-to-face care are being 
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accounted for. Furthermore, if PR resources are dedicated to DH training and support, this 

may reduce the need for consultation time to address elements like DH education and can 

release extra time for HCPs to complete other clinical tasks like reviewing interappointment 

data in preparation for a patient visit. 

❖ Recommendation 5: Pulmonary rehabilitation should be considered as a potential 

context to facilitate DH training and education for patients. The focus should be on 

creating a strong awareness of the patient’s needs to facilitate the delivery of 

tailored education. It is also recommended the education and training should 

incorporate a social learning element. 

  

 

Figure 13 also shows there are many individual adoption barriers, primarily for patients. 

Interestingly, the connecting thread across all facilitators is the requirement for HCPs to be 

aware of their patient’s needs when thinking about prescribing a DHI. 

❖ Recommendation 6: HCPs should practice personalised prescribing when 

considering a DHI as a treatment option for a patient. This is particularly important 

Figure 13: Relationships between Barriers and Facilitators. Those barriers related to personal characteristics are 

situated at the individual level. Barriers which are reasonably seen as out of the control of the individual are situated in the 

structural and social level. 
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in situations where a patient may be living alone, is already burdened by their self-

management, or they do not feel physically ready to try a new intervention. 

 

❖ Recommendation 7: To facilitate HCP adoption, digital literacy education 

programmes are also a recommendation. To support this, peer-teaching approaches 

are showing promise in other contexts and offer a potential area to explore.  

It is interesting to think about the relationship between the barriers and facilitators found, 

and the need perceived by HCPs for evidence-based guidelines for DHIs in COPD. This a 

major structural barrier to implementing DHIs. However, the findings are, in a sense, the 

raw material required to compile such guidelines. 

❖ Recommendation 8: Due the inherent interrelations existing between the barriers 

and facilitators identified and the adoption and implementation of DHIs, the findings 

presented here should be considered in the development of clinical guidelines for 

DH in COPD. It may well be the case that evidence-based guidelines would help 

mitigate some of the structural and individual barriers identified. For example, if an 

implementation criterion for the prescription of a DHI to a COPD patient is to 

ensure the patient feels physically and psychologically ready to do so, then the 

facilitator would be for the HCP to practice personalised prescribing. This would 

help address social barriers to adoption such as living alone, as the HCP may 

consider these patients unsuitable for this type of treatment option. Indeed, 

guidelines on how to practice personalised prescribing would also be a requirement. 

 

Another interesting facilitator to emerge from combining the HCP and patient datasets 

relates to the necessity for these key stakeholders to be involved in DHI study design 

development, particularly regarding their input on the types of data that they feel is relevant 

to collect. Table 10 presents the types of data HCPs felt would be beneficial to collect from 

patients in the community as well as the patients’ perceptions of the types of data they would 

like to share with HCPs (The colour green represents data reported by both participants). 

The findings presented in Table 10 emerged through thematic analysis described in Sections 

3.3.4 and 4.3.4 and the results were then combined for the purposes of this chapter. 

Therefore, it is important to note that Table 10 introduces new findings to the thesis. The 

reason these data are being introduced in this chapter rather than in earlier experimental 
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chapters (i.e. Chapters 5 and 6) was to maximise clarity and contribution as it is the authors’ 

contention that a table presenting the participants’ combined perceptions is more impactful 

as it allows for easier comparisons to drawn. 

 

 Table 10: Descriptions of Patient and HCP Data Preferences 

 

Data Type Types of data patients preferred to capture: Types of data HCPs preferred to capture: 

Activity & Exercise steps and daily activities they had completed 

such as gardening or housework. 

steps and daily activities but also adherence and 

self-report data about prescribed exercise 

regimes. 

Stress levels of stress they are experiencing. information about the contributing factors to as 

well as stress levels. 

Changes to 

Treatment 

n/a data about any changes to their patient’s 

treatment plan particularly medication changes. 

Diet  information about their diet to get feedback on 

how to eat better. 

diet information to monitor lifestyle aspects, 

and to make relevant referrals if needed e.g. to 

dietician or nutritionist. 

Mood mood related data, particularly they were keen 

for their HCP to know about bouts of 

depression and anxiety. 

data about patient’s mood, they also focused 

on depression as a core issue to understand.  

Oximetry n/a oximetry but consistently expressed caution; 

they thought this would be more useful for 

patients on oxygen or as part of a wider data 

set being collected from patients. 

Sleep sleep information as they felt this affects their 

mood and energy levels. 

sleep in the context of understanding lifestyle 

and mood fluctuations. 

Smoking n/a data about the number of cigarettes patients 

were smoking per day/week. Felt monitoring 

may change behaviour. 

Social activity  n/a social activity data, going for walks with friends 

or to walking in the park, as a proxy measure of 

wellbeing and general health. 

Symptoms data on changes to cough, wheeze and 

shortness of breath. 

data on changes to, or severity of, cough, 

sputum (purulence), wheeze, temperature and 

shortness of breath (dyspnea), 

Treatment and 

Medication 

Adherence 

n/a data regarding inhaler adherence and inhaler 

technique, exercise regime adherence and 

breathing exercise adherence. 

Vaccinations n/a data to determine if patients received their 

relevant vaccinations. 

Energy/vitality energy levels with their HCPs n/a 

Self-efficacy the importance of their HCP knowing when and 

if they were struggling with their self-

management. 

Likert scale data regarding patient’s efficacy 

when self-managing.  



 

 134 

Table 10 shows there is some agreement in the participant’s preferences for the type of data 

to capture and/or share, namely: activity and exercise, stress, diet, mood, sleep, symptoms 

and self-efficacy. The figure also shows where their preferences do not align, these data are: 

changes to treatment, oximetry, smoking, social activity, treatment and medication 

adherence, vaccinations and energy. Table 10 also provides a description of patient and HCP 

perceptions of their data preferences.  

An interesting correlation can be drawn between the types of data both sets of participants 

showed preference for, and the types of unmet needs and perceived benefits of DHIs 

highlighted above. For example, HCPs perceived DHIs as way to gather contextual and 

objective data regarding the patient at home, this is reflected in the types of data they would 

like collected with a heavy focus placed on understanding lifestyle, psychosocial and 

physical measurements to capture a holistic view of the patient. However, patients 

envisioned benefits emerging for symptom and anxiety management thus the types of data 

they alluded to gravitate more to these specific measurements without been as clinically 

focused as the HCPs. The intersections highlighted in the previous section are also evident 

in Table 10. For instance, both sets of participants perceived DHIs enhancing patient self-

efficacy and correspondingly both parties showed a preference for collecting this data also. 

There was also a lack of overlap between participant groups on the data points observed in 

Table 10. This is understandable as patients may not be as inclined to recognise the 

significance of capturing clinically relevant information such as changes made to their 

treatment or medication adherence, while attitudes and cultural beliefs are known to create 

barriers to the importance patients attach to vaccinations [398]. Patients did not mention 

about sharing information regarding their smoking. This may have been due the sense of 

stigma and shame experienced by COPD patients due to smoking, or as previous research 

has found, patients often do not perceive any benefit to quitting smoking, which may have 

led participants in this study to overlook the importance of sharing information regarding 

their smoking habits [399, 400]. Another factor to consider is the patient cohort in this 

research are largely non-smokers and possibly felt no motivation to share data related to 

smoking as it is not applicable to them. 

This is the first COPD research to explore the types of DH data patients and HCPs see 

appropriate to share/capture. There is a large degree of homogeneity observed in the types 

of data collected in the studies reviewed, see Section 2.4.1, with oximetry and spirometry 

by far the most measured physiological data. Here we can observe interesting disparities 
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between the types of data frequently captured in DH COPD studies, and the needs expressed 

by patients and HCPs. For example, in this study, oximetry did emerge as a metric to be 

collected by HCPs. However, HCPs consistently expressed caution regarding the 

measurement of oximetry in home and frequently suggested it would be a more appropriate 

measure for those patients on long-term oxygen, but these sentiments have not been 

accounted for in previous research. Spirometry was not discussed as an important metric to 

capture in the home either, mainly as HCPs perceived the existing model of diagnostic and 

routine spirometry testing performed in the hospital as meeting their current clinical needs. 

Activity was measured by two studies presented in review which aligns with the 

participant’s needs, but more nuanced psychosocial measurements such as energy levels or 

vitality, mood and diet were not present.  

These findings provoke further questions to why the needs of HCPs and patients are not 

accounted for in the design of DH trials in COPD. It almost seems inexplicable not to 

generate a sound evidence base for why a certain clinical data-point should be collected 

given these metrics will be the basis, or one of the central markers, for determining the 

effectiveness of the intervention been trialled. For instance, if the researchers designing a 

DH RCT have not adequately investigated or validated the clinically usefulness of the data 

they are aiming to collect, to what degree can the outcomes make a significant contribution 

to clinical practice?  These findings show there is a much larger spectrum of health-related 

data considered clinically relevant by HCPs than has been traditionally captured and 

investigated in COPD DH trials. The findings also show patients are more inclined to want 

to share psychosocial data, and researchers may consider blending the types of data they 

gather in an intervention study to account for the needs of both stakeholders. 

❖ Recommendation 9: Future DH research in COPD should involve HCPs in the 

development of research study designs to ensure the data being collected will be 

beneficial to their clinical needs. They should also explore and understand the data 

needs of patients to account for their preferences. In both cases, this may help 

facilitate a stronger sense of perceived usefulness for the intervention therefore 

mitigating a primary barrier to adoption and implementation. 

 

When we consider the breadth and complexity of the barriers presented here, there is an 

argument to be made for an overarching facilitator, namely, user-involvement in the design 

process. In Section 1.6, the first steps for designing a DHI as outlined by Mummah et al., 
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involves empathising with your user group and using these insights to drive the design cycle. 

However, as Chapter 2 highlighted, neither patients nor HCPs are commonly involved in 

the development of DHIs in COPD. Nor are there needs, behaviours, or contexts properly 

studied through user-research prior to the design of these interventions, meaning the 

opportunity to identify these barriers or facilitators are not realised. A question therefore 

arises, would you expect these barriers to arise if the needs and experiences of the key 

stakeholders were not appropriately accounted for in design cycle? Or put another way, if a 

research group were proposing to design a DHI for COPD patients and were armed with the 

insights and recommendations of this thesis, would they be better placed to mitigate these 

issues occurring? It is the author’s contention, they would. 

❖ Recommendation 10: Future COPD digital health intervention trials should adopt 

a HCD approach which emphasises the comprehensive involvement of users 

throughout the entire design process. For a thorough breakdown of these 

recommendations, please refer to Table 7. 

As per the findings of Chapter 2, there are also a number of HCD recommendations to 

inform the design of future DHIs for COPD: 

❖ Recommendation 11: Future DHI design in COPD will benefit from conducting 

user-research prior to development. This will support the generation of a human-

centred insights to inform new research trajectories and patient-centred, clinically 

relevant use-cases for DH interventions in COPD. Methodologically, 

designers/researchers should use topic guides to structure qualitative interviews, 

with a clear description of how they were compiled e.g. what literature was read to 

inform the questions? Finally, they should clearly describe how the data collected 

was analysed e.g. was thematic analysis or content analysis employed? 

 

❖ Recommendations 12: User-evaluation studies should focus on best-practice 

qualitative and quantitative methodologies; the field would benefit from authors 

reflecting and outlining the implications on their findings, particularly the design, 

implementation and adoption aspects of their results; exploring and understanding 

the DH adoption needs of COPD patients and HCPs prior to intervention 

development or deployment is required. They should consider using only validated 



 

 137 

questionnaires to collect data and provide a clear rationale for the evaluation 

methods employed. 

