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Abstract

The research reported in this thesis explored the use of patient-reported outcome
measures (PROMs) in the routine clinical management of patients with advanced
chronic kidney disease (CKD). Mixed-methods were employed to (i) evaluate the
evidence to support the use of PROMs in patients with advanced CKD, (ii) explore
the opinions of patients and clinicians on the use of electronic PROMs (ePROMSs) in
routine renal practice, and (iii) develop and test the usability of a renal ePROM
prototype with patients.

A narrative review, a systematic review and analyses of the Renal Impairment In
Secondary Care (RIISC) dataset were conducted to evaluate the evidence to support
the use of PROMs in patient with advanced CKD. The narrative review found that the
use of ePROMs may provide early warnings of deterioration in patients; reduce the
need for patient follow-up visits by up to 50%; reduce hospitalization rates, and
improve health-related quality of life (HRQOL) and survival. The systematic review
found evidence to support the use of the KDQOL-36 PROM in pre-dialysis patients
(although there is a need for further validation within the UK population); evidence
was found to support the use of the KDQOL-36 and KDQOL-SF in patients on
dialysis; and the ESRD-SCLTM was recommended for kidney transplant patients.
Survival analyses using the RIISC dataset found that, along with other clinical and
laboratory variables, patient reports of problems on the EQ-5D dimensions of self-
care and usual activities significantly increased the risk for all-cause mortality. The
likelihood of reporting problems with self-care and usual activities increased
significantly with unemployment, retirement, co-morbidities.

A qualitative study was conducted to explore the opinions of patients and clinicians

on the use of ePROMSs. The qualitative study found that patients may be willing to



complete ePROMSs on a regular basis and the selected questionnaires may be
perceived as acceptable and relevant. Clinicians expressed a keen interest in
PROMSs and in PROMSs research and acknowledged that PROMs have a potentially
important role to play in the future care of patients with CKD. However, clinicians
expressed concerns that the use of an ePROM system could raise patient
expectations to unrealistic levels, medicalise ‘normal’ psychological/emotional
responses to illness, and expose clinicians to the risk of litigation. The usability study
demonstrated that patients with advanced CKD may find a Renal ePROM system
easy to use and acceptable for reporting their symptoms remotely.

In conclusion, the research reported in the thesis demonstrated the existence of
substantial evidence to support the introduction of PROMs in routine renal practice.
The thesis also highlighted the need for more real world evidence of the impact of
using ePROMSs on patient outcomes in order to facilitate adoption of ePROM

systems by patients and clinicians.
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Chapter 1: Introduction



1.1 Background

The PhD research reported in this thesis explores the use of PROMs in the
management of patients with advanced CKD in routine renal practice. The studies
evaluate the evidence to support the use of PROMs; explores patient and clinician
opinions of PROMs; and investigates the usability of a renal ePROM prototype. This

chapter introduces and provides the justification for the research.

1.2 Chronic kidney disease

1.2.1 Definition and prevalence

Chronic kidney disease (CKD) is a broad term that describes various disorders that
affect kidney structure and function. CKD may be formally defined as the existence
of kidney damage and/or an estimated glomerular filtration rate (eGFR) <60
mL/min/1.73 m? for 3 months or longer, irrespective of cause.? CKD has become a
global health issue® affecting up to 16% of the adult population in the developed
world and is associated with increased morbidity and mortality as it progresses to
end-stage renal disease (ESRD).#® Patients with CKD often experience multiple
‘clusters’ of five to seven symptoms®” such as: fatigue, pain, itchiness, sleep
difficulties and cognitive impairment.” 8 This symptom burden may be high
irrespective of CKD stage and®’ may negatively impact patients’ lifestyle and
perceived health-related quality of life (HRQOL).”®

There are also major financial healthcare costs associated with the management of
CKD."0" Kerr et al. reported that between 2009 and 2010, the total estimated
expenditure attributable to CKD was over a billion pounds in England with renal

replacement therapy (RRT) accounting for nearly half of these costs.’® 2 In the US,



the Medicare fee-for-service (FFS) spends approximately $44.4 billion annually

managing stages 3 and 4 CKD.'3
1.2.2 Staging

The Kidney Disease Outcomes Quality Initiative'* (KDOQI) proposed five different
stages of classification of CKD based on the levels of eGFR. Stage 1, is normal
kidney function with 290ml/min/1.73m? but evidence of kidney disease from
urinalysis, structural anomalies or genetic traits. At stage 2 there is mild reduction in
renal function (eGFR 60 — 89ml/min/1.73m?) and evidence of kidney disease as for
stage 1." Kidney function is moderately reduced at stage 3a (eGFR 45 - 59
ml/min/1.73m?) and further reduced at stage 3b (eGFR range of 30 - 44
ml/min/1.73m?)." Kidney function is severely reduced at stage 4 (eGFR 15 - 29
ml/min/1.73m?). At stage 5, eGFR is less than 15 ml/min/1.73m?2.1

The KDOAQI staging has been criticised as being too inflexible because it does not
consider diversity in renal function (due to age, gender and ethnicity) within the
general population.’>'7 It has been revised over the years and currently CKD is

classified based on cause, the GFR categories above and albuminuria category.'®

1.3 Patient-reported outcomes

1.3.1 Definition

As described earlier, patients with CKD often experience impairments of their health-
related quality of life (HRQOL) due to their symptom burden.”® It is therefore
important that patients’ assessment of their HRQOL and/or symptoms is obtained
and considered in conjunction with clinician assessments, in order to obtain a more
complete picture of the impact of CKD and its treatment on patients.’®2° This may

increase clinician awareness of patients' condition?' and ensure that aspects of care



valued by patients are prioritised appropriately.’® 2% According to the US Food and
Drug Administration (FDA), a patient-reported outcome (PRO) is “...any report of the
status of a patient’s health condition that comes directly from the patient, without
interpretation of the patient’s response by a clinician or anyone else.”?? PROs can be
measured using validated questionnaires known as patient-reported outcome

measures (PROMs).1?
1.3.2 Types of PROMs

Broadly speaking, PROMs can be categorized into two groups: generic measures
and condition-specific measures. Generic PROMs provide information about overall
health status and encompass items relevant to the widest range of patients’
conditions and the general population.?®2* They are used for making comparisons
between patients with different medical conditions as well as comparisons between
patients and healthy individuals in order to quantify the burden of disease on health-
related quality of life (HRQOL) in a population.?® A commonly used generic PROM is
the 36-item Short-Form questionnaire (SF-36) developed by RAND Corporation.26
While generic PROMs offer the opportunity to compare outcomes across various
clinical conditions, the trade-off is a loss of responsiveness and sensitivity in many
patient groups.?® Generic PROMSs are therefore less suitable for the measurement of
patient outcomes at individual patient level.??

Preference-based or utility measures are a subset of generic measures which
provide utilities or values pertaining to health and can be used in cost-utility analysis
to assist with resource allocation.?” One of the most commonly used preference-
based PROMs is the EuroQol 5-dimension (EQ-5D), which originally had 3 response
levels (EQ-5D-3L). Over the years, the measure has been widely translated. Value

sets based on preferences directly obtained from representative respondents within



the general population, have been produced for many countries including the UK.28
The measure has since been revised and now has 5 response levels (EQ-5D-5L).
Valuation studies for the EQ-5D-5L are on-going and in the meantime a response
mapping ‘crosswalk’ model has been developed which maps responses to the EQ-
5D-5L to the EQ-5D-3L value sets using the crosswalk value sets.?°
Condition-specific measures focus on a particular health condition (for example,
asthma or kidney disease), a patient population (for example, adults), or a specific
symptom (for example, fatigue). Due to the inclusion of content specific to particular
conditions, they may be more sensitive to specific symptoms and therefore possess

greater clinical appeal and increased responsiveness to interventions.?3 30

1.3.3 Electronic PROMs

Recent technological advances have facilitated the electronic collection of PROMs
(ePROMSs) using devices such as personal laptops, smartphones and tablets.3' By
removing the need for manual data entry by clinical staff, the use of ePROMs could
reduce the level of human error involved in the collection process and lower
administrative burden.®2-3* A number of studies have demonstrated that data
obtained using paper versions and ePROMs are basically equivalent provided the

electronic modifications are minimal.32 3536

1.4 Applications of PROMs

1.4.1 Established applications of PROMs

PROMSs were originally designed for use in clinical trials®” to measure treatment
benefit or harm.3® They were predominantly used as secondary outcome measures

to support primary outcome(s) which were often related to clinical or laboratory

parameters.3® For example, in a lung cancer trial, the results of the European



Organization for Research and Treatment Core quality of life questionnaire (EORTC
QLQ-C30) were used to demonstrate that the combination of gemcitabine and
carboplatin was not only more effective but led to fewer side effects than
conventional treatment.4°

In settings such as palliative care or trials where there are no objective or
measurable clinical outcomes to back efficacy claims, such as those for pain
relieving drugs, PROs may be used as primary outcomes.®°

PROMSs have also been used for other purposes. Pharmaceutical companies employ
PROM data to demonstrate that the value of their products go beyond clinical
efficacy and safety thus gaining a competitive edge over competitors. Such data is
also used to facilitate product approvals and support product labelling claims for new
medicines.?? PROMs data can also inform clinical guidelines (such as NICE

guidelines) and influence changes in healthcare policy.*'

1.4.2 The use of PROMs in clinical practice

The use of PROMSs in routine clinical practice has been relatively scarce. PROM data
has been used for hospital performance assessment and for benchmarking
purposes.*? 43 However, in recent years, there has been an upsurge in interest in the
utilisation of PROMs as part of the clinical management of individual patients.30 4445
A few countries notably the US, Denmark and the UK have developed ePROM
systems for use in routine clinical practice.#6-50

The development and use of an ePROM system is purported to facilitate the remote
monitoring of patients’ health status providing early warnings of deterioration and the
opportunity to intervene earlier and improve clinical outcomes.%'-%3 It could foster

better patient-clinician communication;*° provide information on aspects of health



valued by patients and not captured in clinical measures;®* and inform and promote

shared decision making.30 5556

1.5 Justification for research

Over the past two decades, numerous studies have suggested various potential
benefits that could be derived from the use of PROMSs in routine patient care.
However, a number of reviews found modest evidence of PROMs impact in routine
clinical practice.%® %7-5° The studies reported evidence of improvements in patient-
clinician communication and the detection of psychological problems with the use of
PROMs.%%%7-59 Methodological as well as implementation issues were cited as
possible reasons for the very little evidence of impact on patient outcomes.>° 5759 |t
should be noted that the studies included in these reviews were mostly oncology-
related and conducted over a decade ago. A number of implementation guidelines
and studies have been published since.*460-62 At present, the majority of the
evidence to support the use of PROMs in routine practice is derived from oncology'®
4652 63-65 gnd there are very few published reviews of PROMs impact on patient
outcomes in routine renal practice.

When selecting PROMSs for routine practice or research purposes, it is essential that
their psychometric properties are considered carefully to ensure that useful data is
derived from their use.®¢ 67 Evidence of psychometric properties of PROMs used in
CKD were reported in a systematic review by Gibbons and Fitzpatrick.?* However,
this review was conducted nearly a decade ago.?* As important methodological
advances and development/validation studies have been published since the
review's publication, it was considered due for an update.68-7°

Findings from oncology studies have shown that PROMs results may signal serious

adverse events in patients before clinical and/or laboratory data.® % However,



research into the predictive abilities of HRQOL data for CKD outcomes and its
relationship with clinical and laboratory parameters are very limited. Evidence of the
existence of these relationships may mean that patients at risk of rapid deterioration
may be identified before their clinical data is available.

Finally, there is also limited CKD-specific literature on patient and clinician opinions
of PROMs/ePROMSs and patient experience of using a renal ePROM system. It is
important that the specific opinions of patients with CKD and renal clinicians are
known as recent research shows that the opinions and use of PROMSs depend to a
large extent on context of use (such as severity of medical condition, setting and
existing patient-clinician relationship) and varies widely between medical

specialities.?!

1.6 Thesis aims and structure

This thesis describes a programme of research which addresses the research gaps
highlighted in the previous section through a series of studies described in more

detail below.
1.6.1 Research Questions

The following research questions were generated for this PhD project:

(1) how are PROMs currently being used in nephrology and what evidence of utility
or impact is available?; (2) what is the quality of the psychometric evidence to
support PROMs used in adult patients with CKD?; (3) what is the relationship
between patients’ HRQOL, clinical variables and the risk of progression to ESRD?;
(4) what are the opinions of patients and clinicians on the use of ePROMs in routine
renal practice?; and (5) what are the views of patients on a renal ePROM system

developed in-house?



1.6.2 Aims

The first aim of the thesis, therefore, was to evaluate the evidence to support the use
of PROMs in routine renal practice (research questions 1 — 3). The second aim was
to explore the opinions of patients and clinicians from the University Hospitals
Birmingham NHS Foundation Trust (UHB) and generate feedback which could
inform the development of a renal ePROM system (research question 4). A third aim
was to develop and test a renal ePROM prototype with patients and obtain their

feedback on its usability (question 5).
1.6.3 Structure

Chapters 1, 3, 4 addresses the first aim of the PhD project, Chapter 5 deals with the
second and Chapter 6 addresses the third.

Chapter 1 introduces the thesis, defining and describing CKD and PROMs. It
includes a narrative review (published in Current Opinions in Nephrology and
Hypertension in 2017) which focuses on the current applications of PROMs in the
field of renal medicine and summarises recently published evidence of its impact on
processes of care and patient outcomes. Chapter 2 presents the methodology for
this PhD research in an initial section on the selection of methods and two protocol
papers. One protocol paper is for the systematic review of PROMs used in CKD
(published in BMJ Open in 2016) and another relates to qualitative research and
usability testing (published in BMJ Open in 2017).

Chapter 3 presents a comprehensive systematic review of PROMs used in CKD. It
outlines the psychometric evidence for PROMs used in patients with CKD pre-
dialysis, dialysed patients and transplant recipients. This review was published in

PLOS One in 2017.



Chapter 4 presents a statistical analysis of the Renal Impairment In Secondary Care
(RIISC) database, which focuses on quantifying the relationships between HRQOL
(through the collection of EQ-5D-3L), clinical variables and progression to ESRD.
This study has been written up for submission to a peer reviewed journal for
publication.

Chapter 5 reports the qualitative study of the opinions of patients and clinicians on
the use of PROMs in routine renal practice. A paper based on this study is currently
under review with a journal.

Chapter 6 presents the results of a usability study conducted with patients to assess
the usability and acceptability of a renal ePROM system developed by CPROR and
UHB.

Finally, Chapter 7 discusses the principal findings of this PhD research, considers
their interpretation and implications, highlights the strengths and limitations of the

work and outlines suggestions for future research and final conclusions.
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The narrative review that follows summarizes the use of PROMs/ePROMs in
patients with CKD. It discusses the use of PROMs in routine renal practice as well as
in clinical trials. The review also highlights recent studies with significant findings in

terms of impact of ePROMSs on patient outcomes and or clinical processes.

This review has been published in Current Opinions in Nephrology and Hypertension

(Impact Factor (IF) 3.85) as:

Aiyegbusi OL, Kyte D, Cockwell P, Anderson N, Calvert M. A patient-centred
approach to measuring quality in kidney care: patient-reported outcome measures
and patient-reported experience measures. Curr Opin Nephrol Hypertens. 2017.
Epub 2017/08/15. doi: 10.1097/mnh.0000000000000357. PubMed PMID: 28806191.
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2.1 Background

The desire to acquire knowledge, to constantly question beliefs, are vital
philosophical elements that drive and advance research.!? Exploring the
philosophical underpinnings or paradigms of research can inform the selection of
appropriate research approaches and assist researchers with the clarification of their

research questions.'?

2.2 Definitions of research paradigm

Paradigms can be described as “worldviews or all-encompassing ways of
experiencing and thinking about the world, including beliefs about morals, values,
and aesthetics”.3° A narrower interpretation provided by Kuhn 1970 focuses on
worldviews pertaining to issues within the philosophy of knowledge, i.e. the nature of
knowledge and the suitable ways of generating it.3 This version, which is related to
epistemological stance, is the most frequently encountered within social science
research.® Kuhn also referred to paradigms “as shared beliefs within a community of
researchers who share a consensus about which questions are most meaningful and
which procedures are most appropriate for answering those questions”.® The most
specific interpretation of paradigms is that they are model examples or “exemplars
for how research is done in a given field.”36

Morgan viewed these varied interpretations of research paradigms as inter-related
and nested within each other.® He suggested that researchers use model examples
to demonstrate the crucial elements of their field and reflect their shared beliefs
about research questions and methods. These shared beliefs are in turn based on
epistemological stances which are components of each researcher’s broad

worldview.3
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2.3 Paradigms and research approaches

Guba & Lincoln” described five paradigms for social and behavioural research
namely; positivism, post-positivism, critical theory, participatory research and
constructivism (also referred to as interpretivism).” At the extremes of the spectrum
are positivism and constructivism with different assumptions about the nature of
reality or being (ontology) and its study (epistemology).® The positivist paradigm
asserts that a single “objective reality exists which is independent of human
behaviour™ and can be observed empirically and explained with logical reasoning.®
Interpretivism on the other hand, maintain that multiple realities exist and are socially

constructed and constantly changing.™

A relatively newer paradigm championed by a number of researchers is
pragmatism.3 "-13 Unlike the older paradigms, pragmatism is less concerned with
issues of ontology and epistemology focusing instead on the appropriateness of
research question(s). Deweyan pragmatism emphasises human experience and the
constant interaction between belief and action which lead to the creation of
meaning.’" 14 15 Dewey proposed that beliefs arise from interpretation of prior actions

while actions are based on interpretations of existing beliefs.!! 14 15

Paradigmatic positions are often considered to be strongly associated, although not
exclusively,’® with specific design approaches.'” Positivism is linked to a quantitative
approach while constructivism is associated with a qualitative approach. The
pragmatic view is that the choice of approach should be decided by the nature and
purpose of research questions, acknowledging that a combination of approaches
might be required to adequately address research questions.'” This pluralist position

makes pragmatism the philosophical basis for the mixed-methods approach.’" 14 15
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2.4 Research approach for this research

Research approaches and associated philosophical positions were considered early
to determine the most appropriate for this body of research. The varied nature of the
research questions outlined in Chapter 1, suggested that a combination of methods
would be required to effectively address them. Therefore, a mixed-methods
approach, underpinned by the pragmatic paradigm, was chosen for this research
work. Mixed-methods research is formally defined as “the class of research where
the researcher mixes or combines quantitative and qualitative research techniques,
methods, approaches, concepts or language in a single study or set of related

studies.”8

Although researchers have been combining methods for decades, mixed-methods
approach only became recognised as a distinct approach within the last two
decades."® In the field of health outcomes research, mixed-methods approach has
been recognised as crucial for instrument development and/or evaluation.'®20
Quantitative and qualitative methods such as factor analysis and cognitive interviews
need to be combined during development or validation work to ensure the reliability
and validity of instruments.® In addition, the use of mixed-methods research with an
emphasis on patient and public involvement (PPI) has been recommended to ensure
that HRQOL interventions are scientifically rigorous and relevant and acceptable to

patients.20 2

By utilising a mixed-methods approach, which incorporated PPI, this PhD research
drew on the strengths and minimised the weaknesses of single approach research,;
obtained a more complete picture of the topic as findings were triangulated and
synthesised across methods; and subsequently arrived at stronger and more

confident conclusions.' 22 23 The patient advisory group, consisting of patients with
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CKD, helped with the selection of measures for this project and also reviewed study

materials.

2.5 Research Methods

As mentioned in the previous section, the choice of methods to employ for the
project was governed by the nature of each question. Therefore, a narrative review
was conducted to obtain a broad perspective on the use of PROMs in renal medicine
and summarise recently published evidence of its impact on outcomes (Chapter 1).
A systematic review, which facilitate the assessment and synthesis of findings
across numerous studies whilst minimizing bias,?* was conducted to evaluate
PROMs used in CKD. The COnsensus-based Standards for the selection of health
Measurement Instruments (COSMIN) checklist was used to appraise the
methodological quality of the selected studies and facilitate the synthesis of the
review findings (Chapters 2 & 3). This systematic review helped identify suitable
measures to take forward in the research work and the gaps in evidence that may be
addressed in future work.

Quantitative statistical methods including regression models made it possible to
explore and quantify the relationships between numeric clinical data such as eGFR
and HRQOL (EQ-5D index scores) from the RIISC dataset. These analyses helped
identify which factors are predictive of an increased risk of progression to ESRD in
patients with advanced CKD (Chapter 4).

Qualitative methods were utilized to explore the opinions of patients and clinicians in
order to elicit a deeper understanding of the factors that may influence the adoption
of a renal ePROM system (Chapters 2 & 5).2°

Sampling for the qualitative research was influenced by theoretical and practical

considerations. The sampling process was guided by a 4-point approach as
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described by Robinson? and involves the determination of: (i) sample universe (ii)

sample recruitment (iii) sample size (iv) sampling technique.

Sample universe - The sampling universe was defined by the eligibility criteria, which
provided a cohesive sample required to address the study aims.?62” The mixed-
methods protocol included as part of this chapter provides detailed information about

the eligibility criteria.?®

Sample recruitment - Participants were recruited from the Renal Unit at the Queen
Elizabeth Hospital Birmingham (QEHB) as the ePROM system is being designed for

the management of patients managed by this organization.

Sample size - For the practical purpose of planning the study, sample size
requirements were estimated at the design stage based on experience from previous
similar qualitative studies conducted by the research team.?® 2° However, these were

flexible, as the attainment of data saturation was considered more important.28

Sampling technique - Luborsky and Rubinstein3® describe five sampling techniques

namely3°;

e Convenience sampling — Participants are selected based on the fact that they
are easily accessible to the researcher.3°

e Purposive sampling — Participants are intentionally selected to represent
explicitly predefined traits or criteria.3°

¢ Snowballing — This technique utilises participants as referral sources for other
potentially eligible participants that may be recruited for a study.*®

¢ Quota sampling — A predetermined number or percentage of study
participants are recruited from a specific sub-group of the sample
population.3©

e Case study — A single individual or institution is selected as the total universe.
A variant of case study technique is the key-informant approach where an
expert provides knowledgeable information on a specialized topic.303'
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Sampling techniques were chosen for the qualitative study based on the theoretical
understanding of the research topic.?” Purposive sampling was employed as it
ensured that study participants, whose suitability was determined by the eligibility
criteria, were representative of the target populations for the ePROM intervention.
This meant that the study explored perspectives that were relevant to the
development of the ePROM system.?” The sampling universe is more defined with
purposive sampling than convenience sampling, meaning that recruitment might be
more challenging. As the eligibility criteria did not purposively sample for hard-to
reach subgroups, this may lead to their underrepresentation within the study sample.
Therefore, quota sampling was combined with purposive sampling to ensure that
eligible patients from minority ethnic groups participated in the study. The decision to
recruit up to 30% of participants from these groups was to ensure that the study
reflected the ethnic diversity of the patient catchment area. One notable issue with
quota sampling is that if the views of the target sub-group differ substantially from
that of the rest of the sample, more participants may be required in order to achieve
data saturation.?? Therefore, the codes generated from the interview transcripts of
participants from minority ethnic groups were continually checked to detect any
divergence from those obtained for the rest of the sample.

Snowballing was combined with purposive sampling for clinician recruitment in order
to allow the quick identification of eligible, information-rich clinician participants for
the study. However, selection bias might have occurred as individuals may be more
likely to suggest others within their social network who share their personal views.33
Patient recruitment was conducted by renal research nurses as stipulated by the
Research Ethics Committee. Further information about the recruitment process may

be found in the published protocol submitted with this chapter.?8
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Three analytical methods were considered for the qualitative study namely:
grounded theory34, qualitative content analysis®® and thematic analysis.3® Grounded
theory is an inductive method of developing new theories to explain a
phenomenon.3* In grounded theory, the researcher starts with the systematic
collection and concurrent analysis of data and then the proposal of a hypothesis or
theory rather than starting with a hypothesis or theory to prove or disprove.3” The
emerging theory or hypotheses is therefore ‘grounded’ in the data and modified by
the researcher according to the findings from the data.38

Qualitative content analysis focuses on the characteristics of language as a mode of
communication and involves the systematic analysis of the content and context of
text data (interview transcripts, field notes etc.) for subsequent subjective
interpretation.3® Content analysis is therefore useful for exploring communicative
messages.3® The researcher systematically codes and identifies themes focusing on
thematic presentation and frequency of occurrence.3®

Thematic analysis is a method for identifying, analysing, and reporting themes
generated from a data set.3¢ Whilst thematic analysis is not considered as a separate
analytic method by some authors, who consider it as a process utilised by many
methods,*? 4! other researchers have advocated for it to be recognised as a distinct
analytic method.364243 The PhD researcher shares the stance of the latter school of
thought.

As the aim of the study was not to generate hypothesis or theories, it was decided
that grounded theory was not required. Content analysis was also considered
inappropriate as the use of language or the frequency of occurrence of themes was
not the focus of the study. Thematic analysis was deemed suitable for this study as it

has the potential to facilitate the identification of patterns of meaning or themes
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across the data set3® and generate practical insights which may inform the
development of the ePROM system. Furthermore, thematic analysis is not bound to
any pre-existing theoretical or epistemological positions3¢ and can therefore be used
across a range of epistemologies and research questions.*? This versatility meant
that thematic analysis was compatible with the pragmatic approach of this study.36
One-to-one interviews are suitable for situations where independent responses to
questions are preferred or where participants might be less likely to provide candid
views in a focus group setting.*4° However, one-to-one interviews may be time-
consuming and resource-intensive.*4*% Semi-structured one-to-one interviews rather
than focus groups were conducted with patients, as the research team felt some
might be reluctant to share personal views and information or find it distressing
discussing their condition in a group setting.4>4° In addition, the majority of the
patients preferred to participate in the study on their clinic days. As patients have
different clinic appointments, finding a mutually convenient date and time for a group
meeting would have been difficult. A semi-structured format was chosen as it
ensured that the key objectives of the study were addressed while providing the
opportunity to explore ideas and views that might arise during discussions with
participants.%®

In contrast to one-to-one interviews, there is some evidence that focus groups may
provide a more stimulating experience for participants as it provides participants the
opportunity to interact, challenge and or concur with the ideas and opinions of
others.5"52 Focus groups may be useful for studies focused on socially marginalized
groups®® and act as a forum for change.>* °® However, due to conformance or conflict
avoidance, participants may modify their opinions as discussions progress making it

difficult for researchers to arrive at definite conclusions on the subject matter.%® For
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this reason it has been suggested that focus groups should be supported by other
methods.>’

The general advice in literature is that focus groups should be sufficiently
homogeneous to encourage free flowing discussions.% %" There was a strong
possibility that a joint focus group with patients and clinicians would make it difficult
for patients in particular to share their opinions freely. Clinicians (nurses and doctors)
were invited for focus groups as it was felt that their interactions might generate
informative discussion and rich data.%" %258 Follow up semi-structured interviews
were planned to further explore the opinions expressed during the focus group
discussions and triangulate findings.>' Conducting individual interviews meant that
each clinician had the opportunity to express their own views and not just concur
with the general opinions which might occur in the group setting of a focus group.®
This also allowed clinicians who were unable to join the focus group, due to work
commitments, to participate in the study.

