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ABSTRACT 

Background: Big data research in the field of health sciences is hindered by a lack of 

agreement on how to identify and define different conditions and their medications. This means 

that researchers and health professionals often have different phenotype definitions for the 

same condition. This lack of agreement makes it hard to compare different study findings and 

hinders the ability to conduct repeatable and reusable research. 

Objective: This thesis aims to examine the requirements of various users, such as researchers, 

clinicians, machine learning experts, and managers, for both new and existing data portals for 

phenotypes (concept libraries). 

Methods: Exploratory sequential mixed methods were used in this thesis to look at which 

concept libraries are available, how they are used, what their characteristics are, where there 

are gaps, and what needs to be done in the future from the point of view of the people who use 

them. This thesis consists of three phases: 1) two qualitative studies, including one-to-one 

interviews with researchers, clinicians, machine learning experts, and senior research managers 

in health data science, as well as focus group discussions with researchers working with the 

Secured Anonymized Information Linkage databank, 2) the creation of an email survey (i.e., 

the Concept Library Usability Scale), and 3) a quantitative study with researchers, health 

professionals, and clinicians. 

Results: Most of the participants thought that the prototype concept library would be a very 

helpful resource for conducting repeatable research, but they specified that many requirements 

are needed before its development. Although all the participants stated that they were aware of 

some existing concept libraries, most of them expressed negative perceptions about them. The 

participants mentioned several facilitators that would encourage them to: 1) share their work, 

such as receiving citations from other researchers; and 2) reuse the work of others, such as 

saving a lot of time and effort, which they frequently spend on creating new code lists from 

scratch. They also pointed out several barriers that could inhibit them from: 1) sharing their 

work, such as concerns about intellectual property (e.g., if they shared their methods before 

publication, other researchers would use them as their own); and 2) reusing others' work, such 

as a lack of confidence in the quality and validity of their code lists. Participants suggested 

some developments that they would like to see happen in order to make research that is done 

with routine data more reproducible, such as the availability of a drive for more transparency 

in research methods documentation, such as publishing complete phenotype definitions and 

clear code lists. 

Conclusions: The findings of this thesis indicated that most participants valued a concept 

library for phenotypes. However, only half of the participants felt that they would contribute 

by providing definitions for the concept library, and they reported many barriers regarding 

sharing their work on a publicly accessible platform such as the CALIBER research platform. 

Analysis of interviews, focus group discussions, and qualitative studies revealed that different 

users have different requirements, facilitators, barriers, and concerns about concept libraries. 

This work was to investigate if we should develop concept libraries in Kuwait to facilitate the 

development of improved data sharing. However, at the end of this thesis the recommendation 

is this would be unlikely to be cost effective or highly valued by users and investment in open 

access research publications may be of more value to the Kuwait research/academic 

community. 
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Chapter 1 

Introduction 

The purpose of this chapter is to introduce the topic and context of this thesis, the study setting 

and population, and the study statement of the problem. It also describes the study's relevance 

and possible contribution to the broader field of health informatics research, followed by the 

study's aims and objectives, and the theoretical and methodological approaches that were used 

in the study.  
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1 CHAPTER 1: INTRODUCTION 

1.1 THESIS TOPIC 

Concept libraries are web-based data portals for storing, managing, sharing, and documenting 

clinical code lists, which are aggregated from linked electronic routine data by using 

phenotyping algorithms. This thesis informs the requirements for concept libraries for users 

from a variety of disciplines, including researchers, clinicians, machine learning experts, and 

research managers, in order to improve disease phenotyping when retrieving and analysing the 

codes that are collected from linked electronic routine data. Exploratory sequential mixed 

methods were used in this thesis to look at which concept libraries are available, how they are 

used, what their characteristics are, where there are gaps, and what needs to be done in the 

future from the point of view of the people who use them. 

1.2 CONTEXT OF THE THESIS 

As my home country, the State of Kuwait, was in the process of integrating electronic data (the 

databases of primary health care centres with hospitals), I travelled to the United Kingdom to 

pursue a PhD that would be valuable to my country in this context. Therefore, I chose to study 

more about data linkage and the health informatics that surrounds it. I chose to look at 

something that was very new in Wales, which was a concept library, and I wanted to examine 

if this would be valuable to develop in Kuwait. As a result, I began to examine the current 

concept libraries to learn about their design, contents, and applications in order to assess 

whether or not users valued them and what a concept library should look like in order to be 

useful. 

1.3 STUDY SETTING AND POPULATION  

This research was conducted in Wales, the United Kingdom. This work was an evaluation from 

the user’s perspective of the value of existing and newly proposed concept libraries. First, I 

invited by email six participants from a variety of disciplines, including researchers, a clinician, 

a machine learning expert, and a senior research manager in health data science at Swansea 

University and Cardiff University, to participate in one-to-one interviews, which took place 

either in their offices or a convenient and private location in the Data Science Building, Medical 

School, Swansea University campus. Second, I sent an email to all researchers in Wales (N = 

34) who work with the SAIL databank, a national e-health data linkage infrastructure, inviting 
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them to participate in a focus group at the Data Science Building, Medical School, Swansea 

University campus. Third, I sent e-mail invites to participants working with data linkage centres 

such as CPRD (Clinical Practice Research Data Link) (N= 200), including researchers, health 

professionals, and clinicians, requesting them to complete a brief e-mail survey. 

1.4  STATEMENT OF THE PROBLEM 

The availability of clinical codes in EHR-based research is essential for reproducible research 

and effective study comparison. The issue is that not all researchers share the code lists they 

used (e.g., how they were established and the accurate phenotype definitions along with the 

original research that used them). Although some researchers publish their phenotyping 

algorithms, there are many challenges associated with effectively reusing and replicating them. 

For example, the interpretation or manipulation of data often requires knowledge of complex 

programming languages, such as SQL. This means that EHRs are still inaccessible to many 

researchers. 

To address these issues, the United Kingdom and other countries, including Canada, have built 

web-based data portals for phenotypes known as concept libraries, which allow data analysts, 

researchers, and clinicians to upload and download lists of clinical codes, update previous code 

lists, and share clinical code data across platforms. Also, a team of health informatics and data 

scientists in Swansea University and Cardiff University with clinicians and statisticians has 

built a prototype concept library in the SAIL databank for diagnoses, symptoms, and 

medications. 

Despite the fact that the development of concept libraries appears to be excellent for addressing 

all of the mentioned problems, existing concept libraries are not widely used. The purpose of 

this thesis was to examine the barriers that prevent researchers from sharing their clinical code 

lists or reusing others' code lists in existing concept libraries and to explore the needs of various 

users, including researchers, clinicians, and managers, in the development of Swansea 

University’s prototype concept library. 

1.5  SIGNIFICANCE OF THE STUDY TO THE FIELD OF HEALTH INFORMATICS 

To our knowledge, this is the first PhD thesis aimed at identifying the needs of various users 

of a concept library. The findings of this study would have a significant impact on improving 

the efficiency of existing concept libraries by informing their developers about the different 
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requirements, facilitators, barriers, and recommendations of the various users. This work will 

greatly inform the developers of new concept libraries to improve access to and collaboration 

with EHRs’ routine data, which is part of an all-UK agenda, and the findings of this study will 

have implications for other countries working to access and share linked EHRs’ routine data, 

such as the State of Kuwait.  

In addition, this thesis includes two reviews of the literature: the first review aims to explore 

existing concept libraries, examine their utilities, identify the current gaps, and suggest future 

developments; the second review aims to summarise the clinical classification systems used to 

identify chronic diseases in children in routine data sources and other administrative datasets, 

which serves to illustrate an example of how a concept library could be developed to give 

‘modules’ or concepts in specific clinical areas. In addition, This review may also be useful for 

researchers interested in examining studies that classify a range of chronic conditions in 

children using a range of different combined data sources and beneficial for existing concept 

libraries as I tried to make the classification systems presented in this review repeatable by 

summarising the definitions, types of routine data sources, coding systems on which they are 

based (for example, ICD-10), and links to their specific codes if they are publicly available. 

1.6 AIMS AND OBJECTIVES  

This thesis aims to explore the requirements of various users, including researchers, clinicians, 

machine learning experts, and managers for the development of a data portal for storing, 

managing, sharing, and documenting clinical code lists, referred to as a concept library, and to 

examine why existing concept libraries are not widely used.  

1.6.1 The thesis specific aims 

1) To investigate and summarise the various features of existing concept libraries in the 

literature, such as definitions, types, similarities, and differences. (Chapter 4) 

2) To discover the different clinical classification systems used in the literature to identify 

chronic conditions in children from routine data sources. (Chapter 5) 

3) To explore the requirements of various users, such as researchers, clinicians, machine 

learning experts, and research managers, when using concept libraries (Chapter 6). 

4) To examine why current concept libraries are not commonly used. (Chapter 6) 

5) To identify the current system for disease phenotyping used by the users (its strengths 

and weaknesses). (Chapter 6) 
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6) To develop an email survey to explore the usability of concept libraries by various users 

(Chapters 3 and 7) 

1.7 RESEARCH METHODOLOGY AND METHODS 

In this thesis, I used an exploratory sequential mixed methods design that consists of three 

phases: 1) two qualitative studies, 2) the development of an email survey, and 3) one 

quantitative study. In the first phase, I conducted the following two qualitative studies: 

The first qualitative study involved one-to-one interviews with researchers, clinicians, and 

managers, which were conducted to examine their specific needs for concept libraries. Based 

on the purpose of this study, I developed semi-structured interview questions, which consist of 

introductory, flow, key, and final questions. 

The second qualitative study involved a focus group with researchers working with the SAIL 

databank. It was held for 2 hours, and a SWOT analysis (Strengths, Weaknesses, Opportunities, 

Threats) for the current system and the proposed concept library was performed. Before the 

focus group session, I created a list of ten semi-structured questions based on the objectives of 

this study. The purpose of the questions was to generate thoughtful and thorough responses 

from the participants; therefore, I avoided using closed-ended questions (e.g., yes or no).  

In the second phase, I developed an e-mail survey instrument based on the findings of the first 

qualitative phase of this research and called it the Concept Library Usability Scale. This 

development links the study's first qualitative phase to the subsequent quantitative phase, which 

represents the point where the two phases mix. 

In the third phase, I examined the content consistency and validity of the Concept Library 

Usability Scale, an e-mail survey instrument that I developed in the second phase. The e-mail 

survey was tested with several participants to ensure that the questions were understandable to 

the users of concept libraries, who are the target participants for the survey. I sent e-mail 

invitations to the participants, which included researchers, health professionals, and clinicians, 

asking them to complete the Concept Library Usability Scale.  

1.8 STRUCTURE OF THE THESIS 

This thesis informs the requirements for a concept library for users from a variety of disciplines, 

including researchers, clinicians, machine learning experts, and research managers, in order to 
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improve disease phenotyping when retrieving and analysing the codes that are collected from 

linked electronic routine data within the SAIL in Wales. 

The purpose of chapter 1 is to introduce the topic and context of this thesis, including the study 

setting and population, as well as the statement of the problem. Next, chapter 1 describes the 

study's relevance and possible contribution to the broader field of health informatics research, 

followed by the study's aims and objectives, and the theoretical and methodological approaches 

that were used in the study. This chapter concludes by providing an overview of the 

thesis's structure. 

Chapter 2 provides a background to the topic of the thesis. It describes the importance of linked 

electronic patient data as a resource for conducting research, provides an overview of some of 

the existing linked electronic patient data repositories in the UK, mentions some of the 

challenges associated with the identification of EHRs based-phenotypes, and summarises 

approaches as well as uses of EHRs based-phenotyping. 

Chapter 3 details all of the exploratory sequential mixed approaches used in the three phases 

of this thesis: 1) two qualitative studies, 2) the development of an email survey, and 3) one 

quantitative study. 

The purpose of Chapter 4 is to review the literature on existing concept libraries for disease 

phenotyping, which serve as platforms for multiple researchers to store, manage, and share 

phenotypes (diagnoses, symptoms, medications, and procedures). This review aims to examine 

how they are used and identify current gaps and future development.  

Chapter 5 involves conducting a review of the literature to identify some of the existing 

classification systems used for identifying children with chronic conditions in routine data 

sources.  

Chapter 6 explores the needs for a portal of disease phenotyping definitions (a concept library) 

for users from a variety of disciplines, including researchers, clinicians, machine learning 

experts, and research managers. Additionally, it analyses why existing concept libraries are not 

more widely used. 

Chapter 7 presents the results and statistics of the quantitative study that was performed using 

the Concept Library Usability Scale, an e-mail survey instrument. The purpose of this study 
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was to investigate the various requirements for a concept library for users from various 

disciplines, such as academics, clinicians, machine learning experts, and research managers. 

Chapter 8 discusses in detail the findings of the three phases of this thesis: 1) the two qualitative 

studies, 2) the development of an email survey, and 3) the quantitative study. It also addresses 

the thesis's strengths, limitations, and original contributions to concept libraries. This chapter 

also describes the identified opportunities and obstacles from the users' perspectives in order 

to maximise the utility of concept libraries. Finally, it gives recommendations for future 

research directions in order to improve reproducible research. 

Chapter 9 presents the conclusion of the overall studies, including the interviews, focus groups, 

and survey conducted in this thesis, and provides recommendations to improve repeatable 

research using linked routine electronic data sources. 
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Chapter 2 

Background 

This chapter provides a background to the topic of the thesis. It describes the importance of 

linked electronic patient data as a resource for conducting research, provides an overview of 

some of the existing linked electronic patient data repositories in the UK, mentions some of the 

challenges associated with the identification of EHRs based-phenotypes, and summarises 

approaches as well as uses of EHRs based-phenotyping. 
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2 CHAPTER 2: BACKGROUND 

Health care systems are becoming more digitally focused rather than paper-based and are 

moving to the use of electronic health record (EHRs). The growing availability of electronic 

patient data offers health care practitioners increased opportunities for secondary use of EHRs 

data to improve the quality of care and research [1] [2] [3]. This chapter describes the 

importance of linked electronic patient data as a resource for conducting research, provides an 

overview of some of the existing linked electronic patient data repositories in the UK, mentions 

some of the challenges associated with the identification of EHRs based-phenotypes, and 

summarises approaches as well as uses of EHRs based-phenotyping. 

2.1 LINKED ELECTRONIC PATIENT DATA  

The availability of large amounts of electronic patient data that can be moved and linked 

together into safe data repositories could enable researchers and data analysts to query and 

examine this data effectively [4] [5] [6]. There has been an annual rise at a rate of approximately 

20 % in primary care research using EHRs in the United Kingdom (UK) [7], which gathers 

data about general practice from the following databases: 1) Clinical Practice Research Data 

Link (CPRD) [8] 2) The Health Improvement Network (THIN) [9] 3) QResearch [10], and 4) 

Secured Anonymized Information Linkage (SAIL) [11].  

About 98% of the UK population are enrolled with a primary care general practice (GP) [12] 

and under the National Health Service (NHS), GP visits are available for free. The GP is the 

care gatekeeper of the UK NHS. GPs serve as the first point of contact with any non-emergency 

health-related problems that can then be handled within primary care and/or referred to 

secondary care as appropriate. Secondary care teams also provide GPs with knowledge about 

their patients, including main diagnoses [8].In addition, secondary care data such as the 

hospital admission system (HES – England, PEDW – Wales, SMR -Scotland), are linked 

to primary care records  [6] [7] [13] [14]. Such linked information creates the opportunity 

to undertake research into the causes and outcomes and pathway of disease.   
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2.2 EXAMPLES OF LINKED ELECTRONIC PATIENT DATA REPOSITORIES 

2.2.1 The Secure Anonymised Information Linkage (SAIL) 

SAIL is a national data safe haven with datasets, primarily on the population of Wales. It 

contains information on over 5 million people who have received public services in Wales, 

which are made accessible anonymously to researchers around the globe. SAIL was developed 

by Swansea University (Wales, UK) Population Data Science Group in 2007 with core funding 

from the Welsh Government's Health and Care Research Wales (HCRW). It was designed to 

optimise opportunities for longitudinal, cross-sectoral assessment of services 

and interventions while at the same time protecting privacy [13].  

SAIL has a collection of Wales-wide, core or core-restrictive datasets. The Independent 

Information Governance Review Panel (IGRP) can authorise the use of both datasets. The 

difference is that only data providers reserve the right to review the proposed uses of core-

restricted datasets. Additionally, SAIL can integrate study datasets generated by researchers, 

providing they have obtained all necessary regulatory approvals, including consent to permit 

them to transfer the dataset to SAIL and connect it to existing SAIL data. Access to a study 

data set may be restricted, depending on regulatory approvals, to a specific project team or 

individual researcher [13].  

SAIL datasets are linked through the use of an Anonymous Link Field (ALF): a special, 

anonymous identifier assigned to every person in a dataset by NHS Wales Informatics Service 

(NWIS) after a matching process against the Welsh Demographic Service Database (WDS) 

database. Figure 2.1 shows the process of data anonymisation. In this figure, W& Y stand for 

Week and Year of Birth and LSOA stands for Lower Layer Super Output Areas. NWIS and 

SAIL co-designed and tested the matching algorithm. First, SAIL focused on determining the 

appropriateness of using the NHS number as the basis for a unique identifier, and then to 

evaluate the algorithm to match a collection of datasets from primary care, secondary care and 

social services against WDS. Also another benefit of the matching process in NWIS is that 

ALFs can be assigned to datasets originating from outside the health sector (such as social 

services or education) or where the NWIS number is otherwise lacking [11] [13]. 

 

 



11 

 

Figure 2.1: NHS Wales informatics service and data anonymisation 

Source: https://saildatabank.com/faq/  

SAIL has more than 1,200 registered data users, and more than 300 projects have used the data, 

with about 30 new projects each year. For example, research using SAIL data has been used to 

inform National Institute for Health and Care Excellence (NICE) guidelines and European 

Guidelines for the treatment of patients with ankylosing spondylitis (AS). Previously patients 

could only be given disease-modifying medications if they had serious disease for at least 3 

months. However, SAIL research showed that flares last about a month, and that there is no 

need to postpone treatment for people beyond this time. The study measured the cost of treating 

AS in the UK to inform service planning [15] [16]. 

2.2.2 The CALIBER research platform – electronic health records for cardiovascular research 

The CALIBER research platform is “a unique research platform consisting of ‘research ready’ 

variables extracted from linked electronic health records (EHR) from primary care, coded 

hospital records, social deprivation information and cause-specific mortality data in England” 

[17].  

It is led by University College London (UCL) and partners including UCL, the London School 

of Hygiene and Tropical Medicine, and Queen Mary University of London. CALIBER 

investigators are a group of epidemiologists, clinicians, statisticians, health informaticians, and 

computer scientists who work together [18].  

Data in CALIBER platform (https://www.caliberresearch.org) are “research ready” variables 

derived from four linked NHS electronic health records and administrative health data that are 

deterministically connected using the NHS number (a specific 10-digit identifier assigned at 

birth or first interaction), gender, postcode, and date of birth [19] including: the Clinical 

Practice Research Datalink (CPRD) [20], the Myocardial Ischaemia National Audit Project 

(MINAP) [21], Hospital Episodes Statistics (HES) [22], and the Office for National Statistics 

https://saildatabank.com/faq/
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(ONS) [23]. Types of data, coding system used and data recording details of these linked 

electronic health record sources presented in Table 2.1[18]. 

Table 2.1: Linked electronic health record sources in CALIBER 

 

Source: (Denaxas, 2012, P.1627) 

Researchers can use raw data after the protocol has been approved by the bodies that govern 

access to the constituent data sets and payment has been made to them. For CPRD, this includes 

the Independent Scientific Advisory Committee's (ISAC) scientific approval of the protocol, 

as well as a signed license specifying the nature and data confidentiality of CPRD data use. For 

MINAP, applications are made to the MINAP Academics Group, and for HES and ONS, 

applications are made to the NHS Digital, which is the national information and technology 

partner to the health and care system [24]. An application should be submitted to the Scientific 

Advisory Committee of CALIBER following such approvals [18]. Steps involved in accessing 

CALIBER resources summarised in the CALIBER project cycle (Figure 2.2) [17]. 
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Figure 2.2: CALIBER project cycle  

 

 

Source: (UCL Institute of Health Informatics)  

CALIBER resources contribute new information across different stages of translational 

pathways such as: 1) Risk factors for the onset of cardiovascular diseases (CVDs): CALIBER 

cohorts allow research into the early stages of a wide range of CVDs, which was previously 

impossible in smaller, less clinically phenotype cohorts. Smoking, for example, has varying 

associations with different CVDs endpoints, with no correlation with initial presentation with 

ventricular arrhythmia or cardiac arrest, a modest association with chronic stable angina and 

heart failure, and significant associations with Acute Coronary Syndromes (ACSs) [25].  2) 

Quality of treatment and outcome studies: There are Myocardial Infarction (MI) registries in 

two countries around the world, which provide data on consecutive patients in all hospitals. 

There were significant care disparities in comparisons of over 500,000 patients in Sweden and 

the UK, and 30-day mortality was lower in Sweden [26]. 3) Prognosis: Prognostic models have 

been developed and validated in a linked electronic health records cohort of 102 023 patients 
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with Stable Coronary Artery Disease (SCAD) for estimating risk of all-cause mortality and 

coronary outcomes based on clinical criteria that are typically available in all people with 

Stable Coronary Disease (CAD) [27].  

2.2.3 The Clinical Practice Research Datalink (CPRD) 

The CPRD is an active database of general practitioners' anonymized medical records for 

primary care [8]. Anonymized primary care data for patients can be linked individually to 

secondary care and other health and area-based datasets. This linkage allows CPRD to have a 

better understanding of the patient care record to facilitate critical public health studies, inform 

improvements in patient safety and care delivery [28]. 10.6 million patients out of 411 in 

general practise in the UK participated in the record linkage in June 2018. In the CPRD 

standard linked dataset release, 9.1 million (86 percent) patients were of research quality, of 

which 8.0 million (88 percent) had a valid NHS number and were eligible for linkage [20]. 

CPRD has set up a data linking programme that routinely connects primary care data to other 

patient-level health data from data custodians NHS Digital and Public Health England (PHE). 

Data linkages are made NHS Digital, acknowledged in law as by the Health and Social Care 

Information Centre (HSCIC), the national provider of health and social care information, data 

and IT systems in health and social care in the UK, and the legislative body in the UK legally 

allowed to collect identifiable patient data. CPRD subsequently collects and delivers 

anonymous linked data and metadata for the researchers including data from Hospital Episode 

Statistics, Office for National Statistics, and National Cancer Registration and Analysis Service 

[20]. CPRD routine linkages are shown in Table 2.2. 

Primary care data are provided to CPRD by general practice electronic software providers 

functioning as data processors. Data are provided on a regular basis from practices that have 

consented to share data (Figure 2.3). Personal identifiers including name, full date of birth, 

postcode and National Health Service (NHS) number are deleted at source by the system 

provider and substituted by pseudonymized system patient and practice identifiers before to 

the transmission of data to CPRD [20] .   
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Table 2.2: CPRD routine linkages  

  

Source: (Padmanabhan, 2019, P.92) 

Figure 2.3: Flow of primary care data and external data custodian 

 

Source: (Padmanabhan, 2019, P.92) 
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External data custodians send to NHS Digital their patients' personal identifiers including NHS 

number, gender, date of birth and postcode, and a pseudonymised patient record 

identifier (Table 2.3). NHS Digital matches identifiers provided by external data custodians to 

primary care identifiers in the CPRD cohort file, creating a linker file. The linker file includes 

a pair of pseudonymized identifiers (GP system patient and practice ID, external dataset link 

ID) for each connected patient which can be used to integrate the primary care dataset with the 

external dataset [20] . 

Table 2.3: Deterministic linkage steps 

Source: (Padmanabhan, 2019, P.92) 

Currently, more than two-thirds of the protocols for access to CPRD data require primary care 

data combined with other health-related data sets in order to extend research scope and increase 

validation of study results. For example, Herrett et al. showed a substantial improvement in the 

identification of myocardial infarction  using linked primary care, HES, Office for National 

Statistics (ONS) and Myocardial Ischaemia National Audit Project (MINAP) data, with single 

sources underestimating rates of up to 50% [29]. 
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2.3 CLINICAL CODING 

Clinical coding systems are standardised, and often hierarchical, lists of medical terminology 

that can be used to identify patient procedures, symptoms, diseases, results and treatments [30]. 

A clinical coding can be defined as “the translation of medical terminology that describes a 

patient’s complaint, problem, diagnosis, treatment or other reason for seeking medical 

attention into codes that can then be easily tabulated, aggregated and sorted for statistical 

analysis in an efficient and meaningful manner” [31]. A clinical coder is a health informatics 

professional who translates the medical terminology into classification codes in a medical 

record of a patient. Clinical coders use their expertise, knowledge and experience to allocate 

codes precisely and reliably in compliance with the classification and national clinical coding 

criteria [31].  

Although there is a belief that the primary objective of clinical coding is for reimbursement 

claims [32], there are several advantages to the deployment of the coding systems. Clinical 

coding systems facilitate precise recording of the conditions of the patient, which can lead to 

improved medical decision-making even in situations where the condition is complicated. In 

addition, structured coding systems facilitate the clinical classification of morbidity and 

mortality for statistical purposes and the determination of trends of study variables. Clinical 

coding systems are methods for documenting a clinical incident in a manner that can be easily 

accessed, obtained, arranged, sorted, processed, filtered and transmitted [30].Two distinct sets 

of coding systems used in healthcare are clinical terminologies and clinical classification 

systems [33]. 

2.3.1 Clinical terminologies 

A clinical terminology is a standardised set of descriptive terms used at the point of care in 

clinical practices. It can include diagnoses, procedures, medications, and administrative data 

[34]. Imel and Campbell defined a clinical terminology as “a set of concepts and relationships 

that provide a common reference point for comparisons and aggregation of data about the 

entire health care process, recorded by multiple different individuals, systems, or institutions” 

[35].  

Clinical terminology systems use a conceptual approach to the arrangement of labels within a 

domain and are also used as a standard reference framework for mapping between systems. 

These systems perform well in predictive analysis and international studies. Concepts may be 



18 

 

merged in terminology systems to create complicated nomenclatures or naming systems 

[30].The Systematized Nomenclature of Medicine Clinical Terms (SNOMED CT) and Read 

codes are examples of clinical terminology systems used in healthcare.  

2.3.1.1 Systematized Nomenclature of Medicine Clinical Terms (SNOMED CT)   

SNOMED CT was developed by the International Health Terminology Standards Development 

Organization (IHTSDO) [30]. It offers a terminology for documenting structured data in 

electronic records relating to the health and treatment of the patient. It allows the user to record 

and understand standard meaningful clinical terms and facilitates advanced computer 

interpretation, and it offers features that allow the functionality of decision support and 

powerful analytics. The use of SNOMED CT would also allow sharing of data across various 

systems in the health‐care field [36].  

SNOMED CT is used in many different healthcare facilities all over the world, including 

enhancing breast cancer treatment in Sweden and controlling allergies in Buenos Aires. In UK, 

all GP systems use SNOMED CT to capture clinical terminology. It is used across health 

facilities in different systems and services such as the Quality and Outcomes Framework 

(QOF), identifying patients for flu vaccinations, Electronic Referral Service (e-RS), and 

Summary Care Records [37]. 

The use of SNOMED CT as a standard language for documenting clinical patient information 

across the NHS ensures that patient information is recorded regularly and precisely, which 

facilitates the sharing of clinical information among systems. For instance, clinical data in the 

discharge summary may be directly integrated into the GP patient record without the need for 

the care provider to re-enter the data manually, not just saving time, but also eliminating the 

risk of human error. Northern Ireland, Scotland and Wales have work projects ongoing related 

to SNOMED CT to capture clinical terminology in electronic patient record systems [37]. 

SNOMED CT is provided as a series of data files. For the application of the standard for 

healthcare terminology, these data files must be integrated into the electronic system. The 

application of the standard must be done as part of a digitalized initiative at the point of care. 

The standard is required for a wide range of applications such as electronic patient record 

system, electronic health records, electronic care plans, Specialist systems such as Cancer  
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MDT systems, Decision support tools, Clinical Knowledge Resources, Clinical Guidance, Care 

Pathways, and Messages between care solutions. The data items to be registered using 

SNOMED CT include but not limited to diagnosis, procedures, assessment scales, family 

history, medications, allergies, observations such as blood pressure, and documentation type 

and documentation care setting [36]. 

2.3.1.2 Read codes  

Read terms are a collection of clinical definitions that can be used to manage data in patient 

records. They are named after Dr. James Read, the original author of these words. Read Terms 

relates to descriptions such as Asthma. Each term is also paired with the Read Code, which is 

the letter and number code that uniquely defines the clinical term. It can be up to five characters 

in length, including full stops. For example, the 'H33..' Read Code is associated with the 

'Asthma' Read Term [38]. 

Read codes are used in the NHS since 1985. Two versions are available: version 2 (v2) and 

version 3. (CTV3 or v3). These versions provide clinicians with a standard vocabulary for 

recording patient outcomes and procedures, in health and social care IT systems in primary and 

secondary care [39]. 

Read codes have known problems that cannot be solved, for example, they have incorrect 

content, no space for new content at the correct place and ideally require over 5 characters to 

represent such content correctly. Read codes cannot even be extended to meet the needs of all 

healthcare providers, and they are only available in the United Kingdom, creating a challenge 

for international cooperation in fields such as rare diseases and genomics. Healthcare models 

rely more and more on data sharing across domains and therefore a standard terminology is 

essential for their potential success. Advanced terminology is needed for EHR systems to 

provide useful support to future healthcare, such as an effective analysis of the data. In the UK, 

consultation with the Joint GP IT Committee (the BMA and RCGP) and the various clinical 

bodies (e.g., AoMRC, AHPs, RCN, RCP) led to the agreement that the transformation from 

Read code to SNOMED CT is essential. All suppliers of systems are required to assign 

appropriate SNOMED CT code for each Read term already in medical records using national 

mapping tables provided by the United Kingdom Terminology Centre (UKTC). In this context, 

a "map" means a connection between the term in Read and the related definition in SNOMED 

CT. This means that there is a consistent approach across the various GP systems to extract the 

resulting SNOMED CT code for each Read code [40].  
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2.3.2 Clinical classification systems 

Clinical classification system is the arrangement of clinical terms in categories [41]. Clinical 

classification systems are structured to classify clinical conditions and procedures in order to 

facilitate statistical data analysis across the healthcare system, and to provide criteria for the 

comparison of national and international health statistics [33]. The UK NHS has a long history 

of using classification systems such as ICD-10 and OPCS-4 in order to track the health of UK 

people and conduct business processes including payment. They are used also to categorise the 

completed episode of treatment according to predetermined classification codes and to endorse 

indirect care related practices such as epidemiology, payment and population surveillance [36]. 

2.3.2.1 The International Classification of Disease (ICD)  

The ICD is a comprehensive index of diseases and injuries that is developed and published by 

the World Health Organisation (WHO). ICD is the basis for health statistics and the 

international standard for monitoring disease patterns and health conditions. It is the standard 

classification used in clinical and study purposes. The ICD classifies diseases, disorders, 

injuries and other associated health problems, listed according to a systematic, hierarchical 

structure that enables: 1) simple storage, retrieval, and review of health data for evidence-based 

decision making, 2) distribution and comparison of health data among hospitals, regions, 

facilities and countries, and 3) comparison of data at the same location over different time 

periods.  Based on clinical information, studies, and epidemiological data, ICD has become a 

useful health tool that is appropriate for many health uses such as: 1) control of the incidence 

and prevalence of diseases, 2) causes of mortality, 3) external causes of the disease, 4) primary 

care facilities, and 5) registration of rare diseases [42]. 

The first international classification version (the International List of Death Causes), was 

established by the World Statistical Institute in 1893. The ICD has been updated and released 

in several revisions, reflecting developments in health and medical science. The WHO was 

trusted with the ICD at its beginning in 1948 and published the sixth version, ICD-6, which 

included morbidity. The WHO Nomenclature Regulations, introduced in 1967, mandate 

Member States to use the most up-to-date revision of the ICD for national and international 

registration and reporting data on mortality and morbidity statistics. ICD-10 was endorsed in 

May 1990 by the Forty-third World Health Assembly. It is cited in more than 20,000 scientific 

articles and used by more than 150 countries around the world and has been translated into 

more than 40 languages. With the need for more detailed recording and reporting, a number of 
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clinical modifications or specialty adaptations proliferated over time. ICD-11 was approved by 

the Seventy-second World Health Assembly in May 2019. ICD-11 reunites the various 

modifications and adaptations, adds clinical needs, and converts ICD from a statistical 

framework to a clinical classification for statistical use. [42]. 

2.3.2.2 Office of Population Censuses and Surveys (OPCS) for procedures and interventions 

The Office of Population Censuses and Surveys for procedures and interventions is a statistical 

classification of interventions and procedures carried out in the NHS [43] . The fourth revision 

of the OPCS (OPCS-4) was initially published in 1987, with final release and implementation 

in 1990. The general goals of the review process were: 

1. To define and describe existing surgical operations with special regard to the implementation 

of recent advanced techniques. 

2. To exclude seldom conducted operations but to include procedures that do not require a 

complete operating theatre environment. 

3. To provide flexible classification, adaptive to less identified specialty parameters and 

capable of potential expansion [31]. 

OPCS-4 is a mandatory requirement for the NHS Admitted Patient Care Commissioning Data 

Sets in the United Kingdom. OPCS-4 supports different types of data collection such as Central 

Returns and Commissioning Data Sets (CDS). All consultant episodes including procedures 

must be registered and collected using OPCS-4.   Requirements for data sets and relevant 

descriptions are defined in the NHS Data Model and Data Dictionary. The OPCS-4 also 

supports different types of secondary use of information that are important for the planning and 

improvement of patient care. These secondary uses include operational and strategic planning, 

resource utilisation, national and local planning and performance management, research and 

epidemiology, and the NHS payment system [31] [43]. 

Health care providers who have adopted electronic health records and clinical terminology such 

as SNOMED CT use the connection between the terminology and OPCS-4 known as 'cross-

maps' to allow the clinical coding of electronic health records. The national cross-maps comply 

with national clinical coding guidelines. They are available in the biannual updates of the NHS 

Digital UK SNOMED CT Clinical Edition. They are intended to encourage all organisations 

with electronic health systems to comply with the required obligation for the collection and 
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reporting of intervention and procedure data using the NHS Information Standard, OPCS-4 

[31]. 

2.3.2.3 National Interim Clinical Imaging Procedure (NICIP) Code Set 

The NICIP code set is "a comprehensive national standard set of codes and descriptions for 

imaging procedures and is maintained by the UK Terminology Centre" [44].  The NICIP code 

set includes a consistent definition of imaging procedures and a standard terminology for the 

description of aspects of clinical imaging procedures to identify the procedures performed in 

an image review and to provide clinical details on the identified procedures [44]. The NICIP 

code set is developed to fill the gap before SNOMED CT is natively supported by all clinical 

systems. When all clinical systems are using SNOMED CT, it is expected that clinical imaging 

procedures will be represented entirely by the use of SNOMED CT coding concepts in NHS 

Care Record Service (NCRS) applications [45].  

The NICIP code set was created as a collaborative project with structured management 

agreements and with the engagement of all known key stakeholders. A group has been 

established to manage developments – the Clinical Imaging Management Group (CIMG). This 

management group is actually the editorial scaling-up council, the advisory group and the 

regulatory body for NICIP codes and related products, while NHS Digital takes the 

maintenance and update responsibilities. The CIMG recommends that the NICIP code set be 

used in all integrated clinical application systems. This strategy is supported by all 

stakeholders, including the Royal College of Radiologists, British Nuclear Medicine Society, 

British Medical Association, Royal College of General Practitioners, the Society of 

Radiographers, the Department of Health and Social Care, NHS Digital, NHS England, and 

Delegates of England, Scotland, Wales, and Northern Ireland [45]. 
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2.4 ELECTRONIC HEALTH RECORDS-BASED PHENOTYPING 

Identifying patients with particular conditions or results (i.e., patient cohort identification from 

the clinical codes), known as phenotyping, is the basis for translational research, comparative 

efficacy studies, clinical decision support, and population health analyses using regularly 

collected EHRs data [46]. The different approaches to EHRs based-phenotyping are the 

following: 

2.4.1 Rule-based approach 

A rule-based approach or machine-based approach is typically used to classify a group of 

patients with particular selected characteristics. In a rule-based technique, a collection of rules 

on extracted features must be established to classify the records of patients. Machine-based 

technique, however, use computer programs that can learn by themselves, identify data patterns 

and adjust actions according to new data [47].  

A rule-based approach is a collection of conceptual criteria (rules) which could be applied for 

EHRs data to assess patients' phenotype status, for example, haemoglobin <10 AND age>60) 

[46] [51]. A rule-based approach is simple to use and easy to create, precise in the use of small 

datasets, and reliable in that it uses human-interpretable techniques. The performance of rule-

based approaches is better when phenotypes have simple procedural and diagnostic codes [46]. 

However, because of the need for clinical and informatics expertise, the application of this 

approach requires time, commitment and effort [47].  

Rule-based algorithms for phenotyping vary from basic pattern matching to more complex 

symbolic approaches. They can involve several logical steps and may incorporate a variety of 

operations such as Boolean (AND, OR and NOT), Comparative (threshold variable) and 

Aggregative (COUNT, FIRST) [48]. There are two different techniques to generate the rules 

for building rule-based phenotyping: 1) rule based on clinical judgment and 2) rules based on 

healthcare guidelines. 

1) Rule based on clinical judgment 

In this technique, one or more clinicians are involved in defining inclusion and exclusion 

criteria (logical rules) based on standardised data elements such as diagnostic codes, 

medications, procedures and laboratory values [49]. For example, Michalik et al. have used 

electronic health record data for the creation of a computerised algorithm for Sickle cell disease 
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from the Children's Hospital Wisconsin. The algorithm was based upon the International 

Statistical Classification of Diseases, the Ninth Review Codes, number of visits and sickle-cell 

hospital acceptances. The algorithm was improved in an iterative method with the aid of 

computer technology to combine biology and bedside queries. A manual medical evaluation 

and a gold standard set of confirmed sickle cell cases were used to verify the final algorithm. 

Then, the algorithm was validated at the Froedtert Hospital, a neighbouring adult health system 

[50]. Nguyen et al. developed a symbolic rule-based classification scheme to automatically 

classify lung tumour node metastases (TNM) cancer from free-text pathology. They used a tool 

called MEDTEX, which includes modules for mapping free text to terms of Systematized 

Medicine Clinical Terms Nomenclature (SNOMED-CT), negation finder, and possibility 

recognition. Their system performance was comparable to support vector machine (SVM)-

based text classification systems [51]. Restrepo et al. developed an algorithm using data mining 

methods to identify a cohort of type-2 diabetic African Americans de-identified electronic 

medical records (EMRs) from the Vanderbilt University. The algorithm involves a combination 

of diagnostic codes, existing procedural terminology billing codes, medications, and matching 

text to classify Diabetic Retinopathy (DR) if gold-standard digital photography results were 

unavailable. DR cases were reported with 75.3% positive predictive value and 84.8% precision. 

Controls were rated as a negative predictive value of 1.0 percent [52].  

2) Rules based on healthcare guidelines 

Some research uses health institutions’ guidelines to derive rules for particular diseases. Aref-

Eshghi et al. reviewed EMRs of patients visiting primary care clinics in St. John's, 

Newfoundland and Labrador (NL), Canada in 2009–2010 to determine the best dyslipidaemia 

recognition algorithm. The authors developed six algorithms containing three components, 

dyslipidaemia ICD coding, lipid-lowering drug use and abnormal laboratory lipid levels, were 

measured against a gold standard, which was identified as the existence of any of the three 

criteria [53]. Kho et al. constructed an algorithm to classify cases and controls of type 2 diabetes 

using routinely collected multi-institutional EHRs data. An algorithm based on diagnostic 

codes, medications, and laboratory test results was developed using existing clinical diagnostic 

criteria provided by the American Diabetes Association. Small improvements were made to 

ensure the portability of the algorithm across multiple organisations. The authors attribute PPV 

of their algorithm to several iterations and chart analysis [54]. Safarova et al. have created an 

EHRs-based phenotyping algorithm to rapidly classify familial hypercholesterolemia (FH) in 
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the Screening Employees and Residents in the Community for Hypercholesterolemia 

(SEARCH) study. The Dutch Lipid Clinic Network requirements have been calculated with an 

EHRs-based algorithm using standardised data sets and natural language processing for the 

family history and existence of FH stigma during physical examination. A blind expert analysis 

showed positive and negative SEARCH predictive values of 94% and 97%, respectively [55]. 

2.4.2 Machine learning approach 

Machine learning (ML) based phenotyping algorithms allow programs to derive patterns from 

a dataset during the learning process, enabling them to generalise predictions across multiple 

datasets. During the training phase, numerical parameters representing the underlying structure 

of a particular algorithm are optimised using several iterative methods. The use of ML 

approaches in phenotyping algorithms will minimise the effort required by clinical experts, as 

there is no need to create rules. ML approaches are used in this context to enable accurate 

prediction of target diagnoses on the basis of the observations of relevant samples. ML 

approaches are categorised as supervised or unsupervised [47]. 