 

❖ Recommendation 13: Iterative design approaches should be employed as part of 

design processes. Researchers/designers should provide a clear rationale for how 

and why user-feedback was gathered and describe in detail how they integrated 

these user insights back into the design of the intervention. This will help optimise 

the benefit of user-involvement as well as the dedicated time and resources to 

conducting user-evaluations. 

 

❖ Recommendation 14: Studies should consider assembling an MDT of technical and 

non-technical expertise as part of their design process. This will mean the voice of 

the key stakeholders, such as COPD patients and HCPs treating COPD, are present 

from the early stages of study design, supporting the opportunity to establish a 

human-centred focus for intervention design and development. The types of 

participants involved, and their specific roles, should be outlined effectively and how 

their input was leveraged should also be described. 

 

❖ Recommendation 15: There is a need for human-centred design experts to be part 

of design teams as well as people with competencies in quantitative and qualitative 

methodologies. This will support study design rigor that hold up to critical 

evaluation. Studies would benefit from basing their intervention design processes on 

established design theory regarding user-involvement such as participatory design. 

8.5 Returning to the Theoretical Framework 

It is necessary to think about these findings in relation to the theoretical framework outlined 

in Chapter 1, particularly in relation to Mummah’s IDEAS Framework for the development 

of digital health interventions. The framework is segmented into four blocks, Integrate, 

Design, Assess and Share. The first block, ‘Integrate insights from users and theory’ 

includes three sub-blocks, ‘Empathise with target users’, ‘Specify target behaviours’ and 

‘Ground in behavioural theory’.  
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The findings presented in this thesis primarily inform step one of the IDEAS framework, 

the ‘Empathise’ phase. The findings offer a deeper empirical understanding about the 

experiences and needs of those living with, managing and treating COPD in relation to the 

potential for digital health which provides a more empathetic perspective of the participants’ 

perceptions than has been previously published. For example, the findings highlight new 

insights about the lived experience of the consultation process for both patients and HCPs 

and how this phenomenon impacts patients’ sense of self-efficacy in terms of engagement 

with the process while also demonstrating how this affects the HCPs’ ability to offer the 

most effective care possible.  

By offering this empathetic perspective, the findings also inform phase two of the IDEAS 

framework, ‘Specify target behaviours’. For instance, the findings have shown that specific 

patient self-management behaviours, such as symptom and anxiety management are areas 

where DHIs have the potential to address pressing needs, while HCP behaviours such as 

gathering information during consultations and managing adherence to treatment plans are 

also areas where DHIs have the potential to make a positive impact, both of which have been 

largely ignored in the COPD digital health space to date. 

However, the findings of this thesis provide only one particular perspective to the empathise 

phase. For example, the participants were recruited from a specific geographical area, 

namely greater Dublin, as such, the perceptions of those individuals living with and treating 

COPD in rural areas are not accounted for. Future research, therefore, should focus on 

exploring the rural perspective as this will provide a more holistic empathetic understanding 

of the phenomenon. Doing so will also provide a more comprehensive foundation for 

determining the specific target behaviours as well as ensuring the remaining phases are 

informed by human-centred insights that are representative of the wider needs and 

experiences present in the Irish COPD healthcare context. In practice, the rural perspective 

is essential to ensure the design phase is not biased by findings related to one specific group. 

This will help avoid designing an intervention that only addresses the needs of individuals 

from one geographical area, while also aiding designers to avoid the pitfalls of designing a 

one-size-fits-all intervention. 
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8.6 Conclusion 

This chapter integrated the findings of the thesis to provide a comprehensive understanding 

of the participants perceptions of the potential for DH in the management of COPD. The 

findings have shown HCPs and patients have a breadth of unmet needs when managing 

COPD, many of which they share. It was also shown the participants intersect on how they 

envision DHIs potentially addressing the challenges they face when managing the condition. 

There was less overlap observed in the barriers they perceive to implementing and adopting 

DHIs, but similarities are seen in the facilitators they feel may ease adoption, particularly in 

relation to the importance of accounting for the patient’s needs when considering a DHI as 

a treatment option. The findings also show each group have their own unique unmet needs 

when managing COPD. The findings indicate the adoption and implementation of DH will 

require significant support and facilitators to overcome barriers at the structural, social and 

individual level. As step towards informing these efforts, this chapter offered a set of key 

recommendations and considerations to inform the implementation and adoption strategies 

and trajectory of future DH research studies and interventions in COPD. Finally, the chapter 

ended by situating these findings in relation to the theoretical framework outlined in Chapter 

1 and provided guidance regarding how future research can build on this thesis with regard 

to the next phases of the IDEAS framework for the design of digital health interventions. 
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Chapter 9: 

Concluding Reflections 
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The aim of this thesis was to employ a HCD approach to qualitatively explore the potential 

for DH in the management of COPD. The foundations for this aim were based on the current 

literature which suggested: (1) there is an absence of user-involvement in the design of DHIs 

in COPD, (2) user needs and preferences are rarely accounted for throughout the 

intervention design cycle and clinical outcomes tend to get elevated above addressing the 

needs of key stakeholders, (3) user-experience issues are common and create barriers to 

implementation and adoption, and (4) HCD approaches are recommended when designing 

DHIs but they are not regularly employed in the design of DHIs in COPD. 

The findings of this thesis have identified there is an absence of user-involvement in the 

design of COPD DHIs tested by RCTs, and that the needs of patients and HCPs are rarely 

accounted for in the design cycle of these trials. The findings also show HCD principles are 

not practiced diligently in the design of DHIs in COPD. When they are employed, the 

methodologies are often unsound, and the implications of this research are often 

inadequately reported which affects the opportunity for other researchers to action their 

findings. The empirical findings show that COPD patients and HCPs perceive many of the 

same challenges facing the management of COPD and align in their perceptions regarding 

the opportunities for how DH can address their unmet needs. For instance, the potential for 

DH to enhance patient self-management practices such as symptom management, to 

improve patient self-efficacy and engagement, and increase the delivery of preventative and 

personalise care were identified. Considering the positive links between effective self-

management and increased patient self-efficacy to reduce the risk of exacerbations [63], 

there is significant potential for future DH research to investigate how to improve the 

outcomes of COPD patients in a human-centred manner.  

The findings also identified numerous barriers perceived by both parties in relation to the 

adoption and implementation of DH. It is evident from the findings there are substantial 

individual, structural and social barriers to overcome before DH can be realised as a 

routinely prescribed intervention in COPD. Patient and HCP digital literacy for example 

represents a significant individual level barrier, as does the patient’s perception of their 

illness. However, it appears structural barriers at the healthcare system level, namely the 

absence of an evidence-base, or clinical guidelines, for DH in COPD represent a major 

stumbling block. Since 2001, the Global Initiative for Chronic Obstructive Lung Disease 

(GOLD) publish an annual consensus report known as the Global Strategy for the Diagnosis, 

Management, and Prevention of COPD [2]. The GOLD document builds on the latest 
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evidence and expert consensus to develop strategies and guidelines for the implementation 

of effective care for COPD globally. The process for determining new additions relies 

heavily on available reliable evidence namely systematic reviews, but here is the issue for 

DH in COPD, the evidence is far from convincing. To scrape further beneath the surface, 

this thesis has shown the needs of patients and HCPs are rarely researched or the focus of 

DH RCTs. If the gold-standard approach for creating clinical evidence is not targeting the 

unmet needs of the key stakeholders, or is not concerned with measuring biomarkers that 

are perceived as clinically relevant to the HCPs providing care to COPD patients, then is it 

surprising they have yet to demonstrate significant outcomes? As of 2019, there are no 

clinical guidelines for DHIs in the GOLD strategy. Therefore, there is stark requirement to 

generate a strong evidence base, otherwise the motivation to develop clinical guidelines, in 

this regard, may not happen. Without such guidelines, HCPs will not feel confident 

prescribing these interventions. As the ubiquity of consumer health and wellbeing devices 

increases, academia, industry and society may need to reflect on the moral implications 

associated with unsupervised and unregulated use, in other words, should patients be using 

DHIs without a strong evidence base, or clinical guidelines? I’m not convinced. 

The findings also highlighted a number of facilitators to support the implementation and 

adoption of DHIs. It is unsurprising the facilitators focus largely on education and training 

given the novelty of this area, particularly in Irish healthcare. It is interesting and refreshing 

to note the weight the participants placed on being aware of patients’ needs as a means to 

ease the adoption of these interventions. It seems so obvious, but in my experience of 

working with, and studying the design of, DHIs for the best part of a decade, this is rarely 

the approach. Bespoke healthcare solutions usually end up in a patient’s hand without any 

clinical support structures, it nearly seems paradoxical. In the absence of clinical guideline 

structures, and the growing pervasiveness of consumer DH devices, I also wonder who will 

be accountable when a patient ceases logging their daily symptoms, or does not check their 

oximetry, or their GP forgets to check the interappointment data and the patient dies from 

cardiac arrest induced by an acute exacerbation? It is not too hard to imagine scenarios like 

this being part of our future. As researchers however, we can employ design approaches 

which emphasise the importance of understanding the needs of patients and HCPs, to not 

only understand how to create meaningful interventions, but to also understand how best to 

support them to adopt the interventions. This may help introduce or enhance researchers’ 

awareness of conducting ethical design in DH to ensure the most appropriate resources and 
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structures can be developed so that patients and HCPs can realise the true potential of these 

interventions in an inclusive and safe manner. 

As future DH research in COPD unfolds, the contributions of this thesis can help researchers 

achieve meaningful and impactful design of interventions aiming to support the 

management of the disease. The findings in Chapter 2 (summarised in Table 7) offer 

recommendations and considerations for researchers regarding the role for, and practical 

application of, HCD principles in the design cycle of DHIs. At the very least, they show 

there should be more effort to involve patients and HCPs in the design of interventions that 

may alter the course of their self-management or clinical practice. The recommendations to 

emerge from the empirical findings of thesis (summarised in Table 11) offer actionable 

insights to steer researchers towards future research areas that are based on an understanding 

of the needs and experiences of COPD patients and HCPs, an approach rarely practiced in 

this space. They also offer new insights to researchers and clinicians in relation to the 

adoption and implementation needs of COPD patients and HCPs. These findings are 

important as they offer individual and context-based insights to inform the design of the 

intervention and implementation strategies to ease adoption. This is the first major body of 

work to explore the perceptions of patients and HCPs regarding DH in COPD, and although 

much work is still required to ensure these stakeholders have a more significant participation 

in the design of DHIs, the findings can direct and inform future DH work aiming to change 

the lives of COPD patients for the better.  
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                Table 11: Summary of the Thesis Recommendations 

 Recommendations 

Future 

Research 

1: Future research should focus on investigating the impact of DHIs on improving the 

challenges associated with self-management for HCPs and patients. This research 

should focus on delivering personalised and preventative care, improving symptom 

and anxiety management, creating easier access to healthcare, and increasing self-

efficacy and engagement with management. 

 

2: Future research should investigate the role of DHIs to address HCP’s treatment 

needs, including increasing patient adherence and determining the efficacy of 

prescribed treatment plans. 

 

3: Future research should investigate the role of digitally generated health data in 

COPD consultations, particularly to enhance the Gathering Information and 

Examination, and the Explanation and Planning stages of the consultation. 

 

4:  Research focusing on the consultation should aim to enhance the patient’s 

capability to recall symptoms, to increase HCP’s understanding of the patient at home, 

and investigate the opportunity for DHIs to improve patient-clinician collaboration and 

shared decision-making in the consultation. 