Saturation has been defined as the point where ‘data adequacy’ is achieved or “the
point when no new information is obtained from additional qualitative data”.?®
Rothman et al., defined saturation in qualitative PRO research as “the point in the
data collection process when no new concept-relevant information is being elicited
from individual interviews or focus groups, or no new information is deemed missing
during cognitive interviewing”.5° 60

The adequacy of sample size for qualitative studies is linked to data saturation. In
other words, when saturation is achieved, the sample size is adequate. For practical
reasons, such as the application for ethical approval, an estimate of sample size is
required at the beginning of a study. However, the point at which saturation is

achieved during a study determines its final sample size.

35



A number of factors such as the nature of the topic, study scope and design, the
richness of the data provided by each participant,?6 3261 and the experience and skill
of the researcher3? may influence the number of interviews/focus groups required
before saturation is achieved.

For the qualitative study (Chapter 5), data collection and analysis continued until
data saturation was achieved for both participant groups.3? 62 Saturation tables,
which document the initial and subsequent occurrences of codes, were used to
assess data saturation.%® These tables were examined at intervals during the data
collection and analysis in order to detect the point at which data saturation was
achieved. Determining the point of data saturation was important as it meant that no
new information would be obtained from further interviews and so the interview
process could be stopped.

Usability testing methods were employed for the testing of an initial version of the
renal ePROM system with patients (Chapters 2 & 6). These usability techniques
made it possible to assess first-hand the acceptability of the system and identify

technical and non-technical issues which needed rectification.63-66

2.6 Research designs

The research designs for the systematic review (Chapter 3), the qualitative study

(Chapter 5) and the usability testing (Chapter 6) were published in two protocols:

(a) The protocol outlining the research design for the systematic review has been

published in BMJ Open (Impact Factor (IF) 2.37) as:

Aiyegbusi OL, Kyte D, Cockwell P, Marshall T, Keeley T, Gheorghe A, et al.
Measurement properties of patient-reported outcome measures (PROMs) used in

adult patients with chronic kidney disease: a systematic review protocol. BMJ Open.
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2016;6(10):e012014. Epub 2016/10/14. doi: 10.1136/bmjopen-2016-012014.
PubMed PMID: 27733411.

(b) The protocol outlining the research designs for both the qualitative study and

usability testing has been published in BMJ Open (Impact Factor (IF) 2.37) as:

Aiyegbusi OL, Kyte D, Cockwell P, Marshall T, Dutton M, Slade A, et al. Using
Patient-Reported Outcome Measures (PROMs) to promote quality of care and safety
in the management of patients with Advanced Chronic Kidney disease (PRO-trACK
project): a mixed-methods project protocol. BMJ Open. 2017;7(6).

Please note that the research design for the RIISC analysis is reported in the paper

included as Chapter 4.
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ABSTRACT

Introduction: Chronic kidney disease (CKD) is
associated with symptoms that can significantly reduce
the quality of life (QoL) of patients. Patient-reported
outcome measures (PROMs) may facilitate the
assessment of the impact of disease and treatment on
the QoL, from a patient perspective. PROMs can be
used in research and routine clinical practice.
Methods and analysis: A systematic review of
studies evaluating the measurement properties of
PROM:s in adults with CKD will be conducted.
MEDLINE, EMBASE, PsycINFO and CINAHL Plus will
be systematically searched from inception. Hand
searching of reference lists and citations of included
studies will be carried out. 2 reviewers will
independently screen the titles and abstracts of all the
studies retrieved during the systematic search to
determine their eligibility. The COnsensus-based
Standards for the selection of health Measurement
Instruments (COSMIN) checklist will be used to
appraise the methodological quality of the selected
studies following the full-text review. Data on the study
population, questionnaire characteristics and
measurement properties will be extracted from the
selected papers. Finally, a narrative synthesis of
extracted data will be undertaken.

Ethics and dissemination: Ethical permissions are
not required for this study as data from published
research articles will be used. Findings will be
disseminated through publication in a peer-reviewed
journal and presented at conferences. This systematic
review will provide a comprehensive assessment of the
measurement properties of PROMs currently available
for use in adult patients with CKD and present
evidence which may inform the selection of measures
for use in research and clinical practice.

Trial registration number: CRD42016035554.

INTRODUCTION
Chronic kidney disease (CKD) is defined
as the existence of kidney damage (ie,

Strengths and limitations of this study

= A key strength of this systematic review is that
multiple databases will be searched by multiple
independent reviewers, with no language or pub-
lication date restrictions, thus minimising the
risk of selection bias.

= A further strength is that the methodological
quality of selected studies will be evaluated
using the validated COSMIN checklist.

= This review will include studies relating to
chronic kidney disease in adults and exclude
studies of all other kidney conditions and chil-
dren, this decision has been taken to ensure the
results are focused on the study research
question.

pathological abnormalities or markers of
damage) for 3 months or more; and/or an
estimated glomerular filtration rate (eGFR)
<60 mL/min/1.73 m? for 3months or
longer, with or without kidney damage.'

CKD affects up to 16% of adults in the
UK® and is associated with poor outcomes,
with a high proportion of patients dying
before reaching end-stage renal disease.” *
According to the UK Department of Health,
the total cost of providing renal care by the
National Health Service (NHS) was £1.64
billion in 2009-2010.° Aside from these overt
costs, the NHS bears other costs accrued
from treating associated conditions while
patients and caregivers have to contend with
possible loss of income.”

Patients with CKD often suffer simultan-
eously from multiple symptoms related to
the condition or side effects of their medical
treatment.” These clusters of symptoms may
exert an adverse effect not only on their
physical health but also on their psycho-
logical and emotional well-being; giving rise
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to what is described as a ‘symptom burden’.” A review by
Almutary et al’ identified 30 symptoms associated with
CKD, with 5 symptoms (fatigue, drowsiness, pain, prur-
itus and dry skin) particularly common in all stages.®
They concluded that the overall symptom burden was
high regardless of disease stage.8 This symptom burden
is now acknowledged as the most important predictor of
diminished health-related quality of life (HRQoL) in
patients with CRD.®

In a clinical context, HRQoL refers to the manner in
which the physical, emotional and social well-being of
an individual is affected by a disease and/or its treat-
ment.'” HRQoL can be measured using self
administered, validated questionnaires also known as
patient-reported outcome measures (PROMs).'! 12

PROMs have numerous applications in clinical trials
and routine clinical settings. They are employed in clini-
cal trials as measures of effectiveness and pharmaceuti-
cal companies may use PROM data to support product
approvals and labelling claims."” PROMs can aid the
reporting of serious adverse events due to drug toxici-
ties'* and trial data can also influence clinical care and
health policy.'” '

In routine clinical practice, PROMs are mainly used as
tools for benchmarking and hospital performance
assessment.'” However, PROMs also have the potential
to assist in the delivery of personalised care "« %

Currently, primary and secondary care records in the
UK are being linked together such that patient informa-
tion is more readily available to clinicians when
required.22 The integration of patient-reported outcome
(PRO) data with other routinely collected clinical data
could provide an opportunity for revolutionising the UK
healthcare system by facilitating the delivery of stratified
medicine, enhancing clinical audits and assisting with
the designing of pragmatic trials.'* *'

Given the vast array of PROMs in existence,23 the
selection of an appropriate measure for any purpose
requires the careful consideration of their measurement
properties in order to derive any meaningful benefit
from their application. It is crucial that such decisions
are backed by the best evidence available, preferably
from a recent systematic review.'”

A scoping search identified two relevant systematic
reviews namely: a 2010 review by Gibbons and Fitzpatrick
and a 2012 review by Wyld e al** * Although both
reviews presented evidence of the measurement proper-
ties of PROMs in CKD, there is a realistic possibility that
more relevant research work has been performed since
their publication.”® In addition, both studies had eligibil-
ity criteria which might have excluded potentially rele-
vant studies.** * Gibbons and Fitzpatrick restricted their
review to studies published in English language and con-
ducted in English-speaking populations within the UK,
North America or Australasia. They also excluded studies
with sample sizes <50.** Wyld et af® focused on studies
that assessed preference-based (utility) measures exclud-
ing studies that evaluated HRQoL measures that did not

have a utility component and only included studies con-
ducted in other languages if they provided an English
abstract.

Therefore, after considering the issues above, we con-
cluded that a full systematic review is required. The aim
of this systematic review will be to evaluate the measure-
ment properties of PROMs currently available for use in
adults with CKD.

This review will include studies that assess the measure-
ment properties of generic, utility as well as disease-specific
PROM instruments in patients at any stage of CKD.
Recent methodological advances and guidelines® > will
be employed to ensure that the most up-to-date and
robust evidence is obtained.

METHODS AND ANALYSIS
Design
The protocol has been registered with PROSPERO
(registration number CRD42016035554). It was develo-
ped using the Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols (PRISMA-P)
checklist.”

The review will be conducted and reported in compli-
ance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines.”

Search strategy

The following electronic databases will be systematically
searched from inception: MEDLINE (Ovid), EMBASE
(Ovid), PsycINFO (Ovid) and CINAHL Plus (EBSCO).
Literature search results will be uploaded to Endnote X7
(Thomson Reuters). There will be no publication period
or language restrictions.”” The UK Renal Registry will be
searched and expert recommendations from members of
the review team will be followed up to help identify any
additional measures currently under development.

The search strategy for MEDLINE was developed in
consultation with an information specialist at the
Institute of Applied Health Research, University of
Birmingham. Two existing search filters, the sensitivity
search filter developed by Terwee et al' and the Oxford
PROM filter,”* were combined with key terms for renal
disease generated by the review team. The MEDLINE
search strategy was adapted for use and tested on all the
databases (see online supplementary appendix for the
full search strategy).

Selection of studies

To be considered for selection, an article must focus on
PROMs used specifically for measuring QoL and/or
CKD symptoms (the constructs of interest). In addition,
the following inclusion and exclusion criteria will be
applied.

Inclusion criteria
1. Articles reporting PROM development in all CKD
populations.

2 Aiyegbusi OL, et al. BMJ Open 2016;6:2012014. doi:10.1136/bmjopen-2016-012014
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2. Articles explicitly reporting the assessment of one or
more psychometric properties for PROM(s) in all
CKD populations.

3. Articles reporting cross-cultural validation of PROMs
in all CKD populations.

Exclusion criteria

1. Clinician-assessed instruments.

2. Instrument development studies solely in patients
with acute kidney injury.

3. Instruments developed solely for use in patients
below 18 years of age.

4. Trials or studies evaluating the effectiveness of inter-
ventions where a PROM questionnaire is used as an
end point.

5. Editorials, reviews and conference abstracts.

All titles and abstracts will be screened by two
independent reviewers (OLA and TK/AG).

Full-text articles will be obtained for studies that
potentially meet the eligibility criteria and will again be
independently reviewed by the investigators (OLA and
TK/AG).

Abstracts that do not provide the reviewers with
enough information to make a decision will be taken
forward for full-text screening, thus minimising the risk
of missing potentially eligible articles.

Reasons for exclusion at the full-text stage of screening
will be recorded. At any stage, if the reviewers are
unable to reach a consensus, a third reviewer will be
consulted (MC/DK). Hand searching of reference lists
and citations of included papers will be conducted.

The process of selection will be summarised using a
PRISMA flow diagram.

Appraisal of the methodological quality of selected studies
All eligible papers will be independently appraised by
two reviewers using the COnsensus-based Standards for
the selection of health Measurement Instruments
(COSMIN) checklist.?® ** The COSMIN checklist is a
validated critical appraisal tool designed for the system-
atic evaluation of the methodological quality of studies
of the measurement properties of health measurement
instruments.”®

The COSMIN checklist employs a four-point rating
scale which allows the rating of items relating to each
measurement property as ‘excellent’, ‘good’, ‘fair’ or
‘poor’ depending on the methodological quality of each
study. If a study meets all the requirements for an item,
it is rated ‘excellent’ for that item. Conversely, if a study
fails to meet the requirements for an item, it is given a
lower rating commensurate to its quality.28

The overall quality rating for each measurement prop-
erty is determined using the ‘worst score counts’
method.” This means that the methodological quality
for each measurement property will be determined by
taking the lowest rating of its items.
The following measurement properties as defined by
Mokkink et al’* will be evaluated:

1. Reliability—'The proportion of the total variance in
the measurements which is because of “true” differ-
ences among patients’.”*

2. Internal consistency—'The degree of the inter-
relatedness among the items’.**

3. Measurement error—The systematic and random
error of a patient’s score that is not attributed to true
changes in the construct to be measured’.”*

4. Content validity—'The degree to which the content
of an HR-PRO instrument is an adequate reflection
of the construct to be measured’.™*

5. Construct validity—‘The degree to which the scores
of an HR-PRO instrument are consistent with hypoth-
eses (for instance with regard to internal relation-
ships, relationships to scores of other instruments, or
differences between relevant groups) based on the
assumption that the HR-PRO instrument validly mea-
sures the construct to be measured’.*

6. Cross-cultural validity—‘The degree to which the per-
formance of the items on a translated or culturally
adapted HR-PRO instrument are an adequate reflec-
tion of the performance of the items of the original
version of the HR-PRO instrument’.”

7. Criterion validity—'The degree to which the scores
of an HR-PRO instrument are an adequate reflection
of a “gold standard”.” The consensus by the
COSMIN panel was that no gold standard exists for
PROMs even though some authors consider widely
used instruments as ‘gold standards’. An exception
made by the panel is the comparison of a shortened
measure to the original longer version, in which case,
the original version can be regarded as the gold
standard.* **

8. Responsiveness—‘The ability of an HR-PRO instru-
ment to detect change over time in the construct to
be measured’.”*

Data extraction
Data from selected studies will be extracted independ-
ently by two reviewers, using a data collection form, with
disagreements resolved through discussion and, if neces-
sary, consultation with a third reviewer. Extracted data
will be presented in tables. Where appropriate, the
results will be presented in separate sections/tables for
instruments assessed in predialysis, dialysis and patients
who had kidney transplant.

Data on the following will be extracted:

1. characteristics of the study population (including
age, gender, ethnicity and stage of CKD);

2. questionnaire characteristics (including name/
version, language, scoring method, domains, number
of items);

3. evidence regarding the measurement properties of
the questionnaire;

4. setting and purpose for which questionnaire is
administered, interpretability and  operational
characteristics such as patient acceptability, and feasi-
bility of administration for staff will also be reported.
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Data synthesis

Two sets of criteria will be used to assess the quality of the

measurement ‘I)m[mrties:27 =

» The quality criteria proposed by Terwee et al’” will be
used to rate the results of studies of measurement properties
as ‘positive’, ‘indeterminate’ or ‘negative’.”

» The modified criteria reported in Terwee 2011°* (ori-
ginally proposed by the Cochrane Back Review
Group)™ will be used to synthesis findings on the
measurement property of each PROM across studies
in order to ascertain the level of evidence for each
instrument while taking into consideration the meth-
odological quality of the selected studies. This overall
level of evidence will be rated as ‘strong’, ‘moderate’,

o - 97
‘limited’, ‘conflicting’ or ‘unknown’.

12/

DISSEMINATION
Findings will be disseminated through publication in a
peer-reviewed journal and presented at conferences.

DISCUSSION
We acknowledge that studies will evaluate differing meas-
urement properties; therefore, evidence might be
limited or unavailable for some measurement properties.
This systematic review will present a comprehensive
assessment of the measurement properties of PROMS
currently available for use in adult patients with CKD
and provide vital evidence which may inform the selec-
tion of measures for use in research and clinical
practice.
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ABSTRACT

Introduction Advanced chronic kidney disease (CKD)
has a major effect on the quality of life and health

status of patients and requires accurate and responsive
management. The use of electronic patient-reported
outcome measures (ePROMs) could assist patients with
advanced pre-dialysis CKD, and the clinicians responsible
for their care, by identifying important changes in
symptom burden in real time. We report the protocol for
‘Using Patient-Reported Outcome measures (PROMSs) to
promote quality of care and safety in the management

of patients with Advanced Chronic Kidney Disease’
(PRO-trACK) project, which will explore the feasibility
and validity of an ePROM system for use in patients with
advanced CKD.

Methods and analysis The project will use a mixed-
methods approach in three studies: (1) usability testing

of the ePROM system involving up to 30 patients and
focusing on acceptability and technical performance/
stability; (2) ascertaining the views of patient and clinician
stakeholders on the optimal use and administration of the
CKD ePROM system—this will involve qualitative face-
to-face/telephone interviewing with up to 30 patients or
until saturation is achieved, focus groups with up to 15
clinical staff, management and IT team members; (3)
psychometric assessment of the system, within a cohort of
at least 180 patients with advanced CKD, to establish the
measurement properties of the ePROM.

Ethics and dissemination This project was approved
by the West Midlands Edgbaston Research Ethics
Committee (Reference 17/WM/0010) and received
Health Research Authority (HRA) approval on 24 February
2017. The findings from this project will be provided to
clinicians at the Department of Renal Medicine, Queen
Elizabeth Hospitals, Birmingham (QEHB), NHS England,
presented at conferences and to the Kidney Patients’
Association, British Kidney Patient Association and the
British Renal Society. Articles based on the findings

will be written and submitted for publication in peer-
reviewed journals.

Strengths and limitations of this study

» While there is evidence to support the use
of electronic patient-reported outcome measures
(ePROMs) in the management of other conditions,
notably cancer, the evidence for the use of ePROMs
in the management of patients with chronic kidney
disease (CKD) is currently limited. The PRO-trACK
project will help fill this evidence gap.

» By using a mixed-methods approach, the project will
provide a rigorous exploration of the acceptability,
validity and feasibility of the ePROM system for the
management of patients with CKD.

» This project will only involve patients with CKD stages
4 and 5 and patients on dialysis for <6 months. This
is because the ePROM system is presently intended
for patients with advanced CKD stages 4 and 5 who
we hypothesise are likely to derive the most benefit.

INTRODUCTION
Chronic kidney disease (CKD) refers to a
number of disorders affecting the structure
and function of kidneys.l The definition of
CKD is based on sustained reduction in renal
function (ie, ‘estimated glomerular filtra-
tion rate (eGFR) <60mL/min per 1.73 m?
for 3 months or more’) and/or evidence of
structural or functional abnormalities of the
kidneys regardless of clinical diagnosis,l 2CKD
is associated with other long-term conditions
such as hypertension, cardiovascular diseases
and diabetes that will increase the risk of ill
health both when present singly and when
associated with other long-term conditions.
CKD causes clinical signs and symptoms,
particularly when the disease is advanced.”
The most commonly experienced are fatigue,
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drowsiness, pain, pruritus and dry skin.” These symp-
toms often occur concurrently and may negatively affect
patients’ daily activities and their physical, emotional and
psychological well-being,” therefore impacting on the
quality of life (QOL) of those affected, particularly as the
disease progresses towards end-stage renal disease.”’

The symptoms of CKD progression can be monitored
using self-completed questionnaires known as patient-re-
ported outcome measures (PROMs), which capture
information about health status from patients’ own point of
view.” Although commonly administered in paper format,
PROMs can be completed as electronic patientreported
outcome measures (ePROMs) using multiple digital plat-
forms. This makes it possible to remotely monitor patients
and generate ‘real time’ data about patient symptoms
and QOL. As patients with advanced CKD are at risk
of deteriorating rapidly and developing cardiovascular
Complicatjons,” the use of an ePROM system may help
clinicians detect deterioration of symptoms and assist with
the tailoring of treatment to the needs of each patient.'’"
Health-related issues that matter to patients may also be
identified using ePROM data, and this could potentially
facilitate communication and shared decision-making
between patients and their clinicians."”"” In stable patients,
the use of ePROMs may reduce the occurrence of unneces-
sary clinical appointments.'”

In Denmark, the WestChronic ePROM System has been
successfully implemented for tailoring the care of various
patient groups,” while in the UK, patients with cancer
have been successfully monitored for the side effects of
chemotherapy using the ePROM Advanced Symptom

Management Sys[em.l“ However, there is limited informa-
tion on the use of ePROMs in the management of adult
patients with CKD in a routine clinical setting. Therefore,
the aim of the projectis to explore the feasibility and validity
of an ePROM system for monitoring and assisting with the
individual management of patients with advanced CKD.

Questionnaire selection and the ePROM system

Selection of measures was informed by (1) a systematic
review of measurement properties of PROMs used in
patients with CKD'” and (2) feedback from the patient advi-
sory group (PAG). The systematic review found evidence
to support the use of the Kidney Disease Quality of Life-
Short Form (KDQOL-SF) and Kidney Disease Quality of
Life-36 (KDQOL-36). However, these two measures were
validated by very few studies in our population of interest
(stages 4 and 5 CKD). The review also identified the Inte-
grated Patient Outcome Scale-Renal (IPOS-Renal), which
is currently undergoing validation through use in a number
of renal units in the UK.

A PAG met prior to commencing the project and consid-
ered the acceptability, burdensomeness and relevance of
the KDQOL-SF, KDQOIL-36 and the IPOS-Renal for the
target CKD group. The PAG members chose the KDQOL-36
and IPOS-Renal as they were brief and easy to understand.
Therefore, the decision was made to validate the electronic
versions of these in the pre-dialysis population (stages 4 and
5). The EuroQol Five-Dimension Five-Level (EQ-5D-51)
questionnaire will be used as a comparison measure for this
validation study. See table 1 for a brief description of these
three measures.

Table 1 Description of questionnaires

Measure Description

Kidney Disease
Quality of Life-36
(KDQOL-36)

A 36-item health-related quality of life (HRQOL) measure designed for use in patients with kidney
disease undergoing dialysis. Derived from the Kidney Disease Quality of Life-Short Form.®
There are three disease-specific dimensions, namely (1) symptoms and problems (six items), (2)

burden of kidney disease (four items) and (3) effects of kidney disease (eight items). It also includes

two summary scales derived from the generic Short Form (SF)-12, namely (1) the physical component
summary (six items) and (2) the mental component summary (six items).>

Response options vary for the items and range from 2 to 6. Questions 1, 8 and 12-36 have five
response options; questions 2 and 3 have three response options; questions 4-7 have two response
options; and questions 9-11 have six response options each. Total and subscale scores may be
calculated using the KDQOL-36 scoring program. The raw scores for each item are converted linearly to
a 0 to 100 range with higher scores indicating better HRQOL.*

Integrated Patient
Outcome Scale-Renal assess their care needs.

A symptom-specific measure with 11 questions for use with patients with advanced kidney disease to

The questions relate to common symptoms patients with renal disease experience plus additional
items such as information needs, practical issues and family anxiety.®® The first question has a free text
response format. Questions 2 to 9 have five response options while questions 10 and 11 have three
response options each. The measure is currently being validated by researchers at the Department of
Palliative Care, Policy and Rehabilitation at King’s College London. Dimensions yet to be ascertained.

EuroQol Five-
Dimension Five-
Level questionnaire

measure health status.’’ *

discomfort and (5) anxiety/depression.

A generic utility measure with a self-classifier and a visual analogue scale, which can be used to

The self-classifier includes five dimensions: (1) mobility, (2) self-care, (3) usual activities, (4) pain/

This version of the measure has five levels of severity (response options) for each dimension. It is
possible to describe 3125 different health states between 0 (dead) and 1 (perfect health).’ *
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The KDQOI-36 and the IPOS-Renal are free to use
without charge as long as the developers are appropri-
ately acknowledged and cited. The EQ-5D-5L requires
prior written consent and payment of licensing fees (if
applicable). A licence will be obtained for this project.

The PRO-trACK project will consist of three studies,
namely (1) usability testing with patients, (2) qualitative
study with patients and clinicians, and (3) validation study
with patients.

While the usability testing and qualitative interviews
are related, they are distinct studies. The usability testing
will focus on the actual experience of patients as they test
the ePROM system while the qualitative interviews will
explore the broader opinions of patients on the use of
ePROMs in the NHS.

The content validation of the KDQOL-36 and the
IPOS-Renal by patients and clinicians during the quali-
tative study as well as the results of the validation study
will assist the research team with the final decision on
which measure to take forward for the final version of the
ePROM system.

The ePROM system will be designed as an electronic
method of allowing patients with CKD to remotely self-re-
port their symptoms and QOL using a digital platform that
is convenient to them (PC, tablet, smartphone, telephone
voice recognition or scanned paper copy), providing
important patient-centred data to the patients’ clinical
team.

The ePROM system will be accessed via the secure
electronic patient portal developed by the University
Hospitals Birmingham NHS Foundation Trust, known
as ‘myhealth@QEHB’ (see figure 1)."" myhealth@QEHB
currently has 14000 patient users and was awarded the
prestigious E- Health Insider award in 2014." Around
1200 patients with renal disease are currently signed up
for myhealth@QEHB. At the moment, this is a voluntary

@ Delivering the best in care

METHODS AND ANALYSIS

Project design

In this section, the project setting and eligibility criteria for
participants will be described first as this will be the same for
the three studies. Aspects of research methods specific to
each study will be subsequently discussed separately.

Project setting

Queen Elizabeth Hospitals, Birmingham (QEHB) will be
the host site for this project. Clinical staff at the Renal
Unit, QEHB and academic researchers at the Centre
for Patient-Reported Outcomes Research, University
of Birmingham will be responsible for the conduct and
management of the project. The nephrology service
comprises 21 consultants, 30 junior doctors, and 20
nurses and allied health professionals in the CKD team.