1) Supervised machine learning 

In supervised machine learning, the computer is provided with observed training data and 

related identified output values. The aim is to learn general rules (also called a "model") that 

map the inputs to outputs, so that the output for new invisible data can be predicted when input 

values are detected, but not their related output [56]. The major issue with supervised machine 

learning approaches is the probability of over-fitting (i.e., The model works for matching the 

data of the learning samples accurately, but it does not predict the unseen data well). The over-

fitting occurs when the model learns random noise during the learning process rather than just 

from the desired functionality. The possibility of overfitting can be minimised by implementing 

a cross-validation methodology that helps provide more reliable performance assessment in 

unseen cases [47]. There are several types of supervised machine learning approaches that were 

used in the literature including: 1) support vector machine (SVM) 2) decision tree, and 3) 

logistic regression approaches. 
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1) Support vector machine (SVM)  

The SVM is a machine learning algorithm that is used to learn classification and regression 

models. Given a dataset with two linearly separable target classes, it turns out that there are an 

infinite number of lines that can distinguish between the two classes. The SVM's objective is 

to determine the best line that divides the two classes. This line is known as a hyperplane in 

higher dimensions [57]. The SVM based approach was used in previous studies. For instance, 

Zeng et al. developed a new concept-based filter and a prediction model to detect local 

recurrence of breast cancer using EHRs. The authors manually analysed a development corpus 

of 50 progress notes in their training dataset and extract partial sentences that show local 

recurrence of breast cancer, and they used MetaMap to process these partial sentences to get a 

collection of Unified Medical Language System (UMLS) concepts. These features are used 

together with the number of pathology reports reported for each patient to train SVM for 

recognising local recurrence. They compared their model to three basic classifiers using either 

complete MetaMap concepts, filtered MetaMap concepts, or word bags. Their model has 

achieved the highest Area under receiver operating characteristic curve (AUC) (0.93 in cross-

validation, 0.87 in held-out testing).[58]. 

2) Decision tree  

A decision tree is a tree in which the internal nodes can be interpreted as tests (based on input 

data patterns) and the leaf nodes can be interpreted as categories (of these patterns). The tests 

are filtered through the tree in order to obtain the correct output to the input pattern [59].Several 

decision tree algorithms have been used in the literature, for example, Zhou et al. used a 

machine learning scheme to classify patients with rheumatoid arthritis from primary care 

EHRs. The authors selected variables by comparing relative frequencies of Read codes in the 

primary care case-related dataset compared to non-disease control, used the Random Forest 

Approach to minimise predictors and or associated variables, and used decision-making rules 

in the decision tree model. The authors deduced that ML approaches have the ability to 

determine the most informative predictors to accurately and reliably identify rheumatoid 

arthritis or other complex medical conditions in primary care EHRs [60]. Wu et al. have 

developed an automated asthma ascertainment algorithm from EHRs. The 10-fold cross-

validation C4.5 decision tree algorithm was used to identify patients and to detect asthma 

status. The approach has shown that the ML algorithm is better than the F1-score rule-based 

approach, which has increased from 0.82 to 0.86 [61]. 
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3) Logistic regression  

Logistic regression is a supervised machine learning algorithm that was designed to learn 

classification problems. When the target variable is categorical, the problem is called a 

classification learning problem. The aim of logistic regression is to map a function from the 

dataset's features to the target classes in order to predict the probability that a new example 

belonging to one of the target classes [57]. Several researchers in the literature have used 

logistic regression methods. For instance, Weissler et al. constructed and validated a binary 

logistic regression to predict peripheral artery disease (PAD) using the least absolute shrinkage 

and selection operator (LASSO) method in the assigned patients. The authors concluded that 

their algorithm does not depend on clinical notes, and it can be used in cases where only 

administrative billing data (e.g., large administrative data sets) are available. A combination of 

diagnostic codes and administrative flags could reliably classify patients with PAD in large 

cohorts [62]. Jorge et al. randomly chosen patients with ≥ 1 systemic lupus erythematosus 

(SLE) ICD-9/10 codes from their EHRs, and they retrieved coded and narrative concepts from 

the training set using natural language processing and generated algorithms using 

penalized logistic regression to classify definite or defined/probable SLE. The authors 

concluded that their SLE algorithms worked well in internal and external validation [63]. 

2) Unsupervised machine learning 

Unsupervised machine learning provides approaches to cluster EHRs on phenotypes or 

subtypes of patient groups. Unsupervised learning approaches can process very large data sets 

and do not require manual labelling, which makes it a method that is often used when designing 

high-throughput phenotyping systems [47]. Also, they may recognize patterns which 

collectively reflect original data in a compact and meaningful way, without any need for 

expert feedback or labelled examples [47] [56]. However, the validation of the outcomes for 

phenotypic groups using unsupervised learning strategies is difficult since there is no 

foundation for such groups. There are various unsupervised learning approaches have been 

developed including tensor factorization and clustering approaches [56]. 
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1) Tensor factorization 

A tensor, also known as a multiway array, is a higher-dimensional generalisation of a matrix 

(and a vector and a scalar). Tensor representations are useful because they can capture 

relationships in high-dimensional data [64]. Tensor factorization approach has been applied to 

EHRs. Kim et al. introduced a new approach for non-negative tensor factorization deriving 

from distinct and discriminative phenotypes. The authors interpreted and decomposed the co-

occurrence of EHRs diagnoses and medications as third-order tensors with a computational 

phenotyping algorithm. They tested the discriminatory power of their models, and it showed 

superior results to state-of-the-art ICU mortality calculators [65]. Perros et al. used a 

PARAFAC2 tensor factorisation approach to derive clinically-meaningful phenotypes from 

medically complex children's longitudinal EHRs. The authors defined four medically complex 

phenotypes with different clinical characteristics among patients, and they concluded that 

PARAFAC2 can be used for unsupervised temporal phenotyping purposes when accurate 

definitions of different phenotypes are missing [66]. 

2) Clustering  

The clustering methods is used to classify specific subgroups in a given dataset without 

providing a predefined hypothesis on the subgroups of properties [56]. Estiri et al. built an 

unsupervised clustering-based anomaly/outlier detection method to detect implausible 

observations in EHRs data. The authors tested different clustering approach specifications and 

computed confusion matrix indices against a collection of silver-standard plausibility 

thresholds, and found the clustering approach yielded results with exceptional specificity and 

high sensitivity [67]. Panahiazar et al. created a multidimensional patient similarity assessment 

technique that uses several types of EHRs information, and predicts a medication plan for each 

new patient based on previous related patient data. In their algorithm, patients were grouped 

into various clusters using a hierarchical clustering method, and a medication plan was 

subsequently allocated based on a similarity index to the overall patient population. Research 

findings indicate that it is reliable to use EHRs population-based data for an individual patient-

specific assessment [68]. 
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2.4.3 Combined approaches 

Combined approaches typically incorporate both rules-based and machine learning strategies 

in order to improve algorithm sensitivity. Kagawa et al. created a novel framework for 

phenotyping combining both expert knowledge and a machine learning method and conducted 

binary classification to identify patients with Type 2 Diabetes Mellitus (T2DM). The authors 

found that their proposed framework can be used to build two types of phenotyping algorithms 

including one algorithm for screening, and another for identifying research subjects, and 

concluded that phenotyping algorithms based on their proposed framework are useful to extract 

T2DM patients in retrospective studies [69]. Jamian et al. designed and validated EHRs-

based algorithms, including billing codes and clinical information to identify patients with 

systemic sclerosis (SSc) in EHRs. The authors conducted both rule-based and machine-based 

learning techniques for designing the algorithms, which   have been calculated with positive 

predictive values (PPVs), sensitivities and F scores. They found that EHRs-based algorithms 

can classify SSc patients in a healthcare system that enables researchers to analyse significant 

results [70]. 

2.5 VALIDATING AND MEASURING THE PERFORMANCE OF ELECTRONIC HEALTH RECORDS-BASED 

PHENOTYPING 

The validity of a phenotype definition is determined by its ability to accurately quantify or 

detect people that have and do not have the intended condition; that is, it must be able to 

accurately distinguish which individuals exhibit the true phenotype and who do not. The 

assessment of validity requires the use of a gold standard, which is described as the best 

standard available for determining the true or actual phenotype status [71]. Preparing a gold 

standard is a resource-intensive process that involves thorough manual analysis of clinical data 

[47]. Gold standard annotated corpora are essential resources for building and assessing the 

Natural Language Processing (NLP) systems. It is important to construct manually labelled 

instances that are applicable to specific NLP tasks. A useful gold standard should provide 

details, a wide range of documents, and annotated instances that reflect the diversity of 

document types and instances at stake in a particular task. This is important for 1) either train 

machine-learning NLP systems which require examples to learn from or find rules on rule-

based algorithms and 2) evaluate NLP systems performance [72].  
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The performance of the EHRs phenotype algorithms could be measured using a number of 

metrics such as calculating positive predictive value (PPV), negative predictive value (NPV) 

sensitivity, specificity, F1-score and Area Under the Curve(AUC) as presented in Table 2.4 

[47]. Pendergrass and Crawford defined the PPV as “the proportion of patients that have the 

disease identified by the algorithm and confirmed with manual chart review (true positives) 

among patients with the disease identified by the algorithm (true positives and false positives)”, 

and they defined the NPV as “the proportion of patients that are classified by the algorithm as 

non-case or control and confirmed by manual chart review (true negatives) among all non-

cases or controls identified by the algorithm (true negatives and false negatives)” [3].  

Table 2.4: List of performance metrics commonly used to measure EHRs based-phenotyping 

approaches 

 

Source: (Alzoubi, 2019, P.15) 

2.6 USES OF ELECTRONIC HEALTH RECORDS-BASED PHENOTYPING 

2.6.1 Cross-sectional research 

Phenotyping may be used for cross-sectional research to identify the relevant use cases include 

tracking adherence to recommendations for diagnosis and care, such as cervical cancer 

screening rates [73], and epidemiological studies, for example, assessing lifestyle, biological, 
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and environmental factors in addition to metabolic parameters to identify the factors associated 

with differences in metabolic health [74].  

2.6.2 Cohort and case-control analyses 

Phenotyping can also be used for cohort and case-control analyses on routinely collected EHRs 

data, for example, Suojalehto et al. conducted a retrospective, observational analysis to 

determine the characteristics of acrylate-induced Occupational Asthma )OA( in a wide variety 

of cases and compare others with OA induced by other Low Molecular Weight (LMW) [75], a 

study reported an increased risk of myocardial infarction in patients with rheumatoid arthritis 

treated anti-inflammatory medication rofecoxib [76], and the big expansion of available 

molecular phenotyping in large epidemiological cohorts offers diabetes research greater 

opportunity [77]. 

2.6.3 Translational research 

Another important application of phenotyping is translational research, driving the evolving 

cross-disciplinary phenomics field [78] , for example, genomic data can now be linked to EHR-

based phenotypes for more reproducible genome-wide association studies. Population-based 

repositories as well as other big cohorts provide adequate samples to detect new genetic 

associations with up to thousands of EHR phenotypes [79]. Phenotyping can also act as a 

framework for incorporating structured laboratory trials into clinical routine treatment, for 

example, electronic phenotyping can be used to assess clinical trial recruitment eligibility [80].  

2.7 CHALLENGES ASSOCIATED WITH IDENTIFICATION OF EHRS BASED-PHENOTYPES  

In spite of their many applications, the identification of phenotypes in EHRs is one of the most 

basic research challenges due to the heterogeneity, incompleteness and complex existence of 

EHRs data [81].   

EHRs data are available as structured data, such as demographics, diagnostic codes, 

procedural codes, and laboratory results, combined with unstructured data, including 

progress notes, discharge summaries, and pathological reports[82][83]. Structured data can 

be easily analysed, stored and shared. However, it is difficult to retrieve embedded data from 

unstructured data and to make it computable and accessible. These data are shared irregularly 

over time and are usually fragmented throughout various institutions [49], and there is 

considerable variation in how data is entered into EHRs between providers and sites, partly as 
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a result of EHRs' multiple purpose as clinical records and billing software [84]. Additionally, 

the extraction of unstructured data from EHRs is time-consuming, costly and labour-intensive, 

for example, it needs involvement of clinical experts to analyse subsets in a patient record, and 

to validate algorithm performance, which takes considerable time [85][86].  

Phenotyping requires the knowledge of some computer programming skills such as R packages 

to statistically analyse EHRs data in order to determine which patients have which diseases, 

for example, researchers and data scientists spend a significant amount of time using computer 

programs for: 1) identifying conditions of interest from diagnosis, treatments, and procedures, 

2) creating phenotyping algorithms (such as diagnosis of rheumatoid arthritis and medication 

for rheumatoid arthritis), and developing specific inclusion and exclusion criteria [87].  

Because identifying EHRs-based phenotypes is a time-consuming and labour-intensive 

process, reusing previously created EHRs-based phenotypes along with the used algorithms to 

conduct repeatable research becomes a compelling solution. Therefore, transparency in 

reporting of research methods in EHRs based research are needed to ensure that different 

researchers are using the same standards to identify patients. 

2.8 CHALLENGES ASSOCIATED WITH REUSING OF EHRS BASED-PHENOTYPES  

One of the most important factors for reproducible research is the availability of clinical codes 

in EHRs-based research because researchers, clinicians, and health informatics professionals 

often use them to identify the target population and their specific conditions,  known as 

phenotyping [3] [14]. If researchers do not publish the code lists, they used (e.g., how they 

were established and the accurate phenotype definitions along with the original research using 

them), then an essential component of these studies is missing. In the absence of clinical code 

lists, data analysts would be unable to identify patients with or without conditions [14], and 

researchers would not be able to compare studies effectively. Even though code lists are 

available in some studies, researchers often encounter difficulties in retrieving relevant data 

from code lists created for another research project. Moreover, in specific uncommon 

conditions, minor errors in the selection of code lists may lead to misclassification of large 

numbers of patients, leading to biased results [88]. Although using previously developed 

phenotyping algorithms is often of interest to researchers in many studies, there are many 

challenges associated with reusing and replicating them effectively [89]. Therefore, it is 

extremely difficult to assess the validity and transparency of  EHRs-driven studies [90]. 
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Although researchers request better transparency in sharing clinical code lists [91] [92] , they 

face difficulties in obtaining comprehensive code lists from EHRs-based research. Although, 

there are currently no obligations from journals and funding parties to publish code lists, the 

Strengthening the Reporting of Observational Studies in Epidemiology and Reporting of 

Studies Conducted Using Observational Routinely Collected Health Data initiatives encourage 

transparency and open access to publicly available EHRs-based research [93] [94] [95]. 

2.9 CONCEPT LIBRARIES FOR EHRS BASED-PHENOTYPES 

To address these various challenges, different data linkage centres in the UK and other 

countries, such as Canada, have developed data portals for phenotypes (concept libraries), such 

as the ClinicalCodes.org website [90], CALIBER research platform [6], and the MCHP 

Concept Dictionary and Glossary [96]. Building web-based concept libraries enables data 

analysts, researchers, and clinicians to upload and download lists of clinical codes, update 

previous code lists, and share clinical code data across platforms, which would improve the 

validation of EHRs-based research  [90]. Concept libraries would contribute to the 

development of a group of users of EHRs data who are encouraged to share their methods. This 

will assist in maximising the benefits of EHRs data use and thus directly enhance health 

outcomes. 
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CHAPTER 3 

METHODS 

This chapter presents the various definitions of mixed methods research that have evolved over 

time; the rationale for selecting a mixed methods design; the four main characteristics of mixed 

methods research designs; mixed methods research design typologies; and the philosophical 

assumptions used in this thesis. It also describes in detail the exploratory sequential mixed 

approaches used in this thesis' three phases: 1) two qualitative studies; 2) the development of 

an email survey; and 3) one quantitative study, including data collection methods, design, 

application for ethical approval, and data analysis.  
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3 CHAPTER 3: MIXED METHODS RESEARCH 

I used in this thesis a combination of qualitative and quantitative approaches, which is known 

as mixed methods research. Mixed methods research is becoming more common in health-

related research because it allows for a deeper understanding of complex human phenomena 

[97].When diverse approaches are used, mixed methods research indicates that incorporating 

both qualitative and quantitative data results in a more comprehensive examination of the data. 

In addition, the use of mixed methods research provides complementarity (i.e., qualitative 

results may provide further insight into why a certain system may or may not be used 

successfully, as well as additional insight into the interpretation of quantitative results) [98]. 

3.1 DEFINITION OF MIXED METHODS RESEARCH  

Many definitions of mixed methods research have developed over the years, each of which 

incorporates different aspects of methods, research processes, research purpose, and 

philosophy [99]. Johnson et al. offered a general definition for mixed methods research: 

“Mixed methods research is the type of research in which a researcher or team of researchers 

combines elements of qualitative and quantitative research approaches (e.g., use of qualitative 

and quantitative viewpoints, data collection, analysis, inference techniques) for the broad 

purposes of breadth and depth of understanding and corroboration” [100]. In this definition, 

the authors viewed mixed methods as a methodology that ranged from perspectives to 

inferences and included a combination of qualitative and quantitative research. Their goals for 

mixed methods “breadth and depth of understanding and corroboration” implied that they 

linked the definition of mixed methods to a justification for conducting it, and they suggested 

that a common definition should be used [99]. 

3.2 RATIONAL BEHIND CHOOSING MIXED METHODS DESIGN 

I decided to employ a mixed methods design based on that the benefit of combining qualitative 

and quantitative data collection methods exceed using only one method to answer the research 

question [99]. Mixed methods designs are best suited to research problems where several 

perspectives on the research problem will provide a deeper understanding than a single 

perspective [101]. For example, research that simply collected a macro image of a health 

service utilizing quantitative data collection may overlook the factors that influence individuals 

accessing the service. The addition of a qualitative component that investigates the experiences 

of people who use the service would contribute greater depth to the understanding of the 
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problems [102]. Greene et al. identified five key purposes of mixed methods designs: 

triangulation, complementarity, development, initiation, and expansion, and they examined 

their justifications in depth [103]: 

1. Triangulation: “seeks convergence, corroboration, correspondence of results from the 

different methods to increase the validity of constructs and inquiry results by 

counteracting or maximizing the heterogeneity of irrelevant sources of variance 

attributable especially to inherent method bias but also to inquirer bias, bias of 

substantive theory, biases of inquiry context”. 

2. Complementarity: “seeks elaboration, enhancement, illustration, clarification of the 

results from one method with the results from another to increase the interpretability, 

meaningfulness, and validity of constructs and inquiry results by both capitalizing on 

inherent method strengths and counteracting inherent biases in methods and other 

sources”. 

3. Development: “seeks to use the results from one method to help develop or inform the 

other method, where development is broadly construed to include sampling and 

implementation, as well as measurement decisions to increase the validity of constructs 

and inquiry results by capitalizing on inherent method strengths”.  

4. Initiation: “seeks the discovery of paradox and contradiction, new perspectives of 

frameworks, the recasting of questions or results from one method with questions or 

results from the other method to increase the breadth and depth of inquiry results and 

interpretations by analysing them from the different perspectives of different methods 

and paradigms”.  

5. Expansion: “seeks to extend the breadth and range of enquiry by using different 

methods for different inquiry components to increase the scope of inquiry by selecting 

the methods most appropriate for multiple inquiry components”. 

 

Bryman extended upon this scheme based on a comprehensive analysis of the various 

justifications for combining quantitative and qualitative research that are regularly presented 

in both methodological papers and research publications. The extended scheme provided the 

following justifications [104]:  

1. Triangulation: “refers to the traditional view that quantitative and qualitative research 

might be combined to triangulate findings in order that they may be mutually 

corroborated. If the term was used as a synonym for integrating quantitative and 

qualitative research, it was not coded as triangulation”. 

2. Offset: “refers to the suggestion that the research methods associated with both 

quantitative and qualitative research have their own strengths and weaknesses so that 

combining them allows the researcher to offset their weaknesses to draw on the 

strengths of both”. 

3. Completeness: “refers to the notion that the researcher can bring together a more 

comprehensive account of the area of enquiry in which he or she is interested if both 

quantitative and qualitative research are employed”. 

4. Process: “quantitative research provides an account of structures in social life, but 

qualitative research provides sense of process”. 
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5. Different research questions: “this is the argument that quantitative and qualitative 

research can each answer different research questions, but this item was coded only if 

authors explicitly stated that they were doing this”. 

6. Explanation: “one is used to help explain findings generated by the other’. 

7. Unexpected results: ‘refers to the suggestion that quantitative and qualitative research 

can be fruitfully combined when one generates surprising results that can be 

understood by employing the other”. 

8. Instrument development: “refers to contexts in which qualitative research is employed 

to develop questionnaire and scale items – for example, so that better wording or more 

comprehensive closed answers can be generated”. 

9. Sampling: “refers to situations in which one approach is used to facilitate the sampling 

of respondents or cases”. 

10. Credibility: “refers to suggestions that employing both approaches enhance the 

integrity of findings”. 

11. Context: “refers to cases in which the combination is rationalized in terms of 

qualitative research providing contextual understanding coupled with either 

generalizable, externally valid findings or broad relationships among variables 

uncovered through a survey”. 

12. Illustration: “refers to the use of qualitative data to illustrate quantitative findings, 

often referred to as putting ‘meat on the bones’ of ‘dry’ quantitative findings”. 

13. Utility or improving the usefulness of findings: “refers to a suggestion, which is more 

likely to be prominent among articles with an applied focus, that combining the two 

approaches will be more useful to practitioners and others”. 

14. Confirm and discover: “this entails using qualitative data to generate hypotheses and 

using quantitative research to test them within a single project”. 

15. Diversity of views: “this includes two slightly different rationales – namely, combining 

researchers’ and participants’ perspectives through quantitative and qualitative 

research respectively, and uncovering relationships between variables through 

quantitative research while also revealing meanings among research participants 

through qualitative research”. 

16. Enhancement or building upon quantitative/qualitative findings: “this entails a 

reference to making more of or augmenting either quantitative or qualitative findings 

by gathering data using a qualitative or quantitative research approach”. 

3.3 CHARACTERISTICS OF MIXED METHODS RESEARCH DESIGNS  

Mixed methods research designs are defined by four main characteristics: First, the level of 

interaction between qualitative and quantitative data (independence or dependence) [99]. This 

characteristic based on the extent to which qualitative and quantitative data will interact with 

one another or remain separate. Will one dataset collection, for example, inform the other? will 

the two datasets be acquired independently of each other? or will they be collected 

concurrently? [102] Second, the relative timing or sequencing of data collections 

implementation (simultaneous or sequential) [99]. Simultaneous / concurrent designs acquire 

both qualitative and quantitative data be collected at the same time. However, a sequential 

design involves collecting qualitative and quantitative data independently, using the outcomes 

from one method of data collection (e.g. interviews) as a basis for collecting another set of data 



38 

 

(e.g. survey) [102]. Third, the relative priority (or weighting) of the quantitative and qualitative 

parts in addressing the aim of the research [99]. Designs differ in the priority assigned to 

qualitative and quantitative data. Often, exploratory studies prioritize qualitative data. 

However, explanatory studies are likely to prioritize quantitative data [97]. Establishing the 

relative priority of each type of data before starting the study is particularly crucial if 

contradictory outcomes are revealed [102]. Fourth, the difference of the integration point of 

qualitative and quantitative data. Integration in a mixed methods research can occur anywhere 

in the research process [102]. A mixed methods research design should include at least one 

connection point of integration and may include more. In the explanatory and exploratory 

designs, each phase flows directly into another. However, the two types of data (qualitative and 

quantitative) are directly compared in the convergent designs [97]. 

3.4 TYPOLOGIES OF MIXED METHODS RESEARCH DESIGNS  

Creswell et al. propose three core mixed methods designs as a useful framework for researchers 

planning their own research [99]. Through using a typology-based design, the researcher is 

given a framework and rationale to guide the application of the research methodologies, 

ensuring that the final design is rigorous and of high quality. As illustrated in Figure 3.1, the 

three core mixed methods designs are the convergent design, the explanatory sequential design, 

and the exploratory sequential design. Their various definitions, purposes, procedures, 

strengths, and challenges were described below. 
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Figure 3.1: General diagrams of the three core designs  

 

Source: (Creswell & Plano Clark, 2017, P.84) 

3.4.1 The convergent design 

The convergent design was previously known as the concurrent or parallel design  ( Figure 

3.1a) [99] [105]. It is a mixed methods design in which the researcher collects and analyses 

two separate data (quantitative and qualitative) at the same time and then merges the two data 

for the goal of comparing or combining the findings [99]. Purposes for using this design include 

demonstrating quantitative results with qualitative findings or conversely, and investigating 

correlations among variables by introducing new variables based on transformed qualitative 

data into the relationships [105]. The convergent design has four major steps [99] [105]. First, 

the researcher collects both quantitative and qualitative data on the subject of interest. These 

two methods of data collection occur concurrently but are usually distinct (i.e., one does not 

rely on the outcomes of the other), and they are usually equally important in answering the 

study's research questions. Second, the researcher uses quantitative and qualitative analytic 

procedures to analyse the two data sets separately and independently. Once the researcher has 

the two sets of preliminary results, he or she proceeds to the interface and works to merge the 

outcomes of the two data sets in the third step. This combining step may involve directly 

comparing the individual results.  
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This design has several strengths and advantages [99] [97] [105]: 1) it is an efficient design in 

which both types of data are collected at nearly the same time during one phase of the research 

making the population accessible, 2) this design is simple and straightforward. Therefore, it is 

frequently chosen by researchers who are new to mixed methods research, and 3) it allows for 

a direct comparison of participant perspectives acquired in an open-ended questioning format 

(e.g., semi-structured interview) with perspectives acquired from the researchers' perspective 

(e.g., using an instrument such as a survey selected by the researcher) in close-ended 

questioning. Despite its popularity in mixed methods, convergent design is perhaps the most 

difficult of the three core mixed methods designs. The following are some of the difficulties 

encountered by researchers who employ convergent design  [99] [97] [105]: 1) it can be 

difficult to combine two sets of highly diverse data (e.g., one set of text and the other set of 

numbers) and their outcomes in a meaningful manner, 2) Because quantitative and qualitative 

data are typically collected for different purposes (i.e. quantitative generalisation vs. qualitative 

in-depth description), different sample sizes may occur. Therefore, when combining the two 

data sets, researchers must understand the implications of having different samples and 

different sample sizes, and 3) one of the most difficult aspects of a convergent design is 

knowing what to do when the findings diverge rather than converge. 

3.4.2 The explanatory sequential design 

The explanatory sequential design is a mixed methods design in which the researcher conducts 

a quantitative phase first and then follows up on specific outcomes with a qualitative phase to 

help explain the quantitative findings (Figure 3.1b ) [97] [105]. The general purpose of this 

design is to employ a qualitative phase to provide a more detailed explanation of initial 

quantitative findings, and the name of the design (explanatory) reflects how the qualitative data 

helps in the explanation of the quantitative findings [99]. This design is most helpful when the 

researcher needs to evaluate trends and relationships using quantitative data while also 

explaining the reasons behind the findings [105]. The explanatory sequential design has four 

major steps [99] [105].The researcher begins by developing and implementing a quantitative 

phase, which comprises the collection and interpretation of quantitative data. In the second 

step, the researcher establishes a connection to a subsequent phase (i.e., the point of integration 

for mixing) by identifying quantitative findings that require additional explanation and using 

these findings to guide the development of the qualitative strand. As a result, the qualitative 

phase is dependent on and connected to the quantitative results. Finally, the researcher assesses 

how much and how well the qualitative data explain and contribute knowledge to the 
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quantitative data, and what generally is discovered in accordance with the purpose of the 

research. 

The explanatory design has several advantages, including the following [97] [99] [105]: 1) its 

two-phase structure makes it simple to implement, as the researcher conducts the two methods 

(quantitative then qualitative) separately and collects just one type of data at a time, 2) the final 

result can be organised with a quantitative part followed by a qualitative part, making it simple 

to write and creating a clear separation for readers,  and 3) this design enables emergent 

approaches in which the second phase can be developed according to the results of the initial 

quantitative phase. Although the explanatory design is simple, researchers who use this 

approach face the following challenges [97] [99] [105]: 1) This design needs a significant 

amount of time for the two phases to be implemented. While the qualitative phase may 

require limited number of participants, adequate time must be set aside for it, 2) the researcher 

must determine which quantitative results require additional explanation. While this cannot be 

exactly known until after the quantitative phase is complete, options such as identifying 

significant outcomes and strong predictors might be explored during the planning phase of the 

study, and 3) The researcher must decide who will be sampled in the second phase and what 

criteria will be used to select participants. 

3.4.3 The exploratory sequential design 

The exploratory sequential design, as shown in Figure 3.1c, is a three-phase mixed methods 

design in which the researcher begins with the collecting and analysing of qualitative data, 

followed by a development phase in which the qualitative findings are translated into a 

quantitatively tested technique or instrument [99] [105]. This indicates that the developed 

technique or instrument will be based on the perspectives of participants. The design name 

reflects the emphasis on exploration prior to the development phase [99]. The major purpose 

of the exploratory sequential design is to develop and implement a quantitative measure, 

survey, intervention, digital tool, or new variable based on qualitative data [105]. The intent of 

this design is to generate or inform the second quantitative method through the outcomes of 

the first qualitative method [101]. 

The exploratory sequential design has four major steps [99] [105]: it begins with the collecting 

and analysis of qualitative data to investigate a phenomenon. The researcher determines the 

outcomes on which the quantitative component will be developed in the next phase, which 

reflects the point of integration in mixing. In the development phase, the researcher creates an 
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instrument, identifies variables, or designs intervention tasks to test. These developments link 

the study's initial qualitative phase to the later quantitative strand. In the third step, the 

researcher conducts the quantitative strand of the study with a new sample of participants to 

examine the key variables using the developed instrument or intervention. Finally, the 

researcher evaluates the quantitative data in terms of how and to what extent they generalise or 

extend the initial qualitative findings. Figure 3.2 illustrates the basic procedures in 

implementing the exploratory design.  

Many of the advantages of the exploratory sequential design are similar to those of the 

explanatory sequential design because in both designs just one type of data is collected at a 

time. Its distinct advantages include the following [97] [99] [105]: 1) because the exploratory 

sequential design is structured in phases, it is simple to describe, apply, and report, 2) although 

this design is typically qualitative in nature, integrating a quantitative component can assist 

quantitative-biased audiences in accepting the qualitative method, and 3) this design is useful 

when the need for a second quantitative phase becomes apparent as a result of the findings of 

the first qualitative phase. Despite all of these advantages, there are several disadvantages 

associated with using the exploratory sequential design, including [97] [99] [105]: 1) this 

design requires a significant amount of time to implement, possibly including time for a third 

phase to develop a feature (e.g., new instrument), 2) two different samples might need to be 

identified to improve the generalizability of quantitative data (i.e., researchers might consider 

utilising a small purposive sample in the first phase and a larger sample of different participants 

in the second phase, and 3) the researcher must decide what qualitative outcomes to employ to 

develop the quantitative feature and how to use these findings to develop quantitative measures 

or materials. 
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Figure 3.2: Flowchart of the basic procedures in implementing the exploratory design 

 

Source: (Creswell & Plano Clark, 2017, P.98) 

  



44 

 

3.5 PHILOSOPHICAL FOUNDATIONS 

In general, a philosophical assumption or worldview is the lens through which one observes 

the world [102]. In a mixed methods research, articulating philosophical assumptions involves 

acknowledging the worldview that serves as a foundation for the research, explaining the 

worldview elements and connecting these elements to specific procedures in the mixed 

methods research [99]. The four most commonly used worldviews in mixed methods research 

are the following: 

1. Post positivism worldview: 

This philosophy is the typical foundation for quantitative research that examines variables to 

establish inferences and generalisations about reality [99] [106]. When employed as the 

foundation for mixed methods research, it is common for researchers to prioritise quantitative 

methods, “quantitize” qualitative data for statistical analysis. Critics of this foundation for 

mixed methods research point out that it likely to restrict qualitative approaches to more 

structured approaches [106].  

2. Constructivism worldview:  

This philosophy is the typical foundation for qualitative research, works from a different set of 

assumptions. The understanding or meaning of phenomena, formed through participants and 

their subjective views, make up this worldview. When participants provide their 

understandings, they speak from meanings shaped by social interaction with others and from 

their own personal histories [99]. When utilised as the foundation for mixed methods research, 

researchers commonly prioritise qualitative methods, narrow the research to a small number of 

information-rich samples, and place emphasis on interpretations of each researcher [106]. 

Critics of this foundation for mixed methods research point out that it restricts quantitative 

methods to descriptive statistical analyses [106].  

3. Transformative worldview:  

This philosophical foundation is focused on the need for social justice and the pursuit of human 

rights [99]. It is positioned as a solid foundation for mixed methods research for those 

motivated by social justice concerns. When it is utilised as the foundation for mixed methods 

research, researchers typically prioritize the use of mixed methods within a theoretical 

framework to promote a social justice agenda by working for change for marginalised 

individuals [106]. Critics of this foundation for mixed methods research point out that it likely 
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to overemphasise values and that its social justice agenda is properly viewed as a research 

purpose rather than a philosophical assumption [106]. 

4. Pragmatism worldview: 

This philosophy is frequently promoted as a solid foundation for mixed methods research 

[106]. The emphasis is on the outcomes of research, on the value of the question addressed 

rather than the methods, and on the utilisation of multiple data collection methods to explain 

the issues under study. As a result, it is pluralistic and focused on "what works" and real-world 

application [99]. Critics of this foundation for mixed methods research point out that it 

inappropriately reduces the epistemic distinctions between quantitative and fail to recognize 

who decides what works [106]. 

In this thesis, I used the exploratory sequential mixed methods design to explore the needs of 

various users of concept libraries. To achieve this, I started by collecting and analysis of the 

qualitative data including one-to-one interviews and a focus group. In the next step, based on 

the findings, I identified variables and developed the quantitative component (i.e., a survey 

instrument), which reflects the point of integration in mixing. This development links the 

study's initial qualitative phase to the later quantitative strand. In the third step, this instrument 

is administered to a new sample of participants to examine the key variables. Finally, I analysed 

the quantitative data in terms of its generalisation or extension of the preliminary qualitative 

findings. Figure 3.3 illustrates the exploratory sequential mixed methods design used in this 

thesis. 

Figure 3.3: The exploratory sequential mixed methods design used in this thesis  
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I chose the exploratory sequential mixed methods design for the following reasons: 1) the 

problem of my thesis is more qualitative in nature, and it makes sense to begin with a more 

inductive approach, 2) I needed to develop a survey instrument that is both substantively 

relevant and culturally sensitive (i.e., the survey elements were determined based on responses 

of the participants), 3) I had enough time to complete this thesis in three major phases (i.e., 

qualitative, development, and quantitative), 4) and I found new emerging research issues based 

on qualitative outcomes from a limited sample size that could be properly explored with a big 

quantitative sample. I applied many worldviews in this thesis, which is known as the 

pragmatism worldview, with the worldviews shifting from one phase to the next. During the 

first qualitative phase of this research (interviews and focus groups), I used constructivism 

worldview to appreciate different perspectives and gain a comprehensive knowledge. When I 

started the quantitative phase, the underlying assumptions evolved to a post positivism 

worldview, which directed the need for identifying and measuring variables and statistical 

trends.  

3.6 THE FIRST PHASE: QUALITATIVE STUDIES USING INTERVIEWS AND FOCUS GROUP DISCUSSIONS 

3.6.1 Data collection methods   

Qualitative research provides comprehensive and interesting knowledge about the real worlds, 

experiences, and views of healthcare professionals and patients that is distinct but occasionally 

complimentary to the information obtained from quantitative research [107]. In this thesis, I 

conducted the following two qualitative studies: 

1) The first qualitative research: one to one interviews with researchers, clinicians and 

managers were conducted to examine their specific needs of concept libraries.  

2) The second qualitative research: a focus group with researchers working with SAIL 

databank was held for 2 hours, and a SWOT analysis (Strengths, Weaknesses, 

Opportunities, Threats) for the current system and the proposed concept library were 

performed.   

3.6.2 Research ethics 

The British Psychological Society Code of Human Research Ethics defined research ethics as 

“the moral principles guiding research from its inception through to completion and publication 

of results.” [108]. Ethics should be considered at the planning stages and throughout the life of 
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a research project, especially if it contains primary research components such as surveys, focus 

groups, or interviews [109].  

3.6.3 Core principles of research ethics 

In this research, I considered the following core principles of research ethics, including: 1) 

social responsibility, 2) independence, 3) informed consent and voluntary participation, 4) 

anonymity and confidentiality, 5) integrity and transparency [108] [109]. 

1) Social responsibility: I am aware of my obligation to the communities in which I work 

in order to serve the public. My goal is to maximise the research's benefits while 

minimising the danger or harm to participants. 

2) Independence: the research was conducted independently, and I declare that I have no 

conflicts of interest. 

3) Informed consent and voluntary participation: the participants have provided adequate 

information to enable them to make an informed consent. Additionally, the goal, 

methods, and expected uses of the research, as well as the benefits associated with their 

participation, were explained orally during the interviews and focus group discussions, 

and in writing in the survey's email invitation. They were notified of their right to 

withdraw from the research at any time and for any reason without having to explain 

their decision. Participants were informed about how their data would be stored and 

handled.  

4) Integrity and transparency: each stage of the research design, data collecting, coding, 

and analysis was thoroughly documented to ensure the research process was 

transparent. 

5) Anonymity and confidentiality: The participants' anonymity and confidentiality were 

maintained throughout the study. To accomplish this, the participants' personal 

information was kept separate from their interviews, focus groups, and survey 

responses. Also, only my supervisors and I have access to the participants' personal 

information, and their sensitive personal information, such as names and work titles, 

was stored securely and protected by a password.  

Additionally, I followed the eight Data Protection Principles, which provide the basic standard 

under the Data Protection Act 1998 [110]: 
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1. Personal data must be processed fairly and lawfully and shall not be processed unless 

certain conditions are satisfied.  

2. Personal data must be obtained and processed for specific and lawful purposes. It must 

also only be processed for purposes which are compatible with those for which it was 

obtained.  

3. Personal data must be adequate, relevant and not excessive for the purposes it is being 

processed for.  

4. Personal data must be accurate and (where necessary) up to date.  

5. Personal data must not be kept for longer than is necessary.  

6. Personal data shall be processed in accordance with the rights of data subjects.  

7. Personal data shall be protected by appropriate technical and organisational measures 

against unauthorised or unlawful processing and against accidental loss, destruction or 

damage.  

8. Personal data shall not be transferred outside the European Economic Area without 

adequate protection for the rights and freedoms of data subjects in relation to personal 

data. 

3.6.4 Application for ethical approval 

The application for ethical approval to conduct the interviews and focus group discussions was 

submitted to the SUMS Research Ethics Sub-Committee on January 31, 2019 (Appendix 3), 

and the approval letter was obtained from the SUMS Research Ethics Sub-Committee on 

March 7, 2019 (Appendix 4).  

3.6.5 The first qualitative research: one to one interviews 

Interviews are an essential data collection method that includes verbal conversation between 

the researcher and the participant. In qualitative research, interviews are commonly used as a 

data collection method [111]. For example, they are widely used in survey designs and 

in exploratory and descriptive research [112]. Interviews are often used as a research approach 

to collect information on participants' experiences, perspectives, and beliefs regarding a 

particular research issue or phenomenon [113]. 

There are three main of interviews types: structured, semi-structured and unstructured [112]. 

The most rigid type is the structured interview, in which the interviewer asks the same 

questions to all participants in the same order. A closely structured collection of questions, 
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similar to a questionnaire, is used. The questionnaire's questions must be prepared in advance, 

preferably with the assistance of a pilot study to clarify the questions [112]. Multiple 

interviewers can conduct interviews simultaneously because everyone asks the same questions 

in the same way, allowing for interviews with a bigger set of participants [114]. 

In an unstructured interview, the aim of the interviewer is to address a small number of issues, 

usually one or two, and asks subsequent questions based on the interviewee's previous response 

[112] [114]. Although only a few issues are addressed, they are well explored. These are 

interviews when the interviewer needs to learn about a given issue but has no framework, 

predetermined plan, or expectation of how the interview will go [112].The questions may differ 

among interviews, based on the responses of the participants. Typically, the same interviewer 

conducts the interview with all participants [114].  

The semi-structured interview enables the interviewer to use a relatively consistent collection 

of open-ended questions to ask each participant in roughly the same order [112] [114].  

However, the format of this interview enables the interviewer to ask clarifying questions as 

needed and follow the participant's thoughts [114]. The open-ended type of the questions 

specifies the study's subject while allowing both interviewer and interviewee to explore further 

into specific issues. In a semi-structured interview, the interviewer is free to probe the 

interviewee for clarification on the initial response or to follow an interviewee-initiated line of 

questioning [112]. Semi-structured interviews are useful for collecting large amounts of 

viewpoint data or when the research is exploratory in nature and it is not possible to create a 

list of probable pre-codes due to a lack of knowledge about the subject area [112].  

3.6.5.1 Design  

For the purpose of this research, I developed semi-structured interview questions to use them 

in one-to-one interviews (presented in Table 3.1). I chose to conduct in-depth one-to-one 

interviews because they allow collecting detailed information from a small number of 

participants and providing understanding into their variety of thoughts, needs, and experiences 

regarding concept libraries. In-depth interviews are qualitative research methods including 

intensive one-to-one or individual interviews with a small number of participants [115]. 

Individual interview is a common data collection approach in health and social research [111]. 

Although one-to-one interviews are labour intensive, they might be the most effective method 

of collecting high-quality data. In comparison to other data collection methods, one-to-one 

interviews allow for greater flexibility, and they can help to in-depth data collecting by 
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providing insight into the participants’ opinions, understandings, and experiences of a given 

issue [111] [112].  

3.6.5.2 Data Collection  

I employed purposeful sampling, so I established criteria for selecting participants based on the 

aims of the qualitative study (one-on-one interviews), which included selecting people from all 

potential disciplines that work with linked routine data and disease phenotyping. I contacted 

the SAIL Databank coordinator about the disciplines of all SAIL Databank users, and then I 

identified people who fit these criteria. 