 

5. Future DHI design inn COPD will benefit from conducting user-research prior to 

development. This will support the generation of a human-centred insights to inform 

new research trajectories and patient-centred, clinically relevant use-cases for DH 

interventions in COPD. Methodologically, designers/researchers should use topic 

guides to structure qualitative interviews, with a clear description of how they were 

compiled e.g. what literature was read to inform the questions? Finally, they should 

clearly describe how the data collected was analysed e.g. was thematic analysis or 

content analysis employed? 

 

6. User-evaluation studies should focus on best-practice qualitative and quantitative 

methodologies; the field would benefit from authors reflecting and outlining the 

implications on their findings, particularly the design, implementation and adoption 

aspects of their results; exploring and understanding the DH adoption needs of COPD 

patients and HCPs prior to intervention development or deployment is required. They 

should consider using only validated questionnaires to collect data and provide a clear 

rationale for the evaluation methods employed. 

 

7. Iterative design approaches should be employed as part of design processes. 

Researchers/designers should provide a clear rationale for how and why user-feedback 

was gathered and describe in detail how they integrated these user insights back into the 

design of the intervention. This will help optimise the benefit of user-involvement as 

well as the dedicated time and resources to conducting user-evaluations. 

 

8. Studies should consider assembling an MDT of technical and non-technical expertise 

as part of their design process. This will mean the voice of the key stakeholders, such as 

COPD patients and HCPs treating COPD, are present from the early stages of study 

design, supporting the opportunity to establish a human-centred focus for intervention 

design and development. The types of participants involved, and their specific roles, 

should be outlined effectively and how their input was leveraged should also be 

described. 

 

9. There is a need for human-centred design experts to be part of design teams as well 

as people with competencies in quantitative and qualitative methodologies. This will 

support study design rigor that hold up to critical evaluation. Studies would benefit from 

basing their intervention design processes on established design theory regarding user-

involvement such as participatory design. 
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Implementation 

and Adoption 

10: Pulmonary rehabilitation should be considered as a potential context to facilitate 

digital health training and education for patients. The focus should be on creating a 

strong awareness of the patient’s needs to facilitate the delivery of tailored digital 

education. It is also recommended the education and training should incorporate a 

social learning element. 

 

11: HCPs should practice personalised prescribing when considering a DHI as a 

treatment option for a patient. This is particularly important in situations where a 

patient may be living alone, is already burdened by their self-management, or they feel 

physically unready to try a new intervention. 

 

12: Digital literacy education programmes for HCPs is also a recommendation. To 

support this, eHealth peer-teaching approaches are showing promise in other contexts 

and offer a potential area to explore.  

 

13: The barriers and facilitators highlighted should be considered in the development 

of clinical guidelines for digital health in COPD. It may well be the case such 

evidence-based guidelines would help mitigate some of the structural and individual 

barriers identified. 

 

14: Future DH research in COPD needs to ensure the data they aim to collect will be 

beneficial to their clinical needs. They should also explore and understand the data 

needs of patients to account for their preferences. In both cases, this may help facilitate 

a stronger sense of perceived usefulness for the intervention therefore mitigating a 

primary barrier to adoption and implementation. 

 

15: Future COPD digital health intervention trials should adopt a human-centred 

design approach which emphasises the comprehensive involvement of users 

throughout the entire design process, particularly they should employ strong user-

research prior to development to understand the needs of their target stakeholders. For 

a thorough breakdown of these recommendations, please refer to Table 7. 
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Appendices 

Appendix 1: Description of Other Frameworks Considered 

O’Raghallaigh and Adam propose a framework for designing DHIs [161]. Their 

contribution offers a behavioural theory-driven (particularly they focus on gamification and 

goal setting theory, for example) framework for the development of mHealth apps. Their 

framework provides guidance on behaviour change theories which aim to support a user’s 

capacity, motivation and opportunities “to change their behaviour towards some desired 

target behaviour” [161]. However, their framework does not explain how intervention 

designers are to practically incorporate or apply their proposed behavioural change 

constructs into a design process. There is also an absence of a HCD approach, in fact it is 

hard to discern if any user-involvement is built into their process, they also do not offer 

guidance on how their behaviour change theory aligns with existing design theory. 

Furthermore, strategies regarding methods of formative or summative evaluation, whether 

user-evaluation testing or clinical trial evaluation such as conducting an RCT, are not 

outlined. Thus, it is unclear how, for example, a researcher or designer, is to evaluate the 

impact their framework had on the outcome of the intervention. 

Yardley et al., describe their person-based approach for DH behaviour change interventions 

[124]. Their approach emphasises establishing a deep understanding of user needs and 

behaviours and aligns closely to HCD approaches. This framework offers a clear step-by-

step process: Planning (e.g. qualitative exploration of user cohorts), Design (e.g. creating 

guiding principles), Development (e.g. user-evaluations), and Implementation and Trialling 

(e.g. conducting an RCT). This approach however does not emphasise conducting 

qualitative explorations of user cohorts to understand their behaviours or unmet needs to 

guide the focus of the intervention design cycle. Instead, their process seems to focus more 

on using qualitative research to explore user-requirements in relation to a pre-defined 

conceptual intervention. Furthermore, it is unclear how Yardley’s person-based approach 

integrates into large scale evaluations such as RCTs, for example, they do not offer guidance 

on how researchers are to develop outcomes based on the target guiding principles defined 

in the Design phase, or subsequent insights gained during the Design or Development 
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phases. They do, however, offer very useful directions regarding the development of guiding 

principles to inform the intervention design phase and provide a detailed description of HCD 

methodologies to aid with formative user-evaluations.  

Van Gemert-Pijnen et al., have proposed a very comprehensive framework with the aim to 

improve the uptake of eHealth technologies [214]. Their holistic process focuses on the role 

of HCD approaches to lead the design cycle, including contextual inquiry (to explore 

stakeholder needs), participatory design (to emphasise active user-involvement and co-

creation) and iterative design cycles of evaluation and feedback (to ensure stakeholder and 

organisational needs are accounted for throughout the design cycle). Going a step further 

than O’Raghallaigh and Adam, they detail the need for: (a) assembling a multi-disciplinary 

design team to facilitate diverse perspectives; (b) stress the importance of intertwining 

intervention development with the design of implementation strategies to optimise 

operationalisation and adoption; and (c) call for the use of behavioural theory early in the 

design process, particularly they focus on the role of persuasive design techniques. Although 

very useful, their framework does not provide guidance on the integration of behavioural 

theory into the design process. They do offer strategies to create ‘value specifications’ to 

support the creation of favourable solutions for users, but how these specifications should 

be blended with persuasive technology design and how designers are to practically apply 

them to inform intervention design remains unclear. They do raise interesting questions 

regarding the summative evaluation of eHealth technologies by problematising the role of 

RCTs but fail to offer any concrete alternative. 
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Appendix 2: Patient Topic Guide 

 

Topic Guiding Topic for Discussion 

  

Demographics Age; marital status; occupation status; highest education attained; 

technology (mobile or smartphone; PC; laptop) Smoking History. 

 

Disease Experience Discuss: 

their experience of COPD. 

role of family and friends when managing their COPD. 

the types of self-management practices they perform. 

how they feel about self-managing. 

how they manage their symptoms. 

an exacerbation they had. 

the last time they ended up in the general practitioner (GP) clinic 

and/or hospital. 

 

Healthcare Experience Discuss: 

the kinds of care they receive or have received for their COPD. 

how they feel about the care they receive for their COPD. 

if the care they are receiving is meeting their needs. 

 

Digital Health Discuss: 

if they record/log information about their health? If so, why/how? If 

not, why? 

if they think they could provide HCPs (e.g. GP or consultant) with 

more information about their health day-to-day. 

the types of information they think their doctor should have about 

their health. 

how they would feel about using a digital health technology e.g. 

oximeter, COPD related smartphone app, spirometer, self-reported 

outcomes platform etc, to generate health information/data about their 

health. 

their perceptions of capturing information/data in the home. 

how they think collecting health information/data at home may impact 

how they manage their COPD. 

why they might share information/data they collect with their HCP. 

how they think these types of information/data could be used by their 

HCP to manage and treat their COPD. 

how they think health data could be collected that would be most 

suitable for their needs. 
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Appendix 3: HCP Topic Guide 

Topic Guiding Topic for Discussion 

  

Care Provision Discuss: 

the care they provide to COPD patients. 

the types of information they collect from them: how and why? 

the limits of care provision for patients with COPD. 

 

Patient Self-management Discuss: 

the self-management practices of a COPD patient. 

their views on how patients self-manage. 

the factors they feel affect a patient’s ability to self-manage. 

what characterises the type of self-managers there are. 

 

Digital Health Discuss: 

their views on digital health. 

how they feel digital health can impact the management of a patient’s 

COPD. 

the scenarios where their patients have asked them about digital health 

technologies. 

the factors that would have to be considered for the integration of 

digital health technologies into their workflows. 

the factors they feel should be considered for the use of digital health 

technologies by patients. 

the types of information they would want access to regarding your 

patients when they are not in the clinic? 
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Appendix 4: Supplementary Data (Chapters 3-7) 

Chapter 3 

Theme  

Symptom 

Management 

If you had that oxygen thing, you would know when there’s something wrong and then if you are not 

feeling the best along with that you then know there’s something going on. Sure, most people don’t have 

a clue what’s happening when they are really sick. (P105) 

It would be helpful to know when I am getting a cold or getting worse, because the nurse told me that if 

I get wheezy that I might go to the GP, but that’s not easy to just do that either, so if I could know when 

one is the other, I think that might get things done quicker. (P111) 

Because I know that under 88, that’s bad and they have to give you some oxygen. So if I was unwell and 

my chest was do you know playing up and if I did that and I was down under 88 I’d be like now I do need, 

well I’d probably do it a few times first, I don’t mean  a big panic to run to the hospital but I would know 

that it’s getting dangerous that I needed to go to the hospital. (P118) 

Anxiety 

Management 

I think it would be great if my doctor saw how I was doing when I get home from hospital, that would 

make me less worried about how I am doing and that I am making progress. Well, the worry holds you 

back sometimes… it makes me stress and the nurse is always saying, try to avoid too much stress, but 

that’s all well and good but I’ve a young family and it’s always a stress. (P103) 

I would hope that they can keep a closer eye on me, I live on my own and like I’m lucky to have the girls 

but they can’t watch me all day every day. (P110) 

It could tell me I’m in a good spell, not too bad. And that is great, because I’d be wondering and it would 

on my mind, so if I can see the number there, I know where things are, and that just eases my thoughts, 

like, if you might feel you are not doing great, but then you see the number and you know it’s a good 

spell. (P116) 

Interaction with 

physician 

I’d be more involved. Like, I’d have a say in what the doctor should know about me too. It’s not just them 

doing tests to find our everything. I don’t think anyone likes getting tests done, or even being in the 

hospital for that matter so if it could save a few tests for me then I’d be happy. (P102) 

I would be able to look back over it and see how much I have been sick... like, if I was to go to my doctor 

I could tell them that, like, in the past week I’ve had all this going on and maybe they could take a look at 

what I’m on or could just tell me, you need to take it easy or that. (P107) 

If they had that information, they could say, “I better see to this woman.” I think it would be marvellous. It 

would save a lot of time in the hospitals as well. Which would be a blessing because when you go in there, 

they have lots of questions and sure half the time I don’t know what they are talking about so if they had 

all this information, they would have more to work from when I am in there. (P125) 

Care 

Management 

It makes much more sense for her (his GP) to have some say too. I’d feel as though if she was able to see 

how I was doing that she might spot something I wouldn’t. Say I was exercising too much, and I was seeing 

that my oxygen was low a few times, but I didn’t really pay much heed, maybe she would see something 

in that I wouldn’t. (P122) 

The natural follow on with all this monitoring is that doctors start collecting more information about 

people at home. My hope is that the Outreach people start using these things to improve the services 
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Chapter 4 

Theme  

Interappointment 

Data 

Our pattern currently is that Oh, we’ll see you back in 3 months or 6 months, and we pick these arbitrary 

numbers with regards to return visits to clinic which are not based on the patient’s needs per se, but mostly 

they are based on where we can fit people into our schedules; if we have patients inputting information at 

home it literally means that we can make the judgement on how they are doing and whether or not a visit 

in applicable, or can we deal with this in a virtual capacity and say, if things are aren’t going too well, but 

it’s something simple, I can say to them over the phone or on Skype, or something, let’s try this, and if that’s 

not working it’ll be fed back me remotely and we can assess it that way. (Respiratory Consultant 7) 

 

It’s really about preventative medicine, and it should play a larger role in their treatment but it’s easy to talk 

about doing it, there’s such a disconnect between us and them when they leave, and you can’t practice 

prevention without some level of oversight and communication. (Respiratory Nurse 1) 

they provide because currently people like me are forgotten and these monitoring ideas could help with 

keeping an eye on us when they can’t physically see us. (P113) 

Well, they (hospital physio and nurse) are great to come out, but you know they can’t do that the whole 

time. So if they were to check in, or I was to check in with them somehow, if they wanted to use something 

to make it easier to check up on how I am doing I’ve no problem with it… that would mean that you are 

still getting the care but without them having to be here, that would be a good compromise for everyone. 