Project participants

Patient participants

For the project, we will recruit adult patients with
advanced CKD stages 4 and 5 under the care of the renal
services at QEHB, with eGFR <20mL/min/1.73 m? who
have been counselled about treatment modalities for
end-stage renal disease (ESRD). In addition, using the
renal risk calculator, they must have a >20% projected risk
of progressing to ESRD and requiring renal replacement
therapy (RRT) or an eGFR <10mL/min/1.73 m” within
2years.”’ The renal risk calculator is a model designed
to use routinely collected laboratory tests to predict the
progression of patients with CKD stages 3 to 5 to kidney
failure.”’

We have selected this group of patients as our main
target for this project because, even though they have not
yet reached ESRD, they are likely to have high symptom
burden and a high risk of rapid clinical deterioration to
renal failure. We hypothesise this group of patients are
likely to derive the most benefit from an ePROM system.

Bir m
Part of Univeraity Mawpitals Birmmngham
NHS Foundation Trast

@ Quaen Queen Elizabeth ital
Hospital

" Birmingham

Charity

Log in

‘ Existing users

You must log in to use this service
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system.
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unlocking your own health records
Registered users can use this page to log in. If you have not yet registered to use myhealth@QEHB
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b nl Visit the b i
® University Hospitals Birmingham NHS Foundation Trust 2013
Figure 1 Screenshot of the myhealth@QEHB login page.
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The research team also is working on a related project
focused on dialysis patients.

Patients who have commenced dialysis within 6 months
will also be eligible to participate as we hypothesise they
will be able to recall their symptoms and medical needs
pre-dialysis. Participants will be required to converse in
everyday English and provide informed consent.

Patients who have a recent history of acute kidney
injury within the last 3 months, a comorbidity with a high
level of symptoms or terminal illness likely to lead to the
death within 6 months of participation will be excluded
from the study.

We will aim to recruit different sets of eligible patients
for each study in order to minimise participant burden.
However, if patients voluntarily express an interest, they
will be allowed to participate in more than one study
as long as the renal team is satisfied with their health
status.

Efforts will be made to recruit up to 30% of the study
participants from minority ethnic groups to reflect the
ethnic diversity of the patient catchment area.

Although our previous work does not show an influence
of socioeconomic status on outcomes for CKD,”" we will
be mindful of sample diversity in relation to sociodemo-
graphic variables such age, gender, ethnicity and other
relevant sociodemographic factors. We will collect data
on participant characteristics to monitor this as recruit-
ment and qualitative data collection progress. Although
we appreciate that patient populations and research
samples do not always represent such diversity, we will try
to employ recruitment strategies that optimise our ability
to recruit a diverse patient sample.

Clinicians and other professional staff

Clinicians who manage patients with CKD at the Renal
Unit, QEHB and members of the myHealth team and
hospital management staff who provide consent will be
recruited for this project.

Recruitment methods

A member of the renal research team at QEHB will screen
patients for eligibility using the electronic screening tools
that are used for clinical purposes. This will identify
patients who meet the eligibility criteria and the clinics
they attend. Eligibility will be confirmed by direct review
of the clinical records by the research nurse and a clini-
cian who are members of the renal care team, on the
delegated duty log.

Patients will then be approached at clinic by a member
of the renal care team and given patient information
sheet to read. Further information about the study will
be given and their immediate queries will be addressed.
They will be contacted no earlier than 48 hours after the
clinic visit to ascertain if they wish to participate in the
study.

Clinicians and other professional staff will be recruited
by the members of the research team and sent informa-
tion sheets via email.

Study 1: usability testing
Usability testing will be conducted to evaluate the accept-
ability of the ePROM system.

Study objectives

» To determine whether patients can easily navigate the
ePROM system.

» To determine if patients are able to complete the
questionnaires successfully on their own and, if not,
how much assistance they require.

» To determine the average length of time required to
complete an ePROM report.

» To determine the level of satisfaction with the ePROM
interface.

P To identify changes that might be required to improve
user performance and satisfaction.

Data collection

Usability testing refers to the appraisal of a product
or service by potential service users and involves the
observation of such users completing a task within a
predetermined scenario.” *’

The scenario for this study will be the self-report of a
patient’s health status between clinic appointments using
an electronic device such as a smartphone, tablet or PC/
laptop. Each patient will undergo a single one-to-one
session with OLA, the project’s chief investigator (CI),
and attempt to complete the three electronic question-
naires with as little assistance as possible.

The Concurrent Think Aloud (CTA) and Retrospec-
tive Probing (RP) moderating techniques will be used for
this study.” CTA involves the thinking aloud and vocali-
sation of participants’ thoughts during the session while
RP refers to interviewing the participant following the
completion of the session.”* The advantage of combining
both techniques is that real-time feedback could be
obtained for exploration by the CI afterwards.”

The CI will take detailed notes of the participants’
comments, actions, non-verbal cues and errors and pass
minimal comments to encourage them to think aloud
during the sessions.

Qualitative data will be collected in the form of a brief
audio-recorded interview at the end of each test. The
patients will be questioned based on the notes taken by
the CI during the session. They will be encouraged to
provide any recommendation to improve user experi-
ence.

Data analysis
Thematic analysis will be conducted on the qualitative
data (see the analysis of patient interviews for more
details), which will include the notes taken during the
sessions and the transcripts of the post-test interview.
Quantitative data will be summarised using descriptive
statistics such as proportions, averages, percentages and
rates.”” Quantitative data will include successful comple-
tion rates, error-free rates and average time required for
completion.
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Sample size

We will recruit up to 30 patients from QEHB for this study
based on the recommendations found in literature.” The
process of improving the usability of any system is an iter-
ative oneﬁ; therefore, a minimum of two testing cycles
will be conducted with the patients. The findings from
the first test cycle will guide the process of improving the
ePROM system before the second cycle is conducted.

Study 2: qualitative study

This study will explore the views of stakeholders on the
optimal use and administration of the CKD ePROM
system.

Study 2a: patient interviews

Study objectives

» To determine which symptoms patients with CKD find
most bothersome.

» To explore how acceptable ePROMs are.

» To determine how often patients will be willing to
complete the ePROM and their preferred method of
completion, thatis, PC, smartphone, tablet, telephone
voice recognition or paper completion.

» To explore the likely factors that may improve or
discourage the completion of ePROMs.

» To explore how they would like to receive feedback
from the clinical team regarding the ePROMs they
provide.

Data collection

Semi-structured face-to-face interviews will be arranged
to either coincide with patients’ scheduled clinic visit or
held on a separate day if preferred. The option of a tele-
phone interview will also be given.

A topic guide will be used to provide a general direc-
tion for each interview and ensure that important issues
are covered while allowing enough flexibility to capture
other relevant themes that may arise during any session.

Interviews will be recorded using an encrypted digital
audio recorder and transcribed by a professional tran-
scription company.

Data analysis
The transcripts will be analysed by the CI using the Nvivo
10 software package by QSR International. Thematic anal-
ysis of the data will be conducted following the six steps
described by Braun and Clarke.” The process of analysis
will begin with the CI ‘actively’ reading and engaging with
the data set (ie, searching for patterns and meanings).
The next phase will be the initial coding of the raw tran-
script data using the QSR software. Extracts will be coded
inclusively (ie, a little surrounding data will be kept to
retain contextual meaning) i

Phase 3 will involve the analysis and organisation of
codes into potential themes. These initial themes will be
revised and refined in the fourth phase on two levels. The
first is at the level of coded data extracts to ensure they
are coherent for each theme. The second level of analysis

is to ensure the themes reflect the data set. During this
phase, redundant codes and themes may be removed,
revised or merged as required. Phase 5 will involve the
definition of what each theme is and what it is not, and its
importance in relation to the entire data and the research
questions. The themes will be considered individually as
well as in relation to other themes to ensure overlaps are
kept to a minimum. The final phase will be the produc-
tion of the study report.

The project team (Independent of the CI) will
randomly review a sample of transcripts for verification
purposes.

Data analysis will be carried out simultaneously with
data collection, and both will continue until no new
themes emerge from the further analysis, that is, data
saturation has been reached.”

Respondent validation will be undertaken, whereby a
summary of the main points arising from the interview
will be sent to each participant for comments.

Sample size
Based on experience from previous similar qualitative
studies conducted by the research team, recruitment will
continue until a target sample size of between 15 and
30 patient participants is attained or until saturation is
achieved.

Study 2b: focus groups with clinicians and other professional staff
Focus group discussions will be held with clinicians who
manage patients with CKD at the Renal Unit, QEHB,
members of the myHealth team and hospital manage-
ment staff as required.

Study objectives

» To evaluate and rate the relevance of the items of the
ePROM questionnaires with clinical staff (content
validation).

» To determine those factors that may improve or
discourage the use of ePROM data by clinicians.

» To determine clinicians’ preferred method of
displaying ePROM data.

Data collection

An independent member of staff will serve as chief
moderator and direct the discussions while the CI will
act as assistant moderator, making notes and observing
the interactions within the groups. The discussions
will be allowed to develop with minimum interference
following a topic guide to ensure that all the main points
are covered. Focus group sessions will be recorded using
an encrypted digital audio recorder and transcribed by a
professional transcription company.

Face-to-face or telephone interviews with clinicians and
other professional staff may be conducted to explore
their views on the use of PROMs. These interviews will
require a maximum of 1 hour.
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Sample size

We will aim to include up to 15 participants in up to two
focus groups (seven to eight participants in each group)
and if necessary interview the same number of partici-
pants.

Data analysis
Thematic analysis will be conducted (see analysis of
patient interviews for details).

Study 3: ePROM validation

The purpose of this study is to evaluate the measurement
properties of the electronic versions of the KDQOL-36
and the IPOS-Renal against the EQ-5D-5L. and clinical
data. At the end of this study, the most suitable question-
naire(s) would be taken forward for formal feasibility
testing.

Study objectives

» To determine the reliability and validity of the ePROM
questionnaires.

» To determine the ability of the ePROM questionnaires
to detect change in a patient’s health over a period of
time.

» To determine which of the two questionnaires is most
suitable to take forward for formal feasibility testing.

Data collection

Patients will be registered on ‘myhealth@QEHDB’ in order
to access the ePROM system. There will be the option of
completing paper versions if preferred. Time for ques-
tionnaire completion may be influenced by patients’
symptoms but should require no more than 1 hour.

All participants will be asked to complete the two ques-
tionnaires three times: at study entry, at 2 weeks after
initial completion and at 6 months after initial comple-
tion. Completing the questionnaires at these time points
will facilitate the comprehensive assessment of psycho-
metric properties.” For definitions of measurement
properties, see table 2.

Data analysis

Quantitative data will be analysed using statistical soft-
ware such as STATA. Where appropriate, analysis will be
conducted separately for patients with CKD stages 4 and
5 and patients on dialysis.

A disclaimer statement will be included in the patient
information sheets for the validation study informing the
patients that the questionnaires will not be assessed until
the end of the study; therefore, patients should inform
their clinician (eg, general practice or renal services) of
any healthcare needs for management.

Psychometric evaluation

Classical test theory (CTT) and the Rasch measure-
ment model”’ will be used to evaluate the psychometric
properties of the ePROM versions of the KDQOL-36
and IPOS-Renal. CTT is a traditional approach to ques-
tionnaire development, which postulates that a person’s

observed score consists of their true score plus an addi-
tional measurement error score, and the underlying
assumption is that this relationship is additive.”’ *" This
additive model involves the summation of item ratings on
a Likert-type scale to obtain a total score; however, the
values of the true score and error score cannot be deter-
mined and CTT does not describe the hierarchy of the
items.fill—ii‘_’

Rasch analysis™ is one method of evaluating measure-
ment tools to ensure they deliver reliable and valid
measurement and is increasingly being used in clinical
research and practice for refinement and development
of PROMs.”™ The Rasch model operationalises axioms
of additive conjoint measurement and tests the extent
to which PROMs are unidimensional.” Fit to the Rasch
model is established through a number of fit statis-
tics.” Analysis is an iterative process identifying and
studying anomalies in the data and the extent to which
data conforms to the Rasch model. The degree of fit
achieved will identify the extent to which KDQOL-36
and IPOS-Renal demonstrate construct validity, unidi-
mensionality and reliability.”” When data fit the Rasch
model, it confirms that the PROMs are unidimensional
and summation of scores from the KDQOL-36 and IPOS-
Renal is legitimate.”

CTT will be used to evaluate the reliability, construct
validity and responsiveness while Rasch analysis will be
done to complement the CTT assessment of structural
validity of the two questionnaires.

CTT methods

Factor analysis

Structural validity

Exploratory factor analysis will be used to evaluate
the factor structure of the KDQOIL-36 and the IPOS-
Renal.”™ * This will be conducted using principal
component analysis (PCA) with orthogonal Varimax rota-
tion of quadrants.” Factors will be identified based on
the Scree test and the percentage of variance accounted
for by a particular factor."’ "' Eigenvalues measure the
amount of variation and factors will be required to have
a minimum eigenvalue of 1.0." Subsequently, a confir-
matory factor analysis will be conducted to test whether
the hypothesised factor models of the questionnaires are

supported by actual data.™*

Reliability

Internal consistency

Using baseline scores, Cronbach’s alphaﬂ will be calcu-
lated for the total scale and subscale scores of the
KDQOIL-36 and IPOS-Renal. Alpha values 0.70-0.90 will
be deemed acceptable” " An ‘if item deleted’ analysis
will be conducted to identify whether any items should be
dropped from the scale."”

Test—retest reliability
The completion of the electronic questionnaires 2
weeks after the initial completion will allow assessment

6
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of the stability of the questionnaires.” Intraclass
correlation coefficients (ICCs) for agreement will be
calculated on subscale and total scores using a two-way
random effects model.” "’ ICC values >0.75 will indicate
excellent test-retest reliability, values 0.40-0.75 will be
considered good, while values <0.4will indicate weak
agreement.”’ 7!

Measurement error

As we are not aware of values for measurement error
and minimally important clinical change (MIC) for our
population of interest, these will be calculated in this
study. Measurement error will be calculated using the
SE of measurement.” ”* The MIC will be determined for
patients who commence dialysis within the study period
using a patientreported anchor-based method. This is
regarded as the ideal method for calculating the MID as
it captures the patients’ values directly.:-’:" We will compare
changes in measurement scores with a patientre-
ported global rating of change scale as our reference
‘anchor’.”” The measurement error and the MIC will
assist with the assessment and interpretation of treatment
outcomes and effects.”

Construct validity

Convergent validity (hypothesis testing)

We have formulated the following hypotheses to test
in order to establish convergent validity. Pearson’s or
Spearman’s correlation coefficients will be calculated
for correlations as appropriate. Pearson’s or Spearman’s
correlation coefficients >0.40will be considered accept-
able for scales that are theoretically related.”” ™

Hypothesis 1

Each item of the KDQOL-36 and the IPOS-Renal will
have a positive correlation >0.40 with its own hypothe-
sised subscale after correction for overlap.” IPOS-Renal
items will be correlated with their subscales once these
have been established by factor analysis.

Hypothesis 2

The generic (SF-12) and the disease-specific domains
of the KDQOL-36 will have weak to moderate positive
correlations with each other as they are designed to assess
different aspects of health-related quality of life.”’ "'

Hypothesis 3

Each subscale score of the KDQOIL-36 will have positive
correlations with the overall health rating score (question
1 of KDQOL-36)."

Hypothesis 4

The generic (SF-12) subscales, the physical component
summary and the mental component summary of the
KDQOL-36 will have higher positive correlations with the
utility scores of the EQ-5D-5L than the kidney-specific
subscales of the KDQOIL-36 and the symptom-specific
scales of the IPOS-Renal.

Hypothesis 5

Clinical parameters specific to kidney disease such as the
eGFR will correlate better with dialysis-targeted dimen-
sions of the KDQOL-36 and the IPOS-Renal than with
generic dimensions of KDQOL-36."

Hypothesis 6

The utility scores of the EuroQol Visual Analogue Scale
will have a high positive correlation with the overall
health rating scores of the KDQOL-36.

Hypothesis 7

The comparisons of the means of the lowest scoring 25th
percentile and the higher scoring 75th percentile for
each disease-specific subscale of the KDQOIL-36 will be
statistically significant (p values <0.05, using the Mann-
Whitney U test).”'

Responsiveness

The questionnaires will be administered 6 months after
the initial completion in order to assess the ability of the
questionnaires in detecting changes in patients’ condi-
tion. Using Pearson’s correlation coefficient, we will test
three hypotheses for responsiveness based on changes
in scores as recommended by the Consensus-based
Standards for the selection of health Measurement
INstruments (COSMIN) group.”

Hypothesis 1

There will be significant changes in the QOL scores of
patients who switch from conservative management to
RRT within this period. Therefore, the QOL scores before
and after commencing RRT will be compared using the
Wilcoxon signed-rank test.””

Hypothesis 2

Changes in KDQOL-36 scores for patients who switch to
RRT from conservative care will correlate negatively with
changes in their creatinine values and correlate posi-
tively with changes in residual renal function and serum
albumin.”

Hypothesis 3

There will be positive correlations between the global
rating scale and the changes in KDQOL-36 scores for
patients who switch to RRT from conservative care.”’

In addition to these hypotheses, effect sizes (ES) and
standardised response mean (SRM) will be calculated
for patients with CKD stages 4 and 5 who were initially
managed conservatively but progressed to renal failure
(on RRT) during the study period.”” "

Higher ES or SRM indicate greater responsiveness
and values up to 0.2 will be regarded as small, 0.5
moderate and 0.8 as substantial according to Cohen’s
criteria.”’ Receiver operating characteristic curves will be
used to establish a cut point for predicting transition to
RRT.
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Application of Rasch analysis

The underlying assumption with the Rasch model is that
individual items capture a single underlying trait, and
therefore the summation of items from the KDQOL-36 or
IPOS-Renal forms unidimensional scales. Rasch analysis is
an iterative process that identifies and studies anomalies
in the data and the extent to which KDQOL-36 or IPOS-
Renal data conform to the Rasch model and therefore
the extent to which the instrument is unidimensional.
Fit will be established using a variety of indicators and
fit statistics.”” The Rasch Unidimensional Measurement
Model software (RUMM2030)"" will be used to analyse
KDQOL-36 and IPOS-Renal data.

KDQOL-36 has a mixture of dichotomous and poly-
tomous responses whereas the IPOS-Renal items are all
polytomous using a Likert response format (see table 1).
Affirmation of response categories by respondents
should follow a logical sequence. As their perceived
level of health improves/deteriorates, then responses
should reflect this by affirming higher or lower scoring
categories, moving from a score of 1, to 2, then 3, etc,
on any item.”” Rasch-Andrich thresholds are the points
between adjoining categories where the probability of
affirming either category is 50/50, when responders’
perceived level of health is equidistantly captured by
adjoining categories.m Where there is agreement with this
expected response hierarchy, thresholds appear ordered,
and disordered thresholds are observable as a lack of
consistency.” Disordered thresholds can suggest poorly
defined or redundant scoring categories, and therefore
conceptual distinctions between categories may be impre-
cise. Responders then find it difficult to assign a category
to their perceived health status or QOL.

Targeting will be established by examining the extent
to which distributions of participants perceived QOL/
health status and levels of health identified by KDQOIL-36
and IPOS-Renal items are analogous. The position of
each responder and item on the underlying construct is
defined as the person’s ability and the item’s difficulty.”
Therefore, responders with low levels of perceived health
or QOL should only affirm items and scoring categories
which capture lowlevels of health. The item which captures
the average level of ability will be identified as having zero
logits by RUMMZ2030. Therefore, when person and items
are appropriately targeted, person mean location scores
should approximate the zero value of the item locations.
A positive mean value for responders’ estimated locations
will suggest that responders’ average levels of health are
higher than the average on the KDQOL-36. Conversely,
negative person locations will confirm the opposite to be
true.”

The person separation index (PSI) uses the logit values
to estimate the internal reliability of the KDQOIL-36 and
IPOS-Renal and is conceptually equivalent to Cronbach’s
alpha. It identifies the extent to which the instrument is
able to discriminate between groups with different health
states and the precision of the estimate for each person.”

Minimum PSI value suggested for group use is 0.70 and
for individual use 0.85."

Individual tests of fit for each person and item will
reflect the difference between responders observed
and expected responses if data fit the Rasch model.
RUMM2030 will automatically cluster responders into
equivalent size groups (class intervals) according to their
overall ability. A number of statistics use these class inter-
vals including x” statistics and residual values.”” Residuals
are summations of individual item or person deviations
from expected fit to the Rasch model, standardised as a
z-score. Residual scores between +2.5 indicate adequate
fit to the Rasch model.”

A X2 statistic will compare this difference, with a
summed x” for each class interval contributing to the
overall ¥* for that item. The %* for all items will then
be summed to demonstrate the overall item-interaction
statistic. A non-significant %” interaction statistic will indi-
cate theoretical fit to the Rasch model.”” A significant y”
will indicate the need for further evaluation to establish
potential causes of misfit.

Differential item functioning (DIF) is a form of item
bias that can affect fit to the model. DIF manifests itself
as responses to individual items by sample subgroups
(eg, gender or age group) being inconsistent with their
overall perceived level of health.” DIF will be identified
using ANOVA and statistically significant probability
(p<0.05, or a Bonferroni-corrected level). DIF for gender,
age group and kidney disease stage will be examined.

Item independence is an underlying principle of the
Rasch model.” Response dependency occurs when a
person’s response to one item determines the response to
another item, and therefore responses are not indepen-
dent of each other.” Residual correlation metrics (<0.3)
will identify if response dependency is an issue.

Once the ‘Rasch factor’ is extracted, leftover residuals
should not contain any patterns in the data.”” A PCA of the
residuals will detect if multi-dimensionality is an issue.””
Subsets of items identified by the negative and positive
correlations from the PCA will be used to compare esti-
mates of responders’ health states on the two subsets. If no
significant difference in the estimates is identified using
independent t-test, then unidimensionality is assured.
Tennant and Conaghan™ also state that the percentage
of tests outside the range of -1.96 to 1.96 should not
exceed 5%. Confidence intervals for the binomial test of
proportions will be used; this is based on the number of
significant tests and the lower bound should overlap the
5% expected value for a non-significant test in order to
confirm unidimensionality.:”’ If responders’ health state
estimates are found to be significantly different in more
than 5% of cases, this will indicate that the subtests are
measuring different but related aspects of health states.”
Where the scale is being used to measure changes over
time, then using different but related subscales might be
more appropriate.”’

Finally, if the data fit the model, patient and item param-
eter estimates will be positioned on the same log-odds
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units (logits) scale, although as independent parameters
allowing a linear transformation of the raw scores to be
used.” Therefore, estimates of a patient’s level of health
can be derived from the KDQOL-36 and IPOS-Renal data
with confidence.

Sample size

There are various schools of thought regarding sample
size requirements for validation studies.”” ™ We aim to
recruit at least 180 patients based on the recommen-
dations found in contemporary literature outlining
psychometric best practice (5 to 10 times the number of
variables in any given multivariate statistical model).”

Reimbursement and withdrawal

Reimbursement

All patients will be reimbursed for their time with a £20
gift card.” ¥ Light refreshments will be provided for
focus group participants.

Withdrawal

Patient participants will be informed they have the right
to freely withdraw from the study, for any reason, at any
time prior to their data being integrated into the data
set. They will not be required to supply a reason for their
withdrawal and the decision will have no effect on their
future medical care.

As focus group participants (clinicians and other
professional staff) will be audio recorded as a group, they
will be informed it will be impossible to withdraw their
data during or after a focus group discussion. They will
not be required to supply a reason for their withdrawal
before a focus group discussion and the decision will have
no effect on their employment.

DISCUSSION

PROMs can be completed electronically, making it possible
to remotely monitor symptoms in patients with CKD and
generate ‘real time’ data, which may assist clinicians with
the tailoring of treatment to the needs of each patient.'”
The use of ePROMs could potentially foster patient—clini-
cian communication and further support shared-decision
between patients with CKD and their clinicians."” '* The
regular completion of ePROMs may decrease the need for
stable patients with acceptable ePROM data to attend clin-
ical appointments, thus sparing them the financial burden
and physical stress of travelling. This might free up appoint-
ment times for patients who actually need to be seen in
clinic."” In this manner, the use of PROMs may significantly
improve the quality of life of patients with CKD.

At each stage of the project, when necessary, PAG
meetings will be convened for their input and drafts of
publication manuscripts reviewed by members of the
group before submission to journals.

By employing a mixed-methods approach, the
PRO-trACK project will provide evidence of the feasi-
bility and validity of the ePROM system in patients with
advanced CKD.

ETHICS AND DISSEMINATION

Ethics and data management
This projectwas approved by the West Midlands Edgbaston
Research Ethics Committee (Reference 17/WM/0010)
and received Health Research Authority (HRA) Approval
on 24 February 2017. It has also been included in the
National Institute for Health Research (NIHR) Clinical
Research Network (CRN) Portfolio (ID 33117).
Participant data (whether in electronic or paper
format) will be acquired, anonymised, transferred and
stored according to the Data Protection Act 199883; the
Confidentiality—NHS Code of Practice™’; the Caldicott
principles™’; the University of Birmingham Code of prac-
tice for research™; and the University of Birmingham
Guidance on Out of Hours Activities and Lone Working.*’
Only members of the research team will have access to
the project data. The exception will be permissions given
to authorised regulatory personnel in order to conduct
audits and inspections on behalf of the ethics committee.

Dissemination
The findings of the project will be provided to the Infor-
matics Team and the Nephrology Unit at the QEHB as
required. Participants will be given a summary of the find-
ings, with reference to the full reports if desired.
Research article(s) based on the findings of the
studies will be written and submitted for publication to
peer-reviewed journals, and all contributors and their
contributions to the study will be acknowledged. We will
also disseminate our findings at seminars and confer-
ences both nationally and internationally.
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Psychometric properties of PROMs used in adult patients with

chronic kidney disease — a systematic review

Selecting appropriate PROMs for any purpose can be quite challenging given the
numerous measures available." It is crucial that the psychometric (measurement)
properties of PROMs are considered to ensure that they actually measure the
intended domains of HRQOL and the data generated serve a useful purpose.? It is
essential that such decisions are supported by the most recent evidence available.
A scoping search found two relevant reviews of PROMs used in patients with CKD
which were published over 5 years ago.34 As a number of important methodological
guidelines and recommendations®® have been published since, it was necessary to
conduct an up-to-date review utilising these newer methodological advances.