Six participants from a variety of disciplines, including researchers (3/6, 50%), a clinician (1/6, 

17%), a machine learning expert (1/6, 17%), and a senior research manager (1/6, 17%), at 

Swansea University and Cardiff University, were asked to participate in one-to-one interviews 

by email. The invitation email specified the aim and purpose of this study, the duration of each 

interview (30 minutes), and the location of the interviews, which might be their offices or a 

convenient and private location on the Swansea University campus.  

Semi-structured interview questions, which follow the structure proposed by Krueger and 

Casey [116], were used (Table 3.1). The structure of the interview questions consisted of 

introductory, flow, key, and final questions. The purpose of the introductory questions was to 

help the participants talk freely about their overall experiences. The flow questions were 

designed to create a smooth transition to the key areas that the authors intended to explore. The 

final questions were designed to summarize the interview and ensure that the participants did 

not have further comments [117].  

Before conducting the one-to-one interviews, I explained the purpose of the research and what 

it involved, and at the beginning of each interview, participants received additional verbal and 

written information about the research project, including a consent form (Appendix 1) and a 

participant information sheet (Appendix 2). The interviews were conducted at Swansea 

University Medical School in a place selected by the participants (e.g., their office). After 5 

interviews, no new themes were observed and interview 6 confirmed that no new themes 

emerged. The interviews were audio recorded and transcribed verbatim. Thematic analyses 

were then performed using the 6 steps of Braun and Clarke to identify the themes and 

subthemes [118]. 
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 Table 3.1: One to one interview questions guide  

Introductory 

questions  

Flow questions Key questions  Final questions 

To improve repeatable 

research in Swansea, a 

team of developers is 

developing a prototype 

concept library. This is 

a portal that allows 

access to the Read 

codes or International 

Classification of 

Diseases–10 codes to 

identify conditions. Do 

you think this will be a 

helpful resource? Is 

the concept library a 

good idea that we 

should continue to 

develop? 

 

 

 

 

Do you know about 

other already existing 

concept libraries? 

What do you think 

about them? 

Something like this 

exists at UCL called 

CALIBER. Have you 

seen CALIBER? Have 

you used it? 

 

Do you prefer to use 

ready-made 

algorithms or to have 

access to them to 

modify them? 

In your opinion, how 

should codes and 

algorithms be 

validated, and should 

they be validated? 

(Why should or should 

not?) 

There are often 

different versions of a 

diagnosis (e.g., highly 

specific and suspected 

or likely cases). Do 

you think we need to 

collect and validate 

the best two versions 

of a diagnosis 

(specific or 

suspected)? Or do you 

think we should put all 

possible methods of 

identifying a 

condition, valid or not, 

and allow the 

researcher to choose? 

What are your 

requirements for the 

concept library for it to 

be helpful and user-

friendly? 

What developments 

would you like to see 

to improve repeatable 

research using routine 

data? 
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3.6.6 The second qualitative research: focus group discussions 

Focus group discussion is one of the most common qualitative data collection method used in 

exploratory research that involves focusing on a particular topic, with a predefined group of 

people participating in an interactive conversation [119] [120]. It is designed to collect data 

from a purposefully chosen group of participants based on the primary goal of the research 

rather than from a statistically representative group of a larger population [119]. The primary 

objective of focus group research is to elicit a range of viewpoints on a topic of interest and to 

obtain a knowledge of the issues from the participants' perspective [120]. The focus group 

discussions can be conducted in a variety of approaches, including unstructured, structured, or 

semi-structured. [121].  

In this research, I decided to adopt a semi- structured approach to conduct the focus group to 

achieve the following purposes:1) to explore the viewpoints of  various users, such as 

researchers, health professionals, clinicians, and designers, such as health informatics teams, 

in developing a concept library (a portal of definitions for disease phenotyping), about which 

little is known and where their diverse needs are not addressed in the literature, 2) to collect a 

diverse range of experiences and perspectives through a collaborative discussion that cannot 

be gathered by individual interviews, 3) to identify the reasons why existing concept libraries 

are underutilised, and 4) to design a concept library usability survey based on the focus group 

findings, which will assist in determining the components to include.  

Because I chose to adopt a semi-structured approach, I created a list of ten questions based on 

the objectives of this research, before to the focus group session. The purpose of the questions 

was to generate thoughtful and thorough responses from the participants; therefore, I avoided 

using closed-ended questions (e.g., yes or no). I used the semi- structured approach because it 

is the more flexible approach for this research, which included two focus group discussions. 

Although the two moderators (my first supervisor and I) used the same list of questions, the 

sequence of questions was adjustable to the needs of each group. Also, comparing of responses 

could be achieved since each focus group exposed to same list of questions.   

3.6.6.1 Data Collection  

All researchers working with the SAIL databank, a national e-health data linkage infrastructure 

in Wales (N = 34), were invited by email to participate in the focus group. Those researchers 

were chosen since it was very convenient for them to attend the focus group, which was held 
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at Swansea University in Wales. Because the SAIL databank is part of the broader UK data 

linkage repositories, I think the conclusions of this sample could have implications for other 

UK data linkage repositories. Only 14 (14/34, 41%) researchers attended the focus group 

discussions. (Table 3.2 shows general information about the participants). 

In total, two focus group discussions, each of which had 7 (7/14, 50%) participants, were held 

for 2 hours by two moderators (my first supervisor and I) using the same set of semi-structured 

questions to perform a SWOT (strengths, weaknesses, opportunities, and threats) analysis for 

the current system for phenotyping and the proposed concept library. We used a SWOT 

analysis tool in this study because it enabled the participants to discuss what they liked 

(strengths), what advantages would be gained (opportunities), and what problems (weaknesses) 

and issues (threats) they felt needed to be tackled. Although the two moderators used the same 

set of questions, the order of the questions was adjusted to the needs of each group. 

Table 3.2 A summary of general information on the participants in the focus group discussions 

(n=14) 

Parameters 
 

Information 

 

Current job position, n (%) Data scientist, 13 (93) 

Financial planner, 1 (7) 

 

Sex, n (%) Female, 5 (36) 

Male, 9 (64) 

 

Education, n (%) 

 

PhD degree, 6 (43) 

Master’s degree, 6 (43) 

Bachelor’s degree, 2 (14) 

 

Research interests Data Scientists  

• Concept Libraries 

• Repeatable Research with large health data 

• Phenotyping and Code lists of Cancer Disease 

• Respiratory Disease 

• Algorithm/ Reusable codes development 

• Asthma 

• Collaboration in research methods 

• Data Analysis 

• Machine learning 

• Arthritis 

• Health informatics 

• Musculoskeletal 

• Healthy aging 

• Gut – Brain Axis 

• Neurodegenerative conditions 
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• Statistical Methods 

• Epidemiology 

• Cancer 

Financial Planners 

• Intervention between primary care and secondary care and 

how they interact 

Two focus group discussions (each consisting of seven participants) were held for 2 hours by 

two moderators (my first supervisor and I) using the same list of questions, and a SWOT 

analysis (Strengths, Weaknesses, Opportunities, Threats) for the current system and the 

proposed concept library were performed.   

3.6.6.2 SWOT Analysis: Definition, Advantages and Limitations 

SWOT analysis is a famous four-box strategy analysis and development methodology. The 

term SWOT stands for Strengths, Weaknesses, Opportunities, and Threats [122]. SWOT 

analysis has been used for decades and has the potential to become the most commonly used 

strategy tool. It is utilized by health and education, business, as well as charitable organisations 

[122] [123]. It is a useful planning framework that is used to evaluate an organisation, a strategy 

or a project. SWOT analysis considers all elements affecting the organization's success, both 

positive and negative. It has two dimensions: internal and external [124]. Internal dimensions 

include organisational factors (i.e., strengths and weaknesses). Whereas external dimensions 

include environmental elements (i.e., opportunities and threats). Strengths and opportunities 

are beneficial in achieving organisational goals, whereas weaknesses and threats are harmful 

in accomplishing organisational goals [124] [125].  

Analysis of internal dimensions is used to determine the organization's resources, capabilities, 

core competencies, and competitive advantages. However, analysis of external dimensions 

identifies potential threats and opportunities by investigating resources of competitors, the 

industry environment, and the overall environment [126].  

SWOT Analysis reveals existing status of an organization and allows for the development of 

future action plans. When applied correctly, the technique can provide a good base for strategy 

design. Despite the fact that it is a basic managerial tool with many benefits in the planning 

process, it also has limitations. The qualitative study of internal and external dimensions can 

only serve as a starting point for a more in-depth analysis during the planning phase [124]. I 

used a SWOT analysis tool in the early phases of this thesis as a foundation to development of 

quantitative tool (i.e., designing a concept library usability survey). Since academic studies on 
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the subject imply that combining qualitative and quantitative methodologies can improve the 

effectiveness of SWOT analysis [124], I will use a quantitative methodology in the second 

phase of my thesis. 

At the beginning of the focus group discussion, I gave a brief presentation about concept 

libraries, including defining concept libraries, explaining their potential uses, and mentioning 

examples of some of the existing concept libraries in the United Kingdom. Swansea University 

developed a concept library prototype, which is software that lets users explore and create lists 

using a familiar web paradigm. Lists can be created through identifying codes using various 

methods such as keyword searches, regular expressions, and more complex rules within the 

SAIL Databank [127]. I asked one of the Swansea University prototype concept library 

developers to give a second presentation about it. Feedback from the participants was sought 

concerning their perceptions of the concept library’s needs and their evaluation of the strengths 

and limitations of the proposed concept library. Participants’ perceptions of existing concept 

libraries, as well as their assessment of the proposed concept library’s strengths and limitations, 

were explored using the following set of semi-structured questions: 

• What are your thoughts regarding the proposed data portal for phenotypes (a concept 

library) when it rolls out? 

• Do you think this is worth doing? Would you value this? 

• Has anybody used existing concept libraries? What have you experienced with them? 

Let us talk now about your current system for phenotyping: 

• What do you do? What are your methods? 

• Are you happy with them? Or what would you like differently? 

• What are your thoughts on this plan (building a concept library)? 

• Would you use it? Would you share your phenotypes and your phenotyping algorithms? 

If you do not want to share your work: 

• Can you tell us why? And what motivates you to share it with others? 

• Of all the things we have discussed, what is most important to you? 
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• Is there anything we should have talked about but did not? 

The goal of using a SWOT analysis was to identify positive factors that operate together and 

the potential difficulties that must be identified and solved, and to allow participants to make a 

decision and express their perspective on the four factors: strengths, weaknesses, opportunities, 

and threats, in order to enhance the collective perception [122]. During the focus group 

discussions, participants expressed their own opinions and listened to the opinions of others. 

As the discussions progressed, participants began to ask questions of one another and share 

similar experiences. This increased the depth of the conversation. The SWOT analysis gave us 

a full picture of views and experiences of concept libraries by the participants, making this a 

holistic evaluation with the ability for participants to hear and comment on each other’s 

responses.  

3.6.7 Data analysis 

Thematic analysis is an effective and efficient method for understanding a collection of 

experiences, thoughts, or behaviours among a set of data [128]. Braun and Clarke defined 

thematic analysis as “a method for systematically identifying, organizing, and offering insight 

into patterns of meaning (themes) across a data set” [128]. Guest et al. mentioned that thematic 

analysis focuses on detecting and defining both implicit and explicit ideas within the data 

(themes), codes are then often constructed to reflect the discovered themes, and they are used 

or connected to raw data as summary identifiers for subsequent analysis [129]. Thematic 

analysis requires interpretation during the selection of codes and the development of themes 

[130]. 

Thematic analysis is flexible enough to be used in various theoretical and epistemological 

contexts, as well as to a number of study questions, designs, and sample sizes [130]. Braun and 

Clarke mentioned that thematic analysis is not paradigm-specific; rather, it can be utilised in 

both realist/essentialist and constructionist paradigms [118]. Using thematic analysis in various 

research paradigms means applying this method to different goals and outcomes [130]. The 

following benefits of thematic analysis were outlined by Braun and Clarke [118]: 

“1) relatively easy and quick method to learn and do, 2) results are generally accessible to 

educated general public, 3) useful method for working within participatory research paradigm, 

with participants as collaborators, 4) can usefully summarise key features of a large body of 

data, and/or offer a ‘thick description’ of the data set, 5) can highlight similarities and 

differences across the data set, 6) can generate unanticipated insights, 7) allows for social as 
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well as psychological interpretations of data, and 8) can be useful for producing qualitative 

analyses suited to informing policy development”.  

In this thesis, I utilized the following six phases of thematic analysis provided by Braun and 

Clarke [118] [128]:  

1. Self-Familiarizing with the data: “Transcribing data (if necessary), reading and rereading 

the data, noting down initial ideas”.  

2. Creating initial codes: “Coding interesting features of the data in a systematic fashion across 

the entire data set, collating data relevant to each code”.  

3. Searching for themes: “Collating codes into potential themes, gathering all data relevant to 

each potential theme”.  

4. Revising themes: “Checking in the themes work in relation to the coded extracts (Level 1) 

and the entire data set (Level 2), generating a thematic ‘map’ of the analysis”.  

5. Identifying and naming themes: “Ongoing analysis to refine the specifics of each theme, and 

the overall story the analysis tells; generating clear definitions and names for each theme”.  

6. Writing up the report: “The final opportunity for analysis. Selection of vivid, compelling 

extract examples, final analysis of selected extracts, relating back of the analysis to the 

research question and literature, producing a scholarly report of the analysis”. 

The interviews and the focus group discussions were analysed separately following Braun and 

Clarke's (2006) six thematic analytic steps [118] [131]. The transcripts of the interviews and 

the focus group discussions were read several times and then initial codes were grouped into 

themes and subthemes using a qualitative data analysis software (NVivo) [132]. During the 

coding process, each data item received equal consideration to ensure that the codes were 

comprehensive. 

I read all the transcripts, and my first supervisor read a sample of the transcripts. We 

independently identified the themes and subthemes, then met regularly to compare them and 

to reach an agreement on what was being done. Themes and subthemes were discussed 

concerning their relevance to the research question in the data collected.  We critically reviewed 

themes again to determine their primary meanings, and similar initial themes were joined into 

one theme. We discussed the definitions of the relevant themes to the research questions and 
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applied appropriate names to describe each theme in this research. To ensure that all steps of 

the analysis are completed adequately, sufficient time has been allocated to avoid speeding 

through any of them. See table 3.3 for a further description of the thematic analytic steps used 

for this research.  

Table 3.3 The 6 thematic analytic steps used for this research  

Thematic analytic steps 

1. Self-Familiarizing with the data  

I transcribed half of the audio recordings 

from the interviews (n=3). The other half 

of the audio recordings from the 

interviews (n=3) and the audio 

recordings from the focus group 

discussions were transcribed by 

professional transcribers. During this 

phase, I read all of the interview and 

focus group transcripts several times, and 

my first supervisor read samples of them. 

We considered all the topics discussed 

by the participants, recorded notes on 

these topics in the transcripts, and then 

organised them in a note book.  

 

 

2. Creating initial codes 

After we familiarised ourselves with the 

data, we worked independently to 

identify initial codes from the transcripts 

that summarized what was said during 

the interviews and focus group 

discussions. We organised the identified 

codes into meaningful groups using 

qualitative data analysis software 

(NVivo, QSR International). We used 

the same coding procedure for all the 

transcripts. 

 

3. Searching for themes 

We started interpreting the initial codes 

using their extracted data, and we began 

grouping the codes with similar 

meanings together. Then, using the 

NVivo software (QSR International), 

the initial codes were then sorted and 

labelled into themes and subthemes 

depending on the meaning or relations 

shared by the codes. 

 

 

4. Revising themes 

We critically reviewed and refined 

themes against the data several times to 

determine their core meanings, and 

similar initial themes were combined 

into one theme. To reach an agreement, 

themes and subthemes were  

discussed in terms of their relevance to 

the research question.   
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5. Defining themes 

Each of the themes identified in the 

previous steps was named and defined. 

We used the initial labels created for the 

themes to provide appropriate names that 

describe the meaning of the themes in 

this study. We defined each theme based 

on the content and meaning of their 

codes, and we examined these definitions 

in relation to their relevance to the 

research questions. 

 

6. Writing up the report 

After defining and naming the themes, 

we began writing the findings for this 

study. We used quotes from the 

participants' responses that related to the 

themes and the research question to 

illustrate the findings. 

3.7 THE SECOND PHASE: DEVELOPMENT OF THE CONCEPT LIBRARY USABILITY SCALE 

An e-mail survey instrument, the Concept Library Usability Scale, was developed based on the 

findings of the first qualitative phase of this research. This development links the study's first 

qualitative phase to the subsequent quantitative phase, which represents the point where the 

two phases mix. Technological advancements such as the invention of the internet have had a 

major effect on  the world as a whole over the last 50 years [133]. This effect is seen in the way 

survey research is conducted in the current period (i.e., quantitative online surveying). Lately, 

with the appearance of the Covid 19 pandemic, the world moves toward online surveying as 

the primary means of collecting survey data [134]. Quantitative online surveys can be used 

when researchers want to answer a question about large groups of people and/or generalise the 

results of the survey [133]. The majority of questions in quantitative online surveys are closed-

ended. This means that the respondent is limited to a specific number of possible responses and 

must select just one of them. Closed-ended questions are also referred to as quantitative 

questions since the availability of response possibilities allows the researcher to turn the 

responses into numerical values, which makes statistical analysis easier [135]. 

There are three types of online surveys: e-mail surveys, website surveys, and smartphone 

surveys. E-mail surveys are inexpensive to produce and distribute, and are one of the most 

popular online surveys since anyone with access to online survey software, such as 

SurveyMonkey, Zoomerang, or Instant Survey, could construct an e-mail survey [136].  
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3.7.1 The e-mail surveys: 

Sue and Ritter identified the following are specific advantages of the e-mail surveys [136]:  

1) speed: An e-mail questionnaire can be sent to hundreds or thousands of people by entering 

or importing a distribution list and hitting the send button. Responses typically are received 

quickly, and data can be described and distributed via the software tool in real time.  

2) economy: most e-mail software vendors (such as those mentioned earlier) offer free versions 

of their services. The free software often limits the number and types of questions and responses 

allowed. If these limitations pose a problem, a low-cost, monthly contract may be purchased 

that will expand the options and offer the survey creator the vendor's full suite of tools.  

3) convenience: online survey software allows researchers to create the questionnaire, write 

the e-mail invitation, upload a distribution list, and send reminders directly from the software. 

In most cases, it is a seamless approach that automatically inserts such elements as the survey 

link and a link for respondents to opt out of the survey if they so choose.  

4) simplicity: online survey software of the type we have been referencing does not require 

technical expertise on the part of the survey developer. Tools such as SurveyMonkey and 

Zoomerang are user-friendly, offer a selection of survey templates to jump-start the 

questionnaire creation process, and contain help features that include step-by-step 

instructions, tutorials, and online chats with support staff. 

In this phase, I used the themes from the initial qualitative phase (both the interviews and the 

focus group) to identify existing concept library usability scales or surveys, but none were 

available. Therefore, I reviewed some of the existing standardized usability surveys to decide 

whether to use, merge, or modify some them according to this research’s questions. A variety 

of usability surveys are widely available and frequently used, and are often consist of a specific 

set of questions provided in a specific order and using a specific format, with defined guidelines 

for generating scores based on the responses of participants [137] [138]. The following are two 

of the most well-known: 

1) System Usability Scale (SUS). The survey designed by John Brooke at Digital Equipment 

Corporation, consists of ten Likert-type questions with responses on a 5-point scale [139]. 

2) Computer System Usability Questionnaire (CSUQ). The survey was created by James Lewis 

at IBM and consists of 19 questions on a 7-point scale [140].  

3.7.2 System Usability Scale (SUS):  

The System Usability Scale (SUS) was created by John Brooke in 1986. The SUS is a 

reliable (Likert scale) instrument for testing usability. SUS enables evaluation of a wide range 

of products, such as hardware, software, mobile devices, websites, and applications. SUS 



61 

 

consists of the following10-item survey with five response categories, ranging from strongly 

disagree (1) to strongly agree (5) [139]:  

1. I think that I would like to use this system frequently. 

2. I found the system unnecessarily complex. 

3. I thought the system was easy to use. 

4. I think that I would need the support of a technical person to be able to use this 

system. 

5. I found the various functions in this system were well integrated. 

6. I thought there was too much inconsistency in this system. 

7. I would imagine that most people would learn to use this system very quickly. 

8. I found the system very cumbersome to use. 

9. I felt very confident using the system. 

10. I needed to learn a lot of things before I could get going with this system. 

Figure 3.6 represents the ten statements in SUS. The System Usability Scale is widely used 

because the word system is used in the statements, which reflects its initial use for software 

evaluation, could be replaced with a website, product, or interface without impacting the 

outcomes [137]. In addition, Brooke mentioned that “the selected statements actually cover a 

variety of aspects of system usability, such as the need for support, training, and complexity, 

and thus have a high level of face validity for measuring usability of a system” [139]. 
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Figure 3.4: System Usability Scale Questionnaire 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: (Brooke,1986, P.4) 

3.7.3 Computer System Usability Questionnaire (CSUQ) 

The Computer System Usability Questionnaire (CSUQ) is slightly longer than the SUS but is 

still manageable. The original statements, like the SUS questionnaire, use the word system. 

The CSUQ consists of the following 19 questions and uses a seven-point scale, ranging from 

strongly agree (1) to strongly disagree (7) [140]:  

1. Overall, I am satisfied with how easy it is to use this system. 

2. It was simple to use this system. 
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3. I could effectively complete the tasks and scenarios using this system. 

4. I was able to complete the tasks and scenarios quickly using this system. 

5. I was able to efficiently complete the tasks and scenarios using this system. 

6. I felt comfortable using this system. 

7. It was easy to learn to use this system. 

8. I believe I could become productive quickly using this system. 

9. The system gave error messages that clearly told me how to fix problems. 

10. Whenever I made a mistake using the system, I could recover easily and quickly. 

11. The information (such as on-line help, on-screen messages and other documentation) 

provided with this system was clear. 

12. It was easy to find the information I needed. 

13. The information provided for the system was easy to understand. 

14. The information was effective in helping me complete the tasks and scenarios. 

15. The organization of information on the system screens was clear. 

16. The interface of this system was pleasant. 

17. I liked using the interface of this system. 

18. This system has all the functions and capabilities I expect it to have. 

19. Overall, I am satisfied with this system. 

3.7.4 The Concept Library Usability Scale 

Based on the findings of the first phase of this research, a requirement for a subjective concept 

library usability scale/survey was recognised. Therefore, I created an e-mail survey instrument, 

which I named the Concept Library Usability Scale, using SurveyMonkey software. This 

development links the study's initial qualitative phase to the later quantitative phase, which 

reflects the point of integration in mixing. I aimed for the survey to be quick and easy to 

administer while also being reliable enough to be used to assess the user experience of a concept 

library. Several versions of the e-mail survey have been substantially reviewed with my 

supervisors, and we finally decided on the final version after ensuring that the questions are 

clear and comprehensible. Figure 3.7 presents the final version of the e-mail survey instrument, 

the Concept Library Usability Scale. The Concept Library Usability Scale contains 12 

statements, and participants choose one of five response options ranging from "strongly 

disagree" to "strongly agree" to express their level of agreement or disagreement with the first 

ten statements. The eleventh statement was intended to allow participants to openly express 

and discuss their thoughts, while the twelfth statement invited participants to submit contact 

information if they were interested in participating in a one-to-one interview. 

The following are the first ten items on the Concept Library Usability Scale:  

1. I think that I would like to use this concept library frequently.  
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2. I think that I would need the support of a technical person to be able to use this concept 

library. 

3. I found the various functions in this concept library, such as searching and viewing concepts; 

and creating and editing concepts, were easy to use. 

4. I felt very confident using the concept library.   

5. I needed to learn a lot of things before I could get going with this concept library.   

6. I think that the user documentation is task oriented and consists of clear, step by step 

instructions.   

7. I found the concept library supports advanced functional tasks (e.g., it allows using of 

programming languages such as R, SQL, or Python).   

8. I feel it is acceptable if I am required to reference the concept library when publishing papers.    

9. I found that it was easy to understand how the concept library is run and managed.   

10. I thought the concept library supports clear algorithms labelling convention.   

Figure 3.5: The Concept Library Usability Scale 

 

The Concept Library Usability Scale 
An example of a saved EHR Phenotype in the CALIBER research platform  
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* 1. I think that I would like to use this concept library frequently.  

Strongly disagree 

Disagree 

Neither agree nor disagree 

Agree 

Strongly agree 

Could you please explain why you disagreed or agreed with this statement?

 
 

* 2. I think that I would need the support of a technical person to be able to use this concept 

library.   

Strongly disagree 

Disagree 

Neither agree nor disagree 

Agree 

Strongly agree 

Could you please explain why you disagreed or agreed with this statement?

 
 

* 3. I found the various functions in this concept library, such as searching and viewing 

concepts; and creating and editing concepts, were easy to use.   

Strongly disagree 

Disagree 

Neither agree nor disagree 

Agree 

Strongly agree 

 

* 4. I felt very confident using the concept library.   

Strongly disagree 

Disagree 

Neither agree nor disagree 

Agree 

Strongly agree 

 

* 5. I needed to learn a lot of things before I could get going with this concept library.   

Strongly disagree 

Disagree 

Neither agree nor disagree 

Agree 

Strongly agree 
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* 6. I think that the user documentation is task oriented and consists of clear, step by step 

instructions.   

Strongly disagree 

Disagree 

Neither agree nor disagree 

Agree 

Strongly agree 

 

* 7. I found the concept library supports advanced functional tasks (e.g., it allows using of 

programming languages such as R, SQL, or Python).   

Strongly disagree 

Disagree 

Neither agree nor disagree 

Agree 

Strongly agree 

 

* 8. I feel it is acceptable if I am required to reference the concept library when publishing 

papers.    

Strongly disagree 

Disagree 

Neither agree nor disagree 

Agree 

Strongly agree 

Could you please explain why you disagreed or agreed referencing the concept library? 

  
 

* 9. I found that it was easy to understand how the concept library is run and managed.   

Strongly disagree 

Disagree 

Neither agree nor disagree 

Agree 

Strongly agree 

 

* 10. I thought the concept library supports clear algorithms labelling convention.   

Strongly disagree 

Disagree 

Neither agree nor disagree 

Agree 

Strongly agree 

 

* 11. Can you tell us more about why you give the answers you did? (e.g., what could be 

improved? and what did you like about the system?)   
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12. If you are happy to participate in one-to-one interview, please provide us with your contact 

information.   

Name    

Company   

Address    

Address 2   

City/Town    

County    

Post Code   

Country    

Email Address  

Phone Number  

 

 

Thank you for completing the Survey. 

3.7.5 Ethical approval  

I modified the previous Application Form for Standard Ethical Approval (See appendix 3), 

which was submitted for the purpose of conducting the one-to-one interview and focus group 

discussions, and I requested an approval to conduct the quantitative study (See appendix 5). I 

followed the ethical guidelines of the Swansea University Medical School's Research Ethics 

Sub-Committee (RESC), which include the following: 1) informed consent, 2) ensuring 

participants confidentiality and anonymity, and 3) ethical reporting of findings. 

3.8 THE THIRD PHASE: CONDUCTING OF THE QUANTITATIVE STUDY USING THE CONCEPT LIBRARY 

USABILITY SCALE 

3.8.1 Validation and Pilot test the Concept Library Usability Scale 
 

To examine the content consistency and validity of the Concept Library Usability Scale, an e-

mail survey instrument that I created, I contacted experts who were familiar with my research 

topic and had experience working with concept libraries and linked electronic data 

repositories, including a professor and an academic doctor, and asked them to read through 

the Concept Library Usability Scale and assess whether the statements effectively captured 

the topic under research. Accordingly, necessary changes have been made. The e-mail survey 
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was tested with some participants to ensure that the questions are understandable to the users 

of concept libraries, who are the target participants for the survey. 

3.8.2 Procedure 

The participants and their emails (N= 200) were identified by searching on 

https://cprd.com/bibliography for authors who published papers in 2020 and 2021 using CPRD 

data. I described the purpose of the research in the e-mail invitation to the participants, 

guaranteed them of their anonymity, and clarified to them that they were under no obligation 

to participate and could withdraw out at any time. After completing the surveys, the participants 

were asked to explain any ideas or thoughts elicited by the questions of the e-mail survey 

instrument and to make any recommendations to improve it. This qualitative component, that 

was used in combination with the quantitative component, allowed us to reassess the overall 

characteristics of the e-mail survey instrument.  

3.8.3 Measures 

Various rating scales have been created to directly measure attitudes or opinions, which means 

a survey participant is aware that their attitude is being examined. The Likert Scale (1932) is 

the most commonly used [141]. We utilised the Likert Scale because it allows the participants 

to express their level of agreement or disagreement by completing the Concept Library 

Usability Scale, an e-mail survey instrument we developed. It is a self-reported 12-statement 

scale that examines the usability of existing concept libraries for disease phenotyping. We used 

the five Likert Scale categories, which are: “Strongly disagree”, “Disagree”, “Neither agree 

nor disagree”, “Agree”, and “Strongly agree”, to assess the first 10 specific statements. We 

used the SurveyMonkey tools available at (https://www.surveymonkey.com) in order to 

analyse the findings. In the survey's design section, we used the Likert Scale, which is a 

variation of the matrix statement that allows us to assign weights to each answer choice. Below 

are the steps that we followed to incorporate this type of matrix statement into our email survey 

(the Concept Library Usability Scale): 

1. From the builder section of the sidebar, we dragged and dropped the Matrix/Rating 

Scale into our survey. 

2. We inserted the statements we wanted the participants to evaluate in the rows’ 

fields. 
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3. We entered the responses (i.e., “Strongly disagreed”, “Disagreed”, “Neither agreed 

nor disagreed”, “Agreed”, and “Strongly agreed”) that we wanted participants to 

use to evaluate the row statements in the columns’ fields.  

For each response choice in the survey's analyse results section, the Likert Scale automatically 

generated a weighted average. When we inserted the statements, we selected the (Use Weights) 

option to see the average rating for the statements the participants were asked to evaluate. The 

following are the steps we took to enable the automatic calculation of the total score of 

the Concept Library Usability Scale (0 – 100): 

1. We converted the scale to a numerical value for each of the first ten statements. 

2. For each positive statement, we assigned a maximum point value of 10 to the strongly 

agreed response and a minimum point value of 2 to the strongly disagreed response as 

follows: 

• Strongly Disagreed: 2 points 

• Disagreed: 4 points 

• Neither agreed nor disagreed: 6 points 

• Agreed: 8 points 

• Strongly Agreed: 10 points 

3. In contrast, for each negative statement, we assigned a minimum point value of 2 to the 

strongly agreed response and a maximum point value of 10 to the strongly disagreed 

response as follows: 

• Strongly Disagreed: 10 points 

• Disagreed: 8 points 

• Neither agreed nor disagreed: 6 points 

• Agreed: 4 points 

• Strongly Agreed: 2 points 
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To gain a thorough understanding of the participants' responses, we included comment boxes 

below the following statements: 1, 2, and 8 that allowed participants to describe why they 

agreed or disagreed with these specific statements. To encourage the participants to provide 

additional details, I have added a large comment box for item 11 so that they would have an 

opportunity to explain their overall responses to all statements of the survey. Barnum 

mentioned that the comments of the participants can provide valuable insights about their 

experiences, both positive and negative [137]. At the end of the survey (item 12), I requested 

them to provide us with their contact information if they were willing to participate in a one-

on-one interview. 

3.8.4 Sampling approach of the participants   

Creswell and Clark stated that while samples for both the qualitative and quantitative phases 

should ideally come from the same population, the quantitative phase's sample size is often 

substantially bigger [99]. Quantitative research is commonly used to measure concerns and 

generalise study findings to the broader population, as a result, a large sample size and random 

selection of participants are necessary [120]. 

I sent e-mail invitations to the participants (N= 200) twice, which included researchers, health 

professionals, and clinicians asking them to complete a short e-mail survey. The purpose of 

this e-mail survey was to explore their attitudes and opinions about the usability of one of the 

existing concept libraries in the UK (i.e., the CALIBER research platform), which contains 

‘research ready' variables derived from inked electronic health records (EHRs) from primary 

care, coded hospital records, social deprivation data, and cause-specific mortality data. I 

assured participants that all data obtained would be completely anonymous. (Figure 3.8 shows 

the e-mail invitations to the participants) 

The participants were instructed in the e-mail invitations to spend approximately fifteen 

minutes searching for algorithms that they would like to use for their future research or that 

they had recently used for their studies using the CALIBER research platform link 

( https://www.caliberresearch.org/portal/phenotypes ) and then provide feedback on the 

resource's usefulness in this case by completing our short e-mail survey, The Concept Library 

Usability Scale, using the following link (https://www.surveymonkey.com/r/7NDZPN9). The 

requirement for simplicity and speed in order to motivate participants to finish the survey so 

that there would be enough data to measure subjective reactions to a concept library usability. 

https://www.caliberresearch.org/portal/phenotypes
https://www.surveymonkey.com/r/7NDZPN9
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Figure 3.6: The e-mail invitations to the participants 

Dear (the name of the participant),  

We wanted to learn about people's experiences with phenotype concept libraries (e.g., a list 

of READ codes/ICD 10 codes for identifying conditions), and we wanted to ask if you 

would be willing to do a short survey on using the CALIBER research platform. 

CALIBER is a research platform, which is an example of existing concept libraries in 

England that contains ‘research ready' variables collected from linked Electronic Health 

Records (EHRs) from primary care, coded hospital records, social deprivation data, and 

cause-specific mortality data. It is an open-access resource that provides information, tools, 

and phenotyping algorithms for UK electronic health records data, available through the 

CALIBER research platform, to the research community. We would like to know 

your views and thoughts on this resource. We would like to ask if you would spend about 

15 minutes using it and giving us some feedback, and all the information collected from 

you will be anonymous. Please would you search for algorithms that you would like to use 

in the future or that you have used recently and give us feedback on how useful the 

resource was in this case by doing the short survey below. 

• Link to the website of the CALIBER research 

platform: https://www.caliberresearch.org/portal 

• Link to the EHRs Phenotypes: https://www.caliberresearch.org/portal/phenotypes 

• Link to the short survey: https://www.surveymonkey.com/r/7NDZPN9   

Thank you for your time and feedback (and if you know other people who might use 

concept libraries, please would you be willing to forward this email to them too) 

 

With thanks and very good wishes 

Best Regards,  

Zahra Almowil  

M.Sc. in Health informatics  

Data Science Building   

School of Medicine, Swansea University 

Swansea, UK  

 

https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.caliberresearch.org%2Fportal&data=04%7C01%7C934467%40Swansea.ac.uk%7Cb05e7d63ee6f4de01f0708d94b8f791c%7Cbbcab52e9fbe43d6a2f39f66c43df268%7C0%7C0%7C637623901839051944%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=opJ3xAjaWQIQzuX658kyYALjx2diE9q%2Ff58IbzQLN4Q%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.caliberresearch.org%2Fportal%2Fphenotypes&data=04%7C01%7C934467%40Swansea.ac.uk%7Cb05e7d63ee6f4de01f0708d94b8f791c%7Cbbcab52e9fbe43d6a2f39f66c43df268%7C0%7C0%7C637623901839051944%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=5THD%2BRJ2SiVMpHXDDIpb6%2FYnUXNMd1mP8Vn1kaCaEnU%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.surveymonkey.com%2Fr%2F7NDZPN9&data=04%7C01%7C934467%40Swansea.ac.uk%7Cb05e7d63ee6f4de01f0708d94b8f791c%7Cbbcab52e9fbe43d6a2f39f66c43df268%7C0%7C0%7C637623901839061938%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=l8r7iigdpYtCXlr3AybQdeT8ovK3hNcwL1rKerPlEL8%3D&reserved=0
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Chapter 4 

Review 1:  
 

The purpose of this chapter is to review the literature on existing concept libraries for 

disease phenotyping, which serve as platforms for multiple researchers to store, manage, 

and share phenotypes (diagnoses, symptoms, medications, and procedures). This review 

aims to examine how they are used and identify current gaps and future development.  This 

chapter is based on the following published paper in the International Journal of Population 

Data Science on 16/06/2021: Concept libraries for automatic electronic health record-

based phenotyping: A review, which can be accessed via 

https://doi.org/10.23889/ijpds.v6i1.1362 

 

 

  

https://doi.org/10.23889/ijpds.v6i1.1362
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4 CHAPTER 4: CONCEPT LIBRARIES FOR AUTOMATIC 

ELECTRONIC HEALTH RECORD BASED PHENOTYPING:     

A REVIEW 

4.1 INTRODUCTION 

Electronic health records (EHRs) have been adopted across the UK. For example, in terms of 

primary care in the UK there are the following four databases: 1) CPRD (Clinical Practice 

Research Data Link) [8] 2) The Health Improvement Network (THIN) [9] 3) QResearch [10], 

4) SAIL (Secured Anonymized Information Linkage) in Wales [11]. In addition, secondary 

care data such as the hospital admission system (HES-England, PEDW-Wales, SMR-

Scotland), are linked to primary care records [6] [7] [13] [14]. Such linked information creates 

the opportunity to undertake research into the causes and outcomes and pathway of disease. 

However, using linked routine data requires some specialist skills, for example, using the data 

requires: 1) identifying conditions of interest from diagnosis, treatments, and procedures, and 

2) creating phenotype algorithms (such as diagnosis of rheumatoid arthritis and medication for 

rheumatoid arthritis) and developing specific inclusion and exclusion criteria [87].  

The construction of phenotype algorithms enables repeatable research and ensures that 

different researchers are using the same standards to identify patients [89]. However, the 

process of constructing phenotype algorithms is very time consuming and resource costly 

[142], and so reusing previously created phenotype algorithms to conduct repeatable research 

becomes a compelling solution. However, it is not common for researchers to share their 

clinical code lists in their published studies [3]. Therefore, it is difficult to make comparisons 

between studies as different studies often have different definitions of the same condition [14].  

Although clinical code lists were published along with some EHRs based studies, researchers 

often find it difficult to extract the relevant parts from lists for other research studies. 

Consequently, it is difficult to evaluate the transparency of EHRs based research [143]. Even 

though researchers request better transparency in publishing clinical code lists [91] [92], 

currently journals and funding parties do not make it mandatory to publish code lists [143].    

To address these challenges and ensure scientific transparency, data linkage centres have 

developed concept libraries for disease phenotyping, working as platforms to enable storing, 

managing, and sharing of phenotypes (Diagnoses, Symptoms, Medications and Procedures) by 
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multiple researchers. For example, ClinicalCodes.org and CALIBER in the UK, and The 

Concept Dictionary and Glossary in Canada [96] [143] [144]. In the literature, concept libraries 

for disease phenotyping have different names and various definitions. We aim to review the 

literature of existing concept libraries to examine how they are used, identify the current gaps 

and future development.  By evaluating the existing concept libraries and scoping what is 

missing in the current environment, this study could facilitate the development and 

improvement of concept libraries. 

4.2 METHODS  

The five-stage framework of Arksey and O'Malley was used for the literature search [145]. 

This approach included defining the research questions, identifying relevant studies through 

literature review, selecting qualified studies, charting and collecting data, and summarising and 

reporting the findings.  

4.2.1 Defining the research questions 

This stage involved identifying the research questions, which provided the roadmap for 

subsequent stages. The questions to be addressed were: 

• What concept libraries already exist? 

• What are their features? Are there similarities or differences among them? 

4.2.2 Identification of relevant studies 

This stage involved identifying the relevant studies and developing a decision plan for where 

to search, which terms to use, which sources are to be searched, time span, and language. 

Searching was limited to peer reviewed manuscripts which were written in the English 

language and were published from 2010 to 2019. In 2012, the government of the United 

Kingdom established four new research centres for linked electronic health records in London, 

Manchester, Dundee, and Swansea. Because concept libraries use the linked electronic data 

In 2012, the government of the United Kingdom established four new research centres for 

linked electronic health records in London, Manchester, Dundee, and Swansea. Because 

concept libraries use the linked electronic data from these centres, I limited my search to 2010 

or after. This restriction may make it difficult to identify concept libraries created before 2010 

in other countries. 
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from these centres, I limited my search to 2010 or after. This restriction may make it difficult 

to identify concept libraries created before 2010 in other countries. Five databases were 

searched including Medline, CINAHL, LISTA, Google Scholar, and Web of Science using the 

following sets of key words: 

1. "electronic health record*" or "electronic medical record*" or "computerized health 

record*" or "computerized medical record*" or EHR or EMR   

2. portal* or platform* or repositor* or library* or dictionary*   

3. phenotyp* or e-phenotyp* or phenomic* OR "clinical code list*" or "clinical 

code*" or "clinical concept*" OR "clinical code set*" or "clinical value set*"   

4. The sets of key words have been altered to be used in Google Scholar as 

recommended by this database as follows: ("electronic health record*" or 

"electronic medical record*" or EHR or EMR) AND (phenotyp*) AND (portal* or 

platform* or repository* or library* or dictionary*)  

4.2.3 Selecting of eligible studies 

I reviewed all the abstracts of the identified manuscripts (N=239) based on their relevance to 

the research questions. Those with relevant abstracts were taken forward to full assessment 

(n=50). Out of the fifty fully assessed manuscripts, only seven were selected as they matched 

the planned inclusion and exclusion criteria. The inclusion criteria for the selection process 

were to include manuscripts about public concept libraries for electronic linked health data-

based phenotyping, and their different definitions, types, and functions, such as allowing users 

to share, reuse, and verify research methods (e.g., code lists, algorithms, and metadata). 