(P121) 

Personalising 

Care 

So, getting the right inhaler for the right person is a huge thing, and it’s too easy for a doctor to say I’ll 

put you on this, I’ll put you on this inhaler, you know whatever. It’s, it must be very hard to try and find 

out which is the best. There's no two people the same. Like, if you are talking about gathering information 

about people at home, then that would be a great place to start. To see how people are getting on with 

their inhalers, cos I’m sure people have been on loads of them that never made a blind bit of change. If 

the doctors could see if they are improving on them when they leave the hospital, wouldn’t that help with 

avoiding wasting so much time figuring it out? (P128) 

Well, say if they had information for a month, a month say where I was sick, and I ended up in hospital, 

then they could use that to tell me what they think happened? That would be very reassuring if they could 

then enlighten me and could avoid whatever it was I doing the next time. (P132) 

Ah, it’s only a visit, and they don’t actually give you that much time. They kind of do the same tests and 

though they might see changes over a long time, they don’t actually get to see what way you were 

breathing say, for two weeks in November, when you weren’t there. They can’t see that, you know? (P123) 

Preventative 

Intervention 

With the oximeter, I could put that down along with the diary information and then they have that too, 

give them more to work with. They could see that it’s steady, or when it’s up, down, up, down and they 

could do something about that…maybe bring me in or talk to me on the phone to help get me back on 

track. (P110) 

Yea, after a test say, if they saw something like steps and they are expecting me to be doing great within 

two weeks, and I’m only out walking a day or two for the next three weeks, then somethings not right, so 

they could call down to me to make sure I’m not dead in the bed! (P112) 

Well, I had my attack here in the house and only Ray was home who knows where I’d be. Like, that sort 

of thought isn’t worth thinking about, so if I was being monitored maybe they would be able to see a 

marker for those episodes and get to me before? (P131) 
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And there are so many we can’t reach physically, we can’t get out to them in the home, they might live too 

far away, and they don’t get the care, and that’s not fair. They get no feedback, no encouragement, to say, 

right, you’ve got to here, this is great but now let’s tweak it a bit and let’s aim a bit higher for you, that sort 

of interaction really gives patients so much confidence but unfortunately not everybody has that access and 

they could be brought into the system even we could review their activity from afar and then try to make a 

judgment on where they are at, even a small intervention, a phone call to say we see you are up with all the 

exercising how are you feeling with that, and we say well done, I could see a huge difference there. 

(Respiratory Physio 1) 

 

If you could get data a couple of times between review appointments you could assess things like symptom 

change, which would be more the front of their minds because they don’t have to try and remember from 

the last 5/6 months or under the stress of been really sick, you could also gauge their compliance and 

intervene much earlier if they are struggling with their inhalers or not taking them at all, you can query that 

much earlier which is a huge thing. Then, you could investigate how they are reacting to their current 

treatment, we get a lot of patients who end up here who are on inhalers that, for one reason or another, 

hate it so they don’t take it, but then the only time we find out about that is when it’s too late and they 

present here in very bad shape. So, it’s all about early detection of such management problems and getting 

the opportunity to intervene before they get really sick again. (Respiratory Nurse 3) 

 

That will be great for me as a physiotherapist, say if I give them an exercise regime and I tell them Ok, do 

this exercise, not the amount you are doing, but tell me how you are reacting, so I would then see if a 

patient is having some sort of oxygen saturation problem, I would  be able to deal with that, maybe they 

need more oxygen to actually allow the patient to do more exercise, or we need to speak to the doctor 

because their oxygen levels are very low and we need to change from just using oxygen for exercise to 

using long term oxygen therapy, so it would help with the management of the patient in that respect. 

(Respiratory Physio 3) 

 

The biggest win for us is that we could reduce the delay in management. Like, if you have COPD patients 

sending in information and that’s coming in and it tells me something relevant, then we can quickly shift 

resources to tackling a flare up or whatever it may be, and like you can directly contact the patient then, it 

can work well that way too. If the doctor or nurse learns something they don’t have to wait, they can call 

the patient and make a change there and then. And it may not always be a case that they could handle the 

situation themselves, but it means we could get them in quicker and manage things before they get 

completely out of control, that would save trips to the ED where we have cases that could be handled with 

earlier intervention instead now they more often than not clog up that part of hospital and then the patient 

sadly will suffer a lot too, and we can avoid these things a bit faster these days. (Specialist Registrar 3) 

 

If all that information is transferred to the clinic, and someone can look at it and say well, this person’s sats 

are fine; then they call them up based on that and tell them that they are doing very well, and we don’t 

need to see them because we are happy with what we see. And tell them that the same rules apply when 

you start feeling unwell, call us. But then we also know who we really need to see and that could reduce the 

appointment burden. I think information like that could be used in many ways.  (GP 5) 

 

And then there a lot of people we would know that are frequent attenders to the hospital so like a lot of 

them would be our programme, but they find it hard when they leave but I can’t get eyes on them when 

they go, and they fail so quick. If I had information coming in, that they are struggling with sleep, they 

haven’t been to the shops at all or feel really anxious, then I would be able to prioritise that person and see 

them at home and give them pointers because it’s often simple things like, they’ll say, oh yeah I just felt I 
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couldn’t breathe overnight so I came back in but mostly that’s anxiety and we can help them get through 

that with some education. (Respiratory Physio 2) 

 

Ideally, we would only want the people who definitely have an acute exacerbation like those with an acute 

change in their breathlessness or their sputum, in terms of volume and viscosity. The opportunity to get 

that information that can help us triage a patient before they decide to come in is really promising. Often 

you don’t know if they shouldn’t be here before you have seen them, that’s where inefficiency trouble starts 

for us.  (Respiratory Consultant 4) 

 

Role in 

Consultation 

We’ll see them in ED but by then it’s often too late they have gone too far. But imagine having a set of data 

that allow us to determine why they are here, what was the critical factor, what did they miss? If they are 

candidate then for early discharge we can tailor their education to say exercise, inhaler technique, or the 

importance of vaccinations, and that would save so much time and then in the long run save time because 

they might not end up here for the same reason again. (Specialist Registrar 3) 

 

I can see the consultation changing for sure, because now I have a patient who has a different type of 

information with them, and therefore, I would have to ask different questions because of that. It would help 

me, if I saw things I didn’t like, I would describe to the patient what they should be doing and describe why 

what they are not doing is not good for them and how it can impact them negatively. (Respiratory 

Consultant 1) 

 

I think monitoring can help fill in questions for us, if the right information is collected it can help tell us what 

has been happening, what is happening today, and then what might we possibly see in the future, so we 

can try to work towards that with the patients when we see them, we have more information to guide our 

thinking and we can not only use it to figure out the now, we can look back and future proof based on past 

information. (GP 4) 

But it is not as easy as saying we need to educate more, because sometimes that is not possible. Yes, we 

should do better, and we should definitely spend more time explaining everything in detail but that is 

currently not possible. So that model is letting patient’s down. That means patients have much more 

responsibility than they are able to handle, but we can rethink the model of education with smartphones 

and the possibility to offer patients tailored information based our and there’s understanding of their 

disease say if they are struggling with breathing exercises, then we can have easily accessible videos to 

watch, that would make a difference. (GP 7) 

 

If you have them doing questionnaires on their phones, the homework, if you will, I could see if that is done, 

but like all homework it might not get done, it might get done alright, or well, or really well. I can ask patients 

about the questions and if I saw a dip in breathlessness or cough, I can discuss with them if it’s genuinely 

something that is bothering them? (GP 6) 

 

Also, if you see them a bit more often, you can a sense for how they are coping with it more frequently, 

things like exercise can be spoken about and emphasised…like if we can get a sense that they are managing 

well, then we could bring them in and teach about their exercises when it doesn’t seem as hard on their 

breathing. We could see their existing baseline and how much they are doing currently, like maybe the most 

they’d do is walk 100m to the shop but then we could show them that they are capable of much more, 

could they walk to their friends’ house 200m away. I think that would be the time when we could introduce 

it, instead of when they are sick and just want to be back at the baseline they came in at. (Specialist Registrar 

2) 

 

If we could get all patients to track symptoms and exercising even, we could really use that information to 

identify gaps in their care, are we meeting all their needs? Do we need to put more emphasis on education, 
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would they benefit from a call-out? Those decisions can’t be made unless we have some reason to do it, 

sometimes they call, sometimes they don’t, so if we have the reason, we see they are low on activity, they 

aren’t logging their exercises regularly, we can get to them in a proactive way, that’s what we could do. 