One of the methodological guidelines employed for this review was the COSMIN
checklist which was designed to assess the quality of the eligible
development/validation studies.® A quality criteria was subsequently used for

evidence synthesis.®
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Abstract

Background

Patient-reported outcome measures (PROMs) can provide valuable information which may
assist with the care of patients with chronic kidney disease (CKD). However, given the large
number of measures available, it is unclear which PROMs are suitable for use in research or
clinical practice. To address this we comprehensively evaluated studies that assessed the
measurement properties of PROMs in adults with CKD.

Methods

Four databases were searched; reference list and citation searching of included studies was
also conducted. The COnsensus-based Standards for the selection of health Measurement
INstruments (COSMIN) checklist was used to appraise the methodological quality of the
included studies and to inform a best evidence synthesis for each PROM.

Results

The search strategy retrieved 3,702 titles/abstracts. After 288 duplicates were removed,
3,414 abstracts were screened and 71 full-text articles were retrieved for further review.

Of these, 24 full-text articles were excluded as they did not meet the eligibility criteria. Fol-
lowing reference list and citation searching, 19 articles were retrieved bringing the total num-
ber of papers included in the final analysis to 66. There was strong evidence supporting
internal consistency and moderate evidence supporting construct validity for the Kidney Dis-
ease Quality of Life-36 (KDQOL-36) in pre-dialysis patients. In the dialysis population, the
KDQOL-Short Form (KDQOL-SF) had strong evidence for internal consistency and struc-
tural validity and moderate evidence for test-retest reliability and construct validity while the
KDQOL-36 had moderate evidence of internal consistency, test-retest reliability and con-
struct validity. The End Stage Renal Disease-Symptom Checklist Transplantation Module
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(ESRD-SCLTM) demonstrated strong evidence for internal consistency and moderate evi-
dence for test-retest reliability, structural and construct validity in renal transplant recipients.

Conclusions

We suggest considering the KDQOL-36 for use in pre-dialysis patients; the KDQOL-SF or
KDQOL-36 for dialysis patients and the ESRD-SCLTM for use in transplant recipients. How-
ever, further research is required to evaluate the measurement error, structural validity,
responsiveness and patient acceptability of PROMs used in CKD.

Introduction

Chronic kidney disease (CKD) is a global health issue [1]. It affects up to 16% of the adult pop-
ulation in the developed world and is associated with increased morbidity and mortality that is
directly related to severity [2, 3]. CKD also has major healthcare economic costs [4, 5]. For the
National Health Service (NHS) in England, the total estimated expenditure attributable to
CKD between 2009 and 2010 was over a billion pounds; renal replacement therapy (RRT)
accounted for approximately half of this expenditure [6]. In the US, it is estimated that manag-
ing stages 3 and 4 CKD cost the Medicare fee-for-service (FFS) approximately $44.4 billion
annually [7].

Early symptoms of CKD, such as fatigue, are usually non-specific [8]. However patients
with more advanced CKD often report multiple ‘clusters’ of symptoms including drowsiness,
pain, pruritus and dry skin [9]. This overall symptom burden may have a negative impact on
the perceived health-related quality of life (HRQOL) of patients with end-stage renal disease
(10, 11].

HRQOL can be assessed using self-administered, validated questionnaires known as
patient-reported outcome measures (PROMs) [12]. PROMs have a wide variety of applications
ranging from clinical trials [13] to product labelling [14] and routine clinical care [15, 16].
There is an increasing awareness that PROMs may have a future role in the management of
patients with kidney disease, including integration into routine practice; for example, through
monitoring patients for symptoms or changes in HRQOL that may require an intervention
[17].

If any benefit is to be derived from the use of PROMs, it is important that they are well vali-
dated to ensure that they actually measure what they are supposed to measure, produce consis-
tent results and capture all aspects of the construct(s) under investigation that matter to the
target population if any benefit is to be derived from their use [14].

A systematic review by Gibbons and Fitzpatrick [18] evaluated the measurement properties
of PROMs used in the CKD population, but this was conducted over six years ago. There have
been methodological advances since then [19, 20] and it is reasonable to assume that new
research has been published [21]. The review was restricted to studies published in English
which might have excluded potentially relevant papers [18]. In addition, the review did not
report evaluating the methodological quality of the selected studies. It is vital that the method-
ological quality of studies evaluating the measurement properties of PROM:s is assessed to
ensure that conclusions about the reliability and validity of the measures are dependable [22
as these have a potential impact on clinical practice and health policy [23].

Therefore, we have evaluated the methodological quality of the selected studies using the
COnsensus-based Standards for the selection of health Measurement INstruments (COSMIN)
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checklist [22] and used the findings to inform our evidence synthesis. Thus providing the best
evidence possible, to inform the selection of PROM:s for monitoring the symptoms of CKD
and its treatment effects in pre-dialysis, dialysis and renal transplant patients.

Methods
Design

This systematic review was conducted and reported according to a registered and published
protocol (PROSPERO registration number: CRD42016035554) (See S1 Text. Review Protocol)
[24] and written in compliance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines (See S2 Text. PRISMA Checklist) [25]. We also consid-
ered the findings of the review of systematic reviews by Terwee et al. [26].

Search strategy

Relevant databases including MEDLINE (Ovid), EMBASE (Ovid), PsycINFO (Ovid) and
CINAHL Plus (EBSCO) were systematically searched from inception to 21* December 2015
without language restrictions [24].

The search strategy was initially developed for MEDLINE and subsequently adapted for the
other databases (See S3 Text. Search Strategy). Two existing search filters [27, 28] were com-
bined with key terms generated by the review team for renal disease and its treatment modali-
ties. An information specialist at the Institute of Applied Health Research, University of
Birmingham, was consulted during the process.

Search records were downloaded into Endnote X7 and duplicates removed. In addition, the
UK Renal Registry website was searched to 17" May 2016.

Screening process

All titles and abstracts were screened independently by two reviewers (OLA and TK/AG).
Full-text articles were obtained for studies potentially meeting the eligibility criteria and were
independently reviewed by the same reviewers. Reasons for exclusion were documented.
Hand searching of reference lists and citation searching of the included papers was also con-
ducted. At all stages, disagreements regarding eligibility were resolved through discussion and,
if necessary, consultation with a third reviewer (MC/DK).

Selection of studies

Studies were included if they: (1) focused on PROMs used specifically for measuring HRQOL
and/or CKD symptoms (the constructs of interest) in any CKD population; and (2) reported
either the development or evaluation of one or more psychometric properties of a PROM [24].

Articles excluded were clinical trial reports, editorials, reviews and conference abstracts. In
addition, studies that focussed on clinician-assessed instruments, PROM:s developed for use in
patients with acute kidney injury or in patients below 18 years of age were excluded.

Data extraction

Data from selected studies were extracted independently by two reviewers (OLA and AS)
using a pre-designed data collection form and cross-checked for accuracy.
The following data were extracted where available

1. Characteristics of study populations

2. Questionnaire characteristics
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3. Evidence regarding measurement properties as defined by Mokkink et al.[29] namely: reli-
ability (test-retest reliability, internal consistency, measurement error); validity (content
validity, construct validity (including hypothesis testing, structural validity and cross-cul-
tural validity); responsiveness of questionnaires to changes over time; the setting and
purpose for which the questionnaires were administered and details regarding their
interpretability; operational characteristics including patient acceptability and mode and
feasibility of administration; and details regarding patient involvement in the PROM devel-
opment or validation process.

Appraisal of the methodological quality of selected studies

Following the selection process, the quality of the included papers was assessed by two review-
ers (OLA/AS) using a validated critical appraisal tool for studies of health measurement instru-
ments: the COnsensus-based Standards for the selection of health Measurement INstruments
(COSMIN) checklist [20, 22]. The COSMIN checklist is designed to evaluate the methodologi-
cal quality of studies of psychometric properties [22]. It comprises of mini-checklists A to I
(otherwise known as ‘boxes’) which correspond to each measurement property (See Table 1).
Some measurement properties are named and defined differently by different authors, there-
fore the COSMIN definitions [29] were used to ascertain which measurement properties were
evaluated by the studies. The COSMIN checKklist is intended for use as a modular tool meaning
that the mini-checklists (boxes) to be completed for each study will be determined by the mea-
surement properties evaluated by the study [29]. Each mini-checklist has a set of quality items/
questions which were rated individually using the COSMIN 4-point scale as ’excellent’, 'good’,
fair’ or "poor’.

An item is rated ‘excellent’ when there is evidence that the methodological quality of
the study in relation to the item is adequate [20]. An item is rated ‘good’ when relevant in-
formation is not reported in an article, but it can be assumed that the methodological quality
is adequate [20]. An item is rated ‘fair’ if there is doubt about the adequacy of the study’s meth-
odological quality in relation to that item [20]. Finally, an item is rated ‘poor’ when there is
evidence that the methodological quality of the study in relation to that particular item is inad-
equate [20]. For example, a small sample size was considered poor methodological quality in
all the mini-checklists. A sample size >100 was considered ‘excellent’, 50-99 ‘good’, 30-49
‘fair’, and <30 ‘poor’ [20].

The "worst score counts’ method was used to determine the methodological quality of each
paper per measurement property [20]. This meant taking as the overall score for each measure-
ment property, the lowest rating given to any item within the respective mini-checklist [20].

Reviewers consulted a third author (MC/DK) if they were unable to reach a consensus at
any point during the assessment.

Data synthesis

The quality criteria developed by Terwee et al. [30] was used to rate the results for each mea-
surement property per study as either positive’ (+), 'indeterminate’ (?) or negative’ (-). For
example, structural validity was rated as positive, if the factors identified after performing a
factor analysis were reported to explain at least 50% of variance. If the factors explained <50%
of variance structural validity was rated as negative. The indeterminate rating was given if the
percentage of variance explained was not reported. (See Table 1) [30].

An evidence synthesis across studies was then conducted for measurement properties
reported for each PROM using another set of criteria (See Table 2) [19]. At this stage, the
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Table 1. Quality criteria for measurement properties.

Reliability

Internal consistency

Cronbach’s alpha(s) > 0.70

Cronbach’s alpha not determined or dimensionality unknown

Cronbach'’s alpha(s) < 0.70

Reliability

ICC / weighted Kappa > 0.70 OR Pearson’s r > 0.80

Neither ICC / weighted Kappa, nor Pearson’s r determined

ICC / weighted Kappa < 0.70 OR Pearson’s r <0.80

Measurement error

MIC > SDC OR MIC outside the LOA

MIC not defined

MIC < SDC OR MIC equals or inside LOA

Validity

Content validity +

All items are considered to be relevant for the construct to be measured, for the target population, and for the purpose of
the measurement AND the questionnaire is considered to be comprehensive

Not enough information available

Not all items are considered to be relevant for the construct to be measured, for the target population, and for the purpose
of the measurement OR the questionnaire is considered not to be comprehensive

Structural validity

Factors should explain at least 50% of the variance

Explained variance not mentioned

Factors explain < 50% of the variance

Hypothesis testing +

Correlations with instruments measuring the same construct > 0.50 OR at least 75% of the results are in accordance with
the hypotheses AND correlations with related constructs are higher than with unrelated constructs

Solely correlations determined with unrelated constructs

Correlations with instruments measuring the same construct < 0.50 OR < 75% of the results are in accordance with the
hypotheses OR correlations with related constructs are lower than with unrelated constructs

Cross-cultural

No differences in factor structure OR no important DIF between language versions

validity ?

Multiple group factor analysis not applied AND DIF not assessed

Differences in factor structure OR important DIF between language versions

Criterion validity

Convincing arguments that gold standard is “gold” AND correlation with gold standard > 0.70

No convincing arguments that gold standard is “gold”

Correlation with gold standard < 0.70

Responsiveness

Responsiveness +

Correlation with changes on instruments measuring the same construct > 0.50 OR at least 75% of the results are in
accordance with the hypotheses OR AUC > 0.70 AND correlations with changes in related constructs are higher than with
unrelated constructs

Solely correlations determined with unrelated constructs

Correlations with changes on instruments measuring the same construct < 0.50 OR < 75% of the results are in
accordance with the hypotheses OR AUC < 0.70 OR correlations with changes in related constructs are lower than with
unrelated constructs

MIC = minimal important change, SDC = smallest detectable change, LoA = limits of agreement
ICC = intraclass correlation coefficient, DIF = differential item functioning, AUC = area under the curve
1 + = positive rating,? = indeterminate rating

- = negative rating

(Reproduced with permission from Caroline Terwee, COSMIN)

https://doi.org/10.1371/journal.pone.0179733.t001

overall level of evidence for each PROM was provided by one or more studies, taking into
account their methodological quality [20]. The overall level of evidence for each measurement
property was graded as ‘strong’, ‘moderate’, ‘limited’ ‘unknown’ or ‘conflicting’ [19]. For
example, a measurement property was graded as ‘strong’ if at least one study had ‘excellent’
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Table 2. Levels of evidence for the quality of the measurement property.[19, 30].

Level of Rating? | Criteria

Evidence

Strong +++or | Consistent findings in multiple studies of good methodological quality OR in
— one study of excellent methodological quality

Moderate ++or— | Consistent findings in multiple studies of fair methodological quality OR in one

study of good methodological quality

Limited +Or- One study of fair methodological quality

Conflicting +/- Conflicting findings

unknown @ Only studies of poor methodological quality

.+ = positive rating

? = unknown rating

- = negative rating

(Reproduced with permission from Caroline Terwee, COSMIN)

https:/doi.org/10.1371/journal.pone.0179733.t002

methodological quality or at least two studies had ‘good” methodological qualities (See

Results

The search strategy retrieved 3,702 titles/abstracts. After 288 duplicates were removed, 3,414
abstracts were screened and 71 full-text articles were retrieved for further review. Of these, 24
full-text articles were excluded for various reasons (Fig 1). Following reference list and citation
searching, 19 articles were retrieved bringing the total number of papers included in the final
analysis to 66. Strength of agreement between the reviewers, calculated using Cohen’s Kappa
Statistic [31], was good (OLA/AG = 0.889, OLA/TK = 0.863).

Description of tables

Table 1 presents the quality criteria used to evaluate the measurement properties for each
PROM while the criteria used for the evidence synthesis are in Table 2. A brief description of
the PROMs evaluated in this review is presented in Table 3. The methodological qualities of
these studies are summarized in Table 4. Table 5 presents the synthesis of the overall level of
evidence for each PROM. The results reported by the included studies were extracted and are
summarized in S1 Table. Summary of study results. The characteristics of the included studies
are presented in S2 Table. Characteristics of included studies. The PROMs evaluated in this
review are summarized in S3 Table. Characteristics of included PROMs. S1-S3 Tables have
been submitted as ‘supporting information’ due to their size.

Evidence synthesis

A total of 25 PROMs were identified from the 66 publications; 20 disease-specific, 3 generic
and 2 utility PROMs (See Table 3). As the included studies were conducted in pre-dialysis,
dialysis and renal transplant populations, the evidence synthesis is described in 3 correspond-
ing sections (See Table 5). The term ‘indeterminate’ was used when vital information required
to assess a measurement property was missing (See Table 1) while ‘unknown’ was used for
measurement properties that were only assessed by studies of poor methodological quality
(See Table 2).
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Records identified from databases (n = 3702)
- MEDLINE (n = 1447)
- EMBASE (n = 1692) Duplicates removed (n = 288)
- PsycINFO (n = 173)
- CINAHL+ (n = 390)

A 4

Number of records screened (n = 3414)
- Kappa (OLA/AG) = 0.889 (95% C10.813 to 0.966) Excluded by tile/abstract (i = 3343)
- Kappa (OLA/TK) = 0.863 (95% CI 0.774 to 0.952)
Y /Full-text articles excluded (n = 24), reason: \
Number of full-text articles assessed for - Not assessing QOL/Symptoms (n = 5)
eligibility (n = 71): - Not CKD specific (n = 5)
- Agreement (OLA/AG, OLA/TK): 100% gga ?:riiscﬁelnas;bgtsgz?&r:ftr;s (n=6)
- Paediatric subjects (n = 2)
- Duplicates (n = 1)

- /

Y

[Full-text articles selected (n = 47)

Number of full-text articles included
following hand searching of reference lists
and the citation search (n = 19)

A 4

Final number of full-text articles
included in the analysis (n = 66)

Fig 1. Flow diagram.
https://doi.org/10.1371/journal.pone.0179733.g001
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Table 3. Description of PROMs evaluated.

Measure

Description

Disease-specific measures: These measure health in a way that is specific to a particular disease, set of

conditions, or part of the body [122].

Agarwal

A 37-item HRQOL measure for use in non-dialysis
patients with mental and physical dimensions [32].
Overall scores range from 0 to 100 with higher scores
indicating better HRQOL [32].

Kidney Disease Quality of Life—36 (KDQOL-
36)

A 36-item HRQOL measure designed for use in kidney
disease patients undergoing dialysis. Derived from the
KDQOL-SF [33]. There are 3 specific dimensions namely:
symptoms and problems (ii) burden of kidney disease (iii)
effects of kidney disease. It also includes two summary
scales derived from the SF-12 namely: the physical
(PCS) and mental (MCS) scales [34]. Overall scores
range from 0 to 100 with higher scores indicating better
HRQOL [33].

KDQOL-SF

An 80-item HRQOL measure designed for use in kidney
disease patients undergoing dialysis [47]. Derived from
the 134-item KDQOL [47, 58]. Version 1.3 differs from
version 1.2 by the addition of a screening question for
sexual activity [47]. There are 8 generic dimensions from
the SF-36 (See below) and 8 disease-specific dimensions
namely: (i) symptoms/problems (ii) effects of kidney
disease on daily life (iii) burden of kidney disease (iv) work
status (v) cognitive function (vi) quality of social
interaction (vii) sexual function (viii) sleep. There are 3
additional dimensions namely: (i) social support (ii)
dialysis staff encouragement (ii) patient satisfaction.
Scores range from 0 to 100 for each dimension and
higher scores indicate better HRQOL.

Chinese Dialysis Quality of Life Scale (CDQOL)

A 29-item measure designed to measure the QOL of
Chinese dialysis patients. Scored on a 5-point Likert
scale. Higher scores indicate better quality of life as
perceived by the patient [49].

CHOICE Health Experience Questionnaire
(CHEQ)

An 83-item HRQOL measure. Designed to complement
the SF-36 and assess the effectiveness of dialysis
modalities [50]. Comprises of 8 dimensions from SF36
(see below) combined with 7 supplementary items and 13
specific dimensions namely: (i) freedom (ii) travel
restrictions (iii) cognitive functioning (iv) financial (v)
restrictions on diet and fluids (vi) recreation (vii) work (viii)
body image (ix) symptoms (x) sleep (xi) sexual
functioning (xii) access-related problems (xiii) quality of
life. An additional 2 person-specific quality of life item.
Possible scores range from 0 to 100 with higher scores
indicating better HRQOL [50].

Dialysis Symptom Index (DSI)

A 30-item measure designed to assess symptom
prevalence and severity in patients on haemodialysis [52].
An overall symptom burden score and a total symptom
severity score are calculated. Symptoms are rated on a
5-point Likert scale and total score ranges from 0 to 150
with higher scores indicating greater symptom severity

(52].

Modified Edmonton Symptom Assessment
System (modified ESAS)

This is a measure of symptom burden for use in dialysis
patients. It is a modification of the ESAS. There are 10
symptom-specific items and 10 visual analogue scales
with superimposed 0—10 scale [55]. The scale for each
symptom is anchored by the words ‘No’ and ‘Severe’ at 0
and 10, respectively and the sum of scores range from 0
to 100 with higher scores indicating greater symptom
distress and burden [55].

(Continued)
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Table 3. (Continued)

Measure Description

Kidney Disease Questionnaire (KDQ) A 26-item measure designed to assess the effects of
interventions on the QOL of patients undergoing
haemodialysis [56]. There are 5 dimensions namely: (i)
physical symptoms (ii) fatigue (iii) depression (iv)
relationships with others (v) frustration. Note that the
physical symptom dimension is patient-specific, thus the
symptoms most important to individual patients are
identified and used to evaluate the dimension. Questions
are scored on a 7-point Likert scale and higher scores
indicate a lower impact of disease on HRQOL [56].

KDQOL A 134-item QOL measure designed for use in kidney
disease patients undergoing dialysis [58]. It consists of
SF36 dimensions (see below), 11 kidney disease
targeted scales and an item that assesses change in
health over a year (overall health rating) [58]. All scale
scores are transformed linearly into 0—-100 point scales
with higher scores indicating better HRQOL [58].

KDQOL (modified) A 55-item QOL measure derived from the KDQOL [59].
Using affinity mapping, 11 subscales [59] were identified
namely: (i) pain (ii) psychological dependency (iii)
cognitive functioning (iv) social functioning (v) dialysis-
related symptoms (vi) cardiopulmonary symptoms (vii)
sleep (viii) energy (ix) cramps (x) diet (xi) appetite. 4 items
were ungrouped. The measure is scored on a 0 to 100
scale with higher scores indicating better HRQOL [59].

WHOQOL-BREF (Dialysis) A 32-item HRQOL measure modified for use in dialysis
patients with 4 domains (incorporating 4 dialysis-specific
items): (i) physical (ii) psychological (iii) social relationship
(iv) environment. The measure also includes two global
items (general QOL and general health). A 5-point Likert
scale is used and higher scores signify higher HRQOL
[63].

Quality of Life Index (QLI) 3.0 A 68-item QOL measure divided into 2 sections. One
section measures satisfaction with various domains of
life, while the second measures the importance of the
domain to the individual [64]. There are 4 domains: (i)
health and functioning (ii) Social and economic (iii)
psychological/spiritual (iv) family. Each section has 3
additional dialysis-related items. The total QOL score and
the four subscale scores range between 0 and 30 with
higher scores indicating a better HRQOL [64].

End-Stage Renal Disease Symptom Checklist- | A 43-item symptom-specific QOL measure designed for
Transplantation Module (ESRD-SCL-TM) use in renal transplant patients on immunosuppression
therapy [70]. There are 6 dimensions: (i) limited physical
capacity (ii) limited cognitive capacity (iii) cardiac and
renal dysfunction (iv) side effects of corticosteroids (v)
increased growth of gum and hair (vi) transplantation-
related psychological distress. A 5-point Likert scale is
used. Higher scores indicate worse QOL/symptoms [70].

Modified Transplant Symptom Occurrence and | A 29-item measure designed to assess side effects of
Symptom Distress Scale (MTSOSD) immunosuppression therapy in renal transplant patients
[74]. The symptom occurrence dimension has 20 items
while the symptom distress dimension has 9 [74]. Ridit
analysis, a statistical method of analysing ordinal data
[123] was chosen for data analysis [74]. Higher ridit
scores indicate greater symptom distress [74].

(Continued)
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Table 3. (Continued)

Measure

Description

Gastrointestinal Symptom Rating Scale
(GSRS)

A 15-item measure that assesses important
gastrointestinal side effects of immunosuppressive
therapy in renal transplant patients [75]. There are 5
dimensions: (i) reflux (ii) diarrhoea (iii) constipation (iv)
abdominal pain (v) indigestion. Each dimension gives an
average score ranging from 1 (no discomfort) to 7 (very
severe discomfort) with higher scores indicating worse
impact [75].

Gastrointestinal Quality of Life Index (GIQLI)

A 36-item measure which focuses on the impact Gl
complaints on the HRQOL of renal transplant patients
[75]. There are 5 dimensions: (i) GI symptoms (ii)
emotional status (iii) physical function (iv) social function
(v) strain of medical treatment. Total scores range from 0
to 144 with higher scores indicating a better HRQOL [75].

Kidney Transplant Questionnaire (KTQ)

A 25-item HRQOL measure for use in renal transplant
patients [78]. It has 5 dimensions namely: (i) physical
symptoms (ii) fatigue (iii) uncertainty/fear (iv) appearance
(v) emotional. The physical symptom dimension is
patient-specific, thus the symptoms most important to
individual patients are identified [78]. For each dimension,
an average score ranging from 1 to 7 is calculated with
higher scores indicating better HRQOL in patients [78].

ReTransQoL (RTQ) version 1

A 45-item measure designed to assess QOL in renal
transplant patients [80]. There are 5 dimensions: (i)
physical health (ii) mental health (iii) medical care (iv) fear
of losing graft (v) treatment. All dimensions are linearly
transformed to a 0 to 100 scale and higher scores indicate
better HRQOL [80].

ReTransQoL (RTQ) version 2

A 32-item measure designed to assess QOL in renal
transplant patients [80]. There are 5 dimensions: (i)
physical health (ii) social functioning (iii) medical care (iv)
treatment (v) fear of losing graft. All dimensions are
linearly transformed to a 0 to 100 scale and higher scores
indicate better HRQOL [80].

CKD-Symptom Burden Index (CKD-SBI)

A 32-item measure of symptom burden. Derived from the
DSI. The CKD-SBI was developed for use in patients with
CKD stages IV and V however it was used in pre-dialysis
and dialysis populations in this study [82]. The measure
has 4 dimensions namely: (i) prevalence (ii) distress (i)
severity (iv) frequency. Total score ranges from 0 to 100
and higher scores indicate higher symptom burden [82].

Generic measures: These measure health in a general manner and can be used for various health

conditions [122].

Nottingham Health Profile (NHP)

A generic HRQOL questionnaire with 38 yes/no questions
[124] grouped into 6 dimensions: (i) pain (ii) energy (iii)
physical mobility (iv) sleep (v) emotional reactions (vi)
social isolation. There is an optional part. The NHP
scores range between 0 (good health status) and 100
(poor health status) [124].

SF-36 version 2

A generic 36-item HRQOL measure with 8 scales [125]
namely: (i) physical functioning (i) physical role (iii) bodily
pain (iv) general health (v) vitality (vi) social functioning
(vii) emotional role (viii) mental health. An additional
1-item measure of self-evaluated change in health status
is available. The Likert rating method is used and raw
scores are linearly transformed into 0 to 100 scales with
higher transformed scores indicating better HRQOL
[125].

(Continued)
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Table 3. (Continued)

Measure Description

SF-12 A generic 12-item HRQOL measure derived from the SF-
36 [126] (see above). The 8 dimensions can be computed
into 2 distinct clusters, PCS-12 and MCS-12 with higher
values indicating better HRQOL [126].