Manuscripts related to electronic health record phenotyping authoring tools are excluded. 

Figure 4.1 depicts more information about the selection process of the related studies, and 

Table 4.1 presents an overview of the seven concept libraries including their definitions and 

purposes, electronic data sources, coding systems, and examples of phenotype definitions in 

the seven public concept libraries.   
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Table 4.1: An overview of the seven concept libraries                                                                                                                                                                                                                                                                                                         

Concept Libraries Definitions/Purposes Developers/Leaders References of the 

Manuscripts/URL 

Access of the Concept 

Libraries 

Electronic data 

sources/Coding systems 

Examples of phenotypes 

1. General libraries 

ClinicalCodes.org An online repository that 

contains a set of published 

studies. For each study a 

code list or a group of 

code lists has been 

uploaded on the 

ClinicalCodes.org site.  

Code lists are publicly 

accessible to improve 

validity and 

reproducibility of 

electronic medical record 

studies.  

 

The University of 

Manchester. Institute of 

Population Health, UK 

Spring ate DA, 

Ketopantoic E, Ashcroft 

DM, Olier I, Parisi R, 

Chamapiwa E, et al. 

ClinicalCodes: An online 

clinical codes repository 

to improve the validity 

and reproducibility of 

research using electronic 

medical records. 2014; 

9(6):6–11. 

https://clinicalcodes.rss.m

hs.man.ac.uk/ 

Primary and secondary 

care using Read, OXMIS, 

SNOMED, CPRD, 

product/medical code, 

BNF code, ICD-9, ICD-10 

Research article: 

Are symptoms of 

insomnia in primary care 

associated with 

subsequent onset of 

dementia? A matched 

retrospective case-control 

study, Link to the shared 

phenotypic descriptions at: 

https://clinicalcodes.rss.m

hs.man.ac.uk/medcodes/ar

ticle/78/ 

CALIBER research 

platform 

An open online repository 

of phenotyping algorithms 

that contains all definitions 

of research variables using 

CALIBER data sources in 

order to encourage 

research and promote 

transparency. 

Led from the University 

College London (UCL) 

Institute of Health 

Informatics, UK 

 

Dewaxes S, Gonzalez-

Inquired A, Direk K, 

Fitzpatrick NK, Fatemifar 

G, Banerjee A, et al. UK 

phenomics platform for 

developing and validating 

electronic health record 

phenotypes: CALIBER. J 

Primary care, hospital 

records, social deprivation 

information, cause-

specific mortality data.    

Using Read codes (a 

subset of SNOMED-CT), 

ICD-9, ICD-10, OPCS-4 

(analogous to Current 

Abdominal Hernia: “At the 

specified date, a patient is 

defined as having had 

Abdominal Hernia If they 

meet the criteria for any of 

the following on or before 

the specified date. The 

earliest date on which the 

individual meets any of the 

https://clinicalcodes.rss.mhs.man.ac.uk/
https://clinicalcodes.rss.mhs.man.ac.uk/
https://clinicalcodes.rss.mhs.man.ac.uk/medcodes/article/78/
https://clinicalcodes.rss.mhs.man.ac.uk/medcodes/article/78/
https://clinicalcodes.rss.mhs.man.ac.uk/medcodes/article/78/
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 Am Med Inform Assoc. 

2019; 26(12):1545–59.  

https://www.caliberresearc

h.org/portal/phenotypes 

Procedural Terminology 

terms) and Gemscript. 

following criteria on or 

before the specified date is 

defined as the first event 

date:  

Primary care 

1. Abdominal Hernia 

diagnosis or history of 

diagnosis or procedure 

during a consultation OR 

 Secondary care 

1. ALL diagnoses of 

Abdominal Hernia or 

history of diagnosis during 

a hospitalization 

OR 

Secondary care (OPCS4) 

1. ALL procedures for 

Abdominal Hernia during 

a hospitalization” 

Link to the shared  

phenotypic descriptions at: 

https://www.caliberresearc

h.org/portal/phenotypes/ch

ronological-map 

https://www.caliberresearch.org/portal/phenotypes
https://www.caliberresearch.org/portal/phenotypes
https://www.caliberresearch.org/portal/phenotypes/chronological-map
https://www.caliberresearch.org/portal/phenotypes/chronological-map
https://www.caliberresearch.org/portal/phenotypes/chronological-map
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The MCHP Concept 

Dictionary and Glossary  

The Concept Dictionary 

includes comprehensive 

operational definitions and 

programming code for 

measurements used in 

MCHP research including 

a description of the 

problem(s) involved, 

methods used, and 

programming tips/ 

cautions, and the Glossary 

records terms that are 

widely used in research 

based on population.  The 

Concept Dictionary was 

developed to help 

researchers use reliable, 

validated algorithms to 

perform methodologically 

comprehensive research.  

The Manitoba Centre for 

Health Policy (MCHP), 

Canada 

Ostapyk T. Manitoba 

Centre for Health Policy 

Data Repository. In: 

Michalos AC (eds) 

Encyclopaedia of quality 

of life and well-being 

research. Springer, 

Dordrecht; 2014. 

http://umanitoba.ca/faculti

es/health_sciences/medici

ne/units/chs/departmental_

units/mchp/resources/conc

ept_dictionary.html 

- The MCHP databases: 

Health, Education, Social, 

Justice, Registries, Support 

Files. 

- Operational definitions 

and SAS program code for 

variables or measures 

developed from 

administrative data.  

- The International 

Classification of Disease 

(ICD) diagnoses or ICD / 

CCI (Canadian 

Classification of Health 

Interventions) procedure / 

intervention  

Manitoba Asthma 

Algorithms 

The following is an 

example of asthma 

algorithm developed by a 

research project. 

“Raymond et al. 

(2011) use a broader scope 

in their definition for 

asthma, defining it as one 

physician claim OR one 

hospital claim with a 

corresponding diagnosis 

of: ICD-9-CM: 464, 466, 

490, 491, 493 or ICD-10-

CA: J04, J05, J20, J21, 

J40, J41, J42, J45, J441, 

J448 OR one prescription 

for an asthma medication 

in a three-year period. “  

Link to the shared  

phenotypic descriptions at: 

http://mchp-

appserv.cpe.umanitoba.ca/

viewConcept.php?concept

ID=1305#a_references 

Phenotype knowledgebase 

(PheKB)  

An online environment 

supporting the workflow of 

building, sharing, and 

validating electronic 

phenotype algorithms. The 

Led by Vanderbilt 

University, (the eMERGE 

Network Coordinating 

Centre), USA 

Kirby JC, Speltz P, 

Rasmussen L V., Basford 

M, Gottesman O, Peissig 

PL, et al. PheKB: A 

catalogue and workflow 

Clinical and genomic data 

from electronic health 

records. 

Urinary Incontinence 

The cohort is defined with 

the following criteria: 

http://umanitoba.ca/faculties/health_sciences/medicine/units/chs/departmental_units/mchp/resources/concept_dictionary.html
http://umanitoba.ca/faculties/health_sciences/medicine/units/chs/departmental_units/mchp/resources/concept_dictionary.html
http://umanitoba.ca/faculties/health_sciences/medicine/units/chs/departmental_units/mchp/resources/concept_dictionary.html
http://umanitoba.ca/faculties/health_sciences/medicine/units/chs/departmental_units/mchp/resources/concept_dictionary.html
http://umanitoba.ca/faculties/health_sciences/medicine/units/chs/departmental_units/mchp/resources/concept_dictionary.html
http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?conceptID=1305#a_references
http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?conceptID=1305#a_references
http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?conceptID=1305#a_references
http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?conceptID=1305#a_references
http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?conceptID=1305#a_references
http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?conceptID=1305#a_references
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PheKB was designed to 

facilitate the 

transportability of 

algorithms into various 

research applications 

across different 

organizations, health care 

systems, and repositories 

of clinical data. 

 

for creating electronic 

phenotype algorithms for 

transportability. J Am Med 

Informatics Assoc. 2016; 

23(6):1046–52. 

https://phekb.org/ 

HCPT Codes, ICD 10 

Codes, ICD 9 Codes, 

Laboratories, Medications, 

Natural Language 

Processing 

a. EHR of all male 

patients of 35 

years of age or 

more, AND 

b. For which there is 

an ICD-9-CM / 

ICD-10-CM 

diagnosis of 

prostate cancer, 

AND 

c. For which there 

are at least two 

encounters before 

first treatment, 

AND 

d. For which there is 

at least one 

clinical note 

before first 

treatment, AND 

e. For which there is 

either 

prostatectomy 

surgery or 

radiation 

procedure 

performed as 

identified by CPT 

codes. 

Link to the shared  

https://phekb.org/
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phenotypic descriptions at: 

https://phekb.org/phenoty

pe/1404 

2. Specialized libraries 

Genome-Phenome 

Analysis Platform (GPAP)  

An online data platform, 

where data from 

sequencing experiments 

contributed by 

collaborating research 

projects is processed using 

a standard pipeline and 

made accessible to 

registered users for online 

analysis through a user-

friendly interface.  

It was developed by RD-

Connect and Led by Aix-

Marseille University 

Medical School (AMU), 

France 

 

Thompson R, Johnston L, 

Taruscio D, Monaco L, 

Béroud C, Gut IG, et al. 

RD-Connect: An 

integrated platform 

connecting databases, 

registries, biobanks and 

clinical bioinformatics for 

rare disease research. J 

Gen Intern Med. 2014; 

29(SUPPL. 3):780–7. 

https://dx.doi.org/10.1007

%2Fs11606-014-2908-8 

Genomic and clinical data 

from RD-Connect’s 

partners rare disease-based 

research projects.  

The PhenoTips database 

stores phenotypic profiles 

for individual cases coded 

by human phenotype 

ontology (HPO). 

A directory of biobanks 

and patient registries and a 

bio sample catalogue. 

 

 

Case 1: description 

RD-Connect identifier: 

Case1C 

Gender: Male, Age: 5 

years, Referral: Congenital 

myasthenic syndrome, 

Onset: Congenital, Global 

pace of progression: 

Progressive (slow), Main 

clinical features:  Neonatal 

hypotonia, Distal 

arthrogryposis, Inability to 

walk, Recurrent lower 

respiratory tract infections. 

Link to the shared 

phenotypic descriptions at: 

https://playground.rd-

connect.eu/ 

 

The PhenoScanner V2 A database that contains 

publicly existing results of 

large-scale genomic 

association studies. It was 

The Cardiovascular 

Epidemiology Unit, 

Kamat MA, Blackshaw 

JA, Young R, Surendran P, 

Burgess S, Danesh J, et al. 

PhenoScanner V2: an 

137 genotype–phenotype 

association datasets, 

including results for 

anthropometric traits, 

Trait: Crohn's disease 

“A gastrointestinal 

disorder characterized by 

https://phekb.org/phenotype/1404
https://phekb.org/phenotype/1404
https://rd-connect.eu/organisation/aix-marseille-university-medical-school/
https://rd-connect.eu/organisation/aix-marseille-university-medical-school/
https://rd-connect.eu/organisation/aix-marseille-university-medical-school/
https://dx.doi.org/10.1007%2Fs11606-014-2908-8
https://dx.doi.org/10.1007%2Fs11606-014-2908-8
https://playground.rd-connect.eu/
https://playground.rd-connect.eu/
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developed to facilitate the 

cross-referencing of 

genetic variants with a 

wide variety of phenotypes 

for better comprehension 

of biology and pathways of 

disease. 

 

 

University of Cambridge, 

UK 

expanded tool for 

searching human 

genotype-phenotype 

associations. 

Bioinformatics. 2019; 

35(22):4851–3.  

http://www.phenoscanner.

medschl.cam.ac.uk/ 

blood pressure, lipids, 

cardiometabolic diseases, 

renal function measures, 

glycemic traits, 

inflammatory diseases, 

psychiatric diseases and 

smoking phenotypes. It 

also includes the NHGRI-

EBI GWAS catalogue, and 

dbGaP catalogues of 

associations.  

chronic inflammation 

involving all layers of the 

intestinal wall, 

noncaseating granulomas 

affecting the intestinal wall 

and regional lymph nodes, 

and transmural fibrosis. 

Crohn disease most 

commonly involves the 

terminal ileum; the colon is 

the second most common 

site of involvement. 

A chronic transmural 

inflammation that may 

involve any part of the 

DIGESTIVE TRACT 

from MOUTH to ANUS, 

mostly found in the 

ILEUM, the CECUM, and 

the COLON. In Crohn 

disease, the inflammation, 

extending through the 

intestinal wall from the 

MUCOSA to the serosa, is 

characteristically 

asymmetric and segmental. 

Epithelioid 

GRANULOMAS may be 

seen in some patients.” 

Link to the shared  

phenotypic descriptions at: 

https://www.ebi.ac.uk/gwa

s/efotraits/EFO_0000384 

http://www.phenoscanner.medschl.cam.ac.uk/
http://www.phenoscanner.medschl.cam.ac.uk/
https://www.ebi.ac.uk/gwas/efotraits/EFO_0000384
https://www.ebi.ac.uk/gwas/efotraits/EFO_0000384
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Genotypes and Phenotypes 

Database (dbGap) 

A National Institute of 

Health-sponsored 

repository tasked with 

archiving, curating and 

distributing information 

provided by studies 

examining genotype and 

phenotype interactions. It 

was developed with 

standardized identifiers 

that allows published 

studies to address or cite 

the primary data in a clear 

and uniform way. 

 

National Centre for 

Biotechnology 

Information, USA 

Tryka KA, Hao L, Sturcke 

A, Jin Y, Wang ZY, 

Ziyabari L, et al. NCBI’s 

database of genotypes and 

phenotypes: DbGaP. 

Nucleic Acids Res. 2014; 

42(D1):975–9. 

https://www.ncbi.nlm.nih.

gov/gap/ 

Genetic and phenotypic 

databases sponsored by 

NIH and other agencies 

around the world 

including: Genotype, 

phenotype, exposure, 

expression array, 

epigenomic and pedigree 

data from genome-wide 

association studies 

(GWAS), sequencing 

studies and other large-

scale genomic studies. 

“Autism_Genome_Project

_Subject_Phenotypes: The 

subject phenotype table 

includes data collected on 

sociodemography (n=2 

variables; sex and 

European ancestry) and 

psychological and 

psychiatric observations 

(n=8 variables; spectrum 

and strict definition of 

autism, whether the subject 

is non-verbal and/or 

verbal, has low or high IQ, 

and the age of their first 

word and phrase). This 

table now also includes the 

stage of the study in which 

the individual was present 

and the whether individual 

is a member of a multiplex 

or simplex family.” Link to 

the shared phenotypic 

descriptions at: 

https://www.ncbi.nlm.nih.

gov/projects/gap/cgi-

bin/variable.cgi?study_id=

phs000267.v5.p2&phv=16

1303&phd=3659&pha=36

90&pht=2305&phvf=&ph

df=&phaf=&phtf=&dssp=

1&consent=&temp=1 

https://www.ncbi.nlm.nih.gov/gap/
https://www.ncbi.nlm.nih.gov/gap/
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/variable.cgi?study_id=phs000267.v5.p2&phv=161303&phd=3659&pha=3690&pht=2305&phvf=&phdf=&phaf=&phtf=&dssp=1&consent=&temp=1
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/variable.cgi?study_id=phs000267.v5.p2&phv=161303&phd=3659&pha=3690&pht=2305&phvf=&phdf=&phaf=&phtf=&dssp=1&consent=&temp=1
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/variable.cgi?study_id=phs000267.v5.p2&phv=161303&phd=3659&pha=3690&pht=2305&phvf=&phdf=&phaf=&phtf=&dssp=1&consent=&temp=1
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/variable.cgi?study_id=phs000267.v5.p2&phv=161303&phd=3659&pha=3690&pht=2305&phvf=&phdf=&phaf=&phtf=&dssp=1&consent=&temp=1
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/variable.cgi?study_id=phs000267.v5.p2&phv=161303&phd=3659&pha=3690&pht=2305&phvf=&phdf=&phaf=&phtf=&dssp=1&consent=&temp=1
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/variable.cgi?study_id=phs000267.v5.p2&phv=161303&phd=3659&pha=3690&pht=2305&phvf=&phdf=&phaf=&phtf=&dssp=1&consent=&temp=1
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/variable.cgi?study_id=phs000267.v5.p2&phv=161303&phd=3659&pha=3690&pht=2305&phvf=&phdf=&phaf=&phtf=&dssp=1&consent=&temp=1
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/variable.cgi?study_id=phs000267.v5.p2&phv=161303&phd=3659&pha=3690&pht=2305&phvf=&phdf=&phaf=&phtf=&dssp=1&consent=&temp=1
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CINAH

L 35 
LISTA 

11 

Web of 

Science 

87 

Google 

Scholar 

54 

Medline 

13 

 

 

 

 

 

 

 

CINAH

L 

10 

LISTA 

3 

Web of 

Science 

14 

Google 

Scholar 

10 

Final 7 

relevant 

manuscripts  

Medline 

38 

Total 239 manuscripts 

from 5 databases 

Abstracts of 239 

manuscripts were assessed  

 50 full manuscripts were 

assessed  

Figure 4.1 The selection process of the related studies 
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4.2.4 Extraction, charting, and synthesis of data 

Data was extracted from the seven related manuscripts using a data-charting form. A narrative 

review method was used to extract data about the investigated seven public concept libraries 

for electronic linked health data-based phenotyping including their names, types, and 

characteristics such as enabling users to share, validate, and reuse of research methods such as 

algorithms.  

4.2.5 Collecting, summarising and reporting the findings 

A thematic construction was used to provide an overview of the breadth of the literature, and 

then a thematic analysis was used to generate the results. The different types and the 

characteristics of the seven public concept libraries were summarised. The types of electronic 

data sources used in each library (e.g., primary or secondary care or genetic data) and the used 

coding system (e.g., Read, OXMIS, ICD-9, and ICD-10) were all reported. 
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4.3 RESULT 

4.3.1 The identified public concept libraries from the literature 

There were seven public concept libraries from the literature developed by different countries 

including UK, USA, and Canada. These libraries were the ClinicalCodes.org [143], the 

Genotypes and Phenotypes Database (dbGaP) [146], Phenotype knowledgebase (PheKB) 

[147], the Manitoba Centre for Health Policy (MCHP) Concept Dictionary and Glossary [148], 

Clinical Disease Research using Linked Bespoke Studies and Electronic Health Records 

(CALIBER) [19], the PhenoScanner V2 [149], and The Genome-Phenome Analysis Platform 

(GPAP) [150]. Four of the libraries were general libraries and held concepts and phenotypes 

on multiple specialities ranging from specific conditions (such as codes to identify lupus) to 

general demographic concepts (such as smoking status). Three of the libraries were specialised 

libraries and only give concepts on certain defined areas such as rare diseases. However, in 

common across all the libraries was that they allowed users to share by uploading their own 

concepts, to examine validity of concepts by showing where they were published, and all had 

the aim of facilitating reuse of research methods such as clinical code lists or metadata.  

There were some clear differences between the general libraries such as archiving data from 

different electronic sources (e. g. primary care, secondary, social deprivation information, 

cause-specific mortality data, health, education, justice, and registries); using various types of 

coding systems (e.g. SNOMED, BNF, READ, ICD9 /10, and Canadian Classification of Health 

Interventions (CCI) [143] [147] [148] [19]; having different policies that govern accessing the 

underlying data sources (e.g. a researcher has to complete the Data Access Process (DAP) of 

the Manitoba Centre for Health Policy (MCHP) to access the data and conduct research by 

using the Manitoba Population Research Data Repository) [148]; and allowing different 

searching queries such as simple or more advanced searches (e.g. CALIBERcodelists package 

enables users to search for code lists by synonym or code stub, and combine search terms using 

Boolean operators) [151]. 

However, they share some clear similarities such as having similar purposes (e.g. helping 

researchers to perform comprehensive research, promoting transparency in sharing research 

methods, and improving reproducibility of studies; enabling users to upload their own code 

lists and other important documents (e.g. users of PheKB can upload related documents and 

their phenotypes along with multidimensional metadata labels, documents including detailed 

descriptions of the computable algorithms such as types of used data, logic of execution, 
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definitions of data, and flow charts) [147]; and allowing users to use/download the publicly 

accessible code lists (e.g. users of ClinicalCodes.org can download a file containing all codes 

associated with a study as csv files) [143]. 

There were some differences between the specialized libraries such as using data that were 

generated by various electronic databases (e.g. the PhenoTips database, database of biobank 

and patient registries, the NHGRI-EBI GWAS catalogue, and genetic and phenotypic databases 

sponsored by NIH and other agencies around the world) [146] [149] [152]; allowing diverse 

searching strategies (e.g. registered users of GPAP may select one or more individuals such as 

trios or other family relationships to explore and then filter and refine the outcomes by 

inheritance mode, population frequencies, tools for in silico pathogenicity prediction, gene lists 

and Linvar, HPO and OMIM codes) [153]; and enabling different searching queries such as 

simple or complex searches (e.g. all publicly released dbGaP studies can be queried by users. 

Queries can be very simple, just a keyword of interest (‘cancer’) or complex, making use of 

search fields and Boolean operators (‘cholesterol[variable] AND phs000001’) [146]. 

Conversely, there were some similarities between the specialised libraries such as enabling 

users to share by uploading their own concepts in the libraries to analyse the validity of 

concepts by showing where they were published (e.g. the GPAP enables clinicians and 

researchers who upload patient datasets to analyse their own data [153], and NIH-funded 

researchers can share their produced data, in the dB Gap) [146]; all aimed to encourage the 

reuse of research methods such as lists of clinical code or metadata (e.g. registered users of 

GPAP are allowed to access and search data sets provided by other researchers on similar 

patients [153], and users of the PhenoScanner V2 can use the archived findings from large-

scale genetic association studies which are publicly accessible) [149]; and allowing access to 

some datasets through specific established control access (e.g. individual level data is 

accessible in the dbGap to scientists around the world through controlled application of access) 

[146]. Information about all the seven concept libraries such as their access URL and references 

of the seven manuscripts are presented in Table 4.1.  

4.3.2 Concept libraries names and definitions: 

Each of the investigated concept libraries has a specific name and a unique definition (Table 

4.2). For example, CALIBER is defined as "a unique research platform consisting of 

‘research ready’ variables extracted from linked electronic health records (EHRs) from 

primary care, coded hospital records, social deprivation information and cause-specific 



105 

 

mortality data in England" (https://www.ucl.ac.uk/health-informatics/caliber). Whereas, 

the Database of Genotypes and Phenotypes (dbGap) is defined as “a National Institutes of 

Health-sponsored repository charged to archive, curate and distribute information produced 

by studies investigating the interaction of genotype and phenotype" [146].  

4.3.3 Concept libraries types 

The explored concept libraries (N = 7) differ in their types. Some are general libraries 

holding several specialist phenotypes (n = 4) such as ClinicalCodes.org, which holds code 

lists for all published electronic medical record studies, irrespective of code types (such as 

Read, ICD9-10, SNOMED) that are collected from multiple databases (such as CPRD, 

Research, THIN), while others are specialised libraries which only manage certain 

specificities (n = 3) such as the Genome-Phenome Analysis Platform (GPAP), which holds 

genomic and clinical data from rare disease based research projects. 

4.3.3.1 General concept libraries: 

1. The ClinicalCodes online repository 

The ClinicalCodes repository contains a selection of published studies that have been 

uploaded to the ClinicalCodes.org site along with a code list or a series of code lists. A 

code name, coding system (Read, OXMIS, SNOMED, CPRD product / medical code, BNF 

code, ICD-9, ICD-10), definition and type of entity (diagnostic, drug, examination, clinical 

sign, administrative, demographic, observational, immunization) are assigned to all 

individual clinical codes. Metadata and links to studies code lists are accessible as research 

objects that could be shared in machine-readable form throughout platforms. A research 

object file of JavaScript Object Notation (JSON) is available for each study that contains 

metadata (title, author, abstract, reference, link, DOI), commentary on the study level, 

commentary on the code list level and links to the individual files of the code list. Such 

object research files are directly accessible when inserting a '/ro' to the URI for a study e.g., 

(www.clinicalcodes.org/medcodes/article/5/ro) [143]. The developers of the ClinicalCodes 

repository have created an open-source R package (rClinicalCodes) to automate the 

downloading and importing lists of clinical code and metadata through the research object 

file from the repository website: (https://cran.r-

project.org/web/packages/rClinicalCodes/index.html. The developers of the ClinicalCodes 

repository will implement in the future: 1) Searching and downloading of codes by disease 

https://www.ucl.ac.uk/health-informatics/caliber
http://www.clinicalcodes.org/medcodes/article/5/ro
https://cran.r-project.org/web/packages/rClinicalCodes/index.html
https://cran.r-project.org/web/packages/rClinicalCodes/index.html
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group, keyword and/or code group. 2) Methods for downloading code-lists and article 

metadata in machine readable form. 3) An API for downloading code-lists 

programmatically [143]. 

2. The Clinical Research using Linked Bespoke Studies and Electronic Health 

Records (CALIBER)  

CALIBER has developed the CALIBERcodelists package to manage ICD-10, Read and 

OPCS coding lists to identify medical conditions for research using CALIBER or other UK 

electronic health record databases. The package is written in R language, but many of the 

functions are accessible through an interactive menu and do not require any experience 

with R. The package has many features: 1) provides a standardized approach to identify 

codes of interest including Read, ICD-10 and OPCS through searching for term text or 

codes, 2) enables displaying of code lists on a spreadsheet and removing individual terms 

or modifying their categories, 3) downloads code lists in a variety of formats, and uploads 

them in default file format,  4) allows comparing of one code list to another, or combine 

two code lists together, 5) enables converting of code lists across dictionaries using the 

NHS mapping between the terminologies of Read/OPCS and Read/ICD-10, 6) processes a 

document which contains code to produce a code list and a descriptive text, and produces 

a comprehensive HTML document and a standardised format code list [151]. 

3. The Manitoba Centre for Health Policy (MCHP) Concept Dictionary and 

Glossary  

MCHP has built a range of web-based tools that record the historical usage of the 

repository-saved information such as the MCHP Concept Dictionary and Glossary [148]. 

Although there are short definitions for widely used terminology in the glossary, the 

Concept Dictionary includes comprehensive operational definitions and programming code 

for measurements used in MCHP research. A coherent documentation approach is used to 

describe the research methodologies. They can be presented either as best practices, or as 

different versions of historical overviews. Enhancements substitute older versions with a 

best-practice approach which requires authoritative approval of what is "the best", and the 

historical overview records all published methods for making options accessible to the user 

and information about the methodologies used in previous studies [154]. 
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4. The Phenotype Knowledgebase (PheKB) 

The Phenotype Knowledgebase (PheKB accessible at http://phekb.org) was created within 

the eMERGE Network as a workflow management system and learning centre to support 

computable algorithm creation, validation, and sharing. It enables the transportability of 

algorithms across various research applications, multiple organizations, health care 

systems, and clinical data repositories through feedback processes and standardised 

implementation performance measures. PheKB contains built-in tools designed specifically 

to improve sharing of knowledge across sites, for example, the Data Dictionary / Data 

Validation Tool and the data management function. The Data Dictionary / Data Validation 

Tool is a registered user embedded resource that validates definitions of covariate data and 

related data, promotes data standardization, and early-stage quality assurance to exchange 

data for study sets efficiently. It is used for identifying errors and warnings in data 

dictionaries and data files related to a given phenotype through a custom Drupal module. It 

can show errors and warnings regarding the structure and content of the files as files are 

uploaded, while the data management function provides tracking tools for users to easily 

determine what data has been shared, what algorithm it is linked to, and by whom it was 

shared [147]. 

4.3.3.2 The specialized concept libraries: 

1. The Genome-phenome analysis platform (GPAP) 

The RD-Connect built an integrated Genome-phenome analysis platform (GPAP), which 

is a user-friendly tool for diagnosing and discovering genes [153]. It links anonymised 

omics and clinical data with tools and services to examine these data online. The main 

portal provides links to the genomics analysis interface and the Phenotypes database that 

store ontology of phenotypic profiles coded for individual cases by Human Phenotype 

Ontology (HPO). GPAP also includes a database of biobanks and patient registries, and a 

catalogue of bio samples that allows information of individual samples housed in 

participating biobanks to be drilled down [155]. For example, a researcher may select one 

or more individuals (e.g., trios or other family relationships) to explore and then filter and 

refine the outcomes by inheritance mode, population frequencies, tools for in silico 

pathogenicity prediction, gene lists and Linvar, HPO and OMIM codes [152] [153]. 
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2. The PhenoScanner V2 

The developers of PhenoScanner V1 have collected more than 5,000 genotype-phenotype 

association datasets to create version 2 of the catalogue (PhenoScanner V2). PhenoScanner 

V2 has an API that contains an R package and a Python command line tool associated with 

it, which enables users to search for PhenoScanner V2 genotype-phenotype associations 

within R or from a terminal. All results, irrespective of P-value, can be presented when 

querying genetic variants, allowing the user to find indication against phenotype 

associations. PhenoScanner V2 has new features to facilitate improved 'phenome scans' 

including: 1) an expanded database of human genotype-phenotype associations divided into 

phenotype classes (diseases and traits, gene expression, proteins, metabolites and 

epigenetics), 2) new search selections such as gene, genomic region and queries based on 

phenotypes 3) Linkage Disequilibrium (LD) information for the five super-ancestries in 

1000 Genomes 4) variant annotation and trait ontology mappings 4) annotation variations 

and ontology mappings of traits, and  5) a new Platform and API [149]. 

3. The database of Genotypes and Phenotypes (dbGaP) 

The database of Genotypes and Phenotypes (dbGaP) enables licensed users to identify and 

display different regions of the human genome, such as all the Allele frequencies and 

subgroups of individual-level genotype as well as sequence data, which are stored in that 

region in dbGaP, without accessing data sets of interest and performing multiple analyses 

[156]. The browser uses the standard graphical interface built for data from the 1000 

Genomes Project and dbGaP by the National Centre for Biotechnology Information 

(NCBI), which incorporates sequence viewer track views with genotype tables and a novel 

sample / subject data selector showing core sample phenotype data [146]. The webpage of 

the browser includes a selection of 'widgets' pages showing data from the dbGaP view-only 

data project, which is data from the collection of dbGaP General Research Usage (GRU). 

The widgets work in such a way that one widget operation causes updating of other widgets 

on the page. See online browser documentation 

(https:/www.ncbi.nlm.nih.gov/gap/ddb/help/) and The NCBI YouTube channel (https: 

/www.youtube.com/user/ NCBINLM) for additional widget information. 

4.3.4 Concept libraries characteristics  

Some of the characteristics of the seven concept libraries are presented in Table 4.2. 
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4.3.4.1 Sharing of Concepts  

All of the identified concept libraries allow researchers to share some or all of their 

research methods such as clinical codes list, metadata, and algorithms. For example, 

users of the ClinicalCodes.Org are able to upload the code list and metadata for specific 

codes, and add comments at the code list, or study level. However, an account should 

be created first [143]. According to the developers of ClinicalCodes.Org, “To date: 

93375 clinical codes have been deposited over 521 code lists” [157]. Similarly, 

Phenotype knowledgebase (PheKB) enables researchers to upload related documents 

and their phenotypes along with multidimensional metadata labels including the 

methods used in the phenotype standards such as International Classification of Disease 

(ICD) codes, medications, and Natural Language Processing (NLP). Researchers also 

can upload documents that include detailed descriptions of the computable algorithms, 

such as types of data used, logic of execution, definitions of data, and flow charts [147]. 

Builders of the Concept Dictionary and Glossary at the Manitoba Centre for Health 

Policy (MCHP) encourage researchers to share their discoveries, such as creating new 

concepts or updating existing concepts to grow and improve the value of this publicly 

accessible resource. Their Concept Dictionary describes more than 300 research 

concepts developed at MCHP for the analysis of data contained in the data warehouse 

hosted at MCHP [148]. Also, the developers of the CALIBER research platform 

promote collaborative research. They compiled more than 90,000 terms from five 

standardised clinical terminologies to construct 51 validated phenotyping algorithms 

(35 diseases or syndromes, 10 biomarkers, 6 risk factors for lifestyles) [19]. All data 

sources are made accessible to researchers and can be accessed in a secure data-safe 

haven environment located at UCL IHI / Farr Institute, London or could be accessed 

remotely. Due to the varied clinical backgrounds of the datasets, they offer training on 

data sources, coding, consistency and management with the CALIBER team [18].  

The Phenoscanner V2 database includes more than 5000 genetic association datasets 

from publicly accessible datasets of complete summary of associations findings 

collected by the NHGRI-EBI (https:// www.ebi.ac.uk/gwas/downloads/summary-

statistics) and NHLBI (https://grasp.nhlbi.nih.gov/FullResults.aspx), and recent 

literature reviews and GWAS omics datasets [149]. Also, the Genotypes and 

Phenotypes Database (dbGaP) allows sharing of information obtained from studies 
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examining genotype and phenotype interactions [146]. These studies include research 

of genome, medical sequencing, molecular diagnostic assays, and correlation between 

genotype and non-clinical traits [156]. Similarly, the Genome-Phenome Analysis 

Platform (GPAP) facilitates data sharing as it now opens for submissions of projects 

from all users, and not only from RD-Connect partners [150]. One of their main 

objectives is to help the contributed projects to quickly make their data available to the 

broader community of rare disease researchers [152].     

4.3.4.2 Validation of Concepts     

Most of the identified concept libraries from the literature have described their 

validation methods either in their published studies, or in their websites, or in both of 

them. For example, in the CALIBER research platform, EHR-derived phenotypes have 

been extensively validated using six different approaches: cross-EHR source 

concordance, case note review, consistency of risk factor-disease association from non-

EHR studies, consistency with prior prognosis research, consistency of genetic 

association, and external populations. The builder of the platform acknowledged that 

the case study would inform which validation(s) are most important. For example, 

phenotyping algorithms developed for disease epidemiology (e.g., screening or disease 

surveillance) might be designed for higher sensitivity whereas those used in genetic 

association studies might be designed to maximize Positive Predictive Value (PPV) 

[19]. 

The developers of the PheKB have developed the Data Dictionary / Data Validation 

Tool, which validates covariate data descriptions and related data and is a tool 

embedded for registered users. The user uploads to the phenotype-related page, and the 

tool verifies the data dictionary file for compliance with standards and best practices. 

A specified set of rules defines differences from the standard or guidelines for best 

practices [147]. 

The Concept Dictionary and Glossary was built at MCHP to assist researchers to carry 

out methodologically comprehensive research using consistent, validated algorithms 

[148]. According to their builders, concepts are written using original ideas and 

methods developed for MCHP reports, then reviewed and shaped according to common 

standards by the repository analyst [154]. Similarly, the data submitted including 

individual genomic and phenotype data, analytical results, general study information, 
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are subject to quality checks by the database of Genotypes and Phenotypes (dbGaP) 

staff before the dbGaP information is released publicly [146]. 

4.3.4.3 Reusing of Concepts  

All of the seven concept libraries allow reusing of stored data, clinical code lists and 

algorithms, however each concept library has established certain terms and searching 

features for users. For example, any user can download code lists from the 

ClinicalCodes.org repository. Once deposited, code lists will be freely available, with 

no login needed to download the codes. In addition, an open-source R package has been 

developed to automate the downloading of code lists from the online repository [143]. 

Also, the CALIBER research platform allows reuse of existing lists of codes by 

researchers. Users can access phenotyping algorithms defining over 90 diseases and 

metadata. CALIBER has CALIBERcodelists package [151], which enables users to 

search for code lists by synonym or code stub, allows users to combine search terms 

using Boolean operators, and supports regular expressions for more advanced search 

queries. In addition, it allows downloading of the list of codes and some basic metadata 

for example, the name and version of the code list as a csv file [19]. 

Algorithms and multiple implementation results can be publicly viewed in the PheKB 

website when authors designate it as “final”. By using metadata, users can search an 

algorithm based on inclusion or exclusion of data elements classes, such as diagnosis, 

author, or keyword. Currently, there are 414 users of PheKB from 52 different 

institutions. The median of used algorithms per institution is four. As of March 2020, 

PheKB include 30 public algorithms with 66 executions and 62 non-final algorithms 

with 83 executions in different stages of development [147]. 

PhenoScanner V2 is a searchable library of findings from large-scale genetic 

association studies which are publicly accessible. The database now includes more than 

350 million association results and more than 10 million original results genetic 

variations [149]. The developers of the PhenoScanner V2 specified the terms of use in 

their website: 1) users should cite both their papers in any publication or presentation 

2) users should cite the original paper where the results were obtained, including the 

references for the linkage disequilibrium statistics and variant & phenotype mappings 

where used and 3) users should comply with any other terms relating to the data [158].  
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The Concept Dictionary and Glossary at MCHP describes more than 300 research 

concepts developed at MCHP for the analysis of data contained in the data warehouse 

hosted at MCHP [159]. Over time, traffic on the MCHP website has increased. Their 

analysis software, Deep Log Analyser, recorded more than two million visits in 2018. 

In addition, the Charlson Comorbidity Index (CCI) including a glossary of terms and 

concepts has been ranked as the most widely viewed definition in the MCHP Concept 

Dictionary for many years. Similarly, the Elixhauser Comorbidity Index concept has 

regularly appeared among the top five most viewed concepts; whereas measures of 

comorbidity have often been among the most viewed concepts [154].  

The database of Genotypes and Phenotypes (dbGaP) provides free access to publicly 

available information on completed research and studies-related documents.  However, 

individual level data is open to scientists around the globe via controlled access 

application. This platform allows researchers and clinicians to quickly interpret and 

compare DNA sequencing data with clinical knowledge, including those who do not 

have training in bioinformatics. Information in the dbGaP is organized as a hierarchical 

structure and includes the accessioned objects, phenotypes (as variables and datasets), 

various molecular assay data, analyses and documents. The dbGaP enables both simple 

as well as advance searches [146].  

4.3.5 Concept libraries limitations 

Some of the developers of the concept libraries mentioned some of their limitations as 

described below: 

The ClinicalCodes repository does not offer methods for downloading code-lists and 

article metadata in machine readable form according to their developers, and is lacking 

search features needed to facilitate queries such as searching and downloading of codes 

by disease group, keyword and or code group, all of which are planned to be added in 

the future. Also, they stated that it does not have a protocol for enforcing quoting of the 

downloaded code lists. Therefore, it would be difficult to connect code lists from earlier 

studies [143] . 

The developers of CALIBER mentioned that there are some fairly complete measures 

in CALIBER’s data, for instance, 82.6 percent of people with at least one measurement 

of BMI using the concepts in the library. But some measurements are less 

comprehensive, for example, only 44.9 percent have at least one total measure of 
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cholesterol when using the library concepts. They also mentioned that different records 

in CALIBER can represent the same event or subsequent events at similar points in 

time. For example, fatal myocardial infarction can be reported in up to four diverse 

sources that vary in their specificity in diagnosis and precision in timing [19]. 

The developers of PheKB stated that some algorithms cannot work at a given site as 

well as at another, and validation is the only way to distinguish poorly performing 

algorithms. They also mentioned that PheKB does not have programmatic interfaces 

with some of the networks needed to enable fast exchange of executable phenotyping 

algorithms [147]. 

The developers of dbGaP declared that the National Institutes of Health (NIH) policies, 

such as restricting the context of available data only to researchers who consented to 

general research use, leads to limiting the related phenotype data to specific 

demographic and disease status information, reducing the data download capabilities 

of the browser, and showing a browser watermark that images must not be recorded or 

published [146] [160]. 
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Table 4.2 Some of the characteristics of the seven concepts libraries  

Concept Libraries Access to the 

underlying data 

sources 

Sharing/Uploading of 

Concepts  

Reusing/Downloadin

g of Concepts  

1.General libraries 

ClinicalCodes.org 

 

In the top menu tab 

'Browse published 

studies,' the user may 

choose a published 

study from the list. It 

then shows all the code 

lists associated with 

that study. 

 

 

Users must register 

with ClinicalCodes.org 

(in the menu bar 

login/signup) and 

choose 'upload codes.' 

First, they need to add 

some metadata of the 

published study and 

then they can upload 

several codes lists as 

delimited text files into 

that study. 

Metadata and links to 

studies code lists could 

be shared in a 

machine-readable form 

using the available 

open-source R package 

(rClinicalCodes). 

 

Code lists are released 

on ClinicalCodes.org 

using a Creative 

Commons Attribution 

3.0 Unported License 

(CC BY 3.0), and a 

file containing all 

codes associated with 

a study can be 

downloaded and used 

freely by any user. 

Downloading 

individual code lists is 

a single-click process 

that does not involve 

logging in or 

supplying user 

information. 

Users can choose to 

explore and download 

some or all of the code 

lists as csv files.  

CALIBER research 

platform 

Access to CPRD 

linked data on the 

CALIBER research 

If a project proposal 

for a researcher has 

been accepted, a 

All definitions of 

research variables that 

use CALIBER data 
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platform complies with 

the governance 

policies for data access 

by the CPRD. 

Researchers should 

first sign agreements 

with UCL to access 

CPRD data. Non-UCL 

partners must apply for 

CPRD to become a 

CPRD-approved 

partner and sign a 

UCL-approved sub-

license agreement. 

registration with the 

UCL Identifiable Data 

Handling Service 

(IDHS) will be 

arranged in order to 

create a new share for 

the project on the safe 

haven. 

The data facilitator at 

CALIBER will direct 

researchers through the 

entire process. 

 

sources are publicly 

available and can be 

accessed in human and 

machine-readable 

formats. 

CALIBERcodelists 

package enable users 

to search for code lists 

by synonym or code 

stub, combine search 

terms using Boolean 

operators, and 

download the list of 

codes and some basic 

metadata as a csv file. 