(Respiratory Physio 3) 

 

So, if we have a patient that is being admitted regularly, we need to know that they are using their inhaler, 

and that it is being used appropriately. And by proxy, in my opinion we can get information to tell us that, 

such as collecting self-reported symptom information in the home, and if they are then using them 

appropriately, it becomes finding out how their COPD is affecting their functional capacity. Are they actually 

getting out of bed, how much of an exercise tolerance do they have? Are they only literally walking around 

the house and nothing else? (Respiratory Consultant 7) 

 

 

It’s a whole new way to think about a patient’s care, so when you have information coming in from home 

we are seeing how they are right now instead of asking them how they were last week when they present 

to the clinic. That’s the way it should always be, the patients know better than anyone how they are affected 

but it’s not always easy to get that from them but if we can help them share that in a way where they don’t 

have to remember what’s being going on up to then, the purer the information is going to be. (Senior 

House Officer 1) 

 

Yeah, I think so. Especially if someone comes in and they mightn’t, especially if they have a very acute 

exacerbation, they might be too breathless to talk, or they might, if they’re very bad like pneumonia or 

something they might be septic and delirious and not able to give you the information and sometimes their 

cognition can be affected if they’ve got a very bad infection. If we had this more reliable information over 

the last few weeks, that’d be fantastic. They’re just too breathless to talk for a couple of minutes, to get all 

that information is difficult. (Respiratory Physio 2) 

 

We only see the acute presentations, and then we may end up changing inhalers more frequently I suspect, 

and unfortunately it also leads to more investigations that may not be entirely necessary but that’s because 

we lack the context of what a COPD patient is like when they are controlled, are well, and are managing 

well in the community. For instance, doctors who rotate through GP practices they can see complete 

difference of level of care these COPD patients need in the community, so we have to explore ways of 

understanding patients when they are not here as that could enhance that way we treat them here. (Senior 

House Office 2) 

 

When they end up here, I think it would be so useful to have the subjective information, that would be my 

first port of call. It is important to get to grips with what they feel has changed over the past few days and 

weeks and data can help fill out anything they can’t tell us about what has led them to the hospital. The 

conversation time then can be put towards their treatment instead of spending ages figuring out what 

happened for them to be here, so much time is spent on: are they following it have they stopped it, do they 

understand the treatment they are on? Are they taking the necessary preventative measures like their 

vaccines, and the point is to try to get to the bottom of why they are in hospital on that day, and what 

changed. (Specialist Registrar 4) 

 

It would be beneficial to know what they are like functionally, well, what are they able to do are they able 

to manage at home and do their activities of daily living, can they go outside and go for a walk, particularly, 

what are they able to do when they are well? You would also like to know their natural baseline at home is 

it similar of different to what we see in the clinic; have they always got a bit of shortness of breath? Is there 

always a bit of wheeze and a cough, I mean most of time they will say no it’s gone when I’m well, but we 
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don’t know that because when they are well are they rarely here and then when they tell us about those 

aspects, is it accurate? (GP 6) 

 

We try to subjectively gather information regarding the amount of chest infections someone has had over 

the past 3 months or 6 months, or how many courses of anti-biotics have they taken in the same period, 

but it’s hard to trust that information because they can’t recall properly what infections they had, was it 

chest, sinus, viral, did they get antibiotics once, twice? It’s not all there unfortunately, and it would be great 

to have a more structured way of getting that information. (Specialist Registrar 4) 

 

It’s quite a good thing as it shows me that this is a person who is engaged with their own healthcare, they 

care about themselves because they are monitoring without being hassled to do it, that internal motivation 

tells me a lot about how maybe I can work with them and push them to set even better management goals, 

we might not need to see this patient every 6 months then, it could just be once a year, that would free up 

more time in clinics and we badly need that. (Respiratory Consultant 8) 

 

Some patients of mine have shown up with print outs of their sp02 and they are telling me their sp02 has 

been 88, 81, 83, over the past two weeks, and that’s already brilliant for me because 1, I have an objective 

base to think about their status from so that speeds the questioning along, and 2, I know this patient is 

engaged and wants to discuss the changes, that’s a positive place from which to start discussions about 

their management, because I don’t have to spend as long trying to motivate them, I know that they are 

willing to take on suggestions, to engage and stick to the plan so the consultation is far more productive. 

(Specialist Registrar 3) 

 

When they come in during an exacerbation, they are usually very worried about their breathing, they are 

concerned about their shortness of breath and they would tell me they have been wheezing quiet a lot in 

the last day or so. If I had a severity score from them that was collected in the previous week, I could properly 

assess if indeed what they are describing is what was happening or get a different perspective on it. (GP 7) 

 

I find that it can be difficult for some patients to describe their symptoms especially if you ask about the 

lead up to the exacerbation. They often can tell you that they noticed increased coughing and phlegm, and 

definitely if they are having shortness of breath but there’s nothing concrete from them in terms of 

measurements or self-reported information, that sort of information would help paint a detailed picture of 

why they had their exacerbation. (GP 5) 

 

More information is going to help prompt us too, say where we are seeing a person in outpatients, and we 

may be seeing no decline, but then they are showing us their activity from the last 2 months and we see 

they are hardly getting out, that has to prompt new questions, whereas so many times I ask copd patients 

are you walking much and they say yes it’s hard to gauge what they see as much and we see as adequate, 

so maybe then we could do a six-minute walk test to actually see what their capacity is, so there is value to 

be had from even the simple questions we don’t get proper information on. (Specialist registrar 1) 

 

You might have a COPD patient for example who is getting a bit unwell and is immobilising, she might be 

saying that I walked 100 yards down the road and I was really short of breath and I put on my sp02 monitor 

and it said 60, and then when they turn up in clinic it reads 90, so it becomes a case where should I trust 

this person’s information, so in that instance if they are monitoring overtime I can look back and see that 

yes, they were as low as 60, and it verifies what they are saying in an objective way. (Senior House Officer 

2) 

 

Patient self-

management 

There is value to be gained for the patient as it can give them more engagement, if someone is given the 

motivation that I can get you close to where you used to be before, if you track your symptoms or use this 
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device, to the time when you used to be able to do your activities of daily living or go and play golf, I think 

that would improve engagement because they have a goal for their treatment and it would give them 

something to look forward to. Rather than saying, listen, if you do these things you’re not going to cough 

that much, you will have less phlegm, less hospital, the personal aspect is a good motivator because people 

want to be able to live have more quality of life. (Respiratory Consultant 3) 

 

Like the great thing is that people are getting more proactive due to monitoring, like the blood pressure 

monitoring really gets people involved and they tend to be more inclined to come here when otherwise 

they might not have. The other side of it, is that I see much better adherence to medication with those who 

monitor their blood pressure. They go from not being that convinced by the medication, to seeing how it 

lower their numbers, so that allows them to see that the medication does work, so they are inclined to take 

it consistently. Which is a great win for us and them of course. (GP 5) 

 

We spoke about it earlier, with the engagement aspect. These monitoring technologies can definitely 

engage people in a way they have not before, I’ve seen diabetes and hypertensive patients who were 

previously uninterested in the course of their disease, didn’t believe they were as bad as they were, become 

way more active cause they are monitoring. Like, the proof is in the pudding for them, they can see their ill 

health in a way they couldn’t before. They can see the high blood pressure, they can see the high glucose 

levels, they have a way of measuring it now, before it was all whatever the doctor says who I only see every 

couple of months but sure that’s what they say. (GP 8) 

 

Like, they have really cool step devices now and we can use them to implement and track an exercise 

programme. It’s another aspect that is crucial to a COPD patient’s self-management because cardiovascular 

disease is such a big killer in COPD and that’s something that can’t be overlooked when your patient gets 

a diagnosis of COPD. They have to be aware of the importance of exercise for many aspects and those 

devices could help get them onboard and engaged with the exercise side. (GP 6) 

 

Like especially the women, they would be the ones to more tend to go downhill quicker because they feel 

like they have to look after everyone else. I think they’d benefit from simple awareness of all the going they 

do, say with activity, you’ve reached your goal for today, now take a break for a while - they need to 

remember that they are sick and that if they need to sit down and take a break, it would definitely help with 

managing pacing strategies. (Respiratory Physio 1) 

 

If patients are open to sharing information, they are going to have a better understanding of their illness. 

We are aware that most of the time, we use an impenetrable language to explain treatments and 

management to patients, to a point the conversation is almost irrelevant for them, so they are the ones that 

suffer there because they are not as armed as they should be leaving the clinic. That impacts their interest 

in their treatment, it’s got a big knock on. So, if there is a way to help us get them to a level of understanding, 

like with monitoring where they have a direct part to play that hopefully will help get them interested and 

we can work together then to get managing in a way that makes sense to them. (Specialist Registrar 5) 

 

Many of them also take off the oxygen to use the shower, and we have so many cases of people falling in 

the shower, so I say you can’t do that, because if you fall you will break your hip due to your osteoporosis, 

and they won’t operate because you have very bad copd, and therefore it may be a fatal event. And they 

don’t believe you, but when they look at a number, and I see it in the hospital often, and they see the 

number going down to 80, then they believe that. They won’t necessarily believe me because they think I’m 

trying to scare them, but they believe the number, and when they see it on their own device, and then on 

the hospital one, they know it is true, and they engage differently then. (Respiratory Consultant 1) 

Seeing them readings, can have a major impact on the patient’s behaviour and it also makes it real for them 

and that feeds into the ownership they have over their disease too. The offshoot of monitoring is that they 
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are involved, where traditionally diagnostic information was gathered in the clinic, it’s now a case where it 

makes more sense to do that in the patient’s home, and that means they have a new relationship with their 

disease from even earlier. They are not just told they have a disease, they actively partake in finding out 

what is wrong with them – that gets the ball rolling on taking ownership which is conducive to a better 

outcome for them. (Respiratory Consultant 2) 

 

That responsibility is great too, like we talked about taking ownership and recording their symptoms could 

really add to that. They would have a task to do that not only creates an awareness that wasn’t there before, 

so they see how their copd impacts them every day, and that yea, it is a massive part of my life that I need 

to manage, and then secondly, that they can take over and control it without their GP constantly telling 

them do this, do that, they become the authority, so that might encourage them to help become more 

vocal about what we might do together about their illness. (GP 1) 

 

People’s understanding of their COPD is central to them living with it without being constantly sick so 

increasing their disease awareness is something that we could try with phones or iPads. These are the most 

vulnerable patients I have, they don’t know what they even have, beyond a lung problem and breathing 

issues, so if we can get them thinking about their quality of life aspects, mobility, symptoms, this can improve 

their literacy so they aren’t in affect disarmed when it comes to fighting the disease which means they tend 

to have a huge dependency on their doctor. (GP 4) 

 

It’s hard for patients to set themselves high expectations for their health because they get so used to having 

no energy and generally feeling low the whole time. So, they don’t expect that much from their treatment 

in terms of moving beyond their baseline. I would like to see those step counters used, like, because when 

they are in here, and they see the physio, they only want to be able to walk up and down the stairs, because 

that’s what they were able to do, but they could do so much more and the step counters can show them 

that… they don’t think they can so the physio ends up working to a baseline and the patient might never 

get to a potentially higher baseline and it just goes on like that so they never improve. (Special Registrar 4) 

 

A lot of them would say they don’t feel much change from the inhalers. They tend to say that, “oh I kind of 

take it intermittently”, or they have a belief that they only take it when they feel symptoms instead of it 

being like an everyday medication. They’ll take the Ventolin when they’re feeling really wheezy, but they 

won’t necessarily take their long-acting one’s morning and evening. I think it’s because they don’t see the 

effect of it, if we could get them to input self-report symptoms that they would start to see, “Yea, actually I 

am doing better”, and then they would start to believe in the inhalers and adhere with more interest. 

(Respiratory Physio 3) 

 

A lot of patients need positive reinforcement and support to know what they are doing is right, and what 

they’re feeling is normal. We spend a lot of time on the phone reassuring patients that the symptoms they 

are experiencing are normal for their COPD or that what they’re doing is helping them, that it is benefiting 

us and them, it would be great to see some of the clinical markers, but I think the biggest thing patients get 

from us is the fact they can contact us, and maybe there is a cohort of patients there that don’t engage, 

that don’t want to bother us, and if they are logging information daily, weekly, and it allowed another 

channel for them to engage with us and we could link in with them without the total onus been on them, 

then they would get care at times when before that, we would not have the opportunity to offer them 

anything. (Respiratory Nurse 2) 

 

The engagement potential of getting a patient to log symptoms is what I’d be most after in terms of how 

they manage. What you want is a way to remind them to think about how they are doing, to just check in 

now and again to see where they are at, that can have a massive impact because it can become a habit. 