Utility measures: These provide utilities or values regarding health and can be used for cost-utility
analyses of interventions [18].

EQ-5D A utility measure with a self-classifier and a visual
analogue scale (VAS) which can be used to value health
states [127]. The self-classifier includes 5 dimensions: (i)
mobility (ii) self-care (iii) usual activities (iv) pain/
discomfort (v) anxiety/depression. Each dimension has 3
levels of severity (no problems, some problems, and
severe problems) and it is possible to describe 243 health
states between 0 (dead) and 1 (perfect health) [127].
Modified Time Trade-Off (TTO) This utility measure was used to measure quality of life in
dialysis and renal transplant populations and values
range from O (death) to 1 (full health) [83, 128].

https://doi.org/10.1371/journal.pone.0179733.t003

Pre-dialysis population. Three disease-specific PROMs were used in pre-dialysis popula-
tions namely the: Agarwal [32], KDQOL-36 [33, 34] and KDQOL-SF [35, 36]. Although the
studies in this section measured estimated glomerular filtration rates (eGFR), there was signifi-
cant disparity in their description of patients at this stage of CKD. Three studies described
patients as ‘non-dialysis’ [32], ‘'mild-to-moderate’ CKD patients [34] and ESRD patients [36]
respectively, while only the studies by Chao et al. [33] and Abd Elhafeez [35] formally catego-
rized patients into CKD stages. None of the studies validated PROM:s separately by stage of
CKD pre-dialysis.

Agarwal. There was limited evidence for test-retest reliability and content validity. Internal
consistency and structural validity were rated as "'unknown’ [32].

Kidney Disease Quality of Life—36 (KDQOL-36). Strong evidence for internal consistency
was found [33] and there was moderate evidence for hypothesis testing [33, 34]. Structural
validity was rated as ’indeterminate’ [33].

KDQOL-SEF. There was moderate evidence for test-retest reliability [35] and hypothesis
testing [35, 36]. Internal consistency, structural validity and responsiveness were rated as
unknown’ [35, 36].

Dialysis population. Fourteen PROMS were used in this group of patients. Among the
five studies that evaluated KDQOL-36, two had mixed samples [37, 38]. As the majority of the
participants in Tao et al [38] were on dialysis and no significant transplant specific symptoms
were elicited in Chow et al. [37] a pragmatic decision was made to analyse them here.

Klersy et al. [39] used a sample which comprised of 85% dialysis and 15% pre-dialysis
patients to assess the KDQOL-SF. Again, as the majority were dialysis patients, this study was
analysed in this section.

KDQOL-36. Moderate evidence was found for internal consistency [40], test-retest reliabil-
ity [41, 42] and hypothesis testing [37, 38]. However, structural validity was rated as ’indeter-
minate’ [40].

KDQOL-SF. There was strong evidence of internal consistency and structural validity [43].
Moderate evidence was found for test-retest reliability [44, 45] and hypothesis testing [46]
while there was limited evidence for content validity [47]. Responsiveness was rated as
‘unknown’ [48].
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Table 5. Evidence synthesis of PROMs used in patients with CKD.

Instrument Population | Internal Reliability  Measurement Content Structural Hypothesis |Criterion | Responsiveness
version consistency error validity | validity testing validity
Agarwal [32] Pre- ? + + ? -
dialysis
KDQOL-36 [33, 34, | Pre- +++ 2% ++
37, 38, 40-42] dialysis
Dialysis ++ ++ 2% ++
KDQOL-SF [35, 36, | Pre- ? ++ ? ++ ?
39, 43-48, 76, 85— | dialysis
96, 102] Dialysis I ++ + + ++ ?
Transplant | ? -
CDQOL [49] Dialysis ? 7 + +
CHEQ [50, 51] Dialysis 7 ++ ++
DSI [52, 53] Dialysis ? +
ESAS [54, 55] Dialysis + + +
KDQ [56, 57] Dialysis + + 2 ++
KDQOL (D)[58] Dialysis + ?
KDQOL (M)[59] Dialysis +
NHP [60, 61] Dialysis ++ ? +
SF-12[62] Dialysis ++ ++ + +
WHOQOL-BREF Dialysis ++ ? ? -
(D) [63]
QLI 3.0 [64-67] Dialysis ? - ? ++
SF-36 v2 Dialysis ++ +
[68]
Transplant | ? =
[69]
ESRD-SCL [70-72] | Transplant | +++ ++ + ++ ++ ?
EQ-5D [73] Transplant ++
GIQLI[75] Transplant ++
GSRS [75] Transplant ++
KTQ [77-79, 84] Transplant | ++ + + ? ++ ?
MTSOSD [74] Transplant ++
RTQ v1[80, 81] Transplant | ? ? ++ +/- + ?
RTQ v2 [81] Transplant | ++ +t
TTO (modified) Mixed (D & + +
[83] TX)
CKD-SBI [82] Mixed(D& | ? +
Pre-D)

+ = positive rating
? = unknown rating
- = negative rating

+/- = conflicting findings
?* = indeterminate rating (due to non-reporting of variance explained by factors)

https://doi.org/10.1371/journal.pone.0179733.1005

Chinese Dialysis Quality of Life Scale (CDQOL). Reliability (internal consistency and test-

retest) for CDQOL was rated as 'unknown’ and there was limited evidence for content validity
and hypothesis testing [49].

PLOS ONE | https://doi.org/10.1371/journal.pone.0179733 June 21,2017

14/27

76



@PLOS | ONE

Patient-reported outcome measures (PROMs) used in adult patients with chronic kidney disease

CHOICE Health Experience Questionnaire (CHEQ). Moderate evidence for hypothesis testing
and content validity was found [50] while internal consistency was rated as 'unknown’ [50, 51].

Dialysis Symptom Index (DSI). There was limited evidence for content validity [52]. Reli-
ability (internal consistency and test-retest) was rated as 'unknown’ [52, 53].

Modified Edmonton Symptom Assessment System (modified ESAS). There was limited
evidence of test-retest reliability, content validity and hypothesis testing. Responsiveness was
rated as 'unknown’ [54, 55].

Kidney Disease Questionnaire (KDQ). There was moderate evidence of hypothesis testing
[56, 57] while there was limited evidence for test-retest reliability and content validity [56].
Structural validity, responsiveness [56] and internal consistency [57] were rated as 'unknown’.

KDQOL. There was limited evidence for content validity while internal consistency and
structural validity were rated as 'unknown’ [58].

KDQOL (Modified). There was limited evidence for hypothesis testing while internal con-
sistency was rated as 'unknown’ [59].

Nottingham Health Profile (NHP). There was moderate evidence for internal consistency
[60, 61] and limited evidence for hypothesis testing [60]. Test-retest reliability was rated as
‘unknown’ [61].

SF-12. Moderate evidence was found for internal consistency and test-retest reliability.
There was limited evidence for structural validity and hypothesis testing [62].

WHOQOL-BREF (Dialysis). There was moderate evidence for internal consistency while
test-retest reliability and structural validity were rated as 'unknown’ [63].

Quality of Life Index (QLI) 3.0. There was moderate evidence for hypothesis testing [64,
65]. Internal consistency and structural validity were rated as 'unknown’ [64-67] while there
was limited evidence against test-retest reliability [67].

SF-36 version 2. Moderate evidence was found for internal consistency while limited evi-
dence was found for hypothesis testing [68].

Renal transplant population. Ten PROM:s were evaluated specifically in renal transplant
patients and all except the SF-36 and the EQ-5D were disease specific measures.

SE-36 version 2. Internal consistency was rated as 'unknown’ [69].

End-Stage Renal Disease Symptom Checklist-Transplantation Module (ESRD-SCL-TM).
There was strong evidence for internal consistency [70, 71], moderate evidence for test-retest
reliability [71, 72], hypothesis testing [72] and structural validity [71]. There was limited evi-
dence for content validity [70] while responsiveness was rated as 'unknown’ [71].

EQ-5D. Moderate evidence for hypothesis testing was found [73].

Modified Transplant Symptom Occurrence and Symptom Distress Scale (MTSOSD). Mod-
erate evidence for hypothesis testing was found for MTSOSD [74].

Gastrointestinal Symptom Rating Scale (GSRS). Moderate evidence for hypothesis testing
was found while internal consistency was rated as 'unknown’ [75].

Gastrointestinal Quality of Life Index (GIQLI). Moderate evidence for hypothesis testing
was found while internal consistency was rated as 'unknown’ [75].

KDQOL-SF. There was limited evidence for hypothesis testing and limited evidence against
test-retest reliability. Internal consistency was rated as 'unknown’ [76].

Kidney Transplant Questionnaire (KTQ). There was moderate evidence for internal consis-
tency [77] and hypothesis testing [78, 79]. Limited evidence was found for test-retest reliability
[77] and content validity [78] Structural validity [77] and responsiveness [79] were rated as
‘unknown’.

ReTransQoL (RTQ) version 1. There was moderate evidence of content validity [80], con-
flicting evidence of structural validity [80, 81] and limited evidence of hypothesis testing [80].
Internal consistency, test-retest reliability and responsiveness were rated as 'unknown’ [80].

PLOS ONE | https://doi.org/10.1371/journal.pone.0179733 June 21,2017 15/27

77



O PLOS | oxe

Patient-reported outcome measures (PROMs) used in adult patients with chronic kidney disease

RTQ version 2. This revised version had moderate evidence for internal consistency and
structural validity. There was still limited evidence for hypothesis testing [81].

Single studies with mixed samples. The study by Almutary et al. [82] evaluated the
CKD-Symptom Burden Index (CKD-SBI) in a mixed sample of pre-dialysis and dialysis
patients while Churchill et al. [83] assessed the Time Trade-Off (TTO) in a mixed sample of
dialysis and renal transplant recipients.

CKD-Symptom Burden Index (CKD-SBI)

Limited evidence was found for hypothesis testing while internal consistency was rated as
unknown’ [82].

Modified Time Trade-Off (TTO)

There was limited evidence for test-retest reliability and hypothesis testing [83].

Other findings

Reliability. Internal consistency: Of the 58 studies that assessed internal consistency, 42
were scored "poor’ for methodological quality. This was due to one of 3 reasons:

1. Some studies did not conduct a factor analysis and did not reference a relevant study that

2. Some studies conducted a factor analysis but had inadequate sample sizes by COSMIN
standards [32, 35, 39, 47, 59, 65, 78, 80].

3. Some studies referenced a relevant study that conducted a factor analysis but the sample
size used for the study was inadequate by COSMIN standards [34, 36, 37, 44-48, 57, 66, 67,
69, 76, 79, 84-95].

Test-retest reliability: Thirty-four studies conducted test-retest reliability and most of them
reported internal correlation coefficients (ICC). The study by Duarte et al. [96] was the only
one that reported inter & intra-observer reliability. The majority scored 'fair’ for test-retest
reliability and this was largely due to the small sample sizes.

Measurement error: The included studies did not provide adequate information on param-
eters such as the minimal important change (MIC) [97], the standard error of measurement
(SEM) [30, 98] or the limits of agreement (LOA) [99] making it difficult to assess measurement
error. Only one study provided an estimate for minimal clinical important difference (MCID)
[75].

Validity. Content validity: This was assessed by development studies for RTQ [80], modi-
KDQOL [58], KDQOL-SF [47]. Six validation studies reported content validity indexes (CVI)
[33, 38, 49, 53, 77, 82] and of these only Suet-Ching [49] reported patient involvement in the
process of content validation.

Construct validity (Hypothesis testing): Of the 66 studies evaluated, only 13 reported clearly
formulated a priori hypotheses or expectations regarding the magnitude and direction of cor-
relations. For this reason, most of the studies were rated as *fair’ for the methodological quality
of their hypothesis testing.

The absence of clear a priori hypotheses make it difficult to determine whether any results
reported for construct validity and responsiveness was due to chance or not [100, 101].

Structural validity: A number of measures were rated poorly for structural validity due to
issues with factor analysis (See internal consistency). Out of the 19 studies that conducted a
factor analysis, 8 were scored "poor’ [32, 35, 39, 56, 58, 65, 78, 80] and this can be attributed to
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the use of sample sizes inadequate by COSMIN standards (n < 5 times the total number of
items and < 100) [100]. It is important that studies perform factor analysis as it verifies scale
structure and uni-dimensionality which determines the scoring and interpretation of a mea-
sure’s internal consistency statistic [100].

Criterion validity: This was not assessed for any study as the COSMIN Delphi panel does
not regard any PROM as true 'gold standard’ [29] and the FDA holds a similar view [14].

Cross-cultural validity/Translations: Twenty-five studies translated PROM instruments and
adapted them to varying degrees for their study population. As none of these studies per-
formed a multi-group confirmatory factor analysis or assessed differential item functioning
(DIF) between language groups, the decision was made not to assess cross-cultural validity.
Therefore, only the quality of their translations was assessed according to the provisions speci-
fied in the COSMIN manual [100].

The translations conducted by 20 studies [33, 35, 39, 42, 44-46, 48, 51, 53, 57, 65, 72, 77, 85,
88,92, 94, 96, 102] were rated as good, while the translations by 4 studies [66, 67, 82, 91] were
rated as fair and 1 translation was rated as poor [79].

Responsiveness. Responsiveness was only assessed by 8 of the included studies [36, 48, 54,
56, 71, 78-80] and all were rated ‘poor’ as the information provided was inadequate.

Interpretability. A number of the PROMs included in this review had significant floor
and ceiling effects which might indicate a reduction in their ability to discriminate between
patients with the lowest or highest possible scores and detect changes over time [30].

Ten instruments (KDQOL-SF, Agarwal, KDQ, KDQOL-36, KTQ, QLI, KDQOL,
ESRD-SCL, CHEQ and NHP) had floor and ceiling effects > 15% while the RTQ v2 and SF-12
(62, 81] had < 15%.

The ‘work status’ dimension of the KDQOL-SF had a 70% floor effect [45, 86] while the
‘social support’, ‘patient satisfaction’ and ‘staff encouragement’ domains had ceiling effects of
46%, 45% and 67% [86], respectively. Sexual function had ceiling effects of 53.3% while cogni-
tive function had ceiling effects of 60% [35]. The “pain’ dimension of the SF-36 had ceiling
effects as high as 59% [35].

Eight studies namely; RTQ v1 [80], RTQv2 [81], GSRS & GIQLI [75], KDQOL-36 [38, 41],
KDQOL-SF [44], CHEQ [51], TTO [83] reported measurement scores for subgroups within
their study populations. While some of the differences in scores were statistically significant, it
is unclear if any were clinically relevant.

Feasibility and acceptability. This was difficult to assess for the included studies as less
than a third reported the average time needed to complete the questionnaires, few reported the
recall period used and none reported administrative requirements for collection and analysis
of data. However, most of the studies reported good response rates which suggest that patients
might find the use of PROMs acceptable.

The fact that majority of the studies failed to report the level and/or the method used for
handling missing data meant there might be a risk of bias [101]. Questions relating to sexual
activities had the highest levels of missing data with Bataclan and Dial [88] reporting a
response rate of <18% in Filipino patients [88].

Patient involvement. Patient involvement in the process of item generation and/or item
selection was reported in the development of the RTQ [80], KDQ [56], KTQ [78],
ESRD-SCLTM [70], KDQOL-SF [47], Agarwal [32], CHEQ [50], QLI 3.0 [64], KDQOL (Dial-
ysis) [58] and CDQOL [49].

All the studies that translated and adapted measures reported pre-testing their translations
in patients to assess a combination of comprehension, cultural relevance and acceptability
except Rebollo et al.[79]
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Discussion

This is the first review to use the COSMIN checklist [100] to evaluate the measurement prop-
erties of PROMs used in patients with CKD. In all, 25 PROMs were evaluated by a total of 66
studies in pre-dialysis, dialysis, and renal transplant patients.

In the pre-dialysis population, the KDQOL-36 exhibited strong evidence for internal con-
sistency and moderate evidence for construct validity (hypothesis testing). It should be noted
that the evidence for this measure was obtained from studies conducted in Taiwanese patients
[33], and a combination of Hispanic and non-Hispanic white patients [34]. Furthermore, the
measurement properties were not reported by CKD stage. Therefore, further validation may
be necessary before use outside these study populations and/or where focus is on the use of
PROMs in relationship to the severity of CKD.

In dialysis patients, we found evidence to support the use of both the KDQOL-SF and the
KDQOL-36. The KDQOL-SF demonstrated strong evidence for internal consistency and struc-
tural validity and moderate evidence for test-retest reliability and construct validity (hypothesis
testing) while the KDQOL-36 had moderate evidence for internal consistency, test-retest reliabil-
ity and construct validity (hypothesis testing). Again it should be noted that this evidence was
obtained from a significant number of non-English studies, further validation work would be
needed before these measures could be confidently utilised in an English speaking population.

In renal transplant patients, the ESRD-SCLTM demonstrated strong evidence for internal
consistency and moderate evidence for test-retest reliability, structural validity and construct
validity (hypothesis testing).

Consistent with the review by Gibbons and Fitzpatrick [18], much of the evidence we pres-
ent was derived from cross-sectional studies. However, in contrast to that study, we did not
include clinical trial reports as the methodological quality of their PROM evaluations are often
unsatisfactory [23] and their PROM analysis often inadequate and insufficiently [103] reported
for any meaningful evaluation to be possible [19].

In line with our findings, Gibbons and Fitzpatrick [18] found evidence to support the use of
the KDQOL-SF but did not specify which modality of renal replacement therapy (RRT) pro-
vided the evidence. We found evidence to support the use of the KDQOL-36 (which was not
available at the time Gibbons and Fitzpatrick [18] conducted their review), and the
ESRD-SCLTM (which was excluded from their study) [18]. The ERA-EDTA expert panel
[104] recommended the KDQOL-36, following a consensus meeting.

There were methodological issues with the majority of the PROMs included in this review.
These included: sample sizes smaller than current recommendations, a lack of clearly
described a priori hypotheses and inadequate reporting of missing data, and little or no infor-
mation on measurement error and responsiveness. Similar issues were reported by Gibbons
and Fitzpatrick [18] and highlighted in reviews for other health conditions [105-107].

Given that the COSMIN standards only became available within the last decade, it is unsur-
prising that most of the earlier studies fared poorly when judged against these exacting meth-
odological and reporting standards even though they might meet the minimum standards
recommended by the International Society for Quality of Life Research (ISOQOL) [108].
However, this highlights the need to test and revise PROM instruments on a regular basis to
ensure they actually perform as intended according to contemporary psychometric standards.

This systematic review provides a basis for identifying PROMs with potential utility in clini-
cal practice. There is evidence that the use of PROMs in clinical practice could enhance com-
munication [109-112] between patients and their clinicians. Basch et al. [113] noted that the
use of PROMs in routine clinical care, could facilitate the reporting of serious adverse events
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PROMs could assist renal teams with the development of strategies to improve the HRQOL of
the patient with CKD [114]. Calvert et al. [115] suggested that PROM data could potentially
facilitate the delivery of tailored healthcare if successfully integrated with routinely collected
clinical and laboratory data [115].

Whilst effective management of risk factors can slow CKD progression [116] many patients
with severe pre-dialysis CKD progress to end stage renal disease (ESRD) and in this group
PROMs may have a significant role [117-119]. For example, PROM:s could be used to monitor
individual patients for symptoms or changes in HRQOL that may indicate that a medical
review or intervention is needed [17, 120].

Whilst a systematic review can provide valuable evidence on psychometric properties of
PROMs, clinicians and researchers need to consider a number of issues such as the domains
covered by different measures, the available supporting evidence, and the suitability for the tar-
get population and use (whether for clinical trials, routine practice, audit or real-time decision
making). As no single measure covers all the domains that might be of interest, there might be
a need to administer more than one measure. Patient acceptability is also a key issue. There-
fore, it is important that patients are involved not just in the development of measures but also
in the selection for research and/or practice.

During the course of this review, we became aware of the existence of the IPOS-Renal and
contacted its developers [121]. This measure is currently being used within the measurement
work stream of the UK Renal Registry and its validation by the Palliative care Outcome Scale
(POS) team is on-going [121]. Therefore, evidence to support its use may be available in future.

The key strengths of this review are the use of the COSMIN standards and criteria for evi-
dence synthesis which ensured that our assessments of the included PROMs were robust, the
stratification of the review by stage of CKD and the absence of language restrictions which
strengthened our findings. The main limitation is the fact that the included studies did not
adequately report their assessments for a number of measurement properties thus making it
difficult and sometimes impossible to evaluate these properties.

At present, we suggest the use of the KDQOL-36 in pre-dialysis patients though initial vali-
dation might be required. We recommend the KDQOL-SF and the KDQOL-36 for use in dial-
ysis patients as we found evidence supporting both of these measures. The shorter 36-item
KDQOL-36 may be more practical for use in routine clinic settings, while the longer 80-item
KDQOL-SF might be preferred for research purposes where more detailed information may
be required. We suggest using the ESRD-SCLTM in renal transplant recipients to assess issues
pertaining to renal transplantation and immunosuppression therapy. These measures are rec-
ommended based on the fact that they currently possess the best evidence available according
to COSMIN standards in these populations and meet the minimum standards recommended
by ISOQOL [108]. However, it must be recognised that none of these measures possess evi-
dence underpinning all measurement properties and some lack validation in English-speaking
populations. Future work should be undertaken to address these gaps. For all measures, it is
vital that content validity is established according to FDA guidelines to ensure that they actu-
ally measure the concept(s) of interest. This should be conducted before other measurement
properties are fully evaluated and adequately reported in order to facilitate their subsequent
evaluation. Investigators may use this review to identify the gaps in evidence and design stud-
ies to address these issues in future.
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Relationship between health-related quality of life, clinical outcomes of CKD
and clinical variables — analysis of the RIISC dataset

One of the postulated benefits of using PROMs/ePROM s in the routine management
of patients is its potential to provide early warnings of deterioration. Findings from
oncology studies have shown that HRQOL data may signal serious adverse events
in patients before clinical and/or laboratory data.' 2 However, similar studies for CKD

are limited.

The analysis of the RIISC dataset reported in this chapter, investigates the ability of
HRQOL data (using EQ-5D) to predict CKD outcomes (composite outcome of all-
cause mortality and progression to ESRD). The analysis also explores the
relationship between HRQOL and clinical and laboratory variables such as eGFR,
creatinine and albumin. Evidence of the predictive abilities of HRQOL data for CKD
outcomes and its relationship with clinical and laboratory parameters may mean that
patients at risk of rapid deterioration may be identified before their clinical data is

available.

References

1. Basch E, Bennett A, Pietanza MC. Use of patient-reported outcomes to improve the
predictive accuracy of clinician-reported adverse events. Journal of the National
Cancer Institute 2011;103(24):1808-10.

2. Basch E, Jia X, Heller G, et al. Adverse symptom event reporting by patients vs clinicians:
relationships with clinical outcomes. Journal of the National Cancer Institute
2009;101(23):1624-32.

This chapter has been written in paper format for submission to a peer-reviewed
journal.

91



Relationship between health-related quality of life domains and
clinical outcomes in chronic kidney disease (CKD): an

observational cohort study

Olalekan Lee Aiyegbusi’ 2", Derek Kyte' 23, Paul Cockwell'- 4, Tom Marshall’ 2,
Anthony Fenton?#, Stephanie Stringer®, Melanie Calvert' 23

1. Centre for Patient Reported Outcomes Research, University of Birmingham,
Edgbaston, Birmingham, B15 2TT

2. Institute of Applied Health Research, University of Birmingham, Edgbaston,
Birmingham, B15 2TT

3. NIHR Birmingham Biomedical Research Centre, University Hospitals
Birmingham NHS Foundation Trust and University of Birmingham,

Birmingham, UK.
4. Department of Renal Medicine, University Hospitals Birmingham NHS

Foundation Trust, Queen Elizabeth Hospital Birmingham, Mindelsohn Way,
Edgbaston, Birmingham, B15 2GW

* Correspondence: Olalekan Lee Aiyegbusi, oxa238@bham.ac.uk

92



Abstract

Background

Chronic kidney disease (CKD) is associated with poor health-related quality of life
(HRQOL). The association between HRQOL and clinical outcomes (mortality and
progression to end-stage renal disease (ESRD)) requires further investigation.
Methods

All 931 participants recruited between 2010 — 2015 into the Renal Impairment In
Secondary Care (RIISC) study were included. Outcome data was collected up to
December 315t 2017. Baseline demographic, clinical and laboratory data as well as
an assessment of HRQOL using the EuroQol EQ-5D-3L were collected. Participants’
health states were converted into an EQ-5D index score using UK-specific weighted
preferences. Multivariable Cox proportional hazards regression was performed to
evaluate the association of HRQOL with a composite primary outcome of
progression to ESRD or all-cause mortality. Similar regression analyses were
conducted for secondary endpoints of all-cause mortality or progression to ESRD.
Results were expressed as a hazard ratio (HR) with 95% confidence interval.
Logistic regression analyses were used to explore the relationship between the
significant HRQOL dimensions and clinical variables.

Results

In multivariable analyses, the EQ-5D index score and dimensions were not
significantly associated with the composite outcome. Problems with self-care and
usual activities were associated with a higher risk of all-cause mortality [HR: 2.330,
95% Cl: 1.635 - 3.319, p<0.001] and [HR: 1.772, 95% CI: 1.257 - 2.498, p=0.001]
respectively. There were no significant associations with risk of progressing to

ESRD. A higher level of albumin was significantly associated with lower odds of
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reporting problems with self-care [OR 0.944, 95% CI 0.904 — 0.986, p=0.01] and

usual activities [OR 0.956, 95% CI 0.924 — 0.989, p=0.01].

Conclusions

Patients with pre-dialysis CKD often report impaired HRQOL. In this study, self-care
and usual activities were the dimensions of HRQOL significantly associated with all-
cause mortality and progression to ESRD. A number of factors, including serum

albumin, influence these two HRQOL dimensions.