The MCHP Concept 

Dictionary and 

Glossary 

The Data Access 

Process (DAP) of the 

Manitoba Centre for 

Health Policy (MCHP) 

are the processes that a 

researcher has to 

complete to access the 

data and conduct 

research using the 

Manitoba Population 

Research Data 

Repository. 

Researchers can share 

their work, such as 

creating new concepts 

or updating existing 

concepts.  

The concept 

development 

guidelines are defined 

in the Concept 

Development 

Template. 

Concept 

Development 

Template. 

Concept Dictionary: 

More than 300 

research concepts 

developed at MCHP 

are publicly 

accessible.  

Glossary: Terms of 

documentations widely 

used in population-

based research are 

freely available.  

Browse/Search the 

Concept Dictionary 

and Glossary 

http://umanitoba.ca/faculties/health_sciences/medicine/units/chs/departmental_units/mchp/protocol/media/Concept_Development_-_Template.pdf
http://umanitoba.ca/faculties/health_sciences/medicine/units/chs/departmental_units/mchp/protocol/media/Concept_Development_-_Template.pdf
http://umanitoba.ca/faculties/health_sciences/medicine/units/chs/departmental_units/mchp/protocol/media/Concept_Development_-_Template.pdf
http://mchp-appserv.cpe.umanitoba.ca/search.php?search=&type=all&referenceSendbackID=
http://mchp-appserv.cpe.umanitoba.ca/search.php?search=&type=all&referenceSendbackID=
http://mchp-appserv.cpe.umanitoba.ca/search.php?search=&type=all&referenceSendbackID=
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Phenotype 

Knowledgebase 

(PheKB)  

Private Phenotypes 

with "In Development" 

status, phases of 

"Testing," or 

"Validation" are not 

publicly accessible, 

which can only be 

accessed if the user is 

logged in and the 

phenotype was shared 

with the user via one 

of the two 

collaborative groups: 

Owner Group 

Phenotypes or View 

Group Phenotypes.  

Researchers can 

upload: 

Related documents and 

their phenotypes along 

with multidimensional 

metadata labels.       

Documents including 

detail descriptions of 

the computable 

algorithms, such as 

types of used data, 

logic of execution, 

definitions of data, and 

flow charts.    

Algorithms and 

multiple 

implementation results 

can be publicly viewed 

in the PheKB website 

when author 

designated it as 

“final”. 

By using metadata, 

users can search an 

algorithm based on 

inclusion or exclusion 

of data elements 

classes, such as 

diagnosis, author, or 

keyword.  

2. Specialized libraries 

Genome-Phenome 

Analysis Platform 

(GPAP) 

Only approved users 

who have completed 

the registration and 

verification process 

can access the data 

stored on the GPAP.  

Users must be 

affiliated with a 

recognized academic 

institution as 

accredited 

clinicians/researchers 

and must demonstrate 

their approval of the 

RD-Connect Code of 

Data sharing is open 

for project submissions 

from all users, not only 

from partners of RD-

Connect, but they have 

to register first in the 

GPAP website. 

The GPAP enables 

clinicians and 

researchers who 

upload patient datasets 

to analyse their own 

data.  

Registered users are 

allowed to access and 

search data sets 

provided by other 

researchers on similar 

patients.  

Registered users can 

match make, find 

second families, and 

find patient 

populations for 

validation studies. 
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Conduct by signing the 

Adherence 

Agreement.  

The PhenoScanner V2 Some of the datasets 

are available for 

download including: 

dbSNP 147 with 

variant annotation 

from VEP, Linkage 

disequilibrium 

statistics from 1000 

Genomes and a subset 

of the processed 

GWAS datasets, but 

users should first 

contact 

phenoscanner@gmail.

com to get an 

approval. 

Users can input one 

genetic variant, gene, 

genomic region or trait 

in the home page text 

box 

(www.phenoscanne.m

edschl.cam.ac.uk) or 

upload as a tab-

delimited text file up 

to 100 genetic variants, 

10 genes or 10 

genomic regions. 

 

Users can use the 

archived findings from 

large-scale genetic 

association studies 

which are publicly 

accessible. 

Information provided 

by project members 

are unrestrictedly 

accessible. 

Genotypes and 

Phenotypes Database 

(dbGaP) 

Free access to 

information on 

completed studies are 

open to the public.  

Individual level data is 

accessible to scientists 

around the world 

through controlled 

application of access. 

NIH-funded 

researchers can share 

their produced data. 

However, studies that 

are not sponsored by 

the NIH, individual 

NIH Institutes and 

Centres (IC) make 

judgments about 

whether non-NIH 

sponsored data should 

be accepted. 

Open-access data can 

be accessed online or 

downloaded without 

prior authorization or 

permission from 

dbGaP. 

Individual level data 

download requests are 

handled through the 

dbGaP Authorized 

Access System 

(dbGaPAA), a web 

portal that manages 

request submissions, 

mailto:phenoscanner@gmail.com
mailto:phenoscanner@gmail.com
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and enables safe high-

speed large data 

download for 

authorized users. 
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4.4 DISCUSSION  

4.4.1 Statement of main findings  

Globally, the development and use of concept libraries could be useful for reusable health 

studies. A number of data linkage centres around the world have developed different concept 

libraries to facilitate repeatable research. This paper examined seven concept libraries, and 

variations in their definitions, names, types, functions, coding systems, and data access 

restrictions. One of our findings is that these concept libraries have developed independently 

and so are duplicating work but in slightly different ways.  

For wide use of concept libraries, collaboration across data linkage centres is needed to develop 

common standards that govern and guide these emerging libraries. For example, they should 

agree on a relatively standard definition/name for concept libraries to enable users to locate 

them and then use them easily. In addition, builders of concept libraries should cooperate with 

each other to increase awareness about their existence and their various functions. What one 

concept library might do that other do not do (e.g., provide SNOMED or BNF code lists or 

provide definitions for demographic variables such as smoking, BMI algorithms that other 

concept libraries do not do). Raising awareness of the features in the different libraries could 

increase the contributions of users to these libraries and accelerate their wide adoptions. 

For a comprehensive adoption of concept libraries, their various functions, such as enabling 

users to share, validate, and reuse concepts (e.g., code lists), and their search features should 

be assessed by developers, funders, users, and experts to ensure that they meet the needs of 

various users including researchers, clinicians and data analysts. Since there are two different 

types of concept libraries 1) general libraries that hold phenotypes of multiple specialties 2) 

specialised libraries that manage only certain specificity such as rare diseases, users' 

preferences for the type of concept library types needs to be evaluated (e.g., through interviews, 

focus group, and surveys) before developing new concept libraries.  

4.4.2 Strengths and limitations 

This is the first study, to our knowledge, aimed at identifying existing concept libraries, 

exploring their various characteristics, and examining the current practices in this evolving 

field. Finding studies about a concept library for electronic health data phenotypes in the 

literature was challenging as there are a limited number of related studies. Another challenge 

was the lack of a standard name or definition that describes this kind of library. Therefore, a 
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range of keywords were needed to make queries as efficient as possible. This paper studied 

only publicly existing dictionaries / libraries, and did not examine non-

publicly accessible concept libraries which have a restricted accessibility through the network 

of the hosting organizations / institutes.  

4.5 CONCLUSION  

The seven libraries identified have been developed independently and appear to replicate in 

different ways similar concepts. Collaboration between similar libraries would greatly facilitate 

the use of these libraries for others. The process of building code lists takes time and effort. 

Access to existing code lists increases consistency and accuracy of definitions across studies. 

Concept library developers should collaborate with each other to raise awareness of their 

existence and of their various functions, which could increase users’ contributions to those 

libraries and promote their wide-ranging adoption. 
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Chapter 5 

Review 2: 

This chapter describes some of the challenges that researchers may have when attempting to 

identify and locate conditions and their code lists for research purposes. It involves conducting 

a review of the literature to identify existing classification systems used for identifying children 

with chronic conditions in routine data sources. 
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5 CHAPTER 5: CLASSIFICATION SYSTEMS FOR IDENTIFYING CHILDREN WITH 

CHRONIC CONDITIONS IN ROUTINE DATA SOURCES: A REVIEW 

5.1 INTRODUCTION 

The prevalence of chronic conditions in children has increased over recent decades [161], with 

estimates ranging from 10% to 30% [162] [163] [164]. Most of the increases are due to the 

incidence of asthma, obesity, mental health conditions, and neurodevelopmental disorders 

[165]. The causes of the increase include social changes, prenatal influences, nutrition and 

physical activity, environmental exposures [161]. 

This rise in prevalence has significant financial and organisational implications for health-care 

planning [166]. Chronic conditions cause severe stress in millions of children and adolescents, 

increasing their risk of emotional and behavioural issues [164]. These chronic conditions also 

have physical and economic impacts on children and their families, resulting in vulnerability 

and a lower quality of life and family stability [167]. The rapid expansion of chronic conditions 

in children will result in a large number of young adults who have chronic conditions and 

disabilities and participate less in the community. Policymakers and politicians need valid 

prevalence data to improve these children's societal participation as they approach adulthood 

and to prepare for adequate and appropriate services [166]. Valid prevalence data could also 

be used as an outcome measure in comparing indicators of youth health among countries, and 

for monitoring and evaluating the effect of services and interventions [168] [169]. The ability 

to support children with chronic conditions in such a way that they have positive health and 

educational results should be attainable; however, accurate prevalence data are required to 

make that possible. 

A variety of approaches have been used to assess the prevalence and implications of chronic 

conditions and health disorders in children, resulting in a wide range of prevalence estimates 

that are difficult to compare [170]. Van Der Lee et al. conducted a systematic review of all 

definitions and operationalizations used to estimate the prevalence of chronic health conditions 

in children, and they found variations in definitions (e.g., whether noncategorical definitions 

or diagnosis lists are used) and variations in operationalizations of similar definitions, 

including the used source of information (e.g., parents or adolescents, interviews or medical 

records) [166].The main causes of diversity are the lack availability of standardised criteria for 

defining chronic conditions in children. For example, Mokkink et al. defined chronic conditions 
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in children as “a health care problem lasting at least 3 months that involves frequent hospital 

admissions, at-home medical care and/or other forms of health care” [171] Van Cleave et al., 

on the other hand, included the social and demographic components of diseases to Mokkink’s 

definition, and specified a disease duration of at least 12 months [162]. A clear definition is 

required in order to get valid and reliable estimates of the prevalence of chronic conditions in 

children [166].  

Interest among clinicians and researchers in multimorbidity (co-occurring physical and mental 

illnesses) is also increasing. Romano et al. found that the current physical-mental 

multimorbidity literature was primarily focused on Attention Deficit Hyperactivity Disorder 

(ADHD), anxiety, and mood disorders in children with epilepsy, asthma, and allergy [172]. 

Any chronic physical illness in children and adolescents significantly increases the probability 

of developing mental illness [173]. Researchers have estimated that nearly half of all children 

and adolescents with a diagnosed physical illness also experience mental health problems 

[174]. Physical and mental health conditions have a considerable impact on severity and 

functional impairment in children and adolescents. The specific linkages between mood 

disorders and inflammatory/immunologic conditions, and also the wider relationships between 

neurologic disorders that affect and behavioural disorders, have significant implications for 

future aetiology and therapeutic research [175]. 

The increasing use of routine healthcare and other administrative datasets provides an ideal 

opportunity to study the prevalence of chronic conditions and multimorbidity in children on a 

population level, without the need to conduct large-scale long-term cohort studies. However, 

in order to do so, researchers need to generate code lists from these datasets in order to identify 

children with chronic conditions. Building code lists takes a lot of effort, and it often 

necessitates knowledge of complicated computer languages such as SQL [144]. This means 

that routine healthcare and other administrative datasets remain inaccessible to many 

researchers since their usage necessitates specialised programming expertise [176].  

The availability of clinical codes in routine healthcare and other administrative dataset-based 

research is one of the most important objects for reproducible research because researchers, 

clinicians, and health informatics professionals frequently use them to identify the target 

population and their specific conditions, a process known as phenotyping or phenotyping 

algorithms [3] [14].To facilitate reproducible research and assure consistency across studies, 

many data linkage centres have built concept libraries, which work as platforms for multiple 
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researchers to store, manage, and share phenotypes (Diagnoses, Symptoms, Medications, and 

Procedures) along with the phenotyping algorithms, and the code lists such as 

ClinicalCodes.org [90], CALIBER research platform [144], and the Concept Dictionary at the 

Manitoba Centre for Health Policy [154].  

Clinical classification systems are designed to categorise clinical conditions and procedures in 

order to enable statistical data analysis across the healthcare system and to give criteria for 

comparing national and worldwide health statistics [33].To fully utilise administrative data 

systems, clinical classification systems that can be adapted for use across multiple datasets are 

required to ensure that all conditions are included. This is especially significant if researchers 

want to know the burden of all chronic childhood conditions rather than just those that result 

in hospitalizations or deaths. There are a few well-known coding systems, which are mostly 

used in the USA studies where analysis of routine data sources, particularly health insurance, 

is common [40].  

Two studies have reviewed different classification systems, one comparing four different 

systems used in the United States and the other comparing an American system with a British 

system [177] [178]. Berry et al. assessed existing approaches for identifying children with 

medical complexity by examining a variety of health data sources, including administrative 

billing data and self-reported surveys by parents or providers. They analysed and contrasted 

four examples of diagnosis classification systems that have been used to detect health problems 

experienced by children with medical complexity, including the complex chronic condition, 

clinical risk group, chronic condition indicator, and patient medical complexity algorithm, 

using International Classification of Diseases (ICD) diagnosis and procedure codes [177]. 

While, Hardelid et al. developed a broader definition of chronic conditions in children than 

previously published definitions in order to characterise children who died from chronic 

disorders. They constructed a code list (based on the International Classification of Diseases, 

10th Revision (ICD10)) to identify chronic condition indices reported in death certificates and 

hospital administrative records, and they classified the final list of ICD10 codes for chronic 

diseases into eight categories [178]. Both had a relatively narrow focus, with Berry et al. 

looking just at hospital data and Hardelid et al. using a classification system for death certificate 

data and hospital administrative records in the UK. 

The aim of this study was to conduct a review of the literature using systematic methods in 

order to summarise the clinical classification systems used to identify chronic diseases in 
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children in routine data sources and other administrative dataset, including information on the 

coding systems upon which they are based (for example, ICD-10), the groupings used (for 

example, chapter headings within ICD-10), and, if possible, the specific codes used to identify 

a specific condition. 

5.2 METHODS 

Eligibility criteria for the review were determined to identify papers that had aimed to measure 

chronic diseases in childhood using routine sources of data. These sources could include data 

on hospital admissions, records of visits to outpatients or emergency departments, general 

practitioner records, insurance system records, or death certificates.  

5.2.1 Eligibility criteria 

Specific inclusion criteria were that studies should have: 

1. Included data only on children or, if the whole population was included, data must have 

been presented separately for individuals <25 years old (with an older upper limit 

included because we were aware that some studies of chronic conditions had defined a 

“children and young people” group in this way). 

2. Been quantitative in nature. That is, they used a routine or administrative data source 

to identify children with chronic conditions in a population. All quantitative study 

designs were eligible for inclusion. 

3. Been written in English. 

4. Specified study characteristics (e.g., PICOS, length of follow-up), reported 

characteristics (e.g., years considered, language, publication status) used as criteria for 

eligibility (giving rationale), and given a clear description of the data source. 

5. Examined all “chronic illness” in childhood, or multiple specific conditions. For our 

purposes, they must have looked at more than one condition within the study because 

studies that just look at one condition may have extensive coding systems for that one 

condition that would be difficult to replicate in population-based studies of all 

conditions. It was not feasible for us to do a search that would capture all conditions. 

As a result, we limited it to studies that examined at least two conditions within the 

same study, as long as the studies employed some type of routine data to make it useful.  

6. Provided details of how they defined the diseases AND/OR a description of how cases 

were identified. 
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7. Included a population-based sample. Studies based on clinical samples (in which the 

condition has been identified based on the fact that they receive care from a specific 

physician, for example) were excluded. Studies based on self or parental report of 

chronic conditions were excluded. Studies including a specific group of children (such 

as children in the welfare system, or criminal justice system) could be included, as long 

as the data collection on them was population-based (for example, using an 

administrative dataset to identify all children in this group in a particular area). Studies 

that screened children in the community and then conducted a study of those identified 

as having a specific problem and studies that measured the prevalence of symptoms 

associated with a chronic disease are also excluded.  

5.2.2 Search 

The Medline database was searched on January 30th 2020. The search strategy included a set 

of Medical Subject Headings (MeSH) and free text terms to identify studies in children, studies 

on chronic diseases, and studies including terms for measurement, identification or 

classification (See table 5.1). Within each category, the terms were combined using OR, and 

then the three sets of terms were combined using AND. No limits were placed on the search 

results. Reference lists of included papers and key background references were searched for 

additional studies. 

5.2.3 Study selection 

The results of the Medline search were entered into an Endnote library where titles and 

abstracts were first screened, followed by the creation of a list of studies for full text screening. 

10% of the titles and abstracts and full texts were screened independently by two authors. 

Disagreements were resolved by discussion.  

5.2.4 Data collection process 

The data extraction sheet was created for this review, which is an excel document with three 

different sheets: the first sheet was designed to collect the basic characteristics of the study; the 

second to summarise the main findings of each study; and the third to extract the actual 

information on the codes (See table 5.5).  
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Table 5.1: Medline search strategy 
 

Multimorbidity Medline search 

 

Searches Results Type 

1 child*.mp. or Child/ or Child Health.mp.  2388861 

2 paediatric*.mp. 64904 

3 pediatric*.mp. 338067 

4 Pediatrics/ 52630 

5 1 or 2 or 3 or 4 2476109 

6 Chronic Disease/ or chronic condition.mp. 263147 

7 chronic conditions.mp. 13899 

8 chronic health condition.mp. 475 

9 chronic health conditions.mp. 2254 

10 life limiting conditions.mp. 320 

11 life limiting condition.mp. 132 

12 (Dynamics of obesity or chronic health conditions).mp.   2285 

13 (Multimorbidity or Multimorbidity).mp. 3907 

14 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 276602 

15 5 and 14 35219 

16 "International Classification of Diseases"/ or classification*.mp. or 

Classification/ or "International Classification of Functioning, 

Disability Health"/    

95060 

17 measure*.mp. 3351266 

18 (Directory or Directory).mp.  8965 

19 Prevalence/ or prevalence.mp. 685400 

20 definition*.mp. 158875 

21 identification.mp. 646183 

22 identify.mp. 956081 
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23 linkage.mp. 137523 

24 administrative.mp. 56757 

25 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 5427383 

26 15 and 25 8522 

5.2.5 Risk of bias in individual studies 

A formal critical appraisal of the included studies using a recognised tool (for example, the 

CASP checklists) was not conducted. This is because the purpose of the review was to describe 

all available coding systems. A critique of the completeness of the system (for example, the 

quality of the routine databases on which the data was based, whether the studies included 

codes for the majority of chronic conditions in childhood, and crucially, whether the codes used 

were validated in any way) was therefore an integral part of the review process. 

5.2.6 Synthesis of results 

A narrative synthesis of included studies was conducted to describe the characteristics of the 

coding systems identified. The review was not examining quantitative data (for example, on 

the prevalence of or risk factors for a particular chronic condition) and a meta-analysis was 

therefore not appropriate. 

5.3 RESULTS 

5.3.1 Study selection 

This review summarises the identified existing classification systems for categorizing chronic 

conditions in children in routine data sources. The terms "chronic health conditions," "chronic 

diseases and health conditions," and "complex chronic conditions" were found in the included 

studies. The total number of studies identified through database searching was 8522, with an 

additional 21 studies identified through other sources. The first screening stage involved 

reviewing the titles and abstracts of 8543 studies after duplicates were removed. 8139 studies 

were excluded because they did not meet the inclusion criteria. 404 studies were retrieved for 

full-text review for eligibility, after which 385 studies were excluded for the following reasons: 

adult data only (n = 20), whole population (n = 37), clinical, educational, or social care data (n 

= 29), description of data source but not coding (n = 7), description of measurement instrument 

or method (n = 12), limited conditions (n = 63), no primary data (n = 26), not classifying 
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childhood conditions (n = 22), self or parent report of chronic condition (n = 71), and use of an 

included classification system (n = 98). A total of 14 studies were selected for data extraction 

and charting: 6 studies attempted to identify all chronic conditions in children in administrative 

databases, 3 studies attempted to identify most conditions in children, and 5 studies modified 

other systems by adding in new codes or conditions to identify chronic conditions in children. 

(See figure 5.1, the PRISMA flow diagram, which summarises the review process). 
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Figure 5.1: PRISMA flow diagram 
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5.3.2 Study characteristics 

In this review, we summarized the characteristics of the studies that attempted to identify all 

chronic conditions in children in administrative databases (N = 6) for which data were 

extracted, including the sample size, PICOS, and their citations (Table 5.2). 

Table 5.2: Characteristics for which data were extracted from the included studies 

Studies  Study size  PICOS Citations  

Feudtner et 

al. 2001 

 

 

Feudtner et 

al.  2014 

Participant

s included 

all people 

0 to 24 

years old 

in the 

United 

States 

from 1979 

to 1997. 

A retrospective cohort 

study using national 

death certificate data and 

census estimates from 

the National Center for 

Health Statistics.  

Feudtner C, Hays RM, Haynes G, Geyer 

JR, Neff JM, Koepsell TD. Deaths 

attributed to pediatric complex chronic 

conditions: national trends and 

implications for supportive care services. 

Pediatrics. 2001;107(6).  

Feudtner C, Feinstein JA, Zhong W, Hall 

M, Dai D. Pediatric complex chronic 

conditions classification system version 2: 

Updated for ICD-10 and complex medical 

technology dependence and 

transplantation. BMC Pediatric. 

2014;14(1):1–7. 

Neff et al. 

2002 

 

 

 

 

 

Neff et al. 

2014 

34544 

children  

 

 

 

 

 

700 

children 

A case study was 

conducted utilising 3M's 

CRG software and 

claims data collected 

and managed by the 

NWMB, a mid-sized 

health plan in 

Washington State, to 

identify and classify 

children with a wide 

range of chronic health 

conditions. 

A case study was 

conducted using CRGs 

to stratify children 

receiving care at a 

tertiary care hospital 

according to complexity 

in both hospital and 

Medicaid administrative 

data. 

Neff JM, Sharp VL, Muldoon J, Graham J, 

Popalisky J, Gay JC. Identifying and 

classifying children with chronic 

conditions using administrative data with 

the Clinical Risk Group classification 

system. Ambulatory Pediatric. 

2002;2(1):71–9. 

 

 

 

Neff JM, Clifton H, Popalisky J, Zhou C. 

Stratification of children by medical 

complexity. Acad Pediatr [Internet]. 

2015;15(2):191–6. Available from: 

http://dx.doi.org/10.1016/j.acap.2014.10.00

7 

Berry et al. 

2017 

2.3 

million 

US acute-

care 

A retrospective cohort 

analysis of hospital 

discharges for 0-18 year 

old children in the 

Agency for Healthcare 

Berry JG, Ash AS, Cohen E, Hasan F, 

Feudtner C, Hall M. Contributions of 

Children with Multiple Chronic Conditions 

to Pediatric Hospitalizations in the United 

http://dx.doi.org/10.1016/j.acap.2014.10.007
http://dx.doi.org/10.1016/j.acap.2014.10.007
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hospital 

discharges 

Research and Quality 

(AHRQ) 2012 

Healthcare Cost and 

Utilization Project Kids’ 

Inpatient Database 

(KID). 

States: A Retrospective Cohort Analysis. 

Hospital Pediatric. 2017;7(7):365–72. 

Agency for Healthcare Research and 

Quality, Healthcare Cost and Utilization 

project (HCUP). USER GUIDE: 

CHRONIC CONDITION INDICATOR 

FOR ICD-10-CM, (BETA VERSION). 

2020;1(October).  

Hardelid et 

al. 2014 

23 438 

children 

A retrospective 

population-based death 

cohort study using 

linked death certificates 

and hospital discharge 

records for all residents’ 

children in England and 

Scotland who died 

between 2001 and 2010, 

and Wales between 2003 

and 2010. 

Hardelid P, Dattani N, Gilbert R. 

Estimating the prevalence of chronic 

conditions in children who die in England, 

Scotland and Wales: A data linkage cohort 

study. BMJ Open. 2014;4(8):1–8. 

Mokkink et 

al. 

2008 

Not 

applicable 

Systematic review, 

Theoretical model, and 

Consensus procedure. 

 

Mokkink LB, Van Der Lee JH, 

Grootenhuis MA, Offringa M, Heymans 

HSA. Defining chronic diseases and health 

conditions in childhood (0-18 years of 

age): National consensus in the 

Netherlands. Eur J Pediatric. 

2008;167(12):1441–7. 

Simon et al. 

2014 

 

 

 

 

Simon et al. 

2017 

 

 

Simon et al. 

2018 

700 

children 

 

 

 

 

299 

children 

 

 

300 

children 

A retrospective 

observational research 

study was undertaken on 

children insured by 

Washington State 

Medicaid with ≥ 1 

emergency department 

and/or inpatient 

encounter at Seattle 

Children's Hospital. 

 

Simon TD, Cawthon ML, Stanford S, 

Popalisky J, Lyons D, Woodcox P, et al. 

Pediatric medical complexity algorithm: A 

new method to stratify children by medical 

complexity. Pediatrics. 2014;133(6).  

 

 

Simon TD, Cawthon ML, Popalisky J, 

Mangione-Smith R. Development and 

Validation of the Pediatric Medical 

Complexity Algorithm (PMCA) Version 

2.0. Hospital Pediatric. 2017;7(7):373–7.  

Simon TD, Haaland W, Hawley K, 

Lambka K, Mangione-Smith R. 

Development and Validation of the 

Pediatric Medical Complexity Algorithm 

(PMCA) Version 3.0. Academic Pediatrics 

[Internet]. 2018;18(5):577–80. Available 

from: 

https://doi.org/10.1016/j.acap.2018.02.010 
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5.3.3 Results of individual studies 

In this review, we presented the data sources used in each study, including the type data 

sources, and classification systems (e.g., ICD-9, ICD-10, etc.) of the chronic conditions in 

children and provided links to their associated codes (if available) in Table 5.3. 

Table 5.3: A summary of the chronic conditions in children according to each study 

Studies 

 

Data 

sources 

Type of 

Classification 

systems 

Type of 

Codes  

Codes    

Feudtner 

et al. 

2001 

Feudtner 

et al. 

2014 

National 

death 

certificate 

data and 

census 

estimates 

from the 

National 

Centre for 

Health 

Statistics.  

 

The paediatric 

complex chronic 

conditions (CCC) 

classification 

system 

ICD-9-CM  

ICD-10 

https://static-

content.springer.com/esm/art%3A1

0.1186%2F1471-2431-14-

199/MediaObjects/12887_2014_11

31_MOESM5_ESM.docx  

Neff et 

al. 2002 

 

Neff et 

al. 2014 

Claims data The Clinical Risk 

Groups (CRGs) 

classification 

system 

ICD-9-CM  

 

 

ICD-9 

 

It is unclear whether the codes are 

publicly accessible.  

Berry et 

al. 2017 

Administrati

ve data: 

insurance 

claims data 

Agency for 

Healthcare 

Research and 

Quality Chronic 

Condition 

Indicator (CCI) 

(beta version) 

ICD-10-CM https://www.hcup-

us.ahrq.gov/toolssoftware/chronic_i

cd10/CCI-ICD10CM-v2021-1.zip  

Hardelid 

et al. 

2014 

Linked 

death 

certificates 

and hospital 

discharge 

records 

The Hardelid et 

al. classification 

ICD-10 bmjopen-2014-

005331supp_tables.pdf 

Mokkink 

et al. 

Hospital 

data 

Mokkink et al. 

classification 

ICD-10 https://static-

content.springer.com/esm/art%3A1

https://static-content.springer.com/esm/art%3A10.1186%2F1471-2431-14-199/MediaObjects/12887_2014_1131_MOESM5_ESM.docx
https://static-content.springer.com/esm/art%3A10.1186%2F1471-2431-14-199/MediaObjects/12887_2014_1131_MOESM5_ESM.docx
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Simon et 

al. 2014 

Simon et 

al. 2017 

Simon et 

al. 2018 

Hospital 

discharge 

data and 

Medicaid 

claims data 

The Pediatric 

Medical 

Complexity 

Algorithm 

ICD-9-CM 

ICD9/10-

CM 

The codes found in this link: 

https://github.com/kpwhri/pmca/raw

/main/docs/pmca_dx_code_lists.xls

x 

The six classification systems identified from the studies (N = 6) that attempted to identify all 

chronic conditions in children are: 1) the paediatric complex chronic conditions (CCCs) 

classification system, 2) the clinical risk group (CRGs) classification system, 3) the Chronic 

Condition Indicator (CCI) developed by the Agency for Healthcare Research and Quality 

(AHRQ), 4) the Hardelid et al. classification of chronic conditions in children, 5) the national 

definition of chronic diseases and health conditions in the Netherlands, and 6) the Pediatric 

Medical Complexity Algorithm (PMCA). I presented below a background on the development 

of these 6 classification systems, the type of routine data sources and other administrative 

dataset used, the coding systems upon which they are based (for example, ICD-10), and the 

groupings used (for example, chapter headings within ICD-10), and, if possible, the specific 

codes used to identify a specific condition.  

5.3.4 Background on the development of the six classification systems 

1) The paediatric complex chronic conditions (CCCs) classification system: 

The paediatric complex chronic conditions (CCCs) classification system version 1 (v1) was 

created by Feudtner et al. to identify how deaths attributable to paediatric. CCCs have changed 

over the last two decades of 2000, to examine the numbers and rates of CCCs-attributed deaths 

by cause and age at the time of death, and to determine the average number of children living 

within the last 6 months of their lives [179].  

2) The clinical risk group (CRGs) classification system: 

Neff et al. utilised available 3M's Clinical Risk Groups (CRGs) software to stratify children, in 

a tertiary children’s hospital, Seattle Children’s Hospital (SCH), and a state’s Medicaid claims 

data, Washington State (WSM), into 3 condition groups: complex chronic disease (C-CD); 

https://static-content.springer.com/esm/art%3A10.1007%2Fs00431-008-0697-y/MediaObjects/431_2008_697_MOESM1_ESM.doc
https://static-content.springer.com/esm/art%3A10.1007%2Fs00431-008-0697-y/MediaObjects/431_2008_697_MOESM1_ESM.doc
https://static-content.springer.com/esm/art%3A10.1007%2Fs00431-008-0697-y/MediaObjects/431_2008_697_MOESM1_ESM.doc
https://github.com/kpwhri/pmca/raw/main/docs/pmca_dx_code_lists.xlsx
https://github.com/kpwhri/pmca/raw/main/docs/pmca_dx_code_lists.xlsx
https://github.com/kpwhri/pmca/raw/main/docs/pmca_dx_code_lists.xlsx
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noncomplex chronic disease (NC-CD), and nonchronic disease (NC) [180]. The target gold 

standard population of 700 children was created from a random sample of 1000 children, which 

was divided into three groups: 350 C-CD, 100 NC-CD, and 250 NC, using electronic medical 

records and expert consensus. WSM data consisted of encounters and claims for all care sites. 

The SCH data only contained inpatient, emergency department, and day surgery claims [180].  

3) The Chronic Condition Indicator (CCI) developed by the Agency for Healthcare 

Research and Quality (AHRQ): 

The first version of the Chronic Condition Indicator (CCI) and the Clinical Classification 

System (CCS), for ICD-9-CM was developed as part of the Agency for Healthcare Research 

and Quality’s (AHRQ) Healthcare Cost and Utilization Project (HCUP) to support health 

services research by allowing researchers to quickly detect diagnoses that indicate a chronic 

condition [181]. AHRQ modified the first version of the CCI (i.e., ICD-9-CM) to ICD-10-CM 

(beta version), and updated it annually to correspond with fiscal year revisions to the ICD-10-

CM coding system. The beta version remained consistent with the ICD-9-CM version's 

definition of a chronic condition [182]. Berry et al. adapted the AHRQ’s open-source, publicly 

available diagnosis classification system to improve its utility in children as the following:  

“1. creating 8 new organ systems (e.g., metabolism) that were originally grouped with a more 

heterogeneous organ system (e.g., genetics and/or metabolism), leading to a total of 25 organ 

systems; 2. distinguishing 159 new distinct CCS categories of chronic conditions (e.g., 

gastroesophageal reflux disease) by ICD-9-CM codes that were grouped non-specifically (e.g., 

other digestive disorders) into an expanded list of more specific categories, leading to a total 

of 531 categories of chronic conditions (372 existing and 149 new); 3. redesignating 39 CCS 

diagnoses from chronic to nonchronic when applied to children (e.g., cystitis); and 4. 

reassigning 13 CCS categories from nonchronic to chronic (e.g., chronic kidney disease)” 

[183]. 

4) The Hardelid et al. classification of chronic conditions in children: 

Hardelid et al. developed a definition of chronic conditions in children who died in order to use 

it with longitudinal hospital discharge data linked to death certificates to estimate the 

proportion of children aged 1–18 years who died with chronic conditions in England, Scotland, 

and Wales and to investigate time trends in childhood deaths involving chronic conditions 

[178]. 
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5) The national definition of chronic diseases and health conditions in the Netherlands: 

A national consensus in the Netherlands has been obtained on a comprehensive definition of 

chronic conditions in children, which could be used as a framework for epidemiological 

studies. The consensus was based on a thorough review of the literature on definitions of 

chronic conditions in childhood and a theoretical framework of determinants and indicators of 

a population's health status. The definition was subsequently revised based on feedback from 

21 Dutch experts, including clinicians, researchers, and representatives of patient 

organisations, until agreement was reached [171].  

6) The Pediatric Medical Complexity Algorithm (PMCA): 

From 2014 to 2018, Simon et al. developed three versions of the Pediatric Medical Complexity 

Algorithm (PMCA) [184] [185] [186]. Simon et al. developed PMCA version 3.0 by modifying 

PMCA version 2.0 to include the International Classification of Diseases Ninth and Tenth 

Revisions and Clinical Modification (ICD9/10-CM) codes for classifying children with chronic 

disease (CD) according to their level of medical complexity [37]. They applied PMCA version 

3.0 to Seattle Children’s Hospital data for children with ≥1 emergency department (ED), day 

surgery, and/or inpatient encounter from January 1, 2016, to June 30, 2017. Starting with the 

encounter date, up to 3 years of retrospective discharge data were used to classify children as 

having complex chronic disease (CCD), noncomplex chronic disease (NC-CD), and no CD 

[186].  

5.3.5 The definitions and categories of chronic conditions in children  
  
There were some differences and some similarities across all the definitions of chronic 

conditions in children used in the six classification systems. The majority of the definitions 

specified the time frame for which a chronic condition is expected to last (e.g., at least 12 

months [187] [184]), be present (e.g., for longer than 3 months [171]), or require follow-up (e.g., 

more than 1 year [178]). All the six definitions did not agree on the number of organ systems 

that should be included (i.e., whether one or several organ systems). Also, they did not agree 

on the age of children (e.g., only the national definition of chronic diseases and health 

conditions in the Netherlands specified the age of children to be 0-18 years. In addition, each 

classification system has its own unique categories of chronic conditions in children (See table 

5.4).  
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Table 5.4: The definitions and categories of chronic conditions in children used in the six 

classification systems 

The 

classificati

on system 

Definitions  The categories of the chronic conditions 

in children 

The 

paediatric 

complex 

chronic 

conditions 

(CCCs) 

classificati

on system 

 

Feudtner et al. defined complex chronic 

conditions (CCCs) in children as "any 

medical condition that can be 

reasonably expected to last at least 12 

months (unless death intervenes) and to 

involve either several different organ 

systems or one organ system severely 

enough to require specialty paediatric 

care and probably some period of 

hospitalization in a tertiary care centre" 

[187]. 

 

Feudtner et al. classified CCCs into 9 

categories (cardiovascular, respiratory, 

neuromuscular, renal, gastrointestinal, 

hematologic or immunologic, metabolic, 

other congenital or genetic, and 

malignancy) [187].  

The 

clinical risk 

group 

(CRGs) 

classificatio

n system  

Neff et al. used the same consensus 

definition of conditions as detailed in a 

separate COE4CCN-funded study of 

a publicly available software, Pediatric 

Medical Complexity Algorithm (PMCA) 

[180]. 

 

The 

Chronic 

Condition 

Indicator 

(CCI) 

developed 

by the 

Agency for 

Healthcare 

Research 

and Quality 

(AHRQ) 

Berry et al.  defined multiple chronic 

conditions as “ 2 or more chronic 

conditions that affect 2 or more organ 

systems” [183]. Initially, the CCI 

classified conditions as chronic or non-

chronic, then it was expanded to identify 

four different types of conditions 

beginning with v2021.1 (beta version) 

[182]: 

1) Chronic: Examples include 

malignant cancer, diabetes, 

obesity, hypertension, and many 

mental health conditions. 

2) Acute: Examples include aortic 

embolism, bacterial infection, 

pregnancy, and an initial 

encounter for an injury. 

3) Both: Examples include 

persistent asthma with (acute) 

exacerbation, acute on chronic 

heart failure, and kidney 

transplant rejection. 

4) Not applicable (code cannot be 

used to identify a chronic or 

In 2002, Neff et al. used the 3M's CRG 

software to stratify  the children by 

severity of chronic conditions into 9 

hierarchical, mutually exclusive health 

status groups: 1) nonchronic acute; 2) 

nonchronic significant acute; 3) minor 

chronic; 4) multiple minor chronic; 5) 

moderate chronic or dominant chronic in 

only a single body system; 6) moderate 

chronic or dominant chronic in 2 body 

systems; 7) dominant chronic in 3 or more 

body systems; 8) malignancies receiving 

active therapy; and 9) catastrophic 

conditions that are progressive, receipt of 

solid organ transplant, or long-term 

dependency on technology [188]. 

However, in 2014, Neff et al. used the 

3M's CRG v1.9 software to stratify 

children according to complexity into 

three categories: complex chronic disease 

(C-CD), noncomplex chronic disease 

(NC-CD), and nonchronic disease (NC) 

[182]. 
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acute condition): Examples 

include external cause of 

morbidity codes, injury sequela 

codes, and codes starting with 

the letter Z for screening or 

observation. 

 

The 

Hardelid et 

al. 

classificati

on of 

chronic 

conditions 

in children 

Hardelid et al. defined a chronic 

condition as "any health problem likely 

to require follow-up for more than 1 

year, where follow-up could be repeated 

hospital admission, specialist follow-up 

through outpatient department visits, 

medication, or use of support services" 

[178]. 

 

The 

national 

definition 

of chronic 

diseases 

and health 

conditions 

in the 

Netherland

s 

The Netherlands has agreed on a 

comprehensive definition of chronic 

conditions in children based on four 

criteria: “a disease or condition is 

considered to be a chronic condition in 

childhood if: (1) it occurs in children 

aged 0 up to 18 years; (2) the diagnosis 

is based on medical scientific knowledge 

and can be established using 

reproducible and valid methods or 

instruments according to professional 

standards; (3) it is not (yet) curable or, 

for mental health conditions, if it is 

highly resistant to treatment and (4) it 

has been present for longer than three 

months or it will, very probably, last 

longer than three months, or it has 

occurred three times or more during the 

past year and will probably reoccur” 

[171]. 

Berry et al. presented the following 20 (out 

of 531) most common chronic conditions 

among US paediatric hospitalizations in 

2012, which were coded during US 

hospital discharges for children (2.3 

million) and classified by the adapted 

AHRQ CCI and CCS for children: asthma, 

substance-abuse disorder, depression, 

oesophageal reflux, epilepsy, anxiety 

disorder, ADHD, bipolar disorder, 

enterostomy, obesity, type 1 diabetes, 

sickle cell anaemia, hypertension, cardiac 

dysrhythmias, cerebral palsy, oppositional 

defiant disorder, pervasive developmental 

disorder, schizophrenia, developmental 

disabilities, and hypothyroidism [13]. 

The 

Pediatric 

Medical 

Complexity 

Algorithm 

(PMCA) 

The PMCA was based on the Center of 

Excellence on Quality of Care Measures 

for Children with Complex Needs 

(COE4CCN) consensus definitions for 

three levels of medical complexity 

[184]:  

1) Children with C-CD: “Significant 

chronic conditions in two or more body 

systems. A significant chronic condition 

is defined as a physical, mental, or 

developmental condition that can be 

expected to last at least a year, will use 

health care resources above the level for 

a healthy child, require treatment of 

control of the condition, and the 

condition can be expected to be 

episodically or continuously debilitating, 
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or a progressive condition that is 

associated with deteriorating health with 

a decreased life expectancy in 

adulthood, or continuous dependence on 

technology for at least 6 months, or 

malignancies: progressive or metastatic 

malignancies that affect life function. 

Exclude those in remission for >5 

years”.  

2) Children with NC-CD: “Chronic 

conditions that last at least 1 year. These 

conditions are commonly lifelong but 

can be episodic with periods of good 

health between episodes. They include 

physical, developmental, or mental 

health conditions that may persist into 

adulthood but may also resolve either 

secondary to the natural history of the 

disease or as a result of surgical 

intervention. These conditions involve a 

single body system, are not progressive, 

can vary widely in severity, and result in 

highly variable health care utilization”.  

3) Children without CD: “1) Acute 

nonchronic conditions: a physical, 

developmental or mental health 

condition that is not expected to last >1 

year. These children may temporarily 

(for <1 year) use health care resources 

above the normal level for a healthy 

child, and 2) Healthy: No acute or 

chronic health conditions. These 

children do not use health care 

resources above the normal level for a 

healthy child”. 