(Specialist Registrar 5) 
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 Also, things like oximetry, unless you have medical interventions in the form of treatments for your 

exacerbations you’re probably not going to fix your low sat by anything you are doing at home. So it’s 

purely to raise a flag that all is not well but it might not help a patient who doesn’t trust or understand their 

symptom change in informing them there is a problem, so it may be helpful for them in the form of a siren 

or a signal from their home monitor that all is not well and it’s not just about how you are feeling, there is 

also objective evidence that all is not well, do something. (Respiratory Consultant 5) 

 

Patients are not really empowered to make these early decisions when they feel a flare up, and part of it is 

if the patients doesn’t understand enough about what constitutes the thing we are trying to nip in the bud, 

what is a flare up, what is an exacerbation, which all have far from ideal definitions of what they are, which 

as doctors if we have trouble defining and agreeing on that , then it’s going to be reflected in the patients 

understanding and inevitably it does and it comes out in the way they engage with their copd. And I see 

that being a fruitful avenue for digital health technologies to help assist a patient in conclusively forming 

the view they need to act on an exacerbation. (Respiratory Consultant 6) 

I find monitoring works very well with young asthmatics, and it really hits home, when they see they are 

80% of what they should be, so now I should start my Blue inhaler or time to up my game and start looking 

after myself better or another day they see they are at 60% and they know that they now have to see their 

GP. It gives them a supplement to their plan that offers more control and that’s the beauty of a device like 

that, they help the person at a time when they would often fall down. Well, you know, some patients don’t 

know when to take their bronchodilators, so if they have a plan around the oximeter where they know the 

level that means, “God, I need to take my Blue inhaler.” then that is filling a gap where they would have not 

known what to do. (GP 6) 

 

Patients can benefit from taking readings, especially if it can help them make sense of symptoms they are 

feeling. I’ve had many patients that can’t tell the difference between their chest infection and their 

pneumonia or their heart trouble, they just present to ED with a problem, but if there was a way for them 

to gauge themselves what is happening then they might be less inclined to come in and instead seek the 

right channel, say their GP or actually to take the anti-biotics they have at home, then that would benefit 

everyone, but mostly the patient. (Specialist Registrar 2) 

 

Others become so tolerant of their symptoms, that they don’t realise they are deteriorating. On the other 

hand, then there are the other extreme people who have become very anxious and depressed because of 

their COPD, and for any little thing they will come to the hospital. So I see a time when they are using digital 

technology to empower them to make better decisions, because they can see that “Oh yes, I am quite 

unwell”, and this is how I feel when unwell, and this is different to last week when I was feeling good, that 

will allow them to come to us when they really need it. (Respiratory Consultant 3) 

 

The group that just tip along, it takes so little for them to fall off the cliff, or more accurately, to feel they 

have fallen off the cliff, remember the one who is going to report this is the patient so it has to start with 

the patient, if the patient doesn’t come in here or go to the GP we may never know about it. So, it has to 

come back to the patient and how they are feeling. So, I think we can improve their knowledge and in turn 

how they manage, by getting them to track their symptoms and hopefully this means they will seek 

treatment at the right time. (Respiratory Consultant 4) 

 

I’d a patient today who has COPD, and his presentation was of a worsening one month of shortness of 

breath. So, he got short of breath one month ago but what triggered him to come to hospital was his family, 

and if it was only him at home he would have carried on tolerating his symptoms and not done anything 

about it and got worse at home on sub—optimal treatment until he had an exacerbation or worse. And the 

fact that there was a clear pattern of one month of shortness of breath and discolored sputum, but he did 
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not act appropriately, shows that these patients need intervention that can help them make quicker 

decisions about their symptoms, or even to show them they are consistently worsening and that it isn’t their 

normal symptomology. (Senior House Officer 3) 

 

But there are a quiet few who come through that you couldn’t label as a definite exacerbation, these are 

people who have that poor level of reserve and become frightened and panicked more than others and 

end up here because of it. With these people, they need new ways of expanding their understanding of 

their symptoms, and if they have to focus on tracking them daily, that will increase their knowledge of their 

natural state which will help them to identify what is a significant change or just a blip. (Respiratory 

Consultant 7) 

And there are other patients that would have a dramatic increase in symptoms and they would delay 

massively, like they might feel things on a Friday, and they are like, “Ah it’s the weekend, I’ll go down 

Monday, because I don’t want to see the on-call doctor, they don’t know me, they don’t have my notes, 

they just give me an anti-biotic and don’t care”, so with that then they don’t bother and then don’t present 

to ED and then they usually end up with pneumonia and another hospitalisation as a result. And the main 

issue there is a time delay brought on by them not understanding the seriousness of their changing 

symptoms. (Respiratory Nurse 2) 

 

 

Chapter 5 

Theme  

Lack of 

Perceived 

Usefulness 

It would be different, I mean people are so used to going to the doctor to tell them about the fact they are sick, and 

if you are going to get them to send their doctor symptoms through the phone, they might be concerned that won’t 

work (Aged 62, Stage 2, Primary) 

 

Monitoring…I’m not sure it would help all that much because they’re up to their eyeballs with work so there is only 

so much they could do for me and if they have to try to keep watch that I’m doing OK in the home too, I don’t think 

that it’s realistic they could do much for me (Aged 69, Stage 2, Primary) 

 

With the oxygen counter, when I see the levels are low I would either take some oxygen or I would sit down and do 

the breathing exercises. I use it most days; it’s only small and doesn’t take long so it’s fine. You see, I could use it 

and then go for a walk out to the gate and it would go back up and if I was in the clinic, sitting there for an hour 

waiting to see him it could be up at 95, and I’m not sure if there would be any value in the GP knowing that. (Aged 

85, Stage 2, Apprenticeship) 

 

I’ve had the same GP for 40 years and I think he knows everything about me so I’m not sure what else he would 

need to know. He’s a good doctor and always does the right thing and always gives the prescription I need and 

always sends me to the hospital when it’s needed, you know? (Aged 82, Stage 2, Apprenticeship) 

 

Digital 

Literacy 

Em, I think the doctors, or the nurses would have to explain it all to you first. Tell me why they want to do it and 

what way it will help me. Sure, if it’s not explained properly then I might not know what I’m doing, and it could go 

wrong so that’s not good. Then if I don’t know what’s really going on, I will lose interest quickly. (Aged 65, Stage 3, 

Secondary) 

 

Em, you’d have to shown how to use it first and foremost. You can’t really use something if you don’t get shown 

first. And like, as I was saying to you earlier, herself helps me so much so she would have to understand too and my 
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Chapter 6 

daughter as well. Like, that is important cause what happens when I’m sick and I have to send something? Who 

would do it if they didn’t know how and I wasn’t fit to show them? What then? (Aged 74, Stage 4, Primary) 

 

So then, let’s say I am given some device to bring home or I have to use something on the phone, say an app, then 

I will want to fully be clued into how that will work and why it is given to me. (Aged 73, Stage 3, Apprenticeship) 

 

It would take a fair but of time someone explaining it all to me anyways, and then if it wasn’t working right, I wouldn’t 

be able to fix it so someone would have to call here and you kind of don’t want to be a hassle, so I don’t think them 

gadgets are for everyone, some will be able for them and others won’t so you’d have to be careful who you give 

them to. (Aged 72, Stage 3, Primary) 

 

with any technology, been aware of why they have been given it, and then making sure they know what way it will 

be useful to them, will probably mean that people will get the most worth out of it. Well, if they don’t use it right, 

how will it do them any good? Just like not taking an inhaler right, what good will it be to them? (Aged 57, Stage 4, 

Secondary) 

 

Illness 

Perception 

and Social 

Context 

It seems awful to say, cause maybe these things could help, but I feel too, like, I think I am happy to just stay with 

the way I have always dealt with things. It seems hard to imagine someone giving a phone or a computer and me 

using it, doesn’t it? It would be different if I was in my 60’s and had a young family and a job, I would want…it would 

be more important to try to be as healthy as I could. But I just go from day-today and I get on OK, and that is all I 

feel I can ask. (Aged 87, Stage 2, Primary) 

 

It’s all part of who you are I think. Definitely some people will be delighted to use their phone or a monitor, but 

others won’t be interested. Well, I’m retired, I have so much time to look into things and do the exercises, I’ve the 

time to manage my COPD as best I can. But if I had a few teenage kids in the house, and I was being a busy mum I 

don’t know if I’d be as committed to my COPD as I am. It takes a huge amount of time, to do the exercises, to take 

the medications, to just be health y in general, and I don’t think if I had to be getting them out to school, taking 

them to hockey or football, that I would be able for it. Same as those who still work or those who have to mind their 

parents constantly, would it matter to them if they had a monitor? They probably wouldn’t be able to keep a diary, 

let alone a monitor. It all depends on the person and their circumstances, and that’s up to the doctor to see if they 

would get any benefit from these things. (Aged 64, Stage 2, Secondary) 

 

Like, I feel if these devices are able to collect readings that are useful to the doctors that everyone should be able to 

avail of them, it just shouldn’t be something for the well off. I’ve a parent who is very sick, with a heart problem also, 

and I know I could probably chip in to help them buy a monitor, but a lot of elderly people and not just elderly 

people, but families too, that might be able to afford that, and they then are missing out on a treatment, or whatever 

you want to call it, that might help them a lot. That wouldn’t be fair. (Aged 64, Stage 1, Undergraduate) 

 

Em, it’s so depends on the person. There would also be that mindset, am I well enough to do this? I don't want to 

be taking on new treatments, especially not ones that mean I have to learn to use a monitor if I don't feel up to it. I 

can't imagine that happening for me anyways. (Aged 61, Stage 2, Undergraduate) 

 

I don’t think I’d be confident no. I mean, I’m just getting by with the COPD and it’s not easy thing to keep on top of 

I’m just sick so much, so it would be another thing to have to do if I was given a monitor. (Aged 73, Stage 2, Primary) 

Themes  



 

 187 

Data 

Quality 

As physicians, we would be hoping that the data sets are pure, that these patients truly have what the devices 

recordings are telling us, because of a lot these devices are not medical grade. (Respiratory Consultant 7) 

 

Like, there is lots of problems with getting them to home monitor, we can’t actually see what way they are doing it, 

are they using the device correctly, are they inputting data in the right way, are they following the right regiment of 

entering it, all these things are really important and if people aren't doing it correctly, then what is the point of us 

having unreliable information? And then even the evidence on how to do this most effectively is really still not very 

well understood. (General Practitioner 5) 

 

I suppose one of the main concerns I would have, is that with these types of devices we are entrusting them to help 

fulfil a clinical skill task that the patient might not fully understand, and the device is not capable of, in terms of the 

medical devices fit for the hospital. The impact of that is, they either end up not using it correctly, and creating 

inaccurate readings, or they react in ways to the readings that puts them in danger. In either situation, the desired 

outcome is not what we would want for the patient. So, there would have to be really lots of educational support 

and supervision, at least early on, when giving them these devices but that can be achieved, it would just have to 

be appropriate for both the clinician and the patient. (Respiratory Consultant 3) 

 

I would see the odd patient who has a handheld oximetry to check their sats, there not extremely accurate which is 

a cause for concern because if we are getting patients to collect objective data at home, it needs to be useable, if 

not, then it's all a waste resources and more worryingly, raises serious patient safety concerns (Specialist Registrar 

5) 

 

I feel if patients are creating information that I didn’t have previously, then great, but it’s what you can do with it 

that will determine whether it is useful or not. Is it relevant, how will I access it, will there be lots of it or will someone 

have broken it down so that it fits into the patient’s chart? Will the quality of the information be determined by me 

or the consultant? These are things that would have to be accounted for. (Senior House Officer 1) 

Evidence-

Based Care 

The biggest trouble with symptoms in COPD is that they are so variable. Nice sunny day they feel great, your 

symptoms could be fine, and then the next day is wet, damp, cold day and they could decrease. So, if someone is 

tracking them they might think 'I’m exacerbating', but they're symptoms are not a presentation alone. If we don't 

have guidelines on what they need to know and do in these scenarios, how can we safely allow patients to do it? 