INDEX WORDS: Chronic kidney disease; CKD; renal disease; interview; focus
group; qualitative research; quality of life; QOL,; electronic patient-reported outcome

measures; ePROM.
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Introduction

Chronic kidney disease (CKD) is a global public health issue' affecting up to 14% of
the adult population,? 2 with a recent review highlighting that prevalence may be
stabilising.# Chronic kidney disease is a major risk factor for end-stage renal disease
(ESRD), cardiovascular disease (CVD) and premature death.>'° The clinical
outcomes of CKD are often poor and most patients die without progressing to
ESRD." Patients with CKD often experience a high symptom burden which may
impair their health-related quality of life (HRQOL).1>1°

While biochemical parameters such as estimated glomerular filtration rates (eGFR)
and creatinine are traditionally used to assess patients' health status, it is
increasingly acknowledged that patients' formal assessment of their HRQOL and/or
symptoms should be incorporated in their care.® A patient-reported outcome (PRO)
has been defined as "...any report of the status of a patient’s health condition that
comes directly from the patient, without interpretation of the patient’s response by a
clinician or anyone else.""” PROs can be measured using patient-reported outcome
measures (PROMS) which may be generic or disease-specific.'® Although disease-
specific PROMs such as the KDQOL-36"° provide more information on the impact of
disease,?? 2! the preference-based EuroQol 5-Dimension (EQ-5D) questionnaire?? 23
is much shorter (thus reducing patient burden) and easier to use for economic
evaluation.?*

Although the association between reduced HRQOL and pre-dialysis CKD has been
reported, 2 1324 quantitative evidence of the relationship between HRQOL and clinical
outcomes (all-cause mortality and progression to ESRD) in patients with pre-dialysis

CKD is limited.?*?8 | examined the relationship between HRQOL (using EQ-5D data)
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and all-cause mortality or the risk of progression to ESRD in pre-dialysis CKD using
the Renal Impairment In Secondary Care (RIISC) Study dataset. | also explored the
relationship between HRQOL and a number of clinical, laboratory and demographic

variables in order to determine which are predictive of HRQOL.
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Methods

Full details on the design and methods of the Renal Impairment In Secondary Care
(RIISC) Study have been previously reported.?® A summary of these is provided in

this section.

Ethics approval

The RIISC study (ClinicalTrials.gov reference: NCT01722383) was approved by the
South Birmingham Local Research Ethics Committee (reference: 10/H1207/6) and
the University Hospitals Birmingham (UHB) Research and Development department

(reference: RRK3917).

RIISC Overview

RIISC is a prospective, observational cohort study designed to evaluate factors that
determine risk of CKD progression.?® Demographic, clinical and laboratory data from
electronic patient records of eligible patients with CKD are collated along with
mortality data obtained from the Office of National Statistics (ONS). HRQOL data
were obtained at study visits. Previous analysis on the RIISC dataset was conducted
by Jesky et al.;?* the analysis had 745 participants and fewer clinical events had
occurred by the censor date than is reported here.

Eligibility criteria

Patients were eligible if they had stage 3 CKD with a decline in eGFR of 25
ml/min/year or 210 ml/min/5 years or an albumin creatinine ratio (ACR) 270
mg/mmol on three consecutive occasions, or stage 4/5 CKD.?° CKD staging for
recruitment was based on eGFR calculated using the Modification of Diet in Renal

Disease (MDRD) equation.3? Patients receiving renal replacement therapy (dialysis
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or renal transplant) or immunosuppressive therapy were ineligible for recruitment.?*
29

Recruitment

A total of 931 patients were recruited from nephrology clinics in two hospitals
between October 2010 and December 2015. Written informed consent was provided
by all participants and the study is being conducted in compliance with the

Declaration of Helsinki.3'

Data collection

Demographic, clinical, and laboratory data were collected at baseline and at six-
month, 18-month and three-year study visits. Outcome data were collected up to 315t
December 2017. Socio-economic status (SES) was assessed using the Index of
Multiple Deprivation (IMD 2010)3?; lower scores indicate greater deprivation.
Laboratory tests were performed according to current standards.

Quiality of life data were collected by administering the EQ-5D-3L at recruitment and
follow-up. The EQ-5D-3L is a generic HRQOL questionnaire comprising of five
questions each with three response levels and a visual analogue self-rating (VAS)
scale.®® The EQ-5D has been widely validated in numerous patient groups including
patients with renal diseases. Responses to the questionnaire may be used to
generate a 5-number health state for each respondent. These health states may be
converted into index scores ranging from —0.594 to 1.0 (a value of 1 represents full
health, O represents death while lower values indicate HRQOL worse than death)

using a value set specific for many countries including the UK.?3

Statistical analysis
Analyses were performed using Stata 12 (Statacorp, College Station, Texas, USA).

There was little missing data therefore complete case analyses were performed,
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unless otherwise stated. A p-value of <0.05 was considered to be statistically
significant.

A priori variables

The a priori selection of variables was based on their biological plausibility and
previously published evidence of significant associations with the outcomes of
interest and/or quality of life. The selected covariates included socio-demographic
variables (gender, age, ethnicity, educational status, employment, socio-economic
status)®*4?; clinical parameters (CKD stage, co-morbidities)34 4344 and laboratory
parameters (eGFR, albumin, creatinine, albumin-to-creatinine ratio [ACR],
haemoglobin). 13 34 36 42 45-50

Outcomes of interest

The primary outcome of interest was a composite outcome of all-cause mortality or
progression to ESRD. Progression to ESRD and all-cause mortality were analysed
separately as secondary endpoints.

Descriptive statistics

Baseline characteristics are presented as frequency and percentage for categorical
variables, and as mean with standard deviation (SD) or median with inter-quartile
range (IQR) for continuous variables (depending on distribution). Chi-squared tests
were used to compare categorical variables. Continuous variables were compared
using ANOVA (parametric distribution) or Kruskal-Wallis (non-parametric
distribution).

Statistical Modelling

Univariable analyses were initially performed for each of the a priori variables.
Variables with a p-value of <0.1 were subsequently included in multivariable

analyses. Each significant EQ-5D variable was combined separately with other
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significant variables from the univariable analyses. A backward stepwise method
was used for the multivariable analyses to determine the optimized models.
Statistically significant variables in the multivariable models (P<0.05) were kept in the

final models.

Survival analyses

Cox proportional hazards analyses were performed to examine the association
between the three outcomes of interest (composite outcome, progression to ESRD
and all-cause mortality) and the a priori covariates (including the individual EQ-5D
dimensions and the EQ-5D index score). The censor date was 315t December 2017.
The proportional hazards assumption was assessed graphically. Data are presented
using hazard ratios (HR) with 95% confidence intervals (Cl), p-values and survival

plots.

Competing Risk Analyses

In the standard Cox regression model for the ESRD analysis, censoring patients who
die without ESRD makes the incorrect assumption that those patients remain at risk
of progression to ESRD. Therefore, a competing risk analysis was performed to
assess the association between the a priori variables and risk of progression to
ESRD taking into account the competing risk of death. A sub-distribution hazards

approach was used as described in literature.?4 5152

Predictors of HRQOL
Logistic regressions were performed in order to determine which of the a priori
variables predicted problems in the EQ-5D dimensions. Data for the EQ-5D

dimensions was dichotomised as "no problems" and "some problem" (which
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combined patients with moderate and severe problems). Pseudo R? values and odds

ratios (with 95% CI and p-values) are reported.

Results

Descriptive statistics

All participants (n=931) recruited by the censor date (315t December 2017) were
included in the analyses. Baseline demographic, clinical and laboratory data are
provided (Table 1). Median age was 64.2 years (IQR 51.8-76.2 years), 62% were
male and 41.9% had stage 4 CKD. 68% were white, 21.6% South Asian, 9.5% Black
and 0.9% from other ethnicities. There was no significant difference in ethnicity by
CKD stage (p = 0.204). 52.7% of participants were in the most deprived quintile
nationally (IMD 2010). There was no significant difference in CKD stage between
participants from the least deprived and the most deprived quintile (p = 0.774). The
percentage of patients who reported problems for the EQ-5D dimensions were: 58%
for mobility, 16% for self-care, 48% for usual activities, 55% for pain/discomfort, and
30% for anxiety/depression. Of the 152 patients who reported problems with self-
care, 95% also reported problems with usual activities (p<0.001). There were a total
of 479 composite outcome events, 307 (64.1%) had progressed to ESRD

(commenced RRT) while 172 (35.9%) had died.
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Table 1. Baseline demographic, clinical and laboratory data. Data completeness (DC)
and other categorical variables are expressed as percentages (%); and continuous variables
as mean (SD) or median (IQR).

. Sample size, Data completeness
Variables n =p(931) (0/5)
DEMOGRAPHIC
Age (median years, IQR) 64.6 (51.8-76.2) 100
Gender — Female (%) 38.5 100
Ethnicity

White (%) 68.0
South Asian (%) 21.6 100
Black (%) 9.5
Other (%) 0.9
SES (IMD 2010)
Score (median, IQR) 31.9 (17.6-46.5) 90.9
% in most deprived national quintile 52.7 99.5
Educational Attainment
No formal qualifications (%) 45.7
GCSE/O’ Level, NVQ, A’ Level (%) 37.8 98.8
Undergraduate (%) 10.0
Postgraduate (%) 5.3
Current Employment Status
Not in employment (%) 19
Employed (%) 27.8 99.6
Retired (%) 52.7
Job Type (when last employed)
None (%) 13.2
Unskilled manual (%) 17.5
Skilled manual (%) 33.2 100
Clerical (%) 11.2
Managerial (%) 9.0
Professional (%) 15.9
Smoking Status (%)
Never (%) 471
Current (%) 12.9 98.2
Previous (%) 38.2
Alcohol Consumption
None (%) 58.5
<10 units (%) 28.6 100
11-20 units (%) 8.1
>20 units (%) 4.8
BMI (Kg/m?) 29.7 (14.7-60.0) 95.8
CLINICAL
CKD Stage
1&2 8.6
3a 11.4
3b 29.0 96.6
4 41.9
5 5.7
Comorbidities
Malignancy (%) 14.1
Diabetes (%) 35.3
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. Sample size, Data completeness
Variables n = (931) (%)
COPD (%) 9.1 100
Cerebrovascular disease (%) 10.8
IHD (%) 21.5
PVD (%) 9.2
Blood Pressure (BP)
Systolic BP (mmHg) 131.0 (20.3) 97.5
Diastolic BP (mmHg) 76.2 (12.5) 97.4
BIOMARKERS
Creatinine (umol/L) 234.8 (96.5) 96.6
eGFR MDRD (ml/min/1.73m?) 27.2 (14.9) 96.6
ACR (mg/mmol) 33.9 (6.5-133.0) 93.7
Haemoglobin (g/L) 123.4 (17.2) 94.3
Bicarbonate (mmol/L) 23.8 (3.6) 97.2
Albumin (g/L) 42.3 (4.6) 96.2
White Cell Count (g/L) 7.6 (2.3) 94.3
EQ-5D INDEX SCORES (means)
1 0.687 (0.27)
2 0.758 (0.20)
3a 0.694 (0.28)
3b 0.696 (0.27) 94.8
4 0.689 (0.25)
5 0.702 (0.29)
Overall score 0.696 (0.26)

SES - Socio-economic status
IMD - Index of Multiple Deprivation

BMI - Body Mass Index

IHD — Ischemic Heart Disease

PVD — Peripheral Vascular Disease

COPD - Chronic Obstructive Pulmonary Disease

eGFR - estimated Glomerular Filtration Rate

MDRD equation - Modification of Diet in Renal Disease equation
ACR - Albumin creatinine ratio
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Relationship between HRQOL and clinical outcomes

Composite outcome (all-cause mortality or progression to ESRD)

Results for the univariable analyses are presented in Table 2. Age, ethnicity, eGFR,
ACR, albumin, haemoglobin, co-morbidities (diabetes, CVD, IHD, PVD), reported
problems with self-care and usual activities, and EQ-5D index score were
significantly associated with the composite outcome.

In the multivariable analyses, reported problems with self-care and usual activities,
and EQ-5D index score were not significantly associated with the composite
outcome (Table 3). A decrease in eGFR, serum albumin, and haemoglobin; an
increase in ACR; and the presence of co-morbidity (IHD) were significantly

associated with an increased risk of the composite outcome.
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All-cause mortality

Sixteen of the a priori variables were associated with all-cause mortality in the
univariable analyses (Table 4). In the multivariable analyses (Table 5), reported
problems with self-care [HR: 2.330, 95% CI: 1.635 — 3.319, p<0.001] and usual
activities [HR: 1.772, 95% CI: 1.257 — 2.498, p=0.001], lower serum albumin, older
age and the presence of co-morbidities (IHD and malignancy) were associated with

an increased risk of death.
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Progression to ESRD

Univariable analyses of age, ethnicity, education, eGFR, ACR, albumin,
haemoglobin, co-morbidities (COPD, malignancy), and reported problems with self-
care and usual activities had p-values <0.1 (Table 6). These variables were
incorporated in the multivariable analyses (Table 7). Reported problems with self-
care [HR: 0.609, 95% CI: 0.409 — 0.905, p=0.014] and usual activities [HR: 0.705,
95% CI: 0.542 — 0.915, p=0.009] and increases in age, eGFR, serum albumin,
haemoglobin were associated with a reduction in the likelihood of progressing to
ESRD. Black/other ethnicity and a higher ACR were associated with an increased

risk of progression to ESRD.
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Competing risk analyses

Findings from the competing risk analyses were also reported in Table 7. Reported
problems with self-care [SHR: 0.584, 95% CI: 0.370 — 0.922, p=0.021] and usual
activities [SHR: 0.698, 95% CI: 0.515 — 0.946, p=0.020], age, eGFR, ACR and

haemoglobin remained significant in the competing risk models.
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Predictors of HRQOL

The survival analyses above show that problems with self-care and usual activities
are associated with an increased risk of all-cause mortality while problems with usual
activities are linked to a decrease in progression to ESRD. Logistic regressions were
conducted to explore which demographic, clinical or laboratory variables are

predictive of these two EQ-5D components.

Self-care

Table 8 reports the findings from the logistic regression for self-care. In the final
multivariable model, unemployment; retirement; co-morbidities (diabetes, COPD);
and a higher BMI were significantly associated with an increased likelihood of
reporting problems with self-care [unemployed: OR 11.608, 95% CI 4.389 — 30.700,
p<0.001; retired: OR 9.102, 95% CI 3.594 — 23.051, p<0.001; diabetes: OR 1.806,
95% Cl 1.182 — 2.759, p=0.006; COPD: OR 2.233, 95% CI 1.301 — 3.832, p=0.004;
BMI: OR 1.044, 1.013 — 1.076, p=0.005]. A higher level of albumin was significantly
associated with a slightly lower odds of reporting problems with self-care [OR 0.944,
95% C1 0.904 — 0.986, p=0.01]. The model explains 19.6% of the variability in the

EQ-5D self-care dimension (Nagelkerke R?) and correctly classifies 85.1% of cases.
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Usual activities

Table 9 reports the findings from the logistic regression for usual activities. The final
multivariable model found that unemployment, retirement and co-morbidities
(Diabetes, CVD, IHD) were significantly associated with an increased likelihood of
reporting problems with usual activities [unemployed: OR 6.475, 95% CI 4.040 —
10.377, p<0.001; retirement: OR 4.419, 95% CIl 2.948 — 6.623, p<0.001; diabetes:
OR 1.951, 95% CI 1.422 — 2.678, p<0.001; CVD: OR 1.789, 95% CI 1.116 — 2.868,
p=0.016, IHD: OR 1.558, 95% CI 1.076 — 2.257, p=0.019]. Men were less likely to
report problems with usual activities [OR 0.636, 95% CI 0.465 — 0.871, p=0.005] and
a higher level of serum albumin was associated with a reduced likelihood of reporting
problems with usual activities [OR 0.956, 95% CI 0.924 — 0.989, p=0.01]. The model
explains 26% of the variance in EQ-5D usual activities dimension (Nagelkerke R?)

and correctly classifies 67.5% of cases.
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Discussion

Summary of findings

This study confirms that impairment of HRQOL is associated with the risk of death
and progression to ESRD. The EQ-5D index score or any of the dimensions was not
significantly associated with the composite outcome (progression to ESRD or all-
cause mortality). However, a decrease in eGFR, serum albumin, and haemoglobin;
an increase in ACR; and the presence of co-morbidity (IHD) were significantly
associated with an increased risk of the composite outcome.

Problems with self-care and usual activities, older age, a lower serum albumin and
the presence of co-morbidities (IHD and malignancy) were significantly associated
with an increased risk of all-cause mortality. The risk of progression to ESRD was
found to be lower in participants who reported problems with self-care and usual
activities, and older patients. A lower eGFR, serum albumin, haemoglobin, and
Black/other ethnicity were associated with a significantly higher risk of progression to
ESRD. Reported problems with self-care and usual activities, age, eGFR, ACR and
haemoglobin remained significant in the competing risk analyses for progression to
ESRD (with all-cause mortality as the competing risk). It should be noted that
commencement of RRT was our indicator for progression to ESRD.

Further analyses were conducted to explore the relationships between the EQ-5D
dimensions (self-care and usual activities) and a priori demographic, clinical and
laboratory variables. Unemployment, retirement, the presence of co-morbidities
(diabetes & COPD) and higher BMI were associated with reported problems with
self-care. An increase in serum albumin was found to be associated with a minimal

reduction in the likelihood of reported problems with self-care. Unemployment,
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retirement and the presence of co-morbidities (diabetes, CVD and IHD) were also
associated with an increased likelihood of problems with usual activities. Being male
and having a higher level of serum albumin was associated with a lower likelihood of

reporting problems with usual activities.

Findings in context of existing literature

We found a significant relationship between impaired HRQOL and death. Reported
problems for the EQ-5D dimensions of self-care and usual activities were associated
with an increased risk of all-cause mortality. Similar findings have been reported by
previous studies.?4 262853

We found a statistically significant association between impaired HRQOL and
progression to ESRD. From our analyses the EQ-5D dimensions of self-care and
usual activities were associated with a reduced likelihood of progression to ESRD
(commencement of RRT). Both dimensions remained significant in the competing
risk analyses. A possible explanation for this unexpected finding is that some
patients, with eGFR <9 (ml/min/1.73m?), who reported problems for these HRQOL
dimensions, were unable to cope with the additional burden of RRT and so chose
conservative management instead. This might also explain why the analyses
showed older patients have a reduced risk of progressing to ESRD. Older patients
may experience frailty issues which might make them unsuitable for RRT.

The evidence on the relationship between impaired HRQOL and progression to
ESRD in existing literature is by no means straightforward. Tsai et al. found that
adjusted regression analysis of the total, physical and psychological domain scores
of the WHOQOL-BREF(TW) predicted dialysis (ESRD).?8 Porter et al. reported that
their fully adjusted regression model found an association was found between lower

time-varying and cumulative mental health composite scores of the KDQOL-36 and
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CKD progression and the composite outcome of CKD progression/death.?” However,
recent studies by Jesky et al. and Grove et al. (both of which utilised the EQ-5D)
reported no association between HRQOL and progression to ESRD.?* 25 Grove et al.
found a link between self-rated health (using a single item from SF-36) and the
initiation of dialysis.?®

It should be noted that the studies by Tsai et al. and Porter et al. were conducted
specifically within Taiwanese?® and African-American populations?’ respectively,
limiting their generalizability. The study by Jesky et al. was limited by its shorter
follow-up which meant that fewer events had occurred by the censor date?* while the
study by Grove et al. was limited by overall sample size and number of events as
reflected in the wide confidence intervals reported.?®

Our findings on the socio-demographic predictors of HRQOL dimensions of self-care
and usual activities were similar to those reported by Jesky et al.?* However, we
found significant associations between serum albumin and both dimensions of
HRQOL.

Evidence from oncology research suggests that patient reporting could detect
potentially serious adverse events before clinician reporting.54 5 Therefore the
existence of significant relationships between patient-reported HRQOL data and
clinical parameters could mean that patients with advanced CKD at risk of rapid
deterioration may be identified through their PROM data before clinical and/or

laboratory data are available.

Strengths and limitations

Strengths

This study employs a relatively large, ethnically diverse sample which is fairly
representative of the general population of Birmingham and other major UK cities,
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thus improving the generalizability of its findings. A variety of statistical methods
were used to explore the data thus strengthening the validity of the results. The
longer follow up period meant that the robustness of the analyses were higher as
more events had occurred by the censor date. It can be logically assumed that the
use of the brief EQ-5D reduced patient burden and positively influenced data
completion and retention rates.

Limitations

This study like all observational studies explored association and not causation. As
the study employs a self-reported measure (EQ-5D) to assess HRQOL, we cannot
rule out the presence of social desirability bias.®® The commencement of RRT was
our indicator for progression to ESRD. However, some patients with eGFR <9
(ml/min/1.73m?) might opt for conservative management instead of RRT. The lack of
data on conservative management means that we could not confirm our explanation
for the unexpected association between self-care and usual activities and
progression to ESRD. Finally, the analyses did not include other factors which have

been reported to influence HRQOL such as frailty and nutritional status.?* 56-58

Conclusion

This study explored the relationship between HRQOL and clinical outcomes in
patients at risk of CKD progression. Our analyses show that patients with CKD often
experience impaired HRQOL which has a significant relationship with all-cause
mortality and progression to ESRD. A number of demographic, clinical and
laboratory variables were also found to be predictive of impaired HRQOL. These
findings strengthen and extend the existing evidence around the relevance and the

potential role for PROMs in routine renal care.
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Patient and clinician perspectives on the use of electronic patient-reported

outcome measures (ePROMs): a qualitative study

The narrative review (Chapter 1) highlighted the need for clinician buy-in to ensure
the successful implementation of ePROM interventions.’ Eliciting pre-
implementation views of patients and clinicians could inform the development of
ePROM interventions and ensure that the interventions are acceptable to the end-
users. This in turn may facilitate the subsequent adoption of the ePROM
intervention.>® It is also important that these opinions are explored with stakeholders
within the intended setting as recent research shows that the use of PROMs varies

widely between medical specialities and depends to a large extent on the setting."°

This chapter presents the qualitative study of the views of patients with CKD and
renal clinicians from UHB on the use of PROMs/ePROMs for routine management of
patients. Saturation tables as suggested by Kerr et al."" were used to demonstrate

the achievement of data saturation (Appendices 8 & 9).
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Abstract

Rationale and Objective: Chronic kidney disease (CKD) can significantly affect
patients’ health-related quality of life (HRQOL). Electronic patient-reported outcome
measures (ePROMs) may capture symptoms and HRQOL, and assist in the
management of CKD. This study explored patient and clinician views on the use of a

renal ePROM system.
Study Design: Qualitative study.

Setting & Participants: Twelve patients with stage 4 or 5 CKD (pre-dialysis); 22
clinicians (6 CKD community nurses, 1 clinical psychologist, 10 nephrologists, 3

specialist registrars and 2 renal surgeons) in the United Kingdom.

Analytical Approach: Semi-structured interviews and focus group discussion during
which patients received paper versions of the Kidney Disease Quality of Life-36
(KDQOL-36) and the Integrated Patient Outcome Scale-Renal (IPOS-Renal) to
exemplify the type of content that could be included in an ePROM. Thematic analysis

of interview transcripts.

Results: Four themes were identified: (i) general opinions of PROMs; (ii) potential
benefits and applications of an ePROM system; (iii) practical considerations for the
implementation of ePROMSs; and (iv) concerns, barriers and facilitators. Patients
were willing to complete ePROMSs on a regular basis as part of their care despite
clinician concerns about patient burden. Patients assessed the questionnaires
favourably. Clinicians suggested that the extent of adoption of renal ePROM systems
in routine clinical settings should be based on evidence of significant impact on
patient outcomes. Clinicians were concerned that an ePROM system may raise

patient expectations to unrealistic levels and expose clinicians to the risk of litigation.
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Patients and clinicians identified potential benefits, highlighted issues and concerns
that need to be addressed to ensure the successful implementation of the renal

ePROM system.

Limitations: Transferability of the findings may be limited as only English-speaking

participants were recruited to the study.

Conclusions: A renal ePROM system may play a supportive role in the routine
clinical management of patients with advanced CKD if the concerns of clinicians and

patients can be sufficiently addressed.

INDEX WORDS: Chronic kidney disease; CKD; renal disease; chronic renal failure;
interview; focus group; qualitative research; health-related quality of life; HRQOL,;
QOL; patient-reported outcome; PRO; electronic patient-reported outcome

measures; ePROM.

Plain language summary

Patients with advanced chronic kidney disease often experience clusters of
symptoms and impaired health-related quality of life (HRQOL) as their kidney
function deteriorates. Remote electronic monitoring of patients' symptoms may
facilitate communication between patients and the clinical team, and allow early
interventions to manage symptoms; potentially delaying deterioration in kidney
function and improving HRQOL. To ensure that our ePROM system met stakeholder
needs we interviewed patients and clinicians to seek their opinions regarding system
design as well as barriers and facilitators to implementation. Clinicians and patients
were supportive of the proposed system suggesting that a renal ePROM system may
play a supportive role in the clinical management of patients with advanced kidney

disease.
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Introduction

Patients with chronic kidney disease (CKD) commonly report ‘clusters’ of non-
specific symptoms such as pain, fatigue and pruritus'2 , which may adversely affect
their physical, emotional and psychological well-being® and significantly impair
health-related quality of life (HRQOL).*

While ‘hard’ parameters such as estimated glomerular filtration rate (eGFR) are
established routine indicators of health status,® these may not fully capture the
impact of disease on patients’ symptoms and HRQOL.%® Thus, there has been a
growing move towards patient-led provision of HRQL and symptom data using
validated self-reported questionnaires known as patient-reported outcome measures
(PROMSs).2? In recent years, there has been increasing interest in the use of PROMs
in routine renal practice.'0

With rapid information technology developments , collection of electronic PROMs
(ePROMSs) via digital platforms — e.g. personal computers, smartphones and tablets®
—is increasingly common. This ‘real-time’ data could assist with timely tailoring of
treatment to individual patient needs and may reduce unnecessary clinical
appointments in stable patients.? 2 In addition, the use of ePROMs may promote
patient-centred care by aiding identification of health-related issues of priority to
patients, facilitating patient-clinician communication and shared-decision making.8 '3
15

The aim of this qualitative study was to explore the perspectives of patients and
clinicians on the use of a renal ePROM being developed by the Centre for Patient
Reported Outcomes Research, University of Birmingham and University Hospitals

Birmingham NHS Foundation Trust (UHB), in the UK. The objective was to gain
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valuable insights to inform the design, implementation and delivery of such a system

within routine clinical practice.