All the six classification systems were based on the International Classification of Disease 

(ICD) coding system including ICD-9, ICD-9-CM, ICD-10, and ICD-10-CM. They all used 

administrative data sources to identify cases of children with chronic conditions including 

national death certificate data, census estimates, claims data, and hospital discharge records 

(See table 5.3). 

5.3.6 Estimates of the prevalence of chronic conditions in children 

According to Mokkink et al., prevalence estimates for chronic health conditions in children in 

the literature ranged from 0.22% to 44%, depending on the definitions and operationalizations 

used [166]. This supports our findings from the six papers. There were six different ways of 

classifying chronic conditions in children. This meant that estimates of prevalence differed 
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greatly from 29.3 % of those classified as having CMCC in Berry et al. [183] to 34% classified 

as having complex chronic disease in Simon et al.  [186]; and from to 33% classified as without 

chronic disease in Simon et al. [186] to 34% classified as having no chronic conditions in Berry 

et al [183] to 85% classified as healthy in Neff et al. [188]. 

5.3.7 The six classification systems' strategies for dealing with multiple conditions in the 
same child 

 

Feudtner et al. sated that the CCCs classification system is flexible in that it can be used to 

investigate a single CCCs category or to identify patients with several CCCs categories and 

significant multisystem comorbidities [189]. Neff et al. (2002) mentioned that each child is 

counted only once within each condition group, but may be present in multiple condition 

groups [188]. Berry et al. generated for each hospitalised child a chronic condition profile (of 

51 total) grouped by the organ system allocated to each chronic condition (varying from none 

to multiple) was identified [183]. Hardelid et al. reported that children with multiple conditions 

were included in each group for condition-specific analysis, but were counted only once for 

overall analyses [178]. Mokkink et al. and Simon et al. did not describe how they count multiple 

chronic conditions in the same child based on their definitions; therefore, it is unclear how this 

affects the prevalence data for each cause [171] [186]. 

5.3.8 Data on further sub-divisions of chronic conditions or by causes  

Most classification systems gave data on further sub-divisions of chronic conditions in 

children. Feudtner et al. discovered that the proportion of all deaths attributed to each cause 

varied by age: 0.25% of infant deaths, 20% of childhood deaths, and 7% of adolescent deaths 

were caused by noncancer CCCs; cancer CCCs were responsible for 1% of infant deaths, 11% 

of childhood deaths, and 6% of adolescent deaths; and injuries accounted for 3% of infant 

deaths, 47% of childhood deaths, and 76% of adolescent deaths [179]. Also, Hardelid et al. 

reported the proportion of children who died with each type of chronic condition according to 

the amount of data used from death certificates and longitudinal hospital records by age group 

[178]: 

1) Cancer and blood disorders were the most prevalent chronic conditions recorded 

based only on the underlying cause of death (17.6% of child deaths aged 1–18 

years; 4123 out of 23 438 children).  

2) Mental/behavioral conditions were the most prevalent chronic conditions in 

children aged 15–18. Using death certificates and hospital data up to a year 
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before death, 26.5 5% of children in this age group died with a 

mental/behavioural disorder (2557 out of 9663). 

3) Adding data from hospital records up to one year before death resulted in a two 

(in 10-14-year-olds) to eight (in 1-4-year-olds) time increase in the proportion 

of children who died with mental/behavioral disorders among children younger 

than 15 years. 

4) Only 31–49 % of children with chronic infections, respiratory, 

metabolic/endocrine/renal/digestive/GU, musculoskeletal/skin, and cardiac 

conditions would have been detected using death certificates, compared to also 

using hospital records up to 1 year before death. Only 31–49% of children with 

chronic infections, respiratory, metabolic/endocrine/renal/digestive/GU, 

musculoskeletal/skin, and cardiac conditions would have been detected using 

death certificates, compared to also using hospital records up to 1 year before 

death. 

Berry et al. investigated the relationship between patient demographic characteristics and the 

prevalence of chronic conditions in hospitalised children. These were admission age in years, 

type of insurance (public, private, and more), and race and ethnicity (Asian American and 

American Indian, Hispanic, non-Hispanic African American, non-Hispanic white, and more). 

They discovered that the median age of children hospitalised without a chronic condition (3 

years) was lower than the ages of children hospitalised with one chronic condition (10 years) 

and multiple chronic conditions (12 years) [183].  

 

Neff et al. (2002)  presented the prevalence rates for selected chronic condition groups, 

including asthma (1.97 %), attention deficit hyperactivity disorder (3.08 %), cystic fibrosis 

(0.03 %), cerebral palsy (0.02 %), diabetes (0.17 %), learning disorders (0.39 %), malignancies 

(0.07 %), mental health conditions (5.54 %), and mental retardation (0.25 %) [188]. According 

to Simon et al., conditions such as cystic fibrosis, complex congenital heart disease, and 

malignancy were flagged as progressive. Body system flags were also assigned to enable body 

system counts and subsequent classification as NC-CD (1 body system) or C-CD (2 body 

systems) [186] 
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5.3.9 The six classification systems validations of the identified cases of children with chronic 
conditions  

 

1. The paediatric complex chronic conditions (CCCs) classification system:  

Feudtner et al. used the CCCs version 2 (v2) system to classify all cases in the CDC 

Multiple Cause of Death data for 1996 (http://wonder.cdc.gov/mortSQL.html), 2009 

Kids' Inpatient Database (KID), and 2010 Nationwide Emergency Department Sample 

(NEDS) datasets, and analysed all cases classified as not having a CCC to assess 

whether any codes in the CCC v2 system were either incorrectly specified or omitted, 

and then they fixed any errors. Also, they assessed the CCCs v2 system's performance 

by comparing its performance across ICD-9 and ICD-10 codes and comparing its 

performance year-to-year before and after ICD-10 implementation [189].  

2. The clinical risk group (CRGs) classification system: 

The CRGs classification results were validated by Neff et al. (2002), who compared the 

prevalence rates for specific conditions estimated using CRGs to those published in the 

general paediatric literature. Asthma, ADHD, learning difficulties, mental health 

conditions, and mental retardation were selected according to their relative frequency 

in children, while cystic fibrosis, cerebral palsy, and diabetes were selected due to their 

status as sentinel chronic conditions that are resource-intensive and life-long. Neff et 

al. (2014) reported that CRGs worked well in a three-way stratification of hospitalised 

children, with the exception of low sensitivity for identifying the NC-CD group, and it 

demonstrated high sensitivity and specificity in identifying C-CD. They mentioned that 

the low sensitivity for identifying NC-CD may be explained in part by the imprecision 

of ICD-9 coding for emergency department and day surgery data, as well as the 

difficulty of translating into ICD-9 methodology whether conditions may or may not 

become chronic [180]. 

3. The Chronic Condition Indicator (CCI) developed by the Agency for Healthcare 

Research and Quality (AHRQ): 

AHRQ system, was independently reviewed by two complex-care paediatricians with 

experience caring for children with a wide range of chronic conditions. They evaluated 

the face validity of the organ system categories first, then the CCS diagnosis categories, 

and finally their related ICD-9-CM codes as they apply to children. The paediatricians 

then examined ICD-9-CM codes that were not classified as chronic conditions, and they 

suggested improvements that were examined by a wider study committee that also 
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adjudicated the few cases of disagreement between these two independent assessments 

[183].  

4. The Hardelid et al. classification of chronic conditions in children: 

Hardelid et al. validated their definition of chronic conditions by comparing the 

prevalence of chronic conditions in children who died to the prevalence of chronic 

conditions in all children admitted to hospital, and they recommended conducting 

additional research to test their definition in other settings, such as intensive care and 

primary care databases [178]. 

5. The national definition of chronic diseases and health conditions in the Netherlands: 

Mokkink et al. reported that three paediatricians assessed all ICD-10 diagnoses 

informally. Except for diagnoses classified as (other) or (unspecified), "each diagnosis 

was assessed using all four criteria of the consensus definition to determine whether it 

denoted (+) a chronic condition occurring in childhood, (−) a condition that is either 

not chronic or does not occur in childhood, or (+) a condition that is chronic in just a 

proportion of the affected patients" [171].  

6. The Pediatric Medical Complexity Algorithm (PMCA): 

Simon et al. performed validity testing by determining the sensitivity and specificity of 

all three versions of PMCA for correctly classifying children (who had accessed tertiary 

hospital care) into the three levels of complexity using Seattle Children's Hospital 

discharge and Medicaid claims data and comparing these categorizations to those 

obtained through medical record review (the gold standard). They concluded that all 

three versions of PMCA identified children with C-CD with good sensitivity and good 

to excellent specificity[184] [185] [186]. 
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5.4 DISCUSSION 

5.4.1 Summary of evidence: 

The majority of studies (N = 6) included in this review, which attempted to identify all chronic 

conditions in children, were conducted in the United States. We believe that the abundance of 

studies from the United States is due to the administrative data they have such as the insurance 

datasets, which need to have a diagnosis recorded (usually based on ICD coding systems) in 

order to process claims appropriately [190]. Although these insurance datasets provide a record 

of chronic conditions, many of the USA studies linked the insurance datasets to hospital-based 

datasets to capture the target cases [178] [184] [185] [186].  

The data sources in the United States are slightly different than those in the United Kingdom, 

as their health care system lacks insurance datasets. As a result, researchers cannot identify all 

chronic conditions in children simply by relying on hospital data based on ICD coding systems, 

as not all children with chronic conditions would be admitted to hospitals. Thus, in the UK, 

ICD coding systems are beneficial only for hospital records but not for primary care records, 

which researchers require if they are to examine all chronic conditions in children. 

Accordingly, several data linkages between hospital records and GP records have been 

developed. While the data sources differ between the USA and the UK, researchers in the UK 

may be interested in learning about the available classification systems for chronic conditions 

in children from the studies that might be useful for some circumstances, which clarify why 

they were included in this review. 

5.4.2 Specific discussion points: 

I found that not all the studies provided an open link to the list of codes in their manuscripts, 

including: 1) the Clinical Risk Groups (CRGs) classification system, which may be because 

3M CRGs has now been developed into a commercial product [180]; 2) the PMCA, which we 

wouldn't be able to find easily or straightforwardly (e.g., we searched by author names on 

different websites to locate the codes of the PMCA [191], which we located at this link: 

https://www.kpwashingtonresearch.org/our-research/our-scientists/rita-mangione-smith-md-

mph/measurement-tools-research-dr-rita-mangione-smith; 3) and the paediatric complex 

chronic conditions (CCCs) classification system provided a non-open link in the related 

manuscript to the lists of codes [35]. This illustrates the difficulties that researchers have when 

attempting to locate some of the published algorithms with their codes. This may appear 

https://www.kpwashingtonresearch.org/our-research/our-scientists/rita-mangione-smith-md-mph/measurement-tools-research-dr-rita-mangione-smith
https://www.kpwashingtonresearch.org/our-research/our-scientists/rita-mangione-smith-md-mph/measurement-tools-research-dr-rita-mangione-smith
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simple, but when researchers go through the search procedure, they find it quite difficult (i.e., 

time-and labour-consuming), and they occasionally find algorithms that are not suitable for 

their studies (e.g., they are not reusable because they are based on different data sources). 

Complex algorithms that combine multiple data sources to identify every single case of a 

disease are probably the best option, but they are extremely time- and labour-intensive. For 

example, Al Sallakh did a doctoral project in Wales that used routinely collected EHR data to 

identify and classify patients who had asthma in Wales. He found that the absence of a 

consensus on how to use EHR data to define asthma or measure asthma outcomes and that the 

different types of asthma and the limitations of routinely collected EHR data make it difficult 

to use these data for this purpose. In addition, He conducted a systematic search for asthma-

related literature published between January 1, 2014 and December 31, 2015, and he extracted 

the algorithms used to identify asthma patients and assess severity, control, and exacerbations 

from the eligible studies using various forms of EHR-derived data sources. He discovered high 

variation in the algorithms used to define asthma (n = 66 different algorithms) across 113 

eligible articles. [191]. 

The analysis of the results demonstrated that there is no agreed-upon definition of "chronic 

conditions" in children globally, and some of the most widely used classification systems in 

the United States, such as the paediatric complex chronic conditions (CCCs) classification 

system [189], are not completely inclusive. For example, CCCs do not include asthma, obesity, 

attention deficit hyperactivity disorder, or other behavioral health conditions (e.g., depression, 

bipolar disorder) because they focus on either “medical complexity” or “children with special 

healthcare needs” rather than all children with chronic conditions [192]. As a result, several 

modifications have to be made by researchers to incorporate important conditions such as 

obesity and mental health conditions. Similarly, the researchers in the UK are unsure how 

inclusive they should be in defining chronic conditions in children. They are unsure whether 

they should include or exclude (e.g., atopy, eczema, transplant patients, cancer survivors, 

adverse pregnancy outcomes, preterm birth, and obesity; if they include obesity, then they 

should also include malnutrition). As a result, we excluded in our study other classification 

systems reported in the literature that examined a specified set of chronic conditions in children 

(e.g., children with life-limiting conditions or, children with disabilities) [193] [194] [195] 

[196].  
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Based on the findings of this review, we suggest that the UK needs to reach a national 

consensus on: 1) what constitutes a "chronic condition" in children, 2) the purpose of a 

definition is (e.g., some of these conditions require regular healthcare input while others do 

not), and 3) the parameters for the condition are (e.g., a recognisable diagnosable condition or 

something that increases a child's risk of having poor health outcomes in the future?). A 

national consensus on these areas could help to maximise the use of routine data sources, assure 

consistency across studies, and facilitate statistical data analysis across the healthcare 

system [33]. Relating to this, the Royal College of Paediatrics and Child Health and CHR-UK 

Programme of Work at the MRC Centre of Epidemiology for Child Health, University College 

London Institute of Child Health developed a definition of chronic conditions in children, who 

die in routine mortality and hospital admission data [197], which could be adapted by the NHS.  

The use of a consistent classification system to identify chronic conditions in children would 

be ideal, but this is impracticable due to the wide variety of data sources. The USA studies, in 

particular, rely on insurance databases that require the identification of specific conditions, 

which makes it reasonably easy to identify children with chronic conditions (assuming that the 

reporting of these conditions is correct and complete) [40].  

This is not the case in a setting such as the UK, where routine data do not always reveal which 

conditions a child may have. For example, hospital-based data, which provides up to 16 codes, 

indicates that chronic conditions should be clear but are not always. Hardelid et al. stated that 

"ICD-10 codes alone were not sufficient to determine whether certain conditions, particularly 

injuries and cardiac conditions, were acute or could lead to chronic sequelae" [197]. 

Furthermore, data for conditions where children are not frequently hospitalised, such as 

neurodevelopmental conditions, is incomplete compared to GP or outpatient data, depending 

on where they are managed, which is based on random coding. 

5.4.3 Strengths and limitations 

Conducting a thorough literature search on such a broad topic as chronic conditions in children 

was challenging, and some potentially eligible studies were excluded because they did not 

publish code lists. These lists must be released publicly in order for studies to be reproduced 

or differences in results to be acknowledged. For example, researchers who combined hospital 

diagnoses using ICD 10 with medications from GP records would get different lists of codes 

than researchers who combined them with diagnosis codes (i.e., Read codes) within GP 

records.  
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This review was based on searching only one database (Medline). We selected this database 

because it has the best coverage for health-related studies, which is where we assumed most 

studies in our area of interest would be indexed. Despite only using one database, our search 

identified more than 8000 records, and we screened more than 400 full-text studies. Many of 

these used one of the six classification systems described in the review. We also checked the 

reference lists of all studies that had used a seemingly relevant classification system, to ensure 

that we assessed any source studies against our eligibility criteria. Therefore, whilst it is 

possible that we would have identified other relevant coding systems if we had repeated the 

searches in other databases, we are reasonably confident that our search has identified most 

published papers that describe such systems. However, some judgement was required in 

selecting individual studies due to the considerable differences in terminology, study types, 

and study designs found in the literature. 

We feel that this review will be useful to researchers interested in identifying chronic 

conditions in children from routine data sources such as administrative databases. A summary 

of some of the available classification systems for chronic conditions in children, including 

links to code lists, would save researchers time and effort. For example, researchers may use 

the algorithms that use an ICD-based classification system to identify chronic conditions in 

data on hospitalisations or deaths in the UK, but only if the system matches or can be edited to 

fit their purposes. This review may also be useful for researchers interested in examining 

studies that classify a range of chronic conditions in children using a range of different 

combined data sources. However, additional work is needed to make sure that current systems 

that try to map ICD-10 codes to other systems for chronic conditions in children are validated.  

This review may be beneficial for concept libraries such as clinicalcode.org and CALIBER 

[143] [18] as we tried to make the classification systems presented in this review repeatable by 

summarising the definitions, types of routine data sources, coding systems on which they are 

based (for example, ICD-10), and links to their specific codes if they are publicly available.  

5.5 CONCLUSION 

The wide range of terms, definitions, and classification systems for chronic conditions in 

children that we found demonstrates that there is no consensus among researchers in the 

majority of studies on these conditions. In reality, no single standard classification system is 
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likely to be able to serve all of the different research questions. Instead, an ideal system should 

be flexible and capable of being modified to address each specific research question.   

The classification systems, in order to be useful for identifying chronic conditions in children, 

should also be transparent in terms of how they are constructed, implemented, and afterwards 

audited, which can be facilitated by providing open-source code that can be reviewed and 

modified by end-users. Researchers would examine classification systems developed in the 

United States to determine whether they would be applicable and useful in the UK (e.g., 

Wales). In conclusion, it is recommended that researchers in the UK collaborate to develop an 

algorithm that identifies all chronic conditions in children from various data sources (e.g., 

hospital data, GP records, or GP pharmaceutical records) and a framework that contains a 

hierarchy of all chronic conditions in children to be considered as a gold standard that links 

each condition with all possible data sources. 
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Table 5.5: Criteria for eligibility, study characteristics, data sources, and definitions to identify studies of chronic conditions in children 

Table 5.5.a: Eligibility 

First 

author & 

year 

published 

Journal Publication 

type 

Inclusion criteria 1: 

Discuss 

MEASUREMENT 

of chronic 

conditions in 

childhood 

Inclusion 

criteria 2: 

Include 

information 

on MORE 

THAN ONE 

chronic 

condition 

Inclusion criteria 3:  

Provide details of how the 

chronic conditions were 

CLASSIFIED/DEFINED 

Eligible 

for 

inclusion 

Notes Reviewer 

initials 

         

         

         

         

         

 

 

 

 

 

 



150 

 

Table 5.5.b: Study Characteristics 

First 

author & 

year 

published 

Country Geographic 

region 

Data collection 

setting 

Sample 

size 

Description 

of 

participants 

Study 

design 

Study 

aim  

(copy 

verbatim 

from 

paper) 

Study 

time 

period 

Age of 

participants: 

(Mean [SD] 

or range) 

Gender: 

Female 

(N, %) 

Reviewer 

initials 
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Table 5.5.c: Data Sources 

First 

author 

& year 

publishe

d 

Data on 

chronic 

conditions 

from 

DISEASE 

REGISTER

? 

Data on 

chronic 

conditions 

from 

HOSPITAL 

ADMISSION

S? 

Data on 

chronic 

conditions 

from 

PRIMAR

Y CARE 

VISITS? 

Data on chronic 

conditions from 

DEATH 

REGISTRATIO

N? 

Data on 

chronic 

conditions 

from 

HEALTH 

INSURANC

E 

RECORDS? 

OTHER 

source of 

data on 

chronic 

condition

s  

[Please 

specify] 

Data 

source 

used ICD-

10 codes 

to identify 

chronic 

conditions

? 

Data 

source 

used ICD-

9 codes to 

identify 

chronic 

conditions

? 

Data 

source 

used 

READ 

codes to 

identify 

chronic 

conditions

? 

Data 

source 

used 

ANOTHE

R 

SYSTEM 

to classify 

chronic 

conditions 

[Please 

specify] 

Classificatio

n system 

used to 

group 

chronic 

conditions 

[e.g., ICD-

10-chapter 

headings, or 

classificatio

n system 

devised by 

authors] 

Any 

clinical 

input in 

defining 

or 

grouping 

the 

chronic 

conditions

? 

If yes to 

questio

n M, 

please 

specify 

[copy 

verbati

m from 

paper if 

possible

] 
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Table 5.5.d: Definitions  

Link to ICD-

10 

 

Infections and parasitic diseases (chronic only; ICD-10 chapters  

A & B) 

Neoplasms (ICD-10 chapters C & D) 

  

First author 

& year 

published 

Included Chronic conditions 

included 

[Only list individual 

conditions if an accepted 

system such as ICD-10 is 

NOT used] 

Definition 

[Only list individual 

definitions if an accepted 

system such as ICD-10 is 

NOT used] 

Included Chronic conditions included 

[Only list individual 

conditions if an accepted 

system such as ICD-10 is 

NOT used] 

Definition 

[Only list individual 

definitions if an accepted 

system such as ICD-10 is 

NOT used] 

             

             

             

             

             

 

 

 

 

 

https://icd.who.int/browse10/2019/en
https://icd.who.int/browse10/2019/en
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Table 5.5.d: Definitions (continued) 

Diseases of the blood and blood-forming organs 

(ICD-10 D50-D89) 

  

  

Endocrine, nutritional and metabolic diseases (ICD-

10-chapter E) 

  

  

Mental and behavioural disorders (ICD-10-

chapter F) 

  

  

Included Chronic 

conditions 

included 

[Only list 

individual 

conditions if an 

accepted system 

such as ICD-10 

is NOT used] 

Definition 

[Only list 

individual 

definitions if an 

accepted system 

such as ICD-10 

is NOT used] 

Included Chronic 

conditions 

included 

[Only list 

individual 

conditions if an 

accepted system 

such as ICD-10 

is NOT used] 

Definition 

[Only list 

individual 

definitions if an 

accepted system 

such as ICD-10 

is NOT used] 

Included Chronic 

conditions 

included 

[Only list 

individual 

conditions if 

an accepted 

system such 

as ICD-10 is 

NOT used] 

Definition 

[Only list 

individual 

definitions if an 

accepted 

system such as 

ICD-10 is NOT 

used] 
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Table 5.5.d: Definitions (continued) 

Diseases of the nervous system (ICD-10-chapter G) 

  Diseases of eye and adnexa, or ear (ICD-10-chapter H) 

Diseases of the circulatory system (ICD-10 

chapter I) 

Included Chronic 

conditions 

included 

[Only list 

individual 

conditions if an 

accepted system 

such as ICD-10 

is NOT used] 

Definition 

[Only list 

individual 

definitions if an 

accepted system 

such as ICD-10 

is NOT used] 

Included Chronic 

conditions 

included 

[Only list 

individual 

conditions if an 

accepted system 

such as ICD-10 is 

NOT used] 

Definition 

[Only list 

individual 

definitions if an 

accepted system 

such as ICD-10 is 

NOT used] 

  Chronic 

conditions 

included 

[Only list 

individual 

conditions if 

an accepted 

system such 

as ICD-10 is 

NOT used] 

Definition 

[Only list 

individual 

definitions if 

an accepted 

system such 

as ICD-10 is 

NOT used] 
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Chapter 6 

Results 1 - Qualitative study 

This chapter presents the results of the two qualitative studies that aimed to explore 

the requirements for a portal of disease phenotyping definitions (a concept library) for 

users from a variety of disciplines, including researchers, clinicians, machine learning 

experts, and research managers. This chapter is based on the following published paper 

in the JMIR Human Factors on 15/3/2022: Concept Libraries for Repeatable and 

Reusable Research: Qualitative Study Exploring the Needs of Users, which can be 

accessed via http://dx.doi.org/10.2196/31021    

 

  

http://dx.doi.org/10.2196/31021
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6 CHAPTER 6: RESULTS 1 – CONCEPT LIBRARIES FOR 

REPEATABLE AND REUSABLE RESEARCH: 

QUALITATIVE STUDY EXPLORING THE NEEDS OF 

USERS 

6.1 INTERVIEWS WITH USERS 

In total, 6 one-to-one interviews were conducted, and each interview lasted for 

approximately half an hour. The analysis of the interviews resulted in 4 main 

themes, with several subthemes. The four main themes are as follows: 

1. Previous opinion of a prototype concept library 

2. Requirements of a prototype concept library 

3. Experience of existing concept libraries 

4. Recommendations to improve repeatable research 

Table 6.1 shows the main themes and subthemes of one-on-one interviews, along with 

examples of participant narratives. 

Table 6.1: Presentation of the themes and subthemes of one-to-one interviews 

Themes                                                                        Examples of participant narratives 

Theme (1): Prior opinion of a prototype 

concept library 

 

Positive 

 

 

 

Neutral 

 

 

 

 

 

 

 

 

Negative 

 

 

“If there's a way of doing that already that is 

set up and is validated and is consistently 

applied that would be an amazingly useful 

resource” (researcher 2). 

 

“It will be helpful, but it needs to be extended. 

If they want to build something like this, and 

it is effectively working as a library, you need 

two things to be happened: 1) people are 

happy to feed in their constructs so it builds 

up, and 2) a useful library, easy to go, to 

browse, and to borrow phenotypes 

definitions” (a clinician). 

 

None 
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Theme (2): Requirements of a prototype 

concept library 

 

Usability 

Simplicity 

 

 

Searching ability 

 

 

 

 

 

Data Quality 

 

 

 

 

 

 

 

 

Sharing ability 

  

 

 

 

 

Sustainability  

Interoperability 

 

 

 

 

 

Accessibility 

 

 

 

 

 

 

 

Analysability 

 

 

 

 

 

“Simple plain English not in SQL or python” 

(a clinician). 

 

“What is the type of search engine? Is it a 

search engine that just does disease 

phenotypes or also does the health status 

phenotypes or risk factor phenotypes, 

symptoms phenotypes” (a clinician)? 

 

“It's really just about transparency and 

documentation. So, anybody can effectively do 

anything that can be turned into a 

reproducible research output. The barriers are 

usually not enough time to comment and 

document it properly and then not enough 

quality assurance” (a senior research 

manager).   

 

“It would be very useful to share the 

knowledge about codes such as Read Codes, 

ICD 10 codes, or OPCS codes, and share ideas 

and concepts between other users that will 

save lots of time” (researcher 3).  

 

 

“How interoperable it is with other systems 

because the major failure of most of these 

systems is that they're not interoperable, so 

people don't use them” (a senior research 

manager).   

 

“So, from a group like myself, or me as a user, 

we would probably like direct access to the 

underlying data it stores. So, whether that's 

through something like SQL directly, or 

something like that through a statistical 

package, because where we do lots of bulk type 

work” (a senior research manager).   

 

“I wanted to look at all health codes of my 

study population.  Then, through machine 

learning, like feature selection, I tried to 

identify the most important list of codes, which 

are associated with the popular health 

conditions” (researcher 1). 

Theme (3): User experience of existing 

concept libraries 
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Aware-used them 

 

 

 

 

 

 

 

 

 

Aware-not used them 

 

 

 

 

 

 

Not aware 

 

“Yes, so with QOF, we definitely used QOF 

codes a lot, because obviously going back to 

the quality assurance question, they'd been 

assured so that the NHS can use them for 

remuneration of money and payments. With 

other systems, we tend to look online to see 

CALIBER of things with us, then yes, we have 

used outputs from those systems before” (a 

senior research manager).   

 

“No. I have not used any of these things before 

so I think there is CALIBER and I think, is that 

part of what was set up within the previous 

Farr institute? so I am aware that some of 

these exist but I haven't looked into them 

before” (researcher 2). 

 

None 

 

Theme (4): User’s recommendation to 

improve repeatable research 

“If we want reproducible research, we have to 

all be using these resources in a similar way or 

at least we need to be able to understand what 

previous projects have done. It is about setting 

things out clearly. Clear definitions, clear sets 

of codes that people can then either use 

themselves or build on I think” (researcher 2). 

6.1.1 Previous opinion of a prototype concept library 

The majority of the participants were positive about the prototype concept library and 

felt that a concept library in principle could be a very helpful resource for conducting 

repeatable research. A machine learning expert mentioned that a concept library will 

be an extremely useful resource because Read codes from general practice and 

International Classification of Diseases (ICD)–10 codes from hospitals are the most 

common data items that machine learning experts would like to use most often. They 

use data linkage repositories to extract the necessary data for machine learning in 

public health studies, and they use the codes to extract the data from the repositories:  

Researcher 3 said, “It would be very useful to share the knowledge about codes such 

as Read codes, ICD 10 codes, or OPCS codes, and share ideas and concepts between 

other users that will save lots of time. It is useful to use verified codes,” and researcher 

2 stated, “If there’s a way of doing that. Already that is set up, and is validated and is 

consistently applied, that would be an amazingly useful resource.” 
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However, 2 participants (a clinician and a senior research manager in health data 

science) were not sure about the effectiveness of the prototype concept library because 

they felt that users had to engage with it for it to be useful and they were not sure how 

well users would engage: 

“There is potential that it could be useful as a tool. It will kind of come down to how 

usable it is, how flexible it is, how well it's maintained, how much of the community 

uses it” (a senior research manager). 

6.1.2 Requirements of the prototype concept library 

The participants mentioned several requirements they would like to see in the 

prototype concept library. For example, they stated that the concept library needed to 

have high usability. This means that it needs to be simple and easy to use by naïve 

users:  

“It should be simple enough, within one or two clicks; we can find the required data, 

but also should contain advanced expert features (R, SQL, or Python programming 

languages) to extract, include, or exclude codes necessary for their studies” 

(researcher 3) and “Like, in one of my previous projects, I looked at, from a machine 

learning perspective, I wanted to look at all health codes of my study population. Then, 

through machine learning, like feature selection, I tried to identify the most important 

list of codes, which are associated with the popular health conditions” (researcher 

1). They also stated that the concept library should have a good search engine so that 

they can easily find the phenotypes and phenotyping algorithms they want to use. A 

clinician inquired, “What is the type of search engine you are developing? Is it a search 

engine that just does disease phenotypes? or also health status phenotypes, risk factor 

phenotypes, or symptom phenotypes. For example, I am looking for diabetes, but I may 

also be looking for smoking or alcohol consumption, or symptoms like pain or cough. 

So, how big is the enterprise and how do you search for what are the appropriate 

terms? Discussion is needed to know what is it?” 

In addition, the participants stated the following requirements: 

1. Include the data sources used (e.g., codes from general practice, hospital [ICD 

and Systematized Nomenclature of Medicine], and British National Formulary 

medication), a general clinical code list for comparison, lists of ontologies 

along with their variances and versions, and a description of how codes were 

established:  

“It is about setting things out clearly. Clear definitions, clear sets of codes that 

people can then either use themselves or build on, I think” (researcher 2). 

2. Have a clear phenotyping algorithm labelling convention for search engines:  
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A clinician stated, “What do you search on? Thought about what do you call 

these phenotypes? Is there a consistent in calling them? For example, Type II 

diabetes, or insulin dependent diabetes” and researcher 1 stated, “So, first of 

all, for the code reference library, two things are always there in my mind. It’s 

in my opinion again. Number one, they should be validated. Secondly, they 

should be correctly labelled.” 

3. Specify why a particular phenotyping algorithm was developed (e.g., definite 

disease or probable/suspected condition definitions):  

“When I have an algorithm, I want a field that tells me the purpose of the 

algorithm, a brief description of what the algorithm is intended to do” (a 

clinician). 

4. Illustrate the logic model category used to create phenotyping algorithms (i.e., 

code lists, inclusion or exclusion factors, and clinical or machine learning 

approach used): 

“Is this just a code list of inclusion factors? And or exclusion factors? Or is it 

static? Does it have a tampered relationship? So, some algorithms are present 

or absence of conditions, some required a tampered dependence. In the logic 

model categories: Is this a clinically derived algorithm from experts’ views or 

for instance that machine learning derived algorithms” (a clinician). 

5. Use ready-made phenotyping algorithms that can be modified to fit the needs 

of their research. All participants agreed that if they had to create their own 

phenotyping algorithms because ready-made phenotyping algorithms could not 

be modified, they needed an easy approach to use a code list in the concept 

library. 

There was an issue regarding how to validate phenotyping algorithms, and most 

participants expressed their preferences for using all possible methods of identifying a 

condition, valid or not, to allow the researcher to choose the phenotyping algorithms 

according to their research requirements: 

 “So, there is no right answer for that because it’s going to be very dependent on your 

research question, your study group, and your study design. So, once again, if the 

concept tool is going to match multiple different use cases, it’s going to need to 

accommodate for those different types of study design” (a senior research manager).  

Sharing phenotyping algorithms needed to be easy and not time-consuming, and some 

felt there needed to be some recognition of their work before they would give their 

codes. Finally, a concept library must be interoperable with other products or systems:  
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“How interoperable it is with other systems, because the major failure of most of these 

systems is that they’re not interoperable, so people don’t use them” (a senior research 

manager).  

Most participants wanted the source code (e.g., the SQL code for the phenotyping 

algorithm itself) to be available in a downloadable machine-readable format to be able 

to access it using specific programming languages such as R, SQL, or Python. 

6.1.3 Experience of existing concept libraries 

All participants stated that they were aware of some existing concept libraries, such as 

CALIBER and ClinicalCodes.Org (both in the United Kingdom), but most of them did 

not use them. The reasons given for not using them were that they already had their 

own self-made concept libraries (e.g., concepts they have used before) or the available 

concept libraries did not provide phenotyping algorithms that fit their studies. For 

example, a machine learning expert mentioned the reasons for not using two of the 

existing concept libraries, namely the Concept Dictionary at the Manitoba Centre for 

Health Policy in Canada and CALIBER in the United Kingdom were,  

“Canadian systems provide Canadian data for their studies; CALIBER is specific for 

cardiovascular disease and does not have many concepts in it.”  

Conversely, 2 of the participants mentioned that they used some existing concept 

libraries to extract and develop phenotyping algorithms for their studies:  

“We definitely used QOF codes a lot, with other systems, we tend to look online to see 

CALIBER, we have used outputs from those systems before” (a senior research 

manager). 

6.1.4 Recommendations to improve repeatable research 

The participants suggested the following recommendations to improve repeatable 

research output using routine data: 

1. There should be a drive for more transparency in research methods 

documentation, such as publishing complete phenotype definitions and clear 

code lists:  

A senior research manager stated, “It’s really just about transparency and 

documentation. So, anybody can effectively do anything that can be turned into 

a reproducible research output,” and researcher 2 said, “If we want 

reproducible research, we have to all be using these resources in a similar way 
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or at least we need to be able to understand what previous projects have done. 

It is about setting things out clearly. Clear definitions, clear sets of codes that 

people can then either use themselves or build on, I think.” 

2. Providing opportunities for researchers to collaborate rather than working in 

isolation: 

“The barriers are usually not enough time to comment and document it 

properly and then not enough quality assurance. So, if there was more time and 

or more availability of those kinds of opportunities for people to collaborate 

rather than doing things in isolation, there's almost all the research we do here 

could be turned into a reproducible type of output” (a senior research 

manager). 

3. Develop a concept library that enables researchers to begin classifying 

population outcomes using uniform codes:  

“I think that a resource like this is a very good step in the right direction 

because I think what people need to start doing is using consistent codes in 

order to identify conditions or outcomes within populations” (researcher 2). 

4. Provide validated phenotyping algorithms that researchers can use directly to 

avoid duplication, with the ability to modify them to meet their own research 

needs:  

“For each project, it always has some specific requirement which is unique, 

which is not common. There are some things which are common, and there are 

a few things which are very unique. So, we need to have some algorithms which 

we can just use to, you know, just to avoid the duplication, but also, we need to 

have control of the algorithms, so that we know only that these bits are going 

to be different for this project, so I'm going to replace, change, modify this bit, 

and we'll run it” (researcher 1). 

6.2 FOCUS GROUP DISCUSSIONS 

Of the 34 invited researchers, 14 (41%) attended the focus group discussion. These 

participants were researchers (14/34, 41%) from Swansea University who were 

working with the SAIL data in the Data Science Building. Of the 14 participants, 5 

(36%) were female participants and 9 (64%) were male participants. Furthermore, 6 

(43%) participants were PhD holders, 6 (43%) were Master’s degree holders, and 2 

(14%) were Bachelor’s degree holders. 
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The focus group discussion was held for 2 hours to perform a SWOT analysis of the 

current system for phenotyping and the proposed concept library, which was recorded 

and transcribed. Figure 6.2 shows the SWOT Analysis Framework.   

Figure 6.2: SWOT analysis framework 

 

Table 6.2 presents a summary of the SWOT analysis of the current system for 

phenotyping and the proposed concept library. The 2 focus group discussions were 

audio recorded and transcribed verbatim. Thematic analyses were then conducted 

using the 6 steps of Braun and Clarke to discover the main themes and subthemes 

[118]. 

 

 

 

 

 

 

 

 

 

SWOT ANALYSIS 

Internal  dimensions

Strengths  
Weaknesses 
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Table 6.2 A summary of a SWOT analysis of the current system for phenotyping and 

the prototype concept library 

SWOT Analysis  

STRENGTHS      

• Concept libraries provide researchers with a good starting point. 

• Publicly available code lists may provide researchers with a history of a 

particular area of research, such as asthma. 

• Referencing previously published lists of codes enables researchers to 

demonstrate a rationale for using such lists of codes. 

• Using research methods developed by others that match the researchers' 

interests could result in significant time savings. 

• Collaboration among researchers is facilitated through sharing and using 

research methods such as code lists. 

WEAKNESSES 

• Searching for and reusing phenotypes and codes is a time-consuming and 

labour-intensive process. 

• There are various lists of codes for each phenotype definition. 

• The list of codes chosen by clinicians varies significantly. 

• A large number of previously developed code lists could not be repeated. 

• Reusing other researchers' data requires programming knowledge such as 

SQL. 

• Some of the ready-made phenotyping algorithms may not be very useful in 

terms of their general purpose. 

• Some existing concept libraries have limited user interfaces. 

• Some existing concept libraries are not user-friendly. 

• It is unclear who is accountable for the quality of the uploaded codes in 

concept libraries. 

• The validity of the content of concept libraries is unclear. 
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OPPORTUNITIES 

• Concept libraries must provide user documentation. 

• Concept libraries must provide users with training. 

• Transparency in sharing the whole approach used to create the code lists is 

required. 

• Establishing a standardised way of defining each specific condition in order 

to facilitate comparisons of research outcomes across the United Kingdom. 

• Creating a specialised library that stores code lists of a specific condition 

within a specific set of patients, such as a concept library specialising in 

chronic conditions in children. 

• Creating a concept library that engages a wide variety of users (i.e., is easily 

understandable by clinicians but has some advanced features such as 

programming skills for more expert users). 

THREATS 

• The inconsistency of data across various databases makes data reuse 

difficult. 

• Lack of confidence in the quality of the list of codes developed by other 

researchers if they are not cited. 

• Access to code lists is limited since some researchers do not publish them 

alongside their studies. 

• Different research outcomes result from a lack of access to a list of codes 

created by other researchers. 

• Data sharing may be inhibited if there are no returns, such as referencing and 

acknowledgement. 

• Concerns about ownership rights discourage data sharing (for example, 

methods could be used as their own by other researchers before publication). 

Thematic analysis was conducted on the transcripts, which resulted in the identification 

of the following seven main themes: 

1. Facilitators for and barriers to participants’ contributing their research methods 

2. Facilitators for and barriers to participants’ use of other researchers’ methods 



183 

 

3. Participants’ concerns about the prototype concept library 

4. The requirements of the participants for the prototype concept library 

5. Participants’ recommendations to improve repeatable research 

6. Participants’ perceptions of their current phenotyping system 

7. Participants’ use and perceptions of existing concept libraries 

6.2.1 Facilitators for and barriers to participants’ contributing their research 
methods 

6.2.1.1 Facilitators 

Several facilitators were identified by participants as motivators for them to share 

their work (e.g., phenotyping algorithms and code lists). Many participants stated 

that being credited appropriately (e.g., receiving citations from other researchers) 

would motivate them to share their work:  

“If whoever’s using it acknowledges it’s use in whatever they publish, at least 

you’re getting some recognition” (data scientist 8) and “If there were DOIs 

attached to the code list of algorithms, when people are publishing, there’s an 

incentive for putting it on there, because they’re able to demonstrate the impact 

their work has had” (data scientist 4). 

Some participants stated that communicating with their research team would 

encourage them to organize team resources and discuss research findings from 

other researchers who used their code lists. However, improving research 

opportunities, increasing academic achievement, and sharing knowledge through 

collaboration with other researchers working in the same organization would 

motivate some of the participants to share their work:  

“I think there’s benefit to the organization, and there has to be benefit to the people 

contributing to it” (data scientist 4).  

In general, researchers work in an organization (e.g., a university or a research 

institute), and they work hard to improve the research outcomes of their 

organization. Some participants stated that advancing the research base and saving 

other researchers’ time and effort would stimulate them to share their work:  
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“Surely if you’ve done something you think really worthwhile, you want other 

people to use it, as well, because then that furthers the research” (data scientist 6). 

6.2.1.2 Barriers 

On the other hand, the participants pointed out several barriers that could inhibit 

them from sharing their work (e.g., phenotyping algorithms and code lists) with 

other researchers. Some participants argued that it is easy to build a phenotyping 

algorithm that fits exactly their needs, but it is more challenging to develop a 

general one, so it can be used by others (e.g., many clinical researchers have created 

phenotyping algorithms for particular research, and these algorithms are difficult 

to generalize). 

Several participants mentioned that a lack of return for their hard work (e.g., not 

receiving any credit from others, such as referencing when they reuse their data) 

would prevent them from sharing their work:  

“How do you enforce that people are going to give you credit? It doesn't happen 

sometimes, when referencing, saying where they got it from. You’ve just got to hope 

they do” (data scientist 11).  