(Respiratory Consultant 4) 

 

The problem with copd symptoms is that patients can have major day-to-day symptom variability which is very well 

known and described but hard to quantify. But for devices at home, whether oximetry or symptom scores, at what 

point do we say, you need to seek treatment? What do we need to teach the patient? This doesn't exist right now 

so it's a road block. (Respiratory Consultant 5) 

 

If someone comes into the clinic and they have all this information, yes, that’s more than what we had, but the 

challenge is going to be what are we going to recommend they do? As a physician body, what would we tell them 

to do? Do tell them to take steroids at home, and maybe an antibiotic, and should we tell them to go to the GP? At 

what point do we say you have to go here or there, or do this or that, but the decision making is so subjective at 

the moment, there are no hard guidelines, so without them in relation to tracking information from the home, then 

I’m not sure the action will be taken appropriately that will ensure the best for the patient. (Respiratory Consultant 

3) 

 

Without a COPD disease management plan that incorporates digital interventions, I can't see there been any place 

for their widespread engagement by clinicians, there would just be too many grey areas to how these devices can 

fit into the care of the patient. (Specialist Respiratory Nurse 1) 

Resource 

Constraints 

It’s the sheer numbers, and the chronicity of the problem, it’s not like a cold, it’s there all the time and copd patients 

are symptomatic most of the time, so you would have so much information and what is going to happen, it won’t 
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be used properly and then that’s a waste of money and time, patient’s don’t want that, and doctors don’t want that 

and the state definitely doesn’t want that, it would need a lot of resources to make it work. (Respiratory Consultant 

3) 

 

The way community car functions will be an issue for how these data can be managed and used beneficially.  There 

are only a handful of GPs that are really engaged with the hospital and try to create better integration with us but 

it’s always the same people. They are the ones that are always on the GP liaison committees, and it’s quite clear that 

those who engage with us are clearly not speaking on the behalf of the wider group so now how do we try to 

engage GPs in a digital model and disseminate these initiatives to them, they will fall on deaf ears. (Respiratory 

Consultant 6) 

 

There will always have to be a balance between getting information from the home and processing that information 

or the ability to process that information and do something about it, without that been considered, it can't and 

won't work. (Respiratory Consultant 2) 

 

It would be fascinating to know how their mood is week to week, and how anxiety levels when compared against 

days where they report increase breathlessness, and to see how those correlate to when they seek medical attention, 

but then you need the resources act upon that information in a manner that is most beneficial to the patient. For 

instance, we don’t have a psychologist at all, so if a patient is reporting low mood and increased anxiety, and we 

can’t get to the bottom of it, and then they don’t access to the proper person, where does that leave the patient? 

Why would that patient bother reporting all that information again? (Respiratory Consultant 6) 

 

The second thing is, even though the technology exists, and I take the information back, what am I actually going 

to do with it? Because our systems are already under resourced so if you put self-monitoring or remote-monitoring 

in place and you already have an overwhelmed system, we are taking responsibility for information we probably 

won’t be able to act on. It is difficult.  (Respiratory Consultant 7) 

 

Now it depends on the practice but, the practice I have just come from. I already deal with a stack of paper mostly 

letters from the hospital and then you are getting phone calls in between and house calls trying to manage your 

patients, so if you are getting all of this data back on top of that it’s theoretically brilliant but how difficult is that 

going to be to manage with all that extra work load coming through. (General Practitioner 2) 

 

From a medical-legal standpoint, because if everything, like, if the patient just sends that off to their GP, it could be 

4.30pm on a Friday afternoon and the information could be an indication of malignant hypertension, like something 

awful, and they send that in on Friday afternoon and they are thinking that my GP will see that and manage that, 

and I mightn’t see that or if I do I don’t know who the patient is or do I have their phone number. So, it really 

changes the way I do my job, and when I need to be doing my job – I don’t think it is feasible to have information 

coming in like that…GPs won’t have the added time to look at it and that could put a person’s life in danger. (General 

Practitioner 6) 

 

You’d have to have the time to be able to react to whatever’s coming in. Or like do something about it. And like 

work is just so busy as it is, it’s hard to even have a minute to do anything like, to do anything else, we can barely, 

sometimes it can take a couple of weeks to try and ring a patient back nearly that hasn’t come to pulmonary rehab 

because you just don’t have time to. So that would definitely be the, the issue is having time. (Respiratory 

Physiotherapist 2) 

 

We get phone calls, because people get so fanatical about taking oximetry measurements at home, they are ringing 

about their fluctuations and they don’t understand that 87/88 is Ok and it can cause problems for their anxiety levels 

which is not good for them and then we don’t want our phone lines getting overburdened for issues that are not 

priority, and otherwise patients would be able to handle. (Specialist Respiratory Nurse 2) 
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Patient 

Digital 

literacy 

Their knowledge of managing their own health care is usually not great, they don’t understand the simple lifestyle 

changes that are necessary to be healthy, and maybe we need to solve that before we can introduce another 

treatment idea. (General Practitioner 3) 

Many people are still health illiterate, and they find it so difficult to understand the basics of their disease, and this 

is very true for COPD patients. That means, when I speak to them about why they need to take their inhalers, why 

they need to exercise, they listen but cannot understand. We can move on with technology for sure, but the benefit 

won’t be realised for anyone who does not understand their disease. (Respiratory Consultant 2) 

 

It’s going to be tough for the vulnerable cohort, because they are the ones that don’t know so much about their 

COPD and don't do too well. They need on-going support with every aspect of their care, and they just don’t have 

the required baseline understanding of their COPD to actually make use of monitors. (Specialist Registrar 4) 

 

A lot of time it can add a lot of worry if they're seeing read outs they are not sure about. Say, somebody who's 

checking their blood pressure ten times a week is going to have high blood pressure, you know, they're going to 

find that it goes high just from over thinking it.  It comes down to increasing the patient’s ability to use these 

monitors in the right manner, and not to stress them out because they aren't sure of what the read outs mean. 

(General Practitioner 3) 

Theme 

(Facilitators) 

 

Training and 

Education 

Programme 

Like we need more to engage patients and to get them involved in their care, because we see the great results 

from the pulmonary rehab and outreach initiative where patients get increased education and are thought about 

the intricacies of managing their disease, they have reduced exacerbations, increased quality of life, reduced 

admissions and when you look at the key indicators, pulmonary rehab works, it would be worthwhile exploring if 

the physios and nurses would feel confident to educate patients about using a smartphone, or an oximeter, to 

track symptoms? (Respiratory Consultant 4) 

 

I suppose that’s the difference between adherence and compliance. Compliance is when you tell somebody what 

to do and adherence is when you agree on a plan and they agree with you and then they try to stick to the plan. 

I think telling people what to do isn’t going to forward medicine, and the same applies to digital health. Like, if the 

conversation is more about working together to find a solution, digital or not, then that is going to have a better 

experience and outcome for the patient. Really fleshing out what the goal is that we are trying to do and achieve 

with these digital technologies and let them create goal and then it is up to me to think about whether this 

technology can help them achieve that, that’s the way I would see us engaging patients to try and initiate a 

treatment because so often it doesn’t work. (Respiratory Consultant 8) 

 

So, I suppose the initial conversation will be a defining moment for their knowledge of the tech, we will have to try 

and explain when prescribing it, to tell them a little bit about what this is, and what you do when you get it, really 

explain that. Because patients will often say ‘I'm sure it’s grand, I’ll figure it out’. And then they will think they are 

using it right and nobody will know because they are usually managing these things on their own. So, we have to 

put time into explaining how these tech will benefit them, and make sure we evaluate that every time we see them. 

(General Practitioner 3) 

 

It’s never that difficult, but it’s a fine line between trying to educate and spoon feeding them what to do every time 

they come in. Like, you don’t want to them to feel they have let you down by taking the measurements incorrectly 

or something or that they have done something wrong with how they describe their symptoms, or that they are 

incapable of doing it, so you have to balance that conversation in the beginning, it's going to be tricky, I mean, it 
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will all have to become standardised, down to how we talk patients about using technology. (General Practitioner 

6) 

Improving 

HCP Digital 

Literacy 

I suppose often we would give written information, it’s important that they have something to take with them that 

they can look back on, but this way doesn't work, they just forget. As you know in the clinic appointment, the 

patient is trying to remember all the things they want to ask and then getting all this information, so there is 

obviously stuff they are not going to take in. Finding a way to bridge that gap is already an issue, and we will need 

even more guidance on how to speak to patients about different technology if this is the way things are going. 

(General Practitioner 2) 

 

I suppose the first thing is that I don’t know anything really about using apps for your health, so that would definitely 

affect how receptive I would to the idea. And that comes down to education for us also (Respiratory Consultant 1) 

 

It'll come down to us a lot too, how much we are willing to study up on these technologies. Because, if I don't 

understand them, it going to be very difficult for me to recommend anything to patient, or to answer any questions 

they might have in a manner that is satisfactory for me and my practice. (General Practitioner 7) 

 

The other aspect here is that I'm not informed about digital devices. What do I say to a patient who comes in with 

a new app or whatever? I won't know anything about it, so that is place to start maybe, with raising our own 

awareness and knowledge of these things with the aim that I don't steer my patients into danger.  (Senior House 

Officer 3) 

 

Patients are now buying these monitors while out shopping in Lidl, I saw oximeters there myself. I could talk to 

patients about it because it's one I'm familiar with, but I do think if they are using some other monitor, or a steps 

tracker, that I will struggle to make any meaningful statements how to best use it. That will have to change for all 

healthcare professionals, I'm sure. (Specialist Respiratory Nurse 2) 

Personalised 

Prescribing 

I’m not sure though how effective monitoring will be for patients if they still don’t create better lifestyle choices. 

Like with COPD patients, their biggest barrier to a healthy life is quitting smoking, so with those patients who can’t 

quit, it doesn’t matter if they are monitoring or not they are still going to have higher hospitalisations. (Specialist 

Registrar 5) 

 

They need to have a skillset to bring about change and some patients feel they are held back by their viewpoint, 

they may have a defeatist attitude, they feel they are just passively going along with everything that has happened 

to them and aren’t able to change that pattern. (Respiratory Consultant 5) 

 

It’s down to the individual and the traits they have in terms of how they engage. Some people would often come 

in too early, and there is nothing to find – such as a light cough or a sneeze and then you have the complete 

opposite. Those who come in and you have to put them on a nebulizer straight away, they should have come in a 

few days previous. There’s not a one size fits all in that respect, because not everyone will be engaged to use these 

things, so what would be point in forcing them upon every patient, some won't be able for it. (Senior House Officer 

1) 

 

The point is that, when you give a patient monitor, they have to be aware that this is not what is going to make 

them healthier, it’s how they decide to blend it with all the other treatments and recommendations they’ve got 

from their doctors and the nurses. A good example is with diabetes patients. They use glucometers, but that 
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Chapter 7 

glucometer won’t make them healthier unless they are eating the right food – it’ll be no different for a COPD 

patient if they are entering information or monitoring, if they are still smoking 20 a day. (Specialist Registrar 5) 

 

Many people don’t care about managing their COPD, and if they are being asked to do something extra as well 

as taking their inhalers and seeing doctors and coming in to get tests, beyond that they might not be willing to do 

more, and if the patient is not going to try to manage better this patient might just not be appropriate to offer this 

treatment too. (Senior House Office 3) 

 

It’s hard for patients to manage at the best of times, but when they are getting sick or when they have had an 

exacerbation, they are more likely to be very out of sorts and that is a time when our expectations for what they 

can do on their own might be unrealistic. Well, it might be too much to expect from a patient who has just had an 

exacerbation to go home and deal with trying to get back to normal as well as maybe taking all their anti-biotics, 

plus maybe a new inhaler, and then to monitor also? (Specialist Registrar 3) 

 

Multi-comorbidity becomes a problem when trying to introduce new treatments for them to self-manage their 

disease. They have so many other symptoms to understand and act on, how do you classify what is what for them? 