Methods

Participant selection

Participants at the host site (UHB) were recruited and data collected and analysed
simultaneously between August 2017 and May 2018 according to the published
protocol (ethical approval [13/02/2017] ref: 17/WM/0010)."® Consenting, English-
speaking, adult patients with stage 4 and 5 CKD (pre-dialysis) were purposively
recruited as we hypothesised that a cohort, with high symptom burden and risk of
rapid progression to end-stage renal disease (ESRD), would benefit most from the
ePROM system.'® A third of patients were recruited from minority ethnic groups to
reflect the diversity of the patient catchment area, as highlighted in the recent Renal
Impairment In Secondary Care (RIISC) cohort study where 32% of the patients were
from minority ethnic backgrounds.'” UHB Renal clinicians were recruited through a
combination of purposive and snowball sampling:'® where clinicians known to the
research team were contacted directly and those who agreed to be interviewed were

asked to suggest other potentially eligible colleagues.

Data collection

All participants were provided information sheets which explained the study
aim/objectives and also outlined the UHB ePROM system under development. They
had the opportunity to ask questions before signing the consent forms prior to any

interview/focus group.
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All interviewees were provided with advance copies of the Kidney Disease Quality of
Life-36 (KDQOL-36) and Integrated Patient Outcome Scale-Renal (IPOS-Renal)
questionnaires to aid discussion. These questionnaires were selected, following
review of the literature’® 2% and discussions with the project patient advisory group, to
provide participants with an idea of the type of content that could be included in the
ePROM system. The KDQOL-36 has strong evidence for internal consistency and
moderate evidence for construct validity'® while the IPOS-Renal was reported to
have good evidence for test-retest reliability, internal consistency, and construct
validity.?° Interviews/focus groups were conducted in accordance with relevant topic
guides, developed based on findings from existing literature and discussions within
the research team (Boxes 1 & 2). OLA conducted audio-recorded semi-structured
face-to-face or telephone interviews with patients according to their preference. A
focus group and semi-structured interviews were held with clinicians. Focus groups
were not conducted with patients as it was felt some might have found it distressing

to discuss their condition within a group setting.?’

Data analysis

Thematic data analysis was conducted by OLA?? alongside data collection, providing
an opportunity to refine the topic guide in response to findings.?® Initial coding was
reviewed by DK and MC prior to further analysis supported by the Nvivo 11 Plus
software package by QSR International. As data analysis progressed, OLA grouped
the codes into categories, subthemes and themes. These were regularly discussed
with members of the research team and modified where deemed appropriate. Data
collection and analysis continued until data saturation was achieved for both

participant groups.?*2° At this point, no new concept-relevant information was elicited
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from analysing additional interview data.?® 27 Saturation tables, which documented the

initial and subsequent occurrences of codes, were used to assess data saturation.?®
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Results

Study participants

Participant characteristics are summarized in Tables 1-2 and interview
characteristics/saturation data in Table 3. Focus group members were
predominantly female nurses. For this reason, we invited medical doctors for
interviews and targeted male doctors in order to minimise the potential risk of non-
response bias and increase the diversity of our sample. Examination of the
saturation data (Supplementary tables S1 & S2) throughout the study suggested that
(i) saturation was reached at the 10t patient and 12t clinician interviews (ii) there
were no appreciable differences in the views held by nurses and doctors, and (iii) no

gender differences in the views held by participants.

Themes

Four themes were identified in the interviews/focus group: (i) general opinions of
PROMs; (ii) potential benefits and applications of ePROMs; (iii) Practical
considerations; and (iv) concerns, barriers and facilitators. Themes and sub-themes
are presented below, illustrative quotations are provided in Table 4 and
supplementary Table S3. Figure 1 illustrates the conceptual relationships between
the themes. Specific comments KDQOL-36 and the IPOS-Renal questionnaires are

provided in supplementary file S4.
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General opinions of PROMs

The role of PROMs in healthcare (clinician-generated)

Most clinicians welcomed the idea of incorporating symptoms/HRQOL assessment
into clinical practice as they believed that clinical parameters may not fully capture
the impact of CKD on patients nor reflect outcomes regarded as important by

patients (q1). Some clinicians felt that the use of ePROMs would play an important

role in the continued digitisation of healthcare (g2).

Knowledge and experience of PROMs (clinician-generated)

Knowledge and experience of PROMs varied among clinicians. Only four doctors
stated that they had used PROMs for research and only one stated that they had
used a PROM for routine clinical practice. Majority of clinicians expressed a keen

interest PROMSs research and the findings of this present study (g3).

Cautious optimism (clinician-generated)

Although majority of clinicians acknowledged the importance of assessing HRQOL,
some believed that PROMs were of limited benefit in routine clinical practice (q4).
They perceived PROMs as a useful adjunct to traditional clinical management but

insufficient on their own for obtaining research funding or changing health policy

(995).

Criticism of PROMs (clinician-generated)

One doctor argued that PROMs do not capture HRQOL as they are: (i) incapable of
measuring the gap between patient health experience and aspirations; and (ii) not
truly ‘patient-reported’ as the questions are not generated by the individual patient

and so may not be important to them (g6). The individual went on to speculate that
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PROMSs gained prominence due to time pressures and reluctance or inability of

clinicians to communicate effectively with patients (q7).

Comparison with history taking (clinician-generated)

Some doctors compared the administration of PROMs with traditional history taking,
maintaining that the latter remains the model for patient-clinician interactions. They
described PROMs as a structured way of asking the same questions they would ask
during a clinical consultation (98). The key difference was that “you [the doctor] ask
them a series of questions that you select”. In other words, the questions asked

during a clinical consultation are questions the doctor deems important.

Potential benefits and applications of ePROMs

Potential benefits (patient and clinician-generated)

Patients and clinicians asserted that employing an ePROM system could improve or
open lines of communication between patients and clinicians as well as providing
clinicians with an insight into patient experiences and care priorities (q9). They
believed that ePROMSs could generate early warnings of deterioration in patients’
condition and detect psychological distress in patients (q10, 11).

Patients with stable CKD suggested that the use of an ePROM system could
potentially reduce the frequency of their hospital appointments and in turn the need
to take time off work (q12). Clinicians agreed with patients on this point with the
proviso that such patients were made aware of the symptoms of deterioration and
had mandatory laboratory tests done (q13).

Some patients felt this would facilitate self-monitoring and management; aspects of

care they believed were currently neglected (q14). Patients and clinicians believed
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that the regular completion of an ePROM would raise the level of CKD awareness
and self-reflection among patients (q14, 15).
Some clinicians proposed that ePROM use could help focus clinical consultations

on issues prioritised by patients and reduce time pressures (q16).

Determinants of benefits (patient and clinician-generated)

Clinicians concluded that the utility of an ePROM system would depend on the
manner and purpose of its use, the consultation style of individual doctors, and the
personalities of patients (q17). They felt that ePROMs may facilitate communication
with patients and promote rapport in situations where the clinician was unfamiliar

with the patient (q18).

Potential Applications (clinician-generated)

Clinicians suggested ePROM systems could assist with the remote monitoring of
patient symptoms and response to treatments, and provide additional information to
review during the regular Multidisciplinary Team (MDT) meetings (q19, 20). They
believed ePROMSs could play a vital role in the conservative/palliative management

of patients where symptoms/HRQOL is the focus rather than clinical outcomes (g21).

Practical considerations

Administration of ePROMs (patient and clinician-generated)

While there was no consensus on the optimal frequency of administration, patients
and clinicians generally felt that it would become burdensome if an ePROM was
administered more frequently than on a monthly basis. Some participants reasoned

that the frequency of administration would depend on disease trajectory in individual
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patients with stable patients requiring less frequent administration. However, they
pointed out that deteriorating patients, who may require closer monitoring, might be
unwilling to complete ePROMs due to the burden of illness (q22, 23). There were
suggestions that patients could complete an ad-hoc ePROM if they felt unwell rather
than wait for the next fixed time interval (q24). Some participants felt the frequency
could coincide with patients’ follow-up so that clinicians have the results to review
before hospital appointments. Patients and clinicians agreed that the best time to
complete an ePROM was at home prior to a clinical appointment away from the
pressures of busy clinics and interference from medical staff (q25). The general
opinion of patients and clinicians was that everyone involved in a patient’s care,

including the patient, should have access to ePROM data (g26).

Participants pointed out that some patients might not be able or willing to complete
ePROMs due to age, computer literacy, access to the internet and electronic
devices, and language difficulties. While most patients expressed a strong
preference for ePROMSs, a few preferred paper questionnaires but were willing to
complete ePROMs (g27). Some participants speculated that family members who

assist patients with the completion of ePROMs may influence the results obtained

(928).

Feedback (patient and clinician-generated)

Patients felt that receiving feedback on their ePROM reports would help them
understand and monitor their condition better, while clinicians would like feedback on

the effectiveness of their response to ePROMs data (q29, 30).

Interpretation of ePROM data (clinician-generated)
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Many clinicians discussed the interpretation of ePROMs data giving examples of
how they would interpret responses to certain questions (q31). A clinician mentioned
the difficulty with interpreting and understanding the clinical significance of summary

scores and score changes, particularly if clinicians were unfamiliar with PROMs

(932).

Presentation of ePROM data (clinician-generated)

Clinicians believed that ePROMSs data should be provided within the electronic health
care record to encourage clinician uptake. They suggested pictorial representation
specifically; graphical and colour-coded ‘traffic light’ formats which were seen as
quick and easy to review. A ‘traffic light’ format could have the additional benefit of
providing triggers or alerts if there was a significant change in a patient’s condition

(933-35).

Concerns, potential barriers and facilitators

Concerns (patient and clinician-generated)

One patient was convinced that patients generally ‘want to keep the doctor happy’
and so may provide very positive responses which they believe will please their
doctor and protect their existing relationship (q36). This was echoed by some
doctors who stressed the importance of patients completing their ePROMs in the
absence of their doctor to ensure that they provide ‘truthful’ responses.

Although patients identified data security and patient confidentiality as potential
issues, they did not appear unduly concerned by them (q37).

Clinicians worried about the potential burden on very ill patients who may struggle to

complete ePROMs (g38). One clinician argued that improving patient’'s HRQOL (e.g.

141



reduced frequency of dialysis) might worsen patients’ clinical parameters which
would have a negative effect on the monthly assessment of clinicians’ performance
(939). There were concerns that ePROMs might generate more work for clinicians
and lead to an increase in psychological/psychiatric referrals (q40, 41). Some
clinicians worried about charges of clinical negligence and the risk of litigation if
ePROM results were not acted upon and patients experience adverse outcomes
(942).

Some clinicians suggested that an increased focus on patients’ emotions and
psychological wellbeing through the use of ePROMSs could lead to the medicalization
of what they believed to be normal reactions to illness (q43). Some feared that using
ePROMs may unwittingly raise patients’ expectations beyond what they considered

to be achievable (q44).

Potential barriers (patient and clinician-generated)

A lack of interest in the ePROM system, a dislike of information technology, limited
capabilities or access to the internet/electronic devices were identified by patients as
potential barriers (q45).

Some patients speculated that individuals with relatively stable disease would be
less inclined to complete an ePROM on a regular basis (q46). This contradicted the
suggestion by patients with lived experience of ‘stable’ CKD that they would rather
complete an ePROM report on a regular basis than take time off work to attend clinic
appointments (q12).

Clinicians felt that the current ‘alert fatigue’ as a result of numerous alerts being
provided in Clinical Portal may cause clinicians to ignore ePROM results and alerts
(g47). Some believed that clinician discomfort broaching issues outside of physical

symptoms may be a potential barrier (q48). The perception was that there are tight
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limits to what is achievable; limited financial resources and time pressures during

clinical consultations were considered potential barriers (q49, 50).

Potential facilitators (patient and clinician-generated)

Patients felt that the provision of explanations of the significance of questions and
results would encourage them to complete ePROMSs on a regular basis (q51).
Clinicians believed that evidence of impact on patient outcomes would be the
strongest facilitator for the adoption of ePROMs. It was acknowledged that such hard
evidence would take time to generate but anecdotal or preliminary evidence would
suffice in the meantime (q52).

The provision of clear guidelines on how to interpret ePROM results and address
issues raised was also suggested as a facilitator (g53, 54). Nurses asserted that
buy-in by doctors and their involvement in the design and implementation process
was crucial (g55). Easy access to ePROMs results and providing patients with paper

option were also cited as potential facilitators (956, 57).
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Discussion

This study explores the views of patients and clinicians on the use of an ePROM
system in the clinical management of patients with advanced CKD. Consistent with
previous literature, patients welcomed the idea of completing ePROMSs on a regular
basis as part of their care.?® They believed ePROMSs could help clinicians manage
their care more efficiently and effectively. A notable finding was the interest
expressed by some patients in using ePROM data to improve their knowledge of
CKD to facilitate self-monitoring and management.

Although, as reported by other studies, most patients expressed a preference for
ePROMSs over paper questionnaires,?° 30 patients and clinicians stressed the need to
provide a paper option for patients unable/unwilling to complete ePROMs. Studies
have shown that response rates can be optimised when electronic and paper
formats are provided and reminders are utilised. 23132

Whilst all the clinicians interviewed had research experience, their overall clinician
knowledge and experience of PROMs in clinical research or routine practice was
limited. Whilst most clinicians agreed on the potential benefits of ePROMs, they were
cautious about their real life performance in practice. The consensus was that renal
ePROM systems could become a vital adjunct in the clinical management of
patients, providing there was compelling evidence of their usefulness. This
demonstration of value has been recommended as an important facilitator for the
adoption of ePROM systems.33 Clinicians in the study believed there was little
evidence to support the use of PROMs in routine renal practice. However, this is not
the case, as recent research suggests that ePROMs may detect clinically relevant
changes in patients receiving dialysis.2 ** In Denmark the use of an ePROM system

(Ambuflex), led to a 50% decrease in follow-up hospital visits.3! In other areas, a
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recent ePROM trial demonstrated improved survival, HRQOL, and reduction in
hospitalization in patients with cancer undergoing chemotherapy.®

Some clinicians were concerned that ePROMSs could potentially raise patient
expectations beyond what is achievable in daily practice. However, most of the
patients interviewed understood, through first-hand experience, the chronic and
progressive nature of their condition, and the challenges facing the health system.
Some clinicians were concerned that evaluating psychological domains in patients
might lead to a ‘medicalization’ of what they consider as normal responses to illness.
The assumption that clinicians are able to distinguish between ‘normal’ and
‘abnormal’ responses has been questioned;3® patients often see different doctors at
each clinic appointment and so may be unable to forge relationships that could
enable the detection of deviations from ‘normal’ responses.®> Some clinicians felt
that the evaluation of these domains would be helpful as they believed that renal
doctors were either unskilled at detecting and addressing psychological problems or
reluctant to explore these issues due to factors such as time constraints and
personal discomfort. While medicalization of normal emotional responses may be an
unintended consequence of evaluating patients’ emotional and psychological status,
this may be unlikely if appropriate thresholds are set for the ePROM system and
suitable training provided.3¢ 37 Moreover, it has been shown that the emotional self-
awareness gained from self-monitoring may reduce depression in patients.38
Clinicians pondered the issue of providing appropriate response to ePROMs data
particularly results relating to psychological domains. While making referrals to
appropriate specialists appeared as the obvious solution, some felt this could lead to
excessive referrals being made. This is a valid concern as a substantial increase in

referrals would place greater burden on limited resources. However, this may be
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unlikely if appropriate thresholds are set. Others worried about the potential risk of
litigation if ePROMSs data is not acted on and patients suffer unforeseen adverse
outcomes such as suicide. The worry about litigation and charges of medical
negligence is an important consideration which may influence clinician adoption of
the ePROM system. The risk of litigation could be minimised if prior to full system
implementation appropriate care protocols are developed for clinicians and patients
are provided information for emergency situations. Unsurprisingly, clinicians
requested clear guidance on meaning of and the appropriate response to ePROMs
data as recommended in literature.3° 40

In order to be fit for purpose the ePROM system needs to be efficient, effective and
satisfactory for stakeholders.*! 4? If appropriately addressed, these study findings
could assist with the design and implementation of the renal ePROM system,
improve its usability, facilitate stakeholder adoption.*® Although the study focuses on
ePROMs, majority of the key findings are applicable to the use of PROMs in routine
clinical practice regardless of format. While we have selected the KDQOL-36 and
IPOS-Renal for this project, there are other renal-specific PROMs in use such as the
CHOICE Health Experience Questionnaire (CHEQ) and the Edmonton Symptom
Assessment System (ESAS)."°

Patients with stages 4 and 5 (pre-dialysis) CKD were interviewed as they
represented our target population for the intervention. Further research is necessary
to see if similar views are held by patients with stages 1-3 CKD, or patients receiving
renal replacement therapy for ESRD. In addition, this study was conducted during
the early stages of system development therefore, participant opinions may differ
post-implementation and may not reflect those held in settings where ePROMs are

already implemented. While the focus group was all-female and the majority were
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nurses, their opinions on the key issues were confirmed by the mostly male doctors
interviewed. We therefore believe that the composition of the focus group does not
affect the transferability of our findings in terms of gender and clinician profession.
At present, there is limited information on the use of ePROM systems in the routine
renal practice and the majority of the articles we came across described systems at
development or pilot stages.?® The RePROM system being developed by
researchers at the Centre for Patient Reported Outcome Research (CPROR), UHB,
and Birmingham Clinical Trials Unit (BCTU) has a focus on patient symptoms.
Recruitment has commenced for a randomised pilot trial of usual care supplemented
with the RePROM system in patients with advanced CKD.4*

The use of a renal ePROM system has the potential to enhance routine clinical
practice by facilitating patient engagement and involvement in their care and
providing clinicians with timely information which may guide clinical management.
The rapid developments in information technology may also assist with the
integration of ePROM data with other routinely collected electronic health data, thus
facilitating its impact.*®> However, patients and clinicians need to be involved at every
stage in the development of ePROM systems. Patient and clinician views should be
sought, considered and appropriately utilised in other to facilitate their subsequent
engagement with ePROM interventions. The degree of patient and clinician
engagement may crucially influence the usefulness of ePROMs post-

implementation.
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Box 1. Topic guide for patient interviews

Was the purpose for the study clear from reading the patient information sheets?
Do you think the study will benefit patients? If so why and how?
Views on the content of the questionnaire(s)

1. What do you think of the lengths?

2. Are the questions easy to understand? Are the questions (and their response
options) worded in a way that would be easily understood by patients? How easy
do you think it is to complete the questionnaires?

3. Do individual questionnaires cover all aspects that might be important to patients
with advanced CKD, or are any elements missing?

4. Are there questions that might be seen as unacceptable? If so why?

How often would you be prepared to complete the questionnaire(s) as part of your care?
Do you think that patients with advanced CKD would be willing to complete the
questionnaire on a regular basis in-between their clinic appointments? If so, how frequently
do you think they would be willing to do so?

How would you prefer to complete the questionnaires - by PC, smartphone, tablet,
telephone voice recognition or paper completion?

What might discourage you from completing the questionnaires?

What might encourage you to complete the questionnaires?

Do you think the benefits you mentioned earlier are sufficient to motivate other patients to
fill the questionnaire on a regular basis?

If not mentioned, ask if feedback is desired. What kind of feedback would you prefer?
Are there any issues about completing these questionnaires that worry you?

Any final comments?

Box 2. Topic guide for clinician focus group and interviews

What are your thoughts on the use of ePROMs in the management of CKD patients?
Do you think the use of ePROMSs will benefit patients? If so why and how? If not why?
Do you think that patients with advanced CKD would be willing to complete the
questionnaire on a regular basis in-between their clinic appointments?
How often would you like patients to complete questionnaires like these?
How would you like the data to be displayed?
Are there any issues about using these questionnaires that you would like to mention?
What factors may improve the use of ePROM data by clinicians?
What factors may discourage the use of ePROM data by clinicians?
Is there anything else anyone would like to say on the use of PROMSs for the management
of patients with CKD?
Views on KDQOL-36 and IPOS-Renal
5. What are your thoughts on the lengths of questionnaires?
6. What are your opinions of the wording of the questions and their response options?
7. What about the scope of the questionnaires? Do individual questionnaires cover all
aspects that might be important to patients with advanced CKD, or are any
elements missing?
8. Are there questions that might be seen as unacceptable to patients? If so which
questions and why?

152




Table 1. Patient characteristics (n = 12)

Variable

Age (years)
below 50
50 and over

Gender
Female

Ethnicity
British-White
British-Asian
Irish-White

—

Occupation
Retired
Employed (Part-time & full time)
Unemployed

NN NN

n — Sample size
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Table 2. Clinician characteristics

Focus group (n = 8)

Variable

Gender
Female

Ethnicity
White
Asian
Black

Occupation
CKD community nurses
Clinical psychologist
Nephrologist

Interviews (n = 14)

Variable

Gender
Female

Ethnicity
White
Asian

Position
Specialist registrars
Renal surgeons
Nephrologists

n — Sample size
CKD - chronic kidney disease
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Reflexivity

It has been well documented that qualitative researchers often downplay their role
and influence on the research process."! Phrases such as "emerging themes" are
commonly used in a bid to emphasise researcher objectivity and study integrity.’
However, the reality is that by collecting; curating; analysing; interpreting and
reporting qualitative data,? researchers are active research participants and have
direct and/or indirect influence on the entire process."?

It is therefore crucial that researchers continuously reflect on their theoretical
positions,” role and potential influence on the research process.? This continuous
self-awareness and evaluation has been described as reflexivity.?23 Mays and Pope
defined reflexivity as “....sensitivity to the ways in which the researcher and the
research process have shaped the collected data, including the role of prior
assumptions and experience....” It is recommended that reflections on the influence
of personal, intellectual biases, personal characteristics on research are reported as
this improves the trustworthiness of the findings.2 4

As a black, male, medically trained (MBChB) PhD student, | was aware of the
potential to unconsciously and indirectly influence the research work. My self-
reflections particularly on the qualitative aspects of the project began during their

conception and are reported below.

Interaction with patients

Patient perceptions

It is unlikely that my gender, race and age had any substantial influence on the
studies given the candid manner the participants responded to my queries
(interviews) and/or instructions (usability testing).

My status as an ‘outsider’ to the patient group did not appear to influence their

responses to my queries and none of the patients questioned my ability (directly or
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indirectly) to understand their lived experiences of CKD. Similar findings have been
reported in literature.®

The patient information sheets stated that the research would form part of my
doctorate thesis and | introduced myself as a PhD researcher to the patients. This
might have had some positive influence on the data collection. There is a strong
possibility that the patients’ general perception of me as less ‘intimidating’ than a
medical doctor might have facilitated the establishment of rapport with them. This
might have encouraged them to share their opinions more freely and in greater detail

as they would with their nurses or other non-medical professionals.

Potential influence

| was aware there was risk of unconsciously slipping into a patient-doctor role and
made a conscious effort to avoid this situation as it could compromise the study.® For
this reason, | simply gave my name at the start of each interview or usability session
and made no references to my medical background nor gave any indication of my
knowledge of the field. | refrained from phrasing questions in the investigative
manner often used for taking clinical histories and asked neutral, open-ended
questions.

| believe my outsider status made it easier for me to remain as objective as possible
in my analysis and reporting of the patients' opinions of the use of PROMs in clinical

practice.

Interaction with clinicians

Clinician perceptions

It was unlikely that the clinicians’ perceptions of me was influenced my gender or
race. All of the clinicians were aware of the fact that | was a PhD student and the
majority were aware of my medical background. Therefore with this group of study

participants, | might have been perceived as an ‘insider’ albeit a ‘peripheral
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member’ as | am not a practicing clinician.” This meant that, to a degree, | was
regarded as a colleague. It is quite possible though that the nurses who participated
in the focus group perceived me as an insider to a lesser degree than the doctors
given the historical and universal tensions between doctors and nurses.

On the whole, the perception of me as an insider might have aided the establishment
of rapport with the clinicians. It also meant that | was expected to understand and
sometimes agree with their positions and opinions. Surprisingly, the nurses were not
as guarded as | expected while discussing some doctors’ disinterest in patients’
emotion and psychological problems. They also made it clear that buy-in from

doctors is crucial for the successful implementation of an ePROM system.

Potential influence

The focus group was conducted before the one-to-one interviews and provided an
initial insight into the opinions of the clinicians. As the focus group also served as a
‘comparator’ for the subsequent interviews, it was crucial that my influence over the
discussions was minimal. The decision was therefore taken to have an independent
person moderate the focus group session while | observed the proceedings and
made notes. Despite this pre-emptive arrangement, as | was seen as an expert in
PRO measurement, some of the focus group participants still asked me for my
opinions during the discussions.

For the one-to-one interviews, many of the doctors took the opportunity to ask
questions about PROMs. This meant that | had to make a conscious effort to keep
the meetings as interviews and not educational sessions for sharing my views and
providing information. | consciously kept my questions open-ended and neutral,
giving non-committal responses to direct queries during the interviews. | answered
the questions that might have been posed by the doctors in the course of the

discussions at the end of the interviews.
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Having worked 48-hour shifts as a House Officer at a teaching hospital in Nigeria, |
understood the pressures and dilemmas the clinicians | interviewed faced practicing
in a health system with limited resources. | also understood why some clinicians
were concerned that the use of PROMs will increase their work load and potentially
raise patient expectations. | realised that without my knowledge of PROMs, gained
as a researcher, | would be just as sceptical as some of the clinicians.

| believe being able to view the issues around PROMs as a clinician (insider) and a
researcher (outsider) gave me a deeper understanding of the opinions of the

clinicians and helped me stay objective throughout the research process.
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Chapter 6: Development and usability testing of a
renal ePROM prototype
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Development and usability testing of a renal ePROM prototype

Historically, paper-based formats were used for PROMs administration.” However,
recently, interest in adapting and developing PROMs for electronic administration
has surged.? The development of ePROM systems has been facilitated by the recent
technological advances and an increase in the number of individuals who have
access to the internet and electronic devices such as desktop and laptop computers,
tablets and smartphones.