Some participants were worried about their intellectual rights (e.g., if they shared 

their methods such as phenotyping algorithms before publication, other researchers 

would use them as their own). 

6.2.2 Facilitators for and barriers to participants’ use of other researchers’ research 
methods 

6.2.2.1 Facilitators 

The participants mentioned several facilitators that would encourage them to reuse 

research methods developed by others, such as the following: 

1. Using existing code lists can save them a lot of time and effort, which they 

frequently spend creating new code lists from scratch:  

“It’s the first stage of every single process, and we tend to get two or three 

months of work, until we get to that final code list, and we can now start looking 

at the cases” (data scientist 10). 

2. Reusing available data, such as code lists, is a good place to start for researchers 

(for example, they can use them to examine new ideas and gain new insights): 
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“Having code lists would be such a help, to get you started. They always want 

things like BMI and weight and height. There are hundreds of codes for those. 

The smoking codes, having a list, even if you don’t use the algorithm that 

they’ve developed, is a huge bonus” (data scientist 12). 

3. Using the work of others as a reference to compare research outcomes, and 

researchers want to prove that there is a basis for the use of such codes. 

6.2.2.2 Barriers 

Conversely, the participants pointed out several barriers that could inhibit them from 

reusing methods developed by other researchers such as the following: 

1. Poor data quality discourages researchers from reusing it:  

“You could upload complete garbage” (data scientist 1). 

2. Some phenotyping algorithms will not work outside the population in which 

they were developed. For example, code developed in Canada may not be 

relevant to finding conditions in general practitioner data in the United 

Kingdom:  

“Yes, it works in their population, because where they’ve trained it.” (data 

scientist 5).  

3. Whether the data are useful to researchers plays an important role in the 

decision to reuse them (e.g., researchers would not use a phenotyping algorithm 

if its general purpose did not match their interests):  

“Yes, a general-purpose algorithm may or may not be very useful to have it to 

see what they’ve done, but you may not use it” (data scientist 12). 

6.2.3 Participants’ concerns about the prototype concept library 

When researchers decide where to deposit, share, and reuse data, they prefer to use 

approved concept libraries: “Is it going to be approved?” (a financial planner). 

Moreover, some participants stated that it is not clear who is responsible for the quality 

of the phenotyping algorithm, if this is the responsibility of the developers running the 

concept library or the responsibility of the researchers uploading the phenotyping 

algorithms:  

“If people send the codes, the onus of the quality of that code list you would still want 

to be the responsibility of the researcher to be submitting worthwhile codes. You don’t 
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want to then be the guardian of the quality of the code list. You still need to know where 

the responsibilities lie” (data scientist 4).  

Researchers do not want to upload phenotyping algorithms if they could be blamed for 

flaws, and health informatic developers do not want to take responsibility for the 

phenotyping algorithms that were uploaded. 

The participants expressed their concerns about the completeness rate of the 

phenotyping algorithms. They would like to know the percentage of the gap to be 

considered when using a phenotyping algorithm from the prototype concept library:  

“What is the completeness rate? For certain things, we know there are gaps. If the gap 

is 20%, is that something I should be including in any algorithm I'm considering?” 

(data scientist 8).  

In addition, there has been a question as to whether codes need to be peer reviewed so 

that quality is evaluated. 

6.2.4 Requirements of the participants for the prototype concept library 

6.2.4.1 Usability  

1. Learnability: Some participants said they would like the concept library to be 

easily understandable by clinicians, who acknowledge the clinical definition of 

the code lists with little technical skills to simply point and click the selected 

code lists, whereas other participants requested the availability of advanced 

functions to be used by expert users:  

“The concept library should be easy. Someone needs to train us” (data scientist 

9). 

2. User documentation: A collection of well-defined task-oriented documentation 

for users was required by some participants. They want a user documentation 

that consists of clear, step-by-step instructions on how to use the concept 

library and gives examples of what the user can see at each step (e.g., 

screenshots would be useful):  

“Concept library should have some documentation” (data scientist 9). 

3. Data quality: Some participants required the availability of a consistent method 

for identifying each specific condition to ensure that what researchers are doing 
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is compatible within their immediate team but also within the broader research 

community in the United Kingdom to facilitate a comparison of research 

outcomes. Other participants stated that they needed a predefined list and a 

uniform approach describing how to use existing codes of additional diagnoses, 

such as smoking:  

“Additional things like smoking and alcohol status are used a lot, but they’re 

usually very different for every project. We should have a more uniform way of 

doing it, like, we’ll take that bit off the shelf and use it, and do the bespoke bit 

for things that need to be bespoke” (data scientist 5).  

If there are multiple code lists for the same condition, some participants 

proposed that versions be generated to describe each particular condition: 

“So, it would be relevant that there were multiple lists for the same condition, 

if you’ve got a version and way of defining a certain condition” (data scientist 

4). 

4. Transparency: Several participants required transparency in sharing the entire 

approach used in developing the code lists, including phenotyping algorithms 

and the methods used. They stated that if they use a code list for each 

comorbidity of a condition, they will build an entirely different score over the 

years. Therefore, transparency in the documentation of research methods 

would help them to know which score is the best. 

6.2.4.2 Sustainability  

1. Accessibility: Several participants needed the availability of an access control 

that allows access to the codes only after publication, while at the first stage of 

the study, researchers spent a lot of time and effort developing them, and they 

feared someone else could publish work faster than them using the algorithms:  

“There should be an option in the concept library for lists that have been 

published. People can develop them, but if they’re not published, you don’t 

have to use them” (data scientist 3). 

2. Licensing: Some participants needed to know which type of license was 

adopted by the developers of the concept library (e.g., researchers can have one 

that means any researcher can take it and use it, or they can have one that means 

researchers can use it but not for commercial purposes). 
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3. User community: Several participants required users to quote a reference if 

publishing papers based on the results (partially or completely) derived from 

the concept library:  

“If I want to use someone else’s work, I think that’s the norm, and should be in 

this economy. Anything, not just code. To use this, I should reference that it's 

based on this or other thing completely, or a part of it” (data scientist 2). 

Referencing helps to determine whether there is or will be an active user 

community for the concept library and the codes used:  

“It potentially would make your publication more discoverable. If there's a 

whole community of users using this” (data scientist 1). 

6.2.5 Participants' recommendations to improve repeatable research 

Of the 14 participants, 9 (64%) suggested that the prototype concept library should be 

accessible both in the United Kingdom and globally and practically available to enable 

researchers around the world to use a web-based secure platform, which stores codes 

and other logic, and to encourage researchers to contribute their codes to promote 

research:  

“Should be open for the United Kingdom” (data scientist 9).  

However, a participant recommended that the prototype concept library should be 

closed at the beginning to ensure it is working and then to become opened as 

researchers build trust:  

“You might need to restrict it, to start with, to make sure it works. Otherwise, everyone 

will see the problems you might have” (data scientist 12).  

In addition to know who is using the concept library, data scientist 8 suggested that it 

should have request sharing followed by open sharing. Accessibility to research data 

has significant potential for scientific advancement as it promotes the replication of 

research results and enables the use of old data in new contexts. With respect to this, 

some participants suggested that funders and publishers should obligate researchers to 

share their research data such as code lists: 

“Some sort of obligation by funders to share this” (data scientist 2) and “Publishers, 

as well” (data scientist 8). 
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A participant suggested the use of preauthorization of publication by journals based on 

the research protocol because researchers can put their protocol first, and all the 

limitations are actually corrected before they run the research. This approach has many 

advantages for both the researcher and the publisher, as it improves the quality of the 

output. Another participant recommended the creation of a discussion forum in the 

concept library to facilitate collaboration among researchers on just about any topic 

(e.g., they can share their ideas, submit their comments, and discover new ideas): 

“Make it almost a forum” (data scientist 8). 

6.2.6 Participants' perceptions of their current phenotyping system  

The participants mentioned several problems associated with the current phenotyping 

system. For example, they have to search for codes from different databases, which 

use different coding systems such as Read codes and ICD-10 codes, and then they have 

to validate the selected code lists with experts in the field such as clinicians:  

“I have to google all of this and search what was there within the community. I have 

to go to CALIBER, I have to go to Manchester, or there is a work in Edinburgh 

University, do some work there. Do the search. I have to go there, see the ability to 

work, and start. It does take a lot of time. Based on my study of Google, I have to start 

a record, and I have to validate it, verify with other people, clinicians or researchers. 

It's a long process” (data scientist 9). 

Although they could find some codes on the web, they still had to locate the list 

manually, copy it, and enter the codes into their scripts. Often, they might spend a few 

days on it, and they might miss obscure codes or even use irrelevant codes: 

“Starting from scratch, I would go online to see what’s available. Go into other 

people’s and see their code lists” (data scientist 11). 

With respect to this, some participants said that they preferred to use code lists that 

were referenced or used by other researchers. Some participants reported that the Read 

code lists chosen by the researchers were different from the Read code lists chosen by 

general practitioners. For example, they found that there were some very clear codes, 

but they were rarely used by general practitioners:  

“What we get in the Read code list isn’t necessarily what the GPs are recording it 

under” (data scientist 12).  
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They also stated that there is a significant difference between what one general 

practitioner may say in a list of codes versus another:  

“For example, there is no single entity code for asthma. There are different entities. If 

you want to find specific things within asthma, there's a list of codes for them” (data 

scientist 2). 

6.2.7 Participants' use and perceptions of existing concept libraries 

Not all participants had previously used some of the existing concept libraries. 

However, most of those who used some of them expressed negative perceptions. For 

example, several participants stated that the concept libraries they used were not user-

friendly (i.e., they were difficult to use by new users):  

“For CALIBER, it seems not so user friendly. It's not easy. You have to know first. 

Someone needs to train you up. For new users, it's difficult to get inside CALIBER. 

The concept library should be easy. Someone needs to train us. Concept library should 

have some documentation” (data scientist 9).  

Therefore, training and good user documentation are required. A further problem for 

some participants was the inconsistency of data among various databases, which makes 

reuse of data quite challenging: 

“But if there is something that gets secondary and primary care involved, and there's 

a registry, if the definitions that are created in Manchester, how easy will it be to apply 

it to, for example, in Wales or Scotland, where registry is a bit different?” (data 

scientist 8). 

Participants who did not use any of the existing concept libraries expressed different 

perceptions about them. For example, some participants reported that they wanted to 

explore available concept libraries. Others, however, expressed doubts about the 

quality and validity of the data stored in these concept libraries, which could prevent 

them from using them:  

“I haven’t looked at them myself, but if you go on this clinical code site and you type 

in diabetes, there are 50 different code lists people have put together for diabetes” 

(data scientist 6).  

Some participants stated that the main reason for not using any of the existing concept 

libraries is not finding a concept library that matches their studies. The developers of 

concept libraries may consider building a specialized library that stores code lists of a 

particular condition within a specific group of patients according to researchers’ needs, 

such as developing a concept library that specializes in chronic conditions in children. 
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Chapter 7 

Results 2 - Quantitative 

study  

This chapter presents the results and statistics of the quantitative study that was 

performed using the Concept Library Usability Scale, an e-mail survey 

instrument. The purpose of this study was to investigate the opinions of users from 

various disciplines, such as academics, clinicians, machine learning experts, and 

research managers about the usability of concept libraries. 
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7 CHAPTER 7: RESULTS 2 – USING THE CONCEPT LIBRARY 

USABILITY SCALE TO INVESTIGATE THE USABILITY OF CONCEPT 

LIBRARIES 

7.1 OVERVIEW OF THE QUANTITATIVE STUDY 

This chapter presents the results and statistics of the quantitative study that was 

performed using the Concept Library Usability Scale, an e-mail survey instrument that 

was developed to investigate the opinions of users from various disciplines, such as 

academics, clinicians, machine learning experts, and research managers about the 

usability of concept libraries (See figure 3.7 in chapter 3). The e-mail survey contains 

12 statements, and participants choose one of five response options ranging from 

"strongly disagree" to "strongly agree" to express their level of agreement or 

disagreement with the first ten statements. The eleventh statement was intended to 

allow participants to openly express and discuss their thoughts, while the twelfth 

statement invited participants to submit contact information if they were interested in 

participating in a one-to-one interview. 

Email invitations were sent to the participants (N = 200) twice, who included 

researchers, health professionals, and clinicians, to explore their attitudes and opinions 

about the usability of one of the existing concept libraries in the United Kingdom (i.e., 

the CALIBER research platform), which contains "research ready" variables derived 

from linked EHRs from primary care, coded hospital records, social deprivation data, 

and cause-specific mortality data. In addition to the invitation emails, we sent out a 

tweet with a hashtag asking CPRD and SAIL users to complete the email survey: 

(https://twitter.com/SineadBr/status/1417375178900770816?s=20&t=o8jdGHQKivrz

WbgBLjr4jA).  

Participants were instructed in the e-mail invitations to spend approximately fifteen 

minutes searching the CALIBER research platform for algorithms that they would like 

to use for future research or that they had recently used for their studies, and then 

provide feedback on the resource's usefulness in this case by completing our e-mail 

survey, the Concept Library Usability Scale. Only 20 of the 200 invited participants 

completed the e-mail survey (See table 7.1). 

https://twitter.com/SineadBr/status/1417375178900770816?s=20&t=o8jdGHQKivrzWbgBLjr4jA
https://twitter.com/SineadBr/status/1417375178900770816?s=20&t=o8jdGHQKivrzWbgBLjr4jA
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Table 7.1 Number of invited participants, number of completed e-mail surveys, and 

response rate 

Number of invited 

participants 

Number of completed 

e-mail surveys 

Response rate (%)  

 

Note 

200 20 10% 16 out of the 20 

participants skipped 

Statement number 12 

As mentioned in chapter 3, I used the SurveyMonkey tools for the analysis process of 

the results. In the design section of the Concept Library Usability Scale, the five Likert 

Scale, which is a variation of the Matrix statement, was used, and weights were 

assigned to each answer choice. Then, the Likert Scale automatically calculated a 

weighted average for each answer choice in the analyse results section of 

SurveyMonkey. Figure 7.1 shows the average score and the number of participants and 

their associated scores. 

Figure 7.1 The average score and the number of participants and their scores 
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7.2 RESPONSES OF PARTICIPANTS TO THE FIRST STATEMENT: “I THINK THAT I WOULD LIKE 

TO USE THIS CONCEPT LIBRARY FREQUENTLY”  

The purpose of the first statement was to identify the percentage of participants who 

would prefer to frequently use the CALIBER research platform. The average score of 

this statement was 69%. According to the results in Figure 7.2, two participants 

(10.00%) strongly disagreed with this statement for the following specified reasons:  

• “Ontologies have to be standardized for multiple reasons including 

reproducibility, reliability, and comparability” (participant 1). 

• “It is not clear who made the code lists, who did the QA, with the exact purpose, 

whether both persons are native speakers, whether they are medically and 

methodologically sufficiently qualified and consultants etc. etc” (participant 

10).  

Additionally, two participants (10.00%) disagreed with the frequent use of the 

CALIBER research platform. They stated the following: 

• “I would use it, but not frequently” (participant 7). 

• “Many may be outdated and not context specific. Also limited to Read v2” 

(participant 12). 

The results indicated that four participants (20.00 %) were neither agreed nor 

disagreed to frequent use of the CALIBER research platform for the following reasons:  

• “It doesn't look like it has a lot of concepts so might use it but not sure it has 

that many conditions covered” (participant 2). 

• “Conditions of interest not included in library - neurodevelopmental 

disorders” (participant 6). 

• “I could see myself using the library, it would likely not be that frequently. 

Possibly at the start of projects when exploring unfamiliar concepts” 

(participant 15). 

• “I do usually check CALIBER before developing a new code list. I also check 

LSHTM's data compass and our electronic health records group research 

group, and check for validated or previously used lists with a PubMed search 

for studies on the topic using electronic health records. I don't find I use 

CALIBER frequently, but I find it a very valuable resource when I need it” 

(participant 18). 

On the other hand, the results showed that nine (45.00%) of the participants agreed 

they would use the CALIBER research platform on a frequent basis. They stated the 

following: 

• “I need to use code lists for my work very frequently and I trust CALIBER” 

(participant 3).  
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•  “It is a useful source of a wide range of definitions” (participant 4). 

• “Collection of codes that identify likely diagnosis of a condition with validation 

through linked publication is really useful. Saves a lot of time identifying codes, 

only limitation would be related to date of publication and likelihood of nest / 

additional codes being identified or codes being deprecated” (participant 5). 

However, some of the participants agreed partially with the first statement. They 

mentioned that they would like to use the CALIBER research platform but not on a 

frequent basis. They stated the following: 

• “I’m not sure if I'd use it frequently... but I would use it to check completeness 

of existing codes that OPRI already has, particularly when initiating a new 

study. The codes, as far as I can see (I looked at half a dozen categories) don’t 

have SNOMED in them. This will obviously be an issue going forward” 

(participant 13). 

• “Useful although only has Read 2 without EMIS only codes, so two additional 

bits of work for EMIS data or CTV3 (we are going to add some CTV3 

mapping)” (participant 17). 

• “I agree that I would use this library, although less frequently in the future 

than now because of the retirement of Read codes and move to SNOMED CT 

codes in the CPRD (my main data source)” (participant 19). 

Three participants (15.00%) strongly agreed with the first statement:  

• “It's been invaluable in my current research project, saves reinventing the 

wheel each time we explore a new disease group to have the codes already 

defined” (participant 8). 

• “Consistency across different studies” (participant 9). 

• “Help facilitate the confirmation of codes and concepts” (participant 14). 
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Figure 7.2 Percentages of the participants responses to the first statement 

 

7.3 RESPONSES OF PARTICIPANTS TO THE SECOND STATEMENT: “I THINK THAT I WOULD 

NEED THE SUPPORT OF A TECHNICAL PERSON TO BE ABLE TO USE THIS CONCEPT 

LIBRARY” 

The second statement was designed to identify the percentage of participants who 

would require the support of a technical person in order to be able to use the CALIBER 

research platform. The average score of this statement was (79%). Figure 7.3 showed 

that five participants (25.00 %) strongly disagreed with this statement for a variety of 

reasons, including: 

• “I am familiar with the use of Read codes and some of the other coding systems 

and with building scripts to use them” (participant 4). 

• “I am a technical person” (participant 7). 

• “Fairly straightforward” (participant 9). 

In addition, eleven participants (55.00 %) disagreed with this statement for a variety 

of reasons, including:  

• “Looks straightforward to use” (participant 2). 

• “No need” (participant 8). 

• “I can use these codes and incorporate into central SQL/local STATA formats” 

(participant 13). 

• “The portal is quite easy for use” (participant 14). 

• “Pretty straightforward” (participant 17). 
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• “It's very user friendly” (participant 18). 

• “I have a lot of experience of collating medical code lists and using them in 

data manipulation and analysis using CPRD and secondary data care 

sources” (participant 19). 

Results showed that two participants (10.00%) neither agreed nor disagreed with the 

second statement. Participant 5 stated, “Depends if you can scrape from the webpage 

to a csv format within SAIL”. However, two participants (10.00 %) expressed 

agreement with this statement, as follows:  

• “Getting the code lists into R is difficult (the package is a nightmare, sorry). 

I've used copy-paste in R to make this easier” (participant 3). 

• “I think I would like the support of an experienced user. I could learn to 

navigate it alone, but even instructional/explanatory videos could be useful” 

(participant 15). 

Figure 7.3 Percentages of the participants responses to the second statement 

 

7.4 RESPONSES OF PARTICIPANTS TO THE THIRD STATEMENT: “I FOUND THE VARIOUS 

FUNCTIONS IN THIS CONCEPT LIBRARY, SUCH AS SEARCHING AND VIEWING CONCEPTS; 
AND CREATING AND EDITING CONCEPTS, WERE EASY TO USE” 

The purpose of the third statement was to determine the percentage of the participants 

who found the various functions in the CALIBER research platform, such as searching 
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and viewing concepts and creating and editing concepts, easy to use. The average score 

of this statement was 73%. The results in figure 7.4 showed that one participant 

(5.00%) strongly disagreed, one participant (5.00%) disagreed, five participants 

(25.00%) neither agreed nor disagreed, ten participants (50.00%) agreed, and three 

participants (15.00%) strongly agreed with this statement. 

Figure 7.4 Responses of the participants to the third statement 

 

7.5 RESPONSES OF PARTICIPANTS TO THE FOURTH STATEMENT: “I FELT VERY CONFIDENT 

USING THE CONCEPT LIBRARY” 

The fourth statement's goal was to identify the percentage of participants who felt very 

confident about using the CALIBER research platform. The average score of this 

statement was 74%. The results in figure 7.5 showed that one participant (5.00%) 

strongly disagreed, one participant (5.00%) disagreed, five participants (25.00%) 

neither agreed nor disagreed, nine participants (45.00%) greed, and four participants 

(20.00%) strongly agreed with this statement. 
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Figure 7.5 Percentages of the participants responses to the fourth statement 

 

7.6 RESPONSES OF PARTICIPANTS TO THE FIFTH STATEMENT: “I NEEDED TO LEARN A LOT 

OF THINGS BEFORE I COULD GET GOING WITH THIS CONCEPT LIBRARY” 

The purpose of the fifth statement was to measure the percentage of participants who 

needed to learn a lot of new information before they were able to get started with the 

CALIBER research platform. The average score of this statement was 73%. According 

to the results shown in figure 7.6 four participants (20.00%) strongly disagreed with 

this statement, nine participants (45.00%) disagreed, three participants (15.00%) were 

neither agreeing nor disagreeing, and four participants (20.00%) agreed with this 

statement. 
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Figure 7.6 Percentages of the participants responses to the fifth statement  

 

7.7 RESPONSES OF PARTICIPANTS TO THE SIXTH STATEMENT: “I THINK THAT THE USER 

DOCUMENTATION IS TASK ORIENTED AND CONSISTS OF CLEAR, STEP BY STEP 

INSTRUCTIONS” 

The sixth statement was designed to determine the percentage of participants who 

believed the user documentation in the CALIBER research platform is task-oriented 

and includes clear, step-by-step instructions. The average score of this statement was 

69%. According to the results shown in figure 7.7, three participants (15.00 %) 

disagreed, five (25.00 %) neither agreed nor disagreed, and twelve (60.00 %) agreed 

with this statement. 
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Figure 7.7 Percentages of the participants responses to the sixth statement 

 

7.8 RESPONSES OF PARTICIPANTS TO THE SEVENTH STATEMENT: “I FOUND THE CONCEPT 

LIBRARY SUPPORTS ADVANCED FUNCTIONAL TASKS (E.G., IT ALLOWS USING OF 

PROGRAMMING LANGUAGES SUCH AS R, SQL, OR PYTHON)” 

The purpose of the seventh statement was to determine the percentage of the 

participants who found the CALIBER research platform supported advanced 

functional tasks (e.g., it allows the use of programming languages such as R, SQL, or 

Python). The average score of this statement was 67%. The results in figure 7.8 showed 

that one participant (5.00%) disagreed, eleven participants (55.00%) neither agreed nor 

disagreed, and eight participants (40.00%) agreed with this statement. 
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Figure 7.8 Percentages of the participants responses to the seventh statement 

 

7.9 RESPONSES OF PARTICIPANTS TO THE EIGHTH STATEMENT: “I FEEL IT IS ACCEPTABLE 

IF I AM REQUIRED TO REFERENCE THE CONCEPT LIBRARY WHEN PUBLISHING PAPERS” 

The eighth statement was designed to identify the percentage of participants who felt 

it was acceptable to reference the CALIBER research platform when publishing 

papers. The average score of this statement was 77%. Figure 7.9 showed that one 

participant (5.00%) strongly disagreed, two participants (10.00%) disagreed, and two 

participants (10.00%) neither agreed nor disagreed with this statement. The results also 

showed that Nine participants (45.00%) agreed with this statement for the following 

reasons:  

• “I don’t mind referencing it if I use it” (participant 2). 

• “I am more than happy to credit your excellent work!” (participant 3). 

However, six participants (30.00%) strongly agreed with this statement for the 

following reasons: 

• “One should acknowledge the source of codes and aggregations of codes” 

(participant 4). 

• “At the very least the paper and modelist repository should be included as 

reference and noted within the methodology. It acknowledges the work of both 

the author and the concept library custodians in maintaining the code lists” 

(participant 5). 

• “Makes our work more easily reproducible” (participant 8). 
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Figure 7.9 Percentages of the participants responses to the eighth statement 

 

7.10 RESPONSES OF PARTICIPANTS TO THE NINTH STATEMENT: “I FOUND THAT IT WAS 

EASY TO UNDERSTAND HOW THE CONCEPT LIBRARY IS RUN AND MANAGED” 

The purpose of the ninth statement was to determine the percentage of the participants 

who found that it was easy to understand how the CALIBER research platform is run 

and managed. The average score of this statement was 72%. The results in figure 7.10 

showed that eight participants (40.00%) neither agreed nor disagreed with this 

statement, and twelve participants (60.00%) agreed with this statement. 
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Figure 7.10 Percentages of the participants responses to the ninth statement 

 

7.11 RESPONSES OF PARTICIPANTS TO THE TENTH STATEMENT: “I THOUGHT THE CONCEPT 

LIBRARY SUPPORTS CLEAR ALGORITHMS LABELLING CONVENTION” 

Using the tenth statement, we were able to determine the percentage of participants 

who believed that the CALIBER research platform supports clear algorithm labelling 

conventions. The average score of this statement was 70%. According to the results 

shown in Figure 7.11, one participant (5.00%) strongly disagreed with this statement, 

nine participants (45.00%) neither agreed nor disagreed, eight participants (40.00%) 

agreed, and two participants (10.00%) strongly agreed with this statement. 
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Figure 7.11 Percentages of the participants responses to the tenth statement  

 

7.12 RESPONSES OF PARTICIPANTS TO THE ELEVENTH STATEMENT: “CAN YOU TELL US 

MORE ABOUT WHY YOU GIVE THE ANSWERS YOU DID? (E.G., WHAT COULD BE 

IMPROVED? AND WHAT DID YOU LIKE ABOUT THE SYSTEM?)” 

The eleventh statement was created to encourage participants to freely express and 

share their opinions about the CALIBER research platform. The response rate to this 

statement was 100 percent. The majority of the participants’ opinions were brief, and 

some of them were formed into sentences. The opinions of the participants were 

analysed using Braun and Clarke's six phases of thematic analysis [118]. Their 

opinions were read multiple times before being organised into themes and subthemes. 

Following this, the coding procedure began by giving equal importance to each opinion 

in order to ensure that the codes were comprehensive. Then, the emerging themes and 

subthemes from the data were assessed for relevance to the study, and related original 

themes were combined into a single one. Finally, the following labels were used to 

describe each theme and subtheme: 

7.12.1 Suggestions for improving the quality of the CALIBER research platform: 

1. Update the codes. 

2. Enhance usability. 

3. Support learnability. 
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There were several sub-themes that emerged from the first theme, which was about 

requesting improvements to the CALIBER research platform. One of the sub-themes 

was about improving the quality of the CALIBER research platform’s content. Some 

participants suggested that the CALIBER lists need to be updated on an annual basis 

to include any additional code lists: 

"I have 4 different versions of a psoriasis code lists when using CPRD primary care 

data – depending on its purpose in a given but why is only one listed in your 

repository? Probably because of a training and qualification issue. Or just a lack of 

experience? " (participant 11).  

They also requested that the CALIBER research platform be updated to include the 

new SNOMED codes. Some participants suggested that the CALIBER research 

platform set a minimum standard for documenting the concepts. This would make the 

portal useful to most people. They also recommended integration with other system 

measurement purposes: 

"I think integrating with BNF is important to accurately measure prescription 

exposures" (participant 20). Another subtheme suggested enhancing inquiries and 

facilitating the downloading of code lists. "Downloadable CSV files would also be 

beneficial" (participant 16).  

A more specific request was for help and explanation for users, especially new users 

who have never used the portal before. This was so they could use it to its fullest 

potential. 

7.12.2 Disadvantages that limit the usability of the CALIBER research platform: 

1. The quality and validity of some content are uncertain. 

2. The data is limited and context-specific. 

3. The used classification systems are limited. 

4. Lack of transparency in documenting the data. 

The participants mentioned various drawbacks they experienced when using the 

CALIBER research platform. There were several sub-themes that emerged from this 

second theme. One sub theme was related to data accessibility and usability issues: “It 

was not clear where to find and how to make use of the algorithms" (participant 5). 

Some participants stated that when they found the codes, downloading them into Excel, 
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R, or Python was difficult: “Getting the code lists into R is difficult (the package is a 

nightmare, sorry). I’ve used copy-paste in R to make this easier"(participant 3).  

Another sub-theme included concerns regarding the quality and validity of the 

CALIBER research platform’s content. According to the participants, the code lists are 

not replicable, are limited to Read v2, and are context specific: “It is not clear if it does 

include different versions of the diagnosis, both sensitive and specific ones” 

(participant 10). 

Some participants discovered that the CALIBER research platform provides a wide 

range of concepts in a single location. As a result, they may still refer to other published 

algorithms to learn more about the exclusion of certain codes or validation. Other 

participants stated that the CALIBER research platform is unsuitable for their research 

since it has limited code sets that do not cover a wide range of specialities (i.e., it 

mainly provides code lists of cardiovascular diseases). Some participants required a 

full and thorough understanding of many aspects (study type, design, purpose of the 

code lists, qualifications, in particular of the researchers, etc.) before considering using 

the code lists for their studies. However, some participants found out that common data 

modelling platforms such as atlas and aetion have made the conduct of EHRs studies 

too easy. 

7.13 RESPONSES OF PARTICIPANTS TO THE TWELVE STATEMENT: “IF YOU ARE HAPPY TO 

PARTICIPATE IN ONE-TO-ONE INTERVIEW, PLEASE PROVIDE US WITH YOUR CONTACT 

INFORMATION” 

The twelfth statement was intended to invite the participants to submit contact 

information if they were interested in participating in a one-to-one interview. 16 of the 

20 participants skipped this statement, and just 4 gave contact information in order to 

participate in a one-to-one interview. 

7.14 INTERPRETING THE CONCEPT LIBRARY USABILITY SCALE SCORE 

The Sauro and Lewis curved grading scale was used to interpret the Concept Library 

Usability Scale score [198] (See table 7.2). The average score of all participants 

(N=20) on the Concept Library Usability Scale was 72 (See figure 7.1), which 

corresponds to a grade of C+ and a 60–64 percentile range.  
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Table 7.2. The Sauro and Lewis curved grading scale 

SUS score range Grade Percentile range 

84.1–100    A+ 96–100 

80.8–84.0    A 90–95 

78.9–80.7   A– 85–89 

77.2–78.8    B+ 80–84 

74.1–77.1   B 70–79 

72.6–74.0    B– 65–69 

71.1–72.5    C+ 60–64 

65.0–71.0    C 41–59 

62.7–64.9    C– 35–40 

51.7–62.6    D 15–34 

0.0–51.6    F 0–14 

Source: (Sauro and Lewis, 2012, P204) 

  



209 

 

Chapter 8 

General Discussion 

In this chapter, I discuss all of the findings from my thesis work on the development 

of new concept libraries and the use of existing concept libraries, including the findings 

from the two review studies and from the three phases of this thesis: 1) the two 

qualitative studies, 2) the development of an email survey, and 3) the quantitative study 

with linked studies. Then I address the thesis's strengths, limitations, and original 

contributions to concept libraries. I also describe in this chapter the identified 

opportunities and obstacles from the users' perspectives in order to maximise the utility 

of concept libraries. Finally, I give recommendations for future research directions in 

order to improve reproducible research. 
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8 CHAPTER 8: DISCUSSION 

8.1 SUMMARY OF FINDINGS  

This thesis used an exploratory sequential mixed methods design in which the 

qualitative phase was dominant, implying that the qualitative phase was given more 

weight. This design was used so that survey data might help explain qualitative results 

for the goal of complementarity. The data were analysed, and the quantitative phase 

assisted in informing the qualitative phase.  

Using the exploratory sequential mixed methods design in this thesis, allowed for a 

more in-depth exploration of the data, in those qualitative results from the interviews 

and focus group provided greater insights into why concept libraries are not be used 

effectively, as well as greater insights into quantitative survey results interpretation. In 

addition, it helped answer the following research question that cannot be answered just 

through quantitative or qualitative approaches: Do the perspectives of participants 

from the interviews, focus group, and survey instrument converge or differ? using 

quantitative or qualitative approaches alone would not provide appropriate answers to 

these questions.  

As I mentioned in chapter one of my thesis, the main motivation for conducting this 

research in the United Kingdom was to pursue a PhD in a topic that could be useful for 

my home country, the State of Kuwait, which was in the process of integrating 

electronic data (the databases of primary health care centres with hospitals). As a 

result, I decided to learn more about data linking and the health informatics that 

surrounds it. I chose to investigate a concept library, which was relatively new in 

Wales. The analysis of the findings from all of the studies I conducted for my thesis, 

which included two qualitative studies (interviews and focus groups) and one 

quantitative study (a survey), revealed that the perspectives of participants from 

interviews, focus groups, and the survey instrument all agreed that concept libraries 

have several limitations and do not meet the various requirements of different users, 

and that they require lots of improvements in order to be useful and widely adopted. 

Therefore, I do not recommend that the State of Kuwait invest in the development of 

concept libraries. 
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8.2 ORIGINAL CONTRIBUTIONS 

This thesis identified the requirements of a wide range of users from a variety of 

disciplines, including researchers, clinicians, machine learning experts, and research 

managers for a concept library. This thesis makes several contributions to existing 

knowledge on the subject. It provides an assessment of the usefulness of existing and 

newly proposed concept libraries from the user's perspective.  

Two reviews of the literature are included in this thesis. The first review summarised 

various characteristics such as definitions, types, similarities, and differences of seven 

publicly accessible electronic health data concept libraries developed in different 

countries, including the United Kingdom, the United States of America, and Canada. 

This review may be of interest to researchers all over the world who want to learn more 

about the different characteristics of existing concept libraries. The second review 

summarised the clinical classification systems used to identify chronic diseases in 

children in routine data sources and other administrative datasets, including 

information on the coding systems upon which they are based (for example, ICD-10), 

the groupings used (for example, chapter headings within ICD-10), and, if possible, 

the specific codes used to identify a specific condition. This review could be useful to 

researchers who are interested in studies that combine a variety of data sources to 

classify a range of chronic conditions in children.  

The qualitative studies (i.e., interviews and focus groups) identified and described in 

detail the needs of various users of a concept library. The findings of these studies 

could significantly improve the efficiency of existing concept libraries by informing 

their developers about the different needs and recommendations of various users. They 

would also help people who develop new concept libraries to improve access to and 

collaboration with routine EHR data by addressing the barriers and facilitators that 

have been identified in the qualitative studies. This would have an impact on other 

countries that want to access and share routine EHR data. 

For the quantitative study, I developed the Concept Library Usability Scale, which is 

a specific measure that can be used to assess and compare the usability of concept 

libraries. It is a straightforward instrument that enables comprehensive assessments of 

the usability of concept libraries not just in the UK but globally. The Concept Library 

Usability Scale was made to be quick and easy to administer while still being reliable 
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enough to be used to measure the user experience of a concept library. I worked very 

hard to make it as short and simple as possible while also taking into account the ability 

of participants to complete the tasks of their choice, the effectiveness of those tasks' 

output, and the ease with which those tasks can be completed. This Concept Library 

Usability Scale, unlike the original SUS, includes comment boxes to obtain a thorough 

understanding of the participants' responses and to allow participants to explain why 

they agreed or disagreed with these statements. 

8.3 INTERPRETATION OF FINDINGS IN THE LIGHT OF RELATED LITERATURE 

8.3.1 Attitudes Toward the Development of A prototype Concept Library  

The findings from the qualitative study presented in chapter 6, showed that although 

in principle, everyone felt that a digital portal containing a concept library would be 

very helpful, there were many requirements needed before its development. It needs to 

engage a wide variety of users if it is to be used (and current concept libraries are not 

widely used), which means it has to be very simple (point and click) for some, but it 

should have the software and usability to manipulate and design phenotyping 

algorithms for more advanced users. In addition, it needed to have a very high-quality 

search engine so that it is very easy to find information, and for it to expand, there 

needs to be a reason for users to upload their phenotyping algorithms, which needs to 

be very easy and quick.  

This qualitative study indicated that although most of the interviewees expressed 

positive impressions about the idea of building a prototype concept library, 

approximately half of the participants expressed an interest in contributing to it. For 

the prototype concept library to work, researchers must engage with it and upload their 

codes there so that other people can use them. If researchers did not share their codes 

in the prototype concept library, this would usually mean an empty library. For better 

adoption of the prototype concept library, it is recommended that the developers 

consider the various facilitators for and barriers to participants sharing their work and 

reusing the work of others. 

8.3.2 Facilitators and Barriers to Sharing and Reusing Research Methods 

The findings of the focus group discussion (presented in chapter 6) demonstrate that 

facilitators of the participants' sharing of their research methods vary across four 
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categories: 1) personal drivers (e.g., obtaining appropriate credit, such as citations). 

This confirms the results of earlier studies that suggested researchers may be motivated 

to share their work if sharing leads to an increase in their citations [199] [200] [201], 

2) benefits for their research team (e.g., sharing information to promote research within 

their team) [202] [203], 3) benefits for their organization (e.g., collaboration among 

researchers working within the same organization would advance their organization's 

research outcomes), and 4) benefits for the research community (e.g. expanding 

research base) [204]. With respect to this, Cragin et al have stated: “As a research 

group gets larger and more formally connected to other research groups, it begins to 

function more like big science” [205].  

There were several barriers that could inhibit the participants from sharing their 

research methods, such as 1) the expected performance of the shared methods (e.g., 

some participants felt that building a general phenotyping algorithm to be used by 

others is very difficult). Similarly, Cragin et al have stated: “Researchers 

could identify the data they thought was the most sharable, but not necessarily the most 

valuable for long-term preservation, particularly for reuse by other researchers” 

[205], 2) lack of personal benefits such as recognition (e.g., some participants were 

worried about not being referenced by researchers who used their methods). In relation 

to this, Molloy reported that researchers can be discouraged from sharing their work 

by fear of not obtaining sufficient credit [206]. Therefore, a safeguard against 

uncredited use is necessary [207], 3) some participants mentioned that they were afraid 

that their methods would be used by other researchers as their own before publication. 

Similarly, the results of the study conducted by Huang et al. indicated that although 

most participants are interested in sharing papers related to biodiversity data, >60% of 

the participants were reluctant to share primary data before publication [208], and 4) 

some participants reported that lack adaptation of impact metrics may inhibit data 

sharing because researchers would not be able to measure the success of their methods 

if metrics are not available. This finding corresponds with other studies. For example, 

Costello stated “citation services must include online data publications in their 

metrics” [209], and Parr stated “currently, authorship is considered paramount, 

particularly in journals with high impact factors based on overall journal citation 

rates. But a measure of individual researcher impact has recently been proposed” 

[210]. 
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Unless these obstacles are resolved, the sharing of data in concept libraries is unlikely 

to increase significantly. 

Several facilitators encouraged participants to reuse research methods developed by 

others. They reported that reusing code lists created by other researchers would make 

their task much easier, save them a lot of time, and help to demonstrate that there is a 

justification for using such codes. These findings are consistent with those of the 

previous studies. For example, Anneke and Helen reported that researchers are using 

open research data to “be aware of the state of the art and not recreate the wheel, as 

well as access to more data and generating fresh insights” [211].  

8.3.3 The Current System of Phenotyping 

The results of the qualitative study (presented in chapter 6) indicate that more than half 

of the participants were not satisfied with their current system for phenotyping for 

several reasons, including the lack of accessibility of other researchers’ work, such as 

code lists, which could affect research outcomes and the fact that reusing publicly 

available code lists consumes a lot of time and requires lots of work [204]; lack of 

confidence in web-based code lists if they are not cited by other researchers; lack of 

availability of a consistent approach for defining covariates such as smoking; and the 

selected Read code lists by the researchers are different from the selected Read code 

lists by the general practitioners. It seems that their current approach lacks confidence 

and is time-consuming and effort-intensive. 

8.3.4 Implications and Potential Uses of Concept Libraries 

The results of the qualitative study (presented in chapter 6) demonstrate that existing 

concept libraries are not widely used, and most participants who used some of the 

existing concept libraries expressed negative impressions about them (e.g., they do not 

provide training or user documentation, and they are difficult to use) [202] [203] [204]. 

Lack of knowledge of the existence of concept libraries and how to use them is 

generally described as an obstacle to data sharing [212]. As existing concept libraries 

are not used by all researchers, obstacles that inhibit researchers from using them need 

to be addressed when building new concept libraries. 
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8.3.5 The Concept Library Usability Scale 

The purpose of developing the Concept Library Usability Scale, an e-mail survey 

instrument (See chapter 7), was to measure the usability of concept libraries by 

potential users. Therefore, a quantitative study was conducted, and the participants 

who work with the CPRD and SAIL Databank were asked to: 1) use one of the 

existing concept libraries in the UK, which is the CALIBER research platform, and 

2) complete the Concept Library Usability Scale. The Concept Library Usability 

Scale was completed by only 20 of the 200 invited participants (i.e., 10%). Most 

researchers are interested in knowing what their acceptable survey response rate is. 

However, there is no agreement in the literature on what constitutes an acceptable 

response rate. For example, Lindemann posed the question, "What is the average 

survey response rate?" The short answer? 33%." [213]. Ramshaw mentioned, "In 

our experience at Genroe, for well-crafted customer feedback surveys, the response 

rate is between 10% and 30%, depending on how engaged the audience is with the 

company" [214], while Chung stated, "A good survey response rate ranges between 

5% and 30%" [215]. 