Then cognitive issues will also have a massive impact on this management, generally it’s very hard to manage if 

you are not able to envision a way out the dilemma that you are in. (Respiratory Consultant 5) 

Theme  

Perceptions 

of DH for 

the 

Consultation  

I would be able to look back over it [their measurement data] and see how much I have been sick, like, if I was to 

go to my doctor I could tell them that, like, in the past week I’ve had all this going on and maybe they could take 

a look at what I’m on or could just tell me, you need to take it easy or that. (P107: Aged 82, Stage 2, Apprenticeship) 

 

I can see the consultation changing for sure, because now I have a patient who has a different type of information 

with them, and therefore, I would have to ask different questions because of that. It would help me, if I saw things 

I didn’t like, I would describe to the patient what they should be doing and describe why what they are not doing 

is not good for them and how it can impact them negatively. (Respiratory Consultant 1) 

 

If someone comes in and they have a very acute exacerbation, they might be too breathless to talk, or if they’re 

very bad like with pneumonia, they might be septic and delirious and not able to give you the information and 

sometimes their cognition can be affected if they’ve got a very bad infection. If we had this more reliable 

information over the last few weeks, that’d be fantastic. They’re just too breathless to talk for a couple of minutes, 

to get all that information is difficult. (Respiratory Physio 2) 

 

I’d be more involved, wouldn’t I? Like, I’d have a say in what the doctor should know about me too. It’s not just 

them doing tests to find our everything. I don’t think anyone likes getting tests done, or even being in the hospital 

for that matter so if it could save a few tests for me then I’d be happy. (P102) 

 

I guess, if I was do that, I would be able to look back over it and see how much I have been sick... like, if I was to 

go to my doctor I could tell them that, like, in the past week I’ve had all this going on and maybe they could take 

a look at what I’m on or could just tell me, you need to take it easy or that. (P103) 

 

Sometimes when I visit my doctor, what I feel is going on with me and what he thinks is going on with me clash. 

But if there was a way for him to understand better what exactly I’m talking about then we might be able to get a 

better story of what is happening – we’d both have a greater say in the story. (P110) 
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My GP, I've been with him for 40 years, and he does the job, but with the COPD he doesn't really know that much, 

and it gets to a stage where I'm often lost in the conversations about inhalers and nebulizers and when to use 

them, it's much easier to talk to the nurses in the hospital, they put it all in terms the commoner gets. (P113) 

 

I would like my GP to spend more time listening to me; I probably forget to tell him a lot of things too when I go 

in so it’s not all his fault when I come back and I feel we didn’t get to talk about everything. I was saying there a 

while ago, that I will eventually talk to the doctor about the oximeter, so I think that will give me more focus when 

I’m in there, and we can talk more about when I don’t have good readings and that, I think that will be a good 

thing for us. (P113) 

 

It means that now I know why I keep ending up there and then I can work to do more to avoid it, they’d give me 

advice I’m sure to give it a better go. (P120) 

 

They could say, “I better see to this woman.” I think it would be marvelous. It would save a lot of time in the 

hospitals as well. Which would be a blessing cos when you go in there, they have lots of questions and sure half 

the time I don’t know what they are talking about so if they had all this information, they would have more to work 

from when I am in there. (P125) 

 

Well it’s more than you know going in so you don’t have to learn this bit, just a little bit and as I say I have learned 

a lot since the last time I was in about how I am doing at home, like with the measuring. But you know when you 

go to see a doctor, he has got 15, 20 people to see, so he has ten minutes or whatever it is. I mean I was with the 

doctor last night, probably five minutes. He checked my chest, said steroids, antibiotics, goodbye. So at least if you 

have more to say, maybe about the measurements, they’d listen a bit more too. (P128) 

 

The odd time I'm not sure I'm that helpful, I go in and I know I need an antibiotic but I'm not sure what has been 

going on, I might feel a bit chesty or I'm coughing, but that's the height of what I can say. They could do with 

more information, as we just spoke about, that might give us a good footing to get to the issue. (P128) 

 

Sometimes I would go into the GP and I’d say I’ve been feeling a bit drained lately, but that's the height of what I 

know, I'd rather have something definitive, this is what has been happening, I'm here because this. She’ll ask about 

what I have been doing and have I been doing too much or too little activity, but they are the easy questions to 

answer, I would know myself if I had over done it but then she will ask about breathing, like have I been wheezing 

a little or how I have been sleeping in the last few weeks? I can tell her what I think, but I’d much prefer to be able 

to give her more in them situations, to be more, to just be able to say , this is exactly how I felt. (P132) 

 

I think, they need to have a plan that makes sense to them. They nod their heads and I know it's not computing, 

that's awful hard to deal with when I know they are not doing great. I see devices coming into play here to get 

them focused on accomplishing a part of their treatment, like I can tell them, OK, we're going to focus on your 

exercises, and I want you to log each day which ones you did and how you felt afterwards, let's see how many you 

get done over the  next couple of weeks and we'll review when you get back. Now they have a goal, even if they 

are not sure of why the exercise is important, if I can get them doing it first, I can work on the education. (Resp 

Physio 1) 

 

We often get patient’s coming in with family members, and they are not aware of what is going on with how the 

patient is feeling because they never say. If we see from data coming in that they are logging really high anxiety 

levels, where they are effectively crippled by anxiety, we can bring this up to talk about the family dynamic and 

talk to the patient about how the family can help with the practical element of managing their disease and help 

ease that anxiety, which can help to get them back in control. (Resp Con 6) 

 



 

 193 

With regard to my more severe copd patients, being able to do things, put on their clothes, and do it without 

needing to take a break, being able to walk down to the shops without stopping, maybe that’s their baseline 

activity, or they only need to stop once, and if I have the activity information and then layered on top of that their 

account of how they felt their activity is going this week, I could individualise that information and provide care 

that is more suited to their needs. (Resp Con 7) 

 

It’s tough to identify those at risk patients who are either struggling with their management or struggling with 

adherence. We and they, they need an intervention to try and improve things from a day-to-day management 

perspective, because they are the patients that need the most help, as I said, for every ten patients that will come 

in you will have the few that will understand what is happening and they will do what they have to tackle it, and 

then there’s others who really want to do it, and some are really meticulous in maintaining their treatments but 

unfortunately despite that they deteriorate, but then there’s the larger cohort that really, really struggle. But the 

problem is it is not one size fits all when it comes to treatment plans, the reasons for struggling could be down to 

psychosocial things that relate to their home life, work life, but we don’t have access to that, if we are getting 

patients to monitor and input daily data like this, we can optimise their plans, no doubt. (Resp Con 8) 

 

With more data from patients we could cut down the length of consultations because time would be the most 

important factor to get them up to speed. In general practice, you see 5 people an hour and some are more 

complicated than others so that can take more time, and em, so what you have to try and do is make little 

interventions regularly and new types of data can help there, opposed to where every 6 months we try to make a 

change, we could do more for them. (GP 5) 

 

It is also only a subjective reading to say you are hot, it’s not an objective fact cause you can’t really quantify what 

a person was feeling when they felt hot… but if they come in and they say oh my temperature was 38.6 so then 

there you go, I have something that solidifies their feeling objectively. Another great one is the peak flow meters 

for asthmatics. That information is great cause you can have your plan in place depending on their peak flow, and 

I can say, when it is this level take that inhaler and when it is such a level take another inhaler.  (GP 6) 

 

If they were smoking 20 cigarettes a day and then they came in and I could see they had reduced to 10 a day, I 

would use that information, and I do feel that when patients are logging their own health information, they tend 

to be more truthful, so I would be getting a truer picture of their habits that they tend to feel they can’t share, so 

that is information that is very valuable especially for developing a plan that is tackling the right issues for them. 

(Resp Con 1) 

 

Some patients of mine have shown up with print outs of their sp02 and they are telling me their sp02 has been 

88, 81, 83, over the past two weeks, and that’s already brilliant for me because 1, I have an objective base to think 

about their status from so that speeds the questioning along, and 2, I know this patient is engaged and wants to 

discuss the changes, that’s a positive place from which to start discussions about their management, because I 

don’t have to spend as long trying to motivate them, I know that they are willing to take on suggestions, to engage 

and stick to the plan so the consultation is far more productive. (Specialist Reg 1) 

 

Well for those groups that exacerbate regularly, we are only seeing the worst of their COPD and that limits our 

knowledge of their disease then. We only see the acute presentations, and then we may end up changing inhalers 

more frequently I suspect, and unfortunately it also leads to more investigations that may not be entirely necessary 

but that’s because we lack the context of what a COPD patient is like when they are controlled, are well, and are 

managing well in the community. For instance, doctors who rotate through GP practices they can see complete 

difference of level of care these COPD patients need in the community so we have to explore ways of 

understanding patients when they are not here as that could enhance that way we treat them here. (Spec Reg 2) 

 

Unfortunately, it just doesn’t really work that well when a patient is trying to look back and then give an accurate 
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picture of what was happening in a certain point in time. They’re only going to remember more the previous few 

days especially if they have just an exacerbation so that will more vivid and will also cloud their memory of the past 

few weeks so that ability to collect information over a longer period time would mean patterns would show and 

that is what I want as an doctor, objective and accurate information over time. (SHO 1) 

 

When they end up here, I think it would be so useful to have the subjective information, that would be my first 

port of call. It is important to get to grips with what they feel has changed over the past few days and weeks and 

data can help fill out anything they can’t tell us about what has led them to the hospital. The conversation time 

then can be put towards their treatment instead of spending ages figuring out what happened for them to be 

here, so much time is spent on: are they following it have they stopped it, do they understand the treatment they 

are on? Are they taking the necessary preventative measures like their vaccines, and the point is to try to get to 

the bottom of why they are in hospital on that day, and what changed? (Resp Nurse 1) 

 

It would be great if we could get more from them. Because it’s very hard, they’re often very vague about what 

they were doing when the breathlessness got worse or. They can just be quite vague, they often don’t give you 

specific answers when you’re looking for them. And one of my big things is how long can you walk for before you 

get breathless and they’re like “Oh I don’t know”. Like they can’t tell you. You’re like how many minutes can you 

walk for like four weeks ago, how many minutes could you walk for before you had to stop because of 

breathlessness. And they find it very hard to quantify. And you’re like, and now how long can you walk for? Is there 

a difference? It’s very hard to sometimes get that information out of them. (Resp Physio 2) 

 

There’s still huge taboo around issues of mental health, but that’s even more so in the older generations and to 

get them to talk about mood or feeling low, they don’t want do it, that means we have to coax them to speak 

about it, and we can’t them talking about it, then we see the impact that has on their health, because low mood 

can really create apathy with management. (Resp Nurse 2) 

 

Obviously the score or answers they log, this will give me more of idea of what they're ringing up about, that will 

raise more questions for us and in the clinic then you're probably thinking we need to act on this but you'd just 

be making sure it's nothing else that's causing it and if they're getting a high score because their energy levels are 

down or something, it could be something else, it could be a different infection, it could be anything really so 

you'd obviously be coming at them with an exacerbated COPD, you'd just be clarifying that, having a listen to their 

chest, checking them for any other infections. (GP3) 

 

First off, I think there’s a time and a place for home monitoring; it definitely has a place in my role as a GP. Like, 

the most basic and simple one is the thermometer. They have ones now that plug into your phone and all. It’s so 

useful when someone comes in complaining of a chest infection or a flu, and then they have temperature readings 

for the past two days, that is way better than someone telling you their son’s head felt hot, or that they were up 

all night sweating due to a temperature, having the reading there just gives you a starting point and give you a 

sense for what was going on up to now. (GP 4) 
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