Despite the fact that e-mail contact is the quickest and least expensive method of 

delivering this survey to participants, several factors may have influenced their low 

response rate, including: 1) the workload of professionals; 2) not including a deadline 

in the invitation emails; 3) different email checking habits (for example, some 

participants may open all of their emails, while others may only open emails from 

people they know; yet others may only open emails from their organization; and so 

on); 4) a lack of interest in the concept library idea; 5) different attitudes toward 

researchers (for example, some participants may be more likely to fill out a survey 

given by a PhD student, while others may be more likely to answer a survey given by 

a colleague in the field); and 6) the completing time (i.e., the extra 15 minutes that we 

asked the participants to spend using the CALIBER to search for algorithms they 

would like to use in the future before filling out the survey may inhibit some 

participants from completing the survey.) 

Even those who responded were not very positive but had a lukewarm response. There 

is no clear support for the concept library idea. Although more than half of the 

participants agreed to use the CALIBER research platform for their studies, some 
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participants were not sure about its usefulness and thought that it had some limitations, 

such as not having many concepts. I identified patterns of variation in the perceptions 

of participants (N = 20) regarding the usability of the CALIBER research platform. 

For example, although more than half of the participants preferred to use the CALIBER 

research platform for their studies, several participants were not sure about its 

usefulness and mentioned some requirements related to the content of the portal and 

the people who created them: 

1) Users required comprehensive information about the code lists, such as 

clarification of their purposes, to be available. 

2) The code lists need to be updated to SNOMED CT as they are currently limited 

to Read codes, and conditions should be context specific. 

3) Users wanted the portal to include more concepts and conditions. 

4) Users desired standardised saved phenotypes to support reproducibility, 

reliability, and comparability. 

5) The background of the people who made the code lists, such as their 

qualifications (e.g., having enough experience in the medical field like 

knowing medical terms and methods like different clinical classification 

systems), was important for users to know.  

Accessibility to research data such code lists saved in concept libraries has significant 

potential for scientific advancement as it promotes the replication of research results 

and enables the use of old data in new contexts [212]. However, the results of this 

quantitative study indicated that some users felt the availability of the code lists in 

concept libraries alone was not enough to consider using them. Lack of transparency 

in documenting the entire process involved in creating the code lists and absence of 

knowledge about the impact of changes to code lists on the design of the study and 

interpretation of findings may inhibit the use of concept libraries.  

In addition, the participants mentioned various drawbacks they experienced when 

using the CALIBER research platform related to data accessibility and usability issues, 

such as having difficulties locating and then using the algorithms, and when the code 

lists were located, downloading them into Excel, R, or Python was difficult. Also, the 

participants reported concerns regarding the quality and validity of the CALIBER 
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research platform’s available code lists, such as that they are not replicable, limited to 

Read v2, and context-specific. 

On the other hand, the results indicated that some users, who are probably new and 

non-experts, would use freely available data, including "fair" code lists, because of a 

lack of training, qualifications, and experience. They can easily link data and run 

studies but have very little understanding of what is actually happening with their data, 

including choices for creating code lists. 

Some participants discovered that the CALIBER research platform provides a wide 

range of concepts in a single location. As a result, they may still refer to other published 

algorithms to learn more about the exclusion of certain codes or validation. Other 

participants stated that the CALIBER research platform is unsuitable for their research 

since it has limited code sets that do not cover a wide range of specialities (i.e., it 

mainly provides code lists of cardiovascular diseases). Some participants required a 

full and thorough understanding of many aspects (study type, design, purpose of the 

code lists, qualifications, in particular of the researchers, etc.) before considering using 

the code lists for their studies. Also, some participants said that they preferred to use 

common data modelling platforms, like atlas and aetion, to make their own algorithms 

to generate code lists from EHR routine data instead of using algorithms and code lists 

that other researcher have already made. 

8.4 CHALLENGES 

One of the most major difficulties I encountered while conducting my thesis was the 

unavailability of previous studies in the literature that explored the requirements of 

users for concept libraries. As a result, I decided to compare and contrast the findings 

of my thesis with those of previous studies that had addressed the sharing and reusing 

of research methods such as code lists. In addition, finding studies about a concept 

library for electronic health data phenotypes in the literature for the first review study 

was challenging because there are just a limited number of related studies (See chapter 

4). The absence of a standard name or definition for concept libraries also resulted in 

a significant amount of time and effort being spent trying to locate them during the 

search process. In order to make inquiries as efficient as possible, a wider range of 

keywords had to be used.  
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Similarly, it was difficult to find relevant research papers for the second review study 

(See Chapter 5) because of the wide range of terminology, study types, and study 

designs in the literature. Conducting a thorough literature search on such a broad topic 

as chronic conditions in children was challenging, and some potentially eligible studies 

were excluded because they did not publish code lists. 

Another challenge I experienced was difficulties in recruiting participants to complete 

the email survey, the Concept Library Usability Scale, for the quantitative study (See 

chapters 3 and 7). I invited (twice) 200 invited participants who work with the CPRD 

and SAIL Databank to complete the survey, and I kept the link to the survey open for 

about 4 months, but only 20 completed it. 

8.5 STRENGTHS AND LIMITATIONS 

The first review study, presented in chapter 4, is the first review study, to our 

knowledge, aimed at identifying existing concept libraries, exploring their various 

characteristics, and examining the current practises in this evolving field. Finding 

studies about a concept library for electronic health data phenotypes in the literature 

was challenging as there were a limited number of related studies. Another challenge 

was the lack of a standard name or definition that describes this kind of library. 

Therefore, a range of keywords were needed to make queries as efficient as possible. 

This study examined only public concept libraries. It didn't look at non-publicly 

accessible concept libraries that are only accessible through the networks of the 

organisations and institutes that host them. 

The second review study, presented in Chapter 5 of this thesis, aimed to identify the 

classification systems used for identifying all children with chronic conditions in 

routine data sources. This review was based on searching only one database (Medline), 

and this database was selected because it has the best coverage for health-related 

studies, which is where most studies in our area of interest would be indexed. The 

reference lists of all studies that had used a seemingly relevant classification system 

were also checked to ensure that any source studies were assessed against the eligibility 

criteria. Therefore, whilst it is possible that other relevant coding systems would have 

been identified if the searches had been repeated in other databases, I am reasonably 

confident that this search has identified most published papers that describe such 

systems. However, some judgement was required in selecting individual studies due 
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to the considerable differences in terminology, study types, and study designs found in 

the literature. 

I feel that this review will be useful to researchers interested in identifying chronic 

conditions in children from routine data sources such as administrative databases. A 

summary of some of the available classification systems for chronic conditions in 

children, including links to code lists, would save researchers time and effort. For 

example, researchers may use the algorithms that use an ICD-based classification 

system to identify chronic conditions in data on hospitalisations or deaths in the UK, 

but only if the system matches or can be edited to fit their purposes. This review may 

also be useful for researchers interested in examining studies that classify a range of 

chronic conditions in children using a range of different combined data sources. 

However, additional work is needed to make sure that current systems that try to map 

ICD-10 codes to other systems for chronic conditions in children are validated.  

This review may be beneficial for concept libraries such as clinicalcode.org and 

CALIBER [143] [18] as I tried to make the classification systems presented in this 

review repeatable by summarising the definitions, types of routine data sources, coding 

systems on which they are based (for example, ICD-10), and links to their specific 

codes if they are publicly available.  

To our knowledge, the qualitative study provided in Chapter 6, is the first study aimed 

at identifying the needs of various users of a concept library. The findings of this study 

would have a significant impact on improving the efficiency of existing concept 

libraries by informing their developers about the different requirements, facilitators, 

barriers, and recommendations of the various users. In addition, this work will greatly 

inform the developers of new concept libraries to improve access to and collaboration 

with EHRs’ routine data, which is part of an all-UK agenda, and the findings of this 

study will have implications for other countries working to access and share EHRs’ 

routine data. 

This qualitative study has some limitations that should be addressed in future studies. 

The first limitation is that we had a time limit on how long we could talk to the 

participants because each one-to-one interview was given 30 minutes. As a result, the 

number of questions we could ask and the amount of time we could spend on each 
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question were limited. The second limitation is that all the participants of the 

interviews and focus group discussion were recruited because they used the SAIL 

databank, a national eHealth data linkage infrastructure in Wales, so they mostly talked 

about the Swansea concept library in the SAIL databank. As the discussion focused on 

the SAIL databank, its generalization to other concept libraries was limited. 

In the quantitative study presented in chapter 7, I developed the Concept Library 

Usability Scale, which is, to our knowledge, the first specific measure that can be used 

to assess and compare the usability of concept libraries. It is a straightforward 

instrument that enables comprehensive assessments of the usability of concept libraries 

globally. The Concept Library Usability Scale was made to be quick and easy to 

administer while still being reliable enough to be used to measure the user experience 

of a concept library. I worked very hard to make it as short and simple as possible 

while also taking into account the ability of participants to complete the tasks required, 

the effectiveness of those tasks' output, and the ease with which those tasks can be 

completed (See chapter 3). 

This Concept Library Usability Scale, unlike the SUS, includes comment boxes. To 

obtain a thorough understanding of the participants' responses, I placed comment 

boxes below the following statements: 1, 2, and 8. This allowed participants to explain 

why they agreed or disagreed with these statements. To encourage participants to 

describe their overall responses, I have included an additional comment box following 

statement 11. Barnum said that the participants' comments, whether positive or 

negative, could help learn more about their experiences [137]. 

The low response rate of the participants (20 of 200 invited) who completed the survey 

is one of the limitations of my quantitative study presented in Chapter 7 because it 

could affect the interpretation of the results. Another limitation is that I only used My 

Concept Library Usability Scale to assess the usability of one concept library (the 

CALIBER data portal in the UK), which may limit the generalizability of the results. 

To overcome these limitations, I plan to use it in future research to see how well other 

concept libraries work. 
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8.6 FUTURE WORK 

When I finish this thesis, I will conduct two studies. In the first study, I will add to the 

second review presented in Chapter 5 of this thesis, which aimed to identify 

classification systems used for identifying all children with chronic conditions in 

routine data sources, other studies that have tried to identify a limited sample of chronic 

conditions in children, such as most or the most common, or a specified set of chronic 

conditions (e.g., life-threatening conditions, children with disabilities), or a limited 

number of conditions. In addition, I will add other studies that have tried to modify 

other systems by adding in new codes or conditions. In the second study, I will use the 

Concept Library Usability Scale developed in this thesis to look at the usability of other 

concept libraries found in the literature, such as clinicalcode.org. I will then compare 

the new findings to the quantitative findings in this thesis. 
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Chapter 9 

Conclusion 

This chapter presents the general conclusion from all the studies conducted for this 

thesis, including the interviews, focus groups, and survey, and it provides 

recommendations to improve repeatable research using linked routine electronic data 

sources. 
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9 CHAPTER 9: CONCLUSION 

Accessibility to research data such as code lists and algorithms has significant potential 

for scientific advancement as it promotes the replication of research results. The 

process of building code lists takes time and effort. Accordingly, access to existing 

code lists increases consistency and accuracy of definitions across studies, and 

collaboration between multiple research groups to develop validated code lists for 

studies with the same purposes is needed to avoid duplication of work. Also, 

transparency in sharing validated code lists and allowing other researchers to reuse 

them would be very useful for repeatable research for the public good. 

Although it may seem beneficial for researchers to reuse methods developed by others, 

such as code lists, some researchers who created them prefer not to share them because 

they worked hard to create them and would rather publish them first to ensure their 

academic rights, such as being referenced. The major challenge is that some 

researchers would like to use the work of other researchers, but they do not want to 

contribute their work to concept libraries. Open sharing can be more difficult in the 

research community as researchers compete for grants, work promotions, and 

publication quotations. They think carefully about how, when, and where to share their 

work as they have spent a vast amount of time and effort to develop it. A solution to 

these issues would be to encourage researchers to contribute data to the prototype 

concept library in such a way that the shared data is understandable and reusable (e.g., 

ensuring uploading of adequate documentation) for the public good rather than for 

personal gains. 

To enhance data sharing, the United Kingdom and other countries, including Canada, 

have built web-based data portals for phenotypes known as “concept libraries”, which 

allow data analysts, researchers, and clinicians to upload and download lists of clinical 

codes, update previous code lists, and share clinical code data across platforms. 

However, our review of the literature showed that the seven concept libraries identified 

were developed independently and appear to replicate similar concepts in different 

ways, including the ClinicalCodes.org [143], the Genotypes and Phenotypes Database 

(dbGaP) [146], the Phenotype knowledgebase (PheKB) [147], the Manitoba Centre for 

Health Policy (MCHP) Concept Dictionary and Glossary [148], the Clinical Disease 

Research using Linked Bespoke Studies and Electronic Health Records (CALIBER) 
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[19], the PhenoScanner V2 [149], and the Genome-Phenome Analysis Platform 

(GPAP) [150]. Furthermore, our review of the literature also revealed that there are a 

lot of different features in the different concept libraries, one concept library might do 

things that others do not (e.g., provides SNOMED or BNF code lists or provides 

definitions for demographic variables such as smoking or BMI algorithms that other 

concept libraries do not do). (See chapter 4) 

Findings from qualitative and quantitative studies revealed that existing concept 

libraries are not widely used by researchers due to a number of limitations. (See 

chapters 6 and 7). To address these limitations, concept library developers may 

consider working together to: 1) raise awareness of their existence; 2) improve their 

different functions, such as enabling users to share, validate, and reuse concepts (e.g., 

code lists) to satisfy the various needs of their users; and 3) motivate users to contribute 

to those libraries. In addition, collaboration across data linkage centres is needed to 

develop common standards that govern and guide these emerging libraries. For 

example, they would agree on a relatively standard definition and name for concept 

libraries to enable users to locate them and then use them easily.  

For a comprehensive adoption of concept libraries, their various functions, such as 

enabling users to share, validate, and reuse concepts (e.g., code lists), and their search 

features, should be assessed by developers, funders, users, and experts to ensure that 

they meet the needs of various users. Since there are two different types of concept 

libraries, 1) general libraries that hold phenotypes of multiple specialties and 2) 

specialised libraries that manage only certain specificities, such as rare diseases, users' 

preferences for the type of concept library need to be evaluated (e.g., through 

interviews, focus groups, and surveys) before developing new concept libraries. 

The analysis of the findings from all of the studies that were conducted in this thesis, 

which included two qualitative studies (interviews and focus groups) and one 

quantitative study (a survey), revealed that although existing concept libraries have 

some limitations, they may have the potential to support repeatable research.  To make 

concept libraries more useful, developers may consider investing in doing needs 

assessments for concept libraries in order to improve their functionalities and meet the 

expectations of various users. I recommend that the State of Kuwait begin by exploring 

existing concept libraries that provide code lists of interest to them, and then conduct 
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needs assessments for users before investing in the development of new concept 

libraries. 
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11.1 APPENDIX 1: CONSENT FORM 

 

  

Participant Identification Number for this research: 

 

CONSENT FORM 

 

Title of the research: Repeatable and reusable research - Exploring the needs of users for a Data Portal for Disease 

Phenotyping 

Name of Researcher: Zahra Almowil 

Name of Researcher’s Supervisor: Prof. Sinead Brophy  

Name of Researcher’s Supervisor: Dr. Jodie Croxall 

Please initial box  

1. I confirm that I have read the information sheet for the above research. I have had the  

opportunity to consider the information, ask questions and have 

had these answered satisfactorily. 

 

2. I understand that my participation is voluntary and that I am free to withdraw at any time 

without giving any reason, without my medical care or legal rights being affected. 

 

 
3. I understand that the information collected about me will be used to support 

other research in the future, and may be shared anonymously with other researchers. 

 

 
4. I agree to take part in the above study. 

 

            

Name of Participant  Date    Signature 

 
            

Name of Person  Date    Signature 

taking consent 
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11.2 APPENDIX 2: PARTICIPANT INFORMATION SHEET 

 

Participant Information Sheet 

Study title 

Repeatable and reusable research - Exploring the needs of users for a Data Portal for Disease 

Phenotyping 

Invitation and brief summary 

You are being invited to take part in this interview for the research project as part of my PhD 

research degree in Health Informatics at the Data Science Building, Swansea University 

Medical School. Before you decide to participate in this interview, it is highly recommended 

to understand the purpose of the research and what it will involve. I really appreciate your 

time in reading the following information, and please feel free to ask us about anything that is 

not clear or if you need more information. Thank you for your time in this matter. 

What is the purpose of the research project?  

The purpose of this research project is to inform the design of the Wales Portal for Data through 

development and evaluation of interviews, focus groups, and surveys with key stakeholders to 

improve disease phenotyping.   

 

Do I have to take part? 

No, you do not have to participate in this research project. Participation is totally voluntary, and you 

have the right to withdraw at any time without giving a reason and without prejudice. 

 

What will my involvement require? 

If you agree to participate in this interview, please read this sheet, tick the box to indicate that you 

have read this participant information sheet, and sign a consent form. 

What are the possible benefits of taking part? 

Your contribution in this research is invaluable because it will be used to inform the development of a 

Portal to improve access to, usability, and collaborations with routine data.   

Will my taking part in the study be kept confidential? 

Yes, all the information collected from you during the interview will be anonymous. For further 

protection of your privacy and confidentiality, all records will be destroyed after transcriptions, and 
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transcription is password protected in a secure server. 

Who is organizing and funding the research? 

This research project which is part of my PhD research in Health Informatics, is organized and 

supervised by my supervisors who are working with the Health Data Research UK Wales and 

Northern Ireland Site, Swansea University Medical School, and is funded by Kuwait Cultural Office 

in London. 

Further information and contact details: 

If you have any questions concerning this research, please contact: 

Zahra Almowil (Researcher):  

Prof. Sinead Brophy (Researcher’s Supervisor):  

Dr. Jodie Croxall (Researcher’s Supervisor):  

 

 

 

 

 

 

 

 

 

 

Thank you for taking the time to read this Information Sheet. 
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11.3 APPENDIX 3: APPLICATION FOR STANDARD ETHICAL APPROVAL (1) 

 

Application for Standard Ethical Approval 

 

CHECKLIST 

Please note that we are able to review an application only when all documentation is 

submitted alongside this application form. Should any necessary appendices not be 

attached, this could delay the submission until the following month. Please use this 

checklist below to ensure that the application is complete. Many thanks. 

 Attached 

Yes / No / N/A 

Comment 

Recruitment advertisement or email(s) N/A  

Participant information sheet(s) Yes  

Consent form(s) Yes  

Debrief sheet(s) N/A  

Questionnaire(s) No  

Interview or Focus Group schedule(s)/questions Yes  

Workshop schedule(s)/questions N/A  
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Written consent from public or private body N/A  

Supervisor signature  Yes  

 

1. PLEASE COMPLETE THE FORM USING TYPESCRIPT  

2. (hand-written applications will not be considered) 

Principal 

Investigator 

Zahra Ahmed Almowil 

Date 21/01/19 

School Swansea University 

E-mail address  

Title of Proposed 

Research  

Development and Evaluation of a Secure Data Portal and Interactive 

Platform of Disease Phenotyping for Retrieval and Analysis of the 

Terminologies of Diagnoses, Symptoms, Medications and Procedures 

in Wales 

Type of 

Researcher 

(Please tick) 

Postgraduate student           

  

Name of course & 

supervisor 

Name of course: PhD in Health Informatics 

Dr Shangming Zhou 
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Prof. Sinead Brophy 

Supervisor e-mail 

address 

 

 

Qualifications and  

 

professional 

background 

Master Degree in Heath Information Systems 

 

Clinical Instructor in the Medical Records Department at the College 

of Heath Sciences, Kuwait for the last 13 years. 

 

3. Briefly describe the rationale and the main aims of the research you wish to 

undertake, including a statement of the intended benefits of the research. Please use 

non-technical language wherever possible. 

Aims:  

To inform the design of the Wales Portal for Data through development and evaluation of 

interviews, focus groups and surveys with key stakeholders to improve disease phenotyping.   

Objectives: 

The project focuses on: 

• Identifying the associated literatures and reports for the disease phenotypes 

focusing on chronic conditions - asthma, dementia, diabetes, cancers. 

• Design and development of the platform; 

• Identifying the phenotypes of diseases in adults from the medical codes; 

• Performing a needs assessment (e.g., SWOT analysis of the current situation and 

what is needed for the future), a scoping study of what resources are available to 

deliver the Portal, and examining user experience and recommendations.  

• Developing methods of evaluating the prototype of the portal to meet the demands 

The intended benefits of the research: 

This work will greatly inform the development of a Portal to improve access to and 
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collaborations with routine data.  This is part of an all-UK agenda and the finding of this 

work will have implications for other countries working to access and share routine such as 

in Australia and Kuwait.  

 

4. Briefly describe the overall design of the project including dates and/or the 

proposed period of investigation 

Contact with experts in the field about the state-of-the-art research in portal development 

from May 2019 to July 2019 

 

5. Briefly describe the methods of data collection and analysis. Please describe all 

measures to be employed. If questionnaire or interviews are to be used, please 

provide the questionnaire / interview questions and schedule. 

Materials and methods: 

This project consists of the following stages: 

1) Scoping through literature review to examine the definitions of diseases in adults, 

focusing on chronic conditions - asthma, dementia, diabetes, cancers.  

 

2) Scoping through literature review and contact with experts in the field to examine 

what Portals already exist, how are they designed, how are they used, how we might 

build from the current situation.  

 

3) Needs assessment – a focus group with researchers (n=5-8) working with SAIL data 

within the Data Science Building, Swansea University, will be held for 2 hours to 

perform a SWOT analysis (Strengths, Weaknesses, Opportunities, Threats) for the 

current system and the proposed Portal. Interviews with researchers working with 

SAIL data outside the Data Science Building will be held to take their opinions 

using the same SWOT analysis approach.  The focus group and interviews will all 

be transcribed verbatim and analysed with recommendations and learning written 

up to be submitted to Health Informatics journals or the International Journal of 
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Population Data Science.  

 

4) Scoping of resources and requirements – interviews with the health informatics 

teams in both Swansea and other universities to examine what is needed to develop 

common metadata standards, sharing (e.g., Via WIKI?) of information, how to run 

a centralised or federated approach to the Portal, show to deal with support and 

referencing of codes and terms, how to host information, user interface and 

knowledge of what works best, how to make it very easy to use with a low barrier 

to entry. These findings from this work will also be submitted to Health Informatics 

Journals.  

 

5) Recommendations and requests from policy makers in terms of visualization of 

data. 

 

6) Evaluation and interpretation of the prototype portal – examining user experience 

and recommendations through (a) one to one interview with researchers as they use 

the Portal (2) online survey using survey monkey for all users as it is rolled out. 

Multi-criteria decision making will be used to combine the recommendations and 

yield an overall recommendation that will be fed back to the developers. 

 

6. Location of the proposed research (i.e., Departmental labs, schools, etc) 

Data Science Building, Swansea University 

 

7. Describe the participants: give the age range, gender, inclusion and exclusion 

criteria, and any particular characteristics pertinent to the research project.  

Researchers, Health Informatics, and Policy makers 

Age 18+, M+F, work in the field of big data 

 



260 

 

8. How will the participants be selected and recruited? Please describe in detail the 

process of recruitment, including how and by whom initial contact is made with 

participants (e.g., advertisement, e-mail).   

I will inform the participants orally through HDRUK (Health Data Research UK) contacts. 

 

9. What procedures (e.g., interviews, computer-based learning tasks, etc.) will be used 

to gather information from participants? 

Interviews and focus group 

 

10. What potential risks to the participants do you foresee and how do you propose to 

ameliorate/deal with potential risks? Declare any relationship with the participants.  

 

No personal identifiable information will be collected. No foreseen potential risk 

identified so far. 

11. What potential risks to the interests of the researchers do you foresee and how will 

you ameliorate/deal with potential risks?  

       No foreseen potential risks identified so far. 

 

12. How will you brief and debrief participants? (Please attach copy of participant 

information sheets and relevant debrief information) 

I will summarize the discussion at the end of the session to confirm summary is 

representative of participants opinions 
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13. Will informed consent be sought from 

participants?  
Yes (Please attach a copy of 

the consent form and 

participant information sheet) 

Yes 

 

14. If there are doubts about participants’ abilities to give informed consent, what steps 

have you taken to ensure that they are willing/competent to participate? 

N/A 

 

15. If participants are under 18 years of age, please describe how you will seek informed 

consent.  

N/A 

 

16. How will consent be recorded? 

Paper based written signature 

 

 

17. Will participants be informed of the right to withdraw from your study without 

penalty? If no, please explain why. 

Yes  

 

18. How do you propose to ensure participants’ confidentiality and anonymity? 
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No names will be collected from the participants.  They will be given numbers and referred 

to in terms        of numbers 

 

19. Please describe the arrangements for storing and disposal of data: 

a). Please describe the arrangements for storing and disposal of data: 

Record and transcribe, and records will be destroyed after transcriptions. 

 

 b). Please explain, for each of the above, the arrangements you will make for the security 

of the data   

Transcription is password protected in a secure server. 

 

 

20. Does your research require the written consent of a public or private body, e.g., 

school, local authority or company? If so, please attach letter of consent. 

No 

 

21. If your proposed research is with ‘vulnerable’ groups (e.g., children, people with a 

disability etc.), has an up-to-date Disclosure and Barring Service (DBS) check 

(previously CRB check) if UK, or equivalent non-UK clearance been requested 

and/or obtained for all researchers? 

N/A 
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22. Does your research involve the 

collection of Human Tissue?  E.g., 

saliva, urine 

Yes   

No  x 

 

Applicant’s signature:  ____________________________ Date:  _________________ 

 

 

Supervisor’s signature: ____________________________ Date:  _________________ 

(If appropriate) 

 

 

Upon completion, please forward an electronic copy (as a single document, Word or 

PDF) by e-mail to sumsresc@swansea.ac.uk  and a signed hard copy to the Chair of 

the Committee, Dr Deyarina Gonzalez. 

 

Administrative Support 

Research Ethics Sub- Committee, 

SUMS 

Swansea University 

Singleton Park, Swansea, SA2 8PP. 

 

Dr Deyarina Gonzalez 

mailto:sumsresc@swansea.ac.uk
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Research Ethics Sub-Committee, 

SUMS 

Swansea University 

Singleton Park, Swansea, SA2 8PP. 

Email:  

Chairperson REG 

 

 

 

**RESEARCH MAY ONLY COMMENCE ONCE ETHICAL  

APPROVAL HAS BEEN OBTAINED** 
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11.4 APPENDIX 4: ETHICAL APPROVAL 

 

Ethical Approval 

 

Ethics Committee Use Only 

 

Principal 

Investigator 

Zahra Ahmed ALMOWIL 

Title of Proposed 

Research  

Development and Evaluation of a Secure data Portal and 

Interactive Platform of Disease Phenotyping for Retrieval and 

Analysis of the Terminologies of Diagnoses, Symptoms, 

Medications and Procedures in Wales. 

RESC Project 

reference number 

2019-0007 

 

Application approved Yes X No    

Conflict of interest Yes  No X   

If yes, please supply details  
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Chair of SUMS RESC  Deya Gonzalez        

Associate Professor of Molecular Medicine 

 

Swansea University Medical School 

Singleton Park, Swansea, SA2 8PP, UK. 

Email   

 

 

Date     07.03.19 

Signature           

 

 

 

This application has been granted ethical approval in its current form. 

 

Please ensure that you quote project reference number 2019-0007 in any correspondence 

with the SUMS RESC  
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Time limit for applicant to respond (Two months from receipt of email from 

ethics panel) 
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11.5 APPENDIX 5: APPLICATION FOR STANDARD ETHICAL APPROVAL (2) 

 

Application for Standard Ethical Approval 

 

CHECKLIST 

 

Please note that we are able to review an application only when all documentation is 

submitted alongside this application form. Should any necessary appendices not be 

attached, this could delay the submission until the following month. Please use this 

checklist below to ensure that the application is complete. Many thanks. 

 

 Attached 

Yes / No / 

N/A 

Comment 

Recruitment advertisement or email(s) N/A  

Participant information sheet(s) Yes  

Consent form(s) Yes  

Debrief sheet(s) N/A  
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Questionnaire(s) Yes See 

Appendix .3 

Interview or Focus Group schedule(s)/questions Yes  

Workshop schedule(s)/questions N/A  

Written consent from public or private body N/A  

Supervisor signature  Yes  

 

• PLEASE COMPLETE THE FORM USING TYPESCRIPT  

• (hand-written applications will not be considered) 

 

Principal 

Investigator 

Zahra Ahmed Almowil 

Date 15/02/21 

School Swansea University 

E-mail address  

Title of 

Proposed 

Research  

Repeatable and reusable research - Exploring the needs of users 

for a Data Portal for Disease Phenotyping 
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Type of 

Researcher 

(Please tick) 

Postgraduate student (PhD)                    

  

Name of course 

& supervisor 

Name of course: PhD in Medical and Health Care Studies - 

Health Informatics 

Prof. Sinead Brophy 

Dr. Jodie Croxall 

Supervisor e-

mail address 

 

 

 

Qualifications 

and  

 

professional 

background 

Master Degree in Heath Information Systems 

 

Clinical Instructor in the Medical Records Department at the 

College of Heath Sciences, Kuwait for the last 13 years. 

 

 

23. Briefly describe the rationale and the main aims of the research you wish to 

undertake, including a statement of the intended benefits of the research. 

Please use non-technical language wherever possible. 
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Aims:  

To inform the design of the Wales Portal for Data through development and 

evaluation of interviews, focus groups and surveys with key stakeholders to improve 

disease phenotyping.   

Objectives: 

The project focuses on: 

• Identifying the associated literatures and reports for the disease phenotypes 

focusing on chronic conditions - asthma, dementia, diabetes, cancers. 

• Design and development of the platform; 

• Identifying the phenotypes of diseases in adults from the medical codes; 

• Performing a needs assessment (e.g., SWOT analysis of the current situation 

and what is needed for the future), a scoping study of what resources are 

available to deliver the Portal, and examining user experience and 

recommendations.  

• Developing methods of evaluating the prototype of the portal to meet the 

demands 

The intended benefits of the research: 

This work will greatly inform the development of a Portal to improve access to and 

collaborations with routine data.  This is part of an all-UK agenda and the finding of 

this work will have implications for other countries working to access and share 

routine such as in Australia and Kuwait.  
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24. Briefly describe the overall design of the project including dates and/or the 

proposed period of investigation 

Research Plan: 

• October 2018~April 2019 

Candidature report and scoping through literature review to examine the definitions 

of diseases in adults 

• Requesting ethical approval from the SUMS Research Ethics Sub-

Committee and training in qualitative methods 

• May 2019 ~ July 2019 

Scoping through literature review and contact with experts in the field about the 

state-of-the-art research in portal development 

• August 2019 ~ January 2020 

Needs assessment of focus groups and key stakeholders 

 

• February 2020 ~ June 2020 

Scoping of resources and requirements 

• July 2020 ~ February 2021 

Developing the methods to evaluating the prototype portal. 

• March 2021 ~ September 2021 

Write the thesis and submit it for viva. 
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25. Briefly describe the methods of data collection and analysis. Please describe 

all measures to be employed. If questionnaire or interviews are to be used, 

please provide the questionnaire / interview questions and schedule. 

Materials and methods: 

This project consists of the following stages: 

1) Scoping through literature review to examine the definitions of diseases in 

adults, focusing on chronic conditions - asthma, dementia, diabetes, cancers.  

2) Scoping through literature review and contact with experts in the field to 

examine what Portals already exist, how are they designed, how are they 

used, how we might build from the current situation.  

3) Needs assessment – a focus group with researchers (n=5-8) working with 

SAIL data within the Data Science Building, Swansea University, will be 

held for 2 hours to perform a SWOT analysis (Strengths, Weaknesses, 

Opportunities, Threats) for the current system and the proposed Portal. 

Interviews with researchers working with SAIL data outside the Data 

Science Building will be held to take their opinions using the same SWOT 

analysis approach.  The focus group and interviews will all be transcribed 

verbatim and analysed with recommendations and learning written up to be 

submitted to Health Informatics journals or the International Journal of 

Population Data Science.  

4) Scoping of resources and requirements – interviews with the health 

informatics teams in both Swansea and other universities to examine what is 

needed to develop common metadata standards, sharing (e.g., Via WIKI?) 

of information, how to run a centralised or federated approach to the Portal, 

show to deal with support and referencing of codes and terms, how to host 

information, user interface and knowledge of what works best, how to make 

it very easy to use with a low barrier to entry. These findings from this work 

will also be submitted to Health Informatics Journals.  
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5) Recommendations and requests from policy makers in terms of visualization 

of data. 

6) Evaluation and interpretation of the prototype portal – examining user 

experience and recommendations through (a) one to one interview with 

researchers as they use the Portal (2) online survey using survey monkey for 

all users as it is rolled out. Multi-criteria decision making will be used to 

combine the recommendations and yield an overall recommendation that 

will be fed back to the developers. 

 

26. Location of the proposed research (i.e., Departmental labs, schools, etc) 

Data Science Building, Swansea University 

 

27. Describe the participants: give the age range, gender, inclusion and exclusion 

criteria, and any particular characteristics pertinent to the research project.  

Researchers, Health Informatics, and Policy makers 

Age 18+, M+F, work in the field of big data 

 

28. How will the participants be selected and recruited? Please describe in detail 

the process of recruitment, including how and by whom initial contact is 

made with participants (e.g., advertisement, e-mail).   
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I will inform the participants orally through Health Data Research UK (HDRUK) 

contacts. 

I will invite researchers who have validated disease concepts to take part in an 

interview. I will email them and I will phone them to ask for their participations. 

I will email researchers to ask them to complete an online questionnaire. 

 

29. What procedures (e.g., interviews, computer-based learning tasks, etc.) will 

be used to gather information from participants? 

Interviews, focus group, and questionnaires 

 

30. What potential risks to the participants do you foresee and how do you 

propose to ameliorate/deal with potential risks?  

No personal identifiable information will be collected. No foreseen potential risk 

identified so far. 

31. What potential risks to the interests of the researchers do you foresee and 

how will you ameliorate/deal with potential risks?  

No foreseen potential risks identified so far. 
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32. How will you brief and debrief participants? (Please attach copy of 

participant information sheets and relevant debrief information) 

I will summarize the discussion at the end of the session to confirm summary is 

representative of participants opinions 

 

33. Will informed consent be sought 

from participants?  

Yes (Please attach a copy 

of the consent form and 

participant information 

sheet) 

Yes 

 

34. If there are doubts about participants’ abilities to give informed consent, 

what steps have you taken to ensure that they are willing/competent to 

participate? 

N/A 

 

35. If participants are under 18 years of age, please describe how you will seek 

informed consent.  

N/A 
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36. How will consent be recorded? 

Paper based written signature 

 

 

37. Will participants be informed of the right to withdraw from your study 

without penalty? If no, please explain why. 

Yes  

 

38. How do you propose to ensure participants’ confidentiality and anonymity? 

No names will be collected from the participants.  They will be given numbers and 

referred to in terms        of numbers 

 

39. Please describe the arrangements for storing and disposal of data: 

a). Please describe the arrangements for storing and disposal of data: 

Record and transcribe, and records will be destroyed after transcriptions. 

 b). Please explain, for each of the above, the arrangements you will make for the 

security of the data   
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Transcription is password protected in a secure server. 

 

Interviews will be tape recorded, and the recording will be transcribed. Once 

transcripts are electronic, records will be deleted. All transcripts will be stored in a 

locked area and password protected and computers are password protected also. 

 

 

40. Does your research require the written consent of a public or private body, 

e.g., school, local authority or company? If so, please attach letter of consent. 

No 

 

41. If your proposed research is with ‘vulnerable’ groups (e.g., children, people 

with a disability etc.), has an up-to-date Disclosure and Barring Service 

(DBS) check (previously CRB check) if UK, or equivalent non-UK 

clearance been requested and/or obtained for all researchers? 

N/A 

 

42. Does your research involve the 

collection of Human Tissue?  E.g., 

saliva, urine 

Yes   

No  x 
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Applicant’s signature:    Zahra     Date:  15/02/2021 

 

Supervisor’s signature:  Sinead    Date:  15/02/2021 

(If appropriate) 

Appendix 1. Participant Information Sheet 

Participant Information Sheet 

Study title 

Repeatable and reusable research - Exploring the needs of users for a Data Portal for 

Disease Phenotyping 

Invitation and brief summary 

You are being invited to take part in this interview for the research project as part of 

my PhD research degree in Health Informatics at the Data Science Building, Swansea 

University Medical School. Before you decide to participate in this interview, it is 

highly recommended to understand the purpose of the research and what it will 

involve. I really appreciate your time in reading the following information, and please 

feel free to ask us about anything that is not clear or if you need more information. 

Thank you for your time in this matter. 

What is the purpose of the research project?  

The purpose of this research project is to inform the design of the Wales Portal. 

Do I have to take part? 

No, you do not have to participate in this research project. Participation is totally 

voluntary, and you have the right to withdraw at any time without giving a reason and 

without prejudice. 

What will my involvement require? 
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If you agree to participate in this interview, please read this sheet, tick the box to 

indicate that you have read this participant information sheet, and sign a consent form. 

What are the possible benefits of taking part? 

Your contribution in this research is invaluable because it will be used to inform the 

development of a Portal to improve access to, usability, and collaborations with routine 

data.   

Will my taking part in the study be kept confidential? 

Yes, all the information collected from you during the interview will be anonymous. 

For further protection of your privacy and confidentiality, all records will be destroyed 

after transcriptions, and transcription is password protected in a secure server. 

Who is organizing and funding the research? 

This research project which is part of my PhD research in Health Informatics is 

organized and supervised by my supervisors who are working with the Health Data 

Research UK Wales and Northern Ireland Site, Swansea University Medical School, 

and is funded by Kuwait Cultural Office in London. 

Further information and contact details: 

If you have any questions concerning this research, please contact: 

Zahra Almowil (Researcher):  

Prof. Sinead Brophy (Researcher’s Supervisor):  

Dr. Jodie Croxall (Researcher’s Supervisor):  

 

 

Thank you for taking the time to read this Information Sheet. 

Appendix 2. Consent Form 
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Participant Identification Number for this research: 

CONSENT FORM 

Title of the research: Repeatable and reusable research - Exploring the needs of users 

for a Data Portal for Disease Phenotyping 

Name of Researcher: Zahra Almowil 

Name of Researcher’s Supervisor: Prof. Sinead Brophy  

Name of Researcher’s Supervisor: Dr. Jodie Croxall 

 Please initial box  

1. I confirm that I have read the information sheet for the above research. I have had 

the opportunity to consider the information, ask questions and have had these 

answered satisfactorily. 

 

2. I understand that my participation is voluntary and that I am free to withdraw at any 

time without giving any reason, without my medical care or legal rights being 

affected. 

 

3. I understand that the information collected about me will be used to support 

other research in the future, and may be shared anonymously with other researchers. 

 

4. I agree to take part in the above study. 

            

Name of Participant  Date    Signature 
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Name of Person  Date    Signature 

taking consent 
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11.6 APPENDIX 6: THE CONCEPT LIBRARY USABILITY SCALE 

* 1. I think that I would like to use this concept library frequently. 

o Strongly disagree 

o Disagree 

o Neither agree nor disagree 

o Agree 

o Strongly agree 

Could you please explain why you disagreed or agreed with this statement? 

* 2. I think that I would need the support of a technical person to be able to use 

this concept library. 

o Strongly disagree 

o Disagree 

o Neither agree nor disagree 

o Agree 

o Strongly agree 

Could you please explain why you disagreed or agreed with this statement? 

* 3. I found the various functions in this concept library, such as searching and viewing 

concepts; and creating and editing concepts, were easy to use. 

o Strongly disagree 

o Disagree 

o Neither agree nor disagree 

o Agree 

o Strongly agree 

* 4. I felt very confident using the concept library. 

o Strongly disagree 

o Disagree 

o Neither agree nor disagree 
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o Agree 

o Strongly agree 

* 5. I needed to learn a lot of things before I could get going with this concept 

library. 

o Strongly disagree 

o Disagree 

o Neither agree nor disagree 

o Agree 

o Strongly agree 

* 6. I think that the user documentation is task oriented and consists of clear, step 

by step instructions. 

o Strongly disagree 

o Disagree 

o Neither agree nor disagree 

o Agree 

o Strongly agree 

* 7. I found the concept library supports advanced functional tasks (e.g., it allows 

using of programming languages such as R, SQL, or Python). 

o Strongly disagree 

o Disagree 

o Neither agree nor disagree 

o Agree 

o Strongly agree 

* 8. I feel it is acceptable if I am required to reference the concept library when 

publishing papers. 

o Strongly disagree 

o Disagree 

o Neither agree nor disagree 
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o Agree 

o Strongly agree 

* 9. I think the concept library is interoperable with other required/ related 

systems. 

o Strongly disagree 

o Disagree 

o Neither agree nor disagree 

o Agree 

o Strongly agree 

* 10. I found that it was easy to understand how the concept library is run and managed. 

o Strongly disagree 

o Disagree 

o Neither agree nor disagree 

o Agree 

o Strongly agree 

* 11. I thought the concept library supports clear algorithms labeling convention. 

o Strongly disagree 

o Disagree 

o Neither agree nor disagree 

o Agree 

o Strongly agree 

* 12. Can you tell us more about why you give the answers you did? (e.g., what could 

be improved? and what did you like about the system? 
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13. If you are interested in participating in one-to-one interview, please provide us with 

your contact information. 

 

Name 

Company 

Address 

Address 2 

City/Town 

County 

Post Code 

Country 

Email Address 

Phone Number 

 

Thank you for completing the Survey. 

 

 

 

 