The use of ePROMs makes it possible to remotely monitor patients’
symptoms/HRQOL and obtain ‘real time’ data which may provide early warnings of
deterioration in patients. This may give clinicians the chance to intervene in a timely
manner and potentially delay disease progression.3-> Additionally, the use of
ePROMs could reduce administrative burden, increase acceptance rates, prevent
secondary data entry errors, and lower the incidence of missing data.’ 26

However, these benefits could only be realised if ePROM systems are well designed
and acceptable to end-users. Therefore, it is essential that the usability of an
ePROM system is formally assessed during development by potential end-users to
ensure that the system is acceptable and fit for purpose.?’ This chapter reports the

development and usability testing of a renal ePROM prototype.
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7.0 Discussion

This final chapter summarises: the principal findings of the PhD research project;
interpretation and implications of the findings; strengths and limitations; and
recommendations for future research. The studies presented in this thesis addressed
three main aims: (i) evaluation of the evidence to support the use of PROMs in
routine renal practice (Chapters 1, 3, 4); (ii) exploration of the opinions of patients
and clinicians (Chapter 5); (iii) development and usability testing a renal ePROM

prototype with patients (Chapter 6).

7.1 Summary of principal findings

7.1.1. Evidence to support the use of PROMs in patients with CKD

The narrative review' (Chapter 1) was conducted to evaluate and summarise the
current evidence of ‘real life’ impacts of PROMs administration on patient outcomes
and clinical processes in routine renal practice. The narrative review included studies
which demonstrated the acceptability and feasibility of administering ePROMs data
in routine renal practice.?® These studies also supported the view that the ‘real-time’
utilisation of ePROMs data may assist with the detection of clinically relevant
changes in patients’ conditions by providing early warnings of issues and reduce the
need for patient follow-up visits.® 4 Emerging evidence from an oncology setting
suggested that the utilization of ePROMs data could potentially reduce emergency
hospitalization rates and improve HRQOL and survival.®

The systematic review® (Chapter 3) was conducted to provide the most up-to-date
psychometric evidence of measurement properties of PROMs used in CKD in order
to facilitate the selection of appropriate PROMs for subsequent use in the project.

Based on the findings of the systematic review, the KDQOL-36 was supported for
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use in patients with CKD (pre-dialysis) as it had adequate evidence for internal
consistency and construct validity (though further validation might be necessary).
Both the KDQOL-SF and the KDQOL-36 were supported for use in patients receiving
dialysis as the KDQOL-SF demonstrated adequate evidence for internal consistency,
structural validity, test-retest reliability and construct validity while the KDQOL-36
had adequate evidence for internal consistency, test-retest reliability and construct
validity. The ESRD-SCLTM had adequate evidence for internal consistency, test-
retest reliability, structural and construct validity. It was therefore recommended for
use in renal transplant recipients who may experience symptoms specific to renal
transplantation and immunosuppression therapy.®

The review, however, also identified methodological issues with many of the included
studies. These included: utilization of sample sizes smaller than current
recommendations; poor reporting of missing data; inadequate or no analysis of
measurement properties such as measurement error and responsiveness; and
poorly articulated a priori hypotheses.

Primary analyses of the RIISC dataset (Chapter 4) was conducted to explore the
predictive capability of HRQOL data for CKD outcomes (progression and mortality)
and obtain statistical evidence of the relationship between HRQOL data and clinical
and laboratory variables. Survival analyses found that, along with other clinical and
laboratory variables, problems with the EQ-5D dimensions of self-care and usual
activities significantly increased the risk for all-cause mortality. The likelihood of
reporting problems with self-care increased significantly with unemployment,
retirement, co-morbidities (diabetes, COPD), and a higher BMI. Similarly,

unemployment, retirement and co-morbidities (diabetes, CVD, IHD) were
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significantly associated with an increased likelihood of reporting problems with usual

activities.

7.1.2. Opinions of patients and clinicians on the use of ePROMs in routine

renal practice

Findings from the qualitative research conducted with patients and clinicians were
reported in Chapter 5. Patients expressed a willingness to complete ePROMs on a
regular basis concurring with the finding reported in the narrative review' (Chapter
1). Interviewees also viewed the selected questionnaires (including the KDQOL-36
recommended by the systematic review®) as acceptable and relevant. Some patients
were interested in using ePROMSs data for self-monitoring and management.
Clinicians acknowledged that PROMs may have a potentially important role to play in
the future care of patients with CKD. However, some were of the opinion that
PROMs might only play a limited role in decision-making as they were not convinced
there was enough evidence to support the use of ePROMs. It was interesting to note
that this view was expressed by clinicians despite admitting to possessing a limited
knowledge and experience of PROMs. Very few were familiar with the KDQOL-36 or
the IPOS-Renal and only three had previously used a PROM for clinical practice or
research purposes. The studies reported in chapters 1, 3, 4 have demonstrated the
existence of evidence that (i) there are PROMs available with reasonably robust
validity/reliability which may be useful for monitoring patients with CKD. However,
further validation is required in the UK population, (ii) PROMs are capable of
predicting CKD outcomes (mortality), which could assist care management.
However, further research is required to explore this predictive ability in disease-

specific PROMs, (iii) patients and clinicians are broadly supportive of ePROM use in
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practice. However, clinicians in particular would value a stronger evidence-base to
increase engagement.

Some clinicians worried that the use of ePROMs would 'medicalise' what they
regarded as normal emotional/psychological response to CKD diagnosis and
management. Clinicians also expressed concerns that the use of an ePROM system
could expose them to the risk of litigation if patients expressed adverse outcomes.
Patients and clinicians identified numerous potential benefits, facilitators and

barriers.

7.1.3. Usability testing of a renal ePROM prototype

The usability testing reported in Chapter 6 found that patients regarded the renal
ePROM system as acceptable and easy to use thus further concurring with the
findings from the narrative review (Chapter 1) and the qualitative interviews (Chapter
5). Patients required a mean time of 10 (+ 1.6) minutes to complete the electronic
version of the KDQOL-36 and made relatively minimal errors. The average usability
and satisfaction score was 4.6 on a 5-point scale (where 5 = very satisfied and 1 =

very dissatisfied).

7.2 Interpretation and implications of findings

7.2.1. Assessment of evidence supporting the use of PROMs

The narrative review confirmed that PROM research is progressing from the era of
theorising about the potential benefits of PROMs 7-°, and identifying the barriers and

facilitators of implementation'® to providing concrete evidence of these benéefits in

routine clinical practice.3 1112

182



At the beginning of the PhD project, a review by Gibbons and Fitzpatrick'® was
identified. However, this was conducted in 2009 and important methodological
guidelines’-1® and validation studies have since been published. It was therefore
necessary to conduct a systematic review in order to obtain the best evidence to
inform PROM selection for this project.

The KDQOL-36, KDQOL-SF and the ESRD-SCLTM were found to have the
adequate evidence to support their use and were therefore recommended. These
three measures are disease-specific with symptoms-related dimensions which might
increase their sensitivity to changes in the relevant CKD populations.?° 2! The
systematic review highlighted a number of methodological issues similar to those
reported by other authors.’ 224 |t is quite possible that some measures that
performed poorly in the present review might score better if these methodological
issues were addressed in subsequent validation studies.

The IPOS-Renal?® was still undergoing validation when the systematic review was
published.® The measure was validated in Australian in patients with advanced CKD
(on dialysis and supportive care) and nurses. The results which have since been
published show that the patient and staff versions of the IPOS-Renal have good test-
retest reliability, internal consistency, and construct validity.2

Although the systematic review did not find sufficient evidence to support the use of
the EQ-5D (as a result of the limited number and methodological quality of the
relevant validation studies), results of the RIISC data analysis (Chapter 4) and
published studies by Basch et al.,®> and Jesky et al.?6 show that it could provide
useful HRQOL data. The RIISC analyses (Chapter 4) showed significant
associations between HRQOL (EQ-5D dimensions of self-care and usual activities)

and the risk of death as demonstrated by previous studies.'?26-28 The socio-
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demographic predictors of problems with self-care and usual activities such as
employment and co-morbidities were similar to those reported by Jesky et al.?6 The
KDQOL-36, (recommended in Chapter 3), includes questions that capture the
domain of usual activities which was identified as statistically significant in the RIISC
analyses of the EQ-5D (Chapter 4). The existence of significant relationships
between PROM data and clinical outcomes and variables mean that patients at risk
of rapid deterioration may be identified through PROM data before their clinical
and/or laboratory data are available as suggested by findings from oncology

studies.129

7.2.2 Implementation of an ePROM intervention

Damschroder et al. developed the Consolidated Framework For Implementation
Research (CFIR), a comprehensive framework based on existing implementation
theories, which may be used for the implementation of healthcare interventions.3°
The CFIR has five major domains namely: intervention characteristics; outer setting
(socio-economic and political context the organisation is situated);3° inner setting
(structural, political, and cultural contexts for the implementation process);*°
characteristics of the individuals involved; and the process of implementation.3°
Foster et al. used the CFIR to explore potential barriers, facilitators of PROMs
implementation and relevant issues such as instrument selection and purpose of
use.3!

The development and implementation of a PROMSs intervention in clinical practice
commonly involves the selection of suitable existing measure(s).?" 31 32 This task
belongs to the process of implementation domain.3° As most existing PROMs are

copyrighted, ePROM developers may need to obtain formal permissions from
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original developers and sign agreements before they can begin the process of
converting paper PROMs to ePROMSs. The selection process for PROMs needs to
be considered carefully and backed by up-to-date evidence if any benéefit is to be
derived from their use.®® 31

The work reported in Chapters 1, 3, and 4, assessed the level of evidence to support
the use of PROMSs in routine clinical practice, and comes under the intervention
characteristics domain of the CFIR.3® The review (Chapter 3) included 25 PROMs
assessing various aspects of HRQOL® indicating how daunting the task of PROM
selection could be. While it is important that the psychometric properties (i.e.
reliability and validity) of PROMs are evaluated during the selection process, a
number of practical issues such as the purpose of use (clinical trials, benchmarking,
routine practice or product labelling) and target population need to be considered as
well.213132 For instance, although the systematic review® found evidence to support
the use of both the KDQOL-36 and the KDQOL-SF in dialysis patients; the shorter
KDQOL-36 may be more practical for use in routine renal setting. The longer
KDQOL-SF might be the preferred option for clinical trials where HRQOL is an
endpoint and more information is required. In situations where utility or economic
evaluations might be required, the EQ-5D might be the preferred measure of
HRQOL. These considerations belong to the inner setting of the CFIR.3°

Another important issue to consider when selecting PROMs, is the domains of
interest. Individual PROM instruments combine a variety of HRQOL domains such
as physical function, emotional function and symptoms. This means that clinicians,
researchers and patients need to consider which measure best combines the
domains of interest.3? It was observed that there was a tendency for the studies

included in the narrative review (Chapter 1) to employ questionnaires which
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incorporate symptoms such as the KDQOL-36 recommended in the systematic
review® and the brief EQ-5D measure. This might be due to the fact that patients and
current KDIGO guidelines consider symptom management a care priority.33 34
External organisations such as KDIGO belongs to the outer setting domain of the
CFIR.*

As mentioned in the systematic review (Chapter 3), it is quite common for clinicians,
researchers and patients to discover that no single PROM covers all the domains
that might be of particular interest or relevance.® In such situations, there are several
options — modify or combine existing measures or develop a new one. The
systematic review included both measures developed de novo such as the SF-36
and modified measures such as the KDQOL-36 (which has at its core the SF-12
which is derived from the SF-36). Two of the studies included in the narrative review
utilised ePROM systems that combined more than one PROM.? 3 The qualitative
protocol (Chapter 2) and the usability paper (Chapter 6) described the process of
developing and testing the renal ePROM prototype which incorporated the KDQOL-
36 and the IPOS-Renal. However, the long term objective is to have an efficient, but
precise, tool that is non-burdensome and only includes the domains/items of
importance to the target population and their care team.

While developing a new PROM might ensure that the final measure meets the needs
of its target population and removes the requirement to obtain permissions from a
third party, the process requires a huge amount of resources in terms of expertise,
finance and time. It should therefore be considered only where there is a strong
justification. The less intensive options of adapting or combining existing measures
are not without their own issues. Original developers may grant permissions with

clauses that restrict the modification of the content or layout of the original measures.
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Chapters 5 and 6 explore the opinions of stakeholders which belong to the CFIR
domain characteristics of the individuals involved. Using more than one PROM might
increase questionnaire burden on patients who are already burdened by their
condition. Concerns about questionnaire burden on patients were raised by clinician
in the qualitative study (Chapter 5) even though patients did not perceive the
individual questionnaires as burdensome. It is quite possible that patients
downplayed concerns about questionnaire burden due to feelings of obligation or a
desire to please their clinicians as suggested by some of the patients and clinicians
interviewed. The CFIR may assist with the successful delivery of the ePROM system
in future by highlighting the various domains that may require consideration and

intervention.30 31

7.2.3. Development of an ePROM intervention - Input from stakeholders

The qualitative research (Chapter 5) provided a deeper understanding of the
opinions of patients and renal clinicians on the use of ePROMSs in routine renal
practice. Insights from this research were intended to inform the design and
implementation of the renal ePROM system in order to ensure its success post-
implementation.® Findings from the qualitative study (Chapter 5) and the usability
testing3® (Chapter 6) show that patients may perceive the use of a renal ePROM
system as an acceptable component of their routine clinical management. The
qualitative study revealed patient interest in using ePROMs for self-monitoring and
management which could have a positive influence on their engagement with health
care and vice-versa. This may in turn enhance patient adherence to treatment and

potentially clinical outcomes.3’
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The emerging evidence cited in the narrative review (Chapter 1), that the use of
ePROMs may reduce the frequency of hospital appointments?, was supported by
patients and clinicians (Chapter 5). They suggested that remote monitoring of stable
patients with the aid of ePROMSs could potentially free up appointment slots for
patients who really need to be seen in clinic. This would also reduce the need for
stable patients to take time of work, thus securing their jobs and income. Evidence
from other types of remote monitoring suggest benefits to a range of patients for
example, a review of remote monitoring of parameters such as blood pressure and
medication use in patients with heart failure reported lower admission rates, reduced
healthcare costs and no evidence of negative impact on patients’ health.3® The
successful interventions were easy to use which made them were widely accepted
by patients, including elderly patients.3 McManus et al. found that the use of remote
monitoring of blood pressure for the purpose of titration of antihypertensive
medication led to significantly lower blood pressure than titration guided by clinic
readings in patients with poorly controlled blood pressure.® The trial also found that
remote monitoring served as reminders for patients to take their medication thereby
improving medication compliance.® The simple text-based telemonitoring system
was designed to be independent of mobile phone providers or clinical systems so
that it could be implemented in other settings.3® Based on these approaches, remote
monitoring interventions need to be easy to use and flexible in design to improve
their adoption.38 39

The usability testing®® reported in Chapter 6 provided patient feedback on the renal
ePROM prototype. Findings from the study showed that some commonly held beliefs
about the technological capabilities of elderly patients may no longer hold.3¢

Participants who tested the ePROM prototype had a mean age of 64 years with
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varying levels of experience and usage of the internet and electronic devices. All
described the system as easy to use regardless of their age and technological
experience. The participants required a mean time of 10 min to complete the
electronic version of the KDQOL-36 which is shorter than the mean time of 15 min
reported in literature for the paper format.*% Similar acceptance rates and
technological capabilities have been reported by other studies for this age group.? 4
An explanation for these findings is that the digital divide between older and younger
populations decreases as individuals take the information technology (IT) skills they
gain through work and study with them into retirement.*? 42 This means that the
population of elderly patients with sufficient IT capabilities to complete an ePROM
grows with each passing decade.*?43 Digital divide has been described as the gap in
access to digital technology between individuals or groups with access and those
without.** Digital divide can be observed at national or global level. It has been
argued that with the rapid growth in IT, the digital divide has led to digital inequality
which has important socio-economic implications.44 4> Predictors of digital
divide/inequality are: age, education, income level, gender, race or ethnicity, and
rural or urban residence.*® 4% Interventions to bridge the digital divide need to focus
on providing access (physical and financial) as well as technical support which will
aid the acquisition of IT skills.*4

The qualitative study (Chapter 5) also revealed a high level of awareness and
interest in PROMs and PROMSs research among clinicians despite their reservations.
This is evidenced by the increase in editorials and opinion articles on PROMs written
by medical doctors and published in high impact journals.3° 4648 Increase in clinician
awareness and engagement, identified as crucial for the successful implementation

of PROMs in clinical practice3®, might explain the recent success of a number of
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ePROMSs programmes.*® 5 These programmes are now in a position to provide the
much needed ‘real-life’ evidence to support the use of PROMs in clinical practice as
demonstrated by the findings of the narrative review (Chapter 1).35

While the majority of clinicians acknowledged that ePROMs data relating to HRQOL
dimensions of symptoms and physical functioning could be potentially beneficial in
patient management, a number of clinicians were less convinced about the
usefulness of data relating to emotional/psychological wellbeing. Their main
argument was that addressing problems with symptoms/physical functioning could
be more straightforward and achievable. This might explain the finding by Salmon et
al. that general practice doctors were reluctant to pick up on cues of psychological
distress in their patients.®! Our findings suggest that secondary care clinicians may
feel more comfortable focusing on physical aspects of their specialist clinical area
rather than broader holistic issues for overall body. Wong et al. found that the
physical component of SF-36, unlike the mental component, deteriorated with time in
patients with CKD making it a better tool for the assessment of interventions and
health service evaluations.>?

One of the major challenges facing the implementation of ePROM systems in routine
practice is its optimal integration with existing care pathways and systems. Findings
from the qualitative study (Chapter 5) showed that clinicians are very unlikely to
access ePROM data if it is not provided within the existing patient information
system (Clinical Portal). The Transforming Participation in Chronic Kidney Disease
(TP-CKD) programme reported the various ways ePROMs (combining the EQ-5D,
POS-symptom module and Patient Activation Measure) were incorporated into
patient care at 14 renal units.%3 In line with the suggestions from the clinicians

interviewed for this PhD research, the ePROM data was used by the renal units at
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quarterly multidisciplinary meetings to inform individual care planning; included in
letters to patients about their care plan; and reviewed by nurses at haemodialysis
sessions flagging scores that warranted discussion during subsequent
consultation.53 As suggested by the qualitative study, clinicians who participated in
the TP-CKD programme reported difficulties interpreting ePROM data and required
on-site workshops to facilitate the process.

Socio-technical approach to system design considers the complex relationships
between human, social and technical factors which may determine the functionality
and adoption of computer-based systems such as healthcare systems.>* Human-
centred design is one of the most commonly used socio-technical system design
methods in health-care.®® It employs a clear understanding of users, their tasks, and
the environments in which those tasks are carried out.>® Das and Svanaes 2013
reported the use of human-centred design in the development of an e-health weight
loss intervention and noted that the involvement of patients throughout the design

process is crucial and must consider personal experiences and vulnerabilities.5®

7.3 Strengths and limitations

Previous research into the use of ePROMSs in CKD has been minimal. The research
reported in this thesis therefore contributes novel and important findings to the
existing body of evidence to support the use of ePROMSs in the routine clinical
management of patients with advanced CKD. The systematic review, qualitative
study and usability testing were conducted according to the published peer-reviewed
protocols (Chapter 2). The use of a mixed-methods approach, involving systematic
review, quantitative and qualitative methods, has enhanced the robustness of the

project ensuring that its findings and conclusions are reliable and valid. The
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involvement of patients early in the research guided its design and conduct ensuring
that the findings from each study were relevant and beneficial.
The findings from this research have been disseminated as follows:

e Two oral presentations and nine poster presentations at national and
international conferences including:
e The International Society for Quality of Life Research (ISOQOL)
Annual Conference, Copenhagen, Denmark, Oct 2016
e UK Kidney Week, Liverpool 2017, Harrogate 2018
¢ PROMs Conference, London 2017, Birmingham 2018

The narrative review (Chapter 1) provided real life evidence of the impact of
ePROMSs on patient outcomes.! However, as it was not systematically conducted,
i.e. no search strategy was used or formal screening conducted, it is possible that
relevant studies might have been missed. A few CKD-related PROM studies have
been published since the narrative (and systematic) reviews (Chapters 1 & 3) were
published. However, these articles are cited and discussed in the RIISC data
analyses (Chapter 4); the qualitative study (Chapter 5) and the various sections of
this concluding chapter.37 47 52 57-59

The use of current methodological guidelines and checklists such as the Consensus-
based Standards for the selection of health Measurement Instruments (COSMIN)
checklist' and the criteria for evidence synthesis'® ensured that the systematic
review® was robust and provided the highest evidence possible (Chapter 3). The
study was registered on the PROSPERO website and reported according to
PRISMA guidelines®° 8! demonstrating transparency in its conduct and reducing the
risk of reporting bias. The review was broad in scope, evaluating PROMs within
three distinct groups of patients with CKD: i.e. pre-dialysis, dialysis and post-

transplantation. There were no language restrictions and the search strategy was
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developed (using validated search filters) and pre-tested to minimise the chances of
missing important eligible studies. The main limitation of the systematic review was
the fact that a number of measurement properties were not adequately investigated
and/or reported by the included studies making it difficult and sometimes impossible
to evaluate these elements. In addition, very few studies reported validation work in
pre-dialysis patients. Therefore, a stronger recommendation of the KDQOL-36 could
not be made for this group of patients. Reporting the results of the systematic review
by CKD stage might have been a more useful approach for clinicians and CKD
researchers. However, this was impossible as there was a wide variation in the
approach taken by the included studies and it was often unclear what classification
methods were employed.

The findings of the RIISC data analyses (Chapter 4) was reported according to the
Strengthening the Reporting of Observational studies in Epidemiology (STROBE)
guidelines for transparent reporting.%? The use of data from a relatively large,
ethnically diverse sample improved the generalizability of the findings. Using a
variety of statistical methods strengthened the validity of the results. The longer
follow up period meant that more outcome events had occurred by the censor date
which also improved the robustness of the analyses. The analyses were limited by
the fact that causal inferences cannot be made from the results as the study, like all
observational studies, explored association and not causation.

The qualitative work with patients and clinicians (Chapter 5) was reported according
to the Consolidated criteria for reporting qualitative research (COREQ) guidelines for
transparent reporting.®® Due to the subjective nature of qualitative enquiry it was

susceptible to researcher bias. However, undue influence on the data collection,
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analysis and interpretation was mitigated by the use of interview guides, regular
discussions with members of the research team and triangulation of findings.

The usability testing (Chapter 6) was conducted following the recommended
guidelines in literature.®*-%6 However, the study was limited by the fact that the tests
were conducted on-site in an interviewer-controlled setting. Therefore, participants'
usability performance and experience may differ in the absence of interviewer
prompts in a ‘real life’ home setting. The small sample size also limited the statistical
analysis that could be performed on the data. It should be noted, however, that the
primary purpose of conducting the study was to access acceptability and usability
and not to explore statistical inferences.

The qualitative study (Chapter 5) and the usability testing (Chapter 6) explored
patient and clinician views pre-implementation which may differ once the renal
system is implemented and used under ‘real life’ conditions. However, it was
important to obtain these early views as research has shown that initial attitudes may
influence the subsequent adoption of technological innovations.%* 6567-69 |n addition,
the findings from both studies may assist with the development of the renal ePROM
prototype and ensure that the final version is acceptable to the stakeholders

(patients and clinicians).
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7.4 Future research

During the course of conducting the research for this thesis, a number of research
gaps were identified. The increasing interest in the use of ePROM systems means
that more healthcare providers will develop their own systems in the future. There is
therefore a need for further research to guide the development and implementation
of ePROM systems. There is also a need for more real-life evidence of the benefits

that may be derived from using ePROM systems in routine renal practice.

7.4.1. Development of ePROM systems

Psychometric properties of PROMs

The systematic review reported in Chapter 3 revealed a number of gaps in
psychometric evidence to support the measures currently used in CKD. Little or no
information on the assessment of measurement error or responsiveness was found
for the included measures. When choosing PROMs for patient monitoring, knowing
the responsiveness of measures i.e. ability to detect clinically important changes in
patients’ condition over time,”® would assist with the selection of the most responsive
measure. It is also important to have adequate information on measurement error as
this helps to determine whether a measure is capable of detecting true clinically
relevant changes in patients.”" It was also clear from the findings that there is a lack
of consensus on how these psychometric properties should be assessed, the
definition, measurement and interpretation of parameters such as the minimal
important change (MIC), the minimally detectable change (MDC), the minimal
clinically meaningful difference (MCMD) or the Minimal Clinically Important
Differences (MCID).”?®" The protocol for a study which aims to review anchor-based
methods of estimating minimal important difference (MID) and develop an instrument

to evaluate the credibility of MIDs was published three years ago.®? The results of
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this study are yet to be published. Reaching a consensus and having a clear
guidance on these methodological issues will assist researchers and clinicians with
the design of methodologically sound development/validation studies and improve
the quality of evidence for PROMs (electronic and paper). The COSMIN checklist
has recently been revised and the new tool places less emphasis on aspects such
as reporting quality and a priori hypothesis which the COSMIN steering committee
concluded would not necessarily lead to biased results.83 Future systematic reviews
should employ this checklist in the assessment of psychometric properties of
PROMSs. Improving the psychometric performance of measures may ensure that

hypothesised benefits are obtained in real life.

Computer Adaptive Testing (CAT)

As discussed earlier, ePROM developers and clinicians often combine
questionnaires in order to cover all the HRQOL domains of interest. Such
combinations may significantly increase patient burden especially if a number of the
questions are not relevant to the individual patient. Questionnaire burden on patients
has been a persistent concern for clinicians as demonstrated by the findings from the
qualitative study reported in Chapter 5. Computer adaptive testing (CAT) which
utilises algorithms to match the most relevant questions to respondents has been
suggested as a possible solution.84-8 The narrative review reported in Chapter 1
suggested further research into CAT. While a few exploratory studies have been
published since the narrative review was conducted®® 8487  there is very limited

evidence on the development of CAT interventions and use in routine renal practice.
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PPI in PROMs research

Patient and public involvement (PPI) in research is defined as "...research being
carried out ‘with’ or ‘by’ patients and members of the public rather than ‘to’, ‘about’
or ‘for’ them."8 PPI has been recognised as a vital activity that may facilitate the
acceptability, relevance, timeliness, and quality of research.8-°? Evidence of the
impact of PPl in research is steadily increasing as more reviews 2! 9 and realist
evaluations are being published.%* ® A recent scoping review found that overall PPI
in PROMs development varied considerably.®® Of the studies reviewed®, 58.5%
involved patients in item development while 10.9% had PPI input on the
determination of outcomes to measure and only 6.7% had patient involvement in all
aspects of PROM development.®® For the renal field, only 10 of the 66 studies
included in the systematic review (Chapter 3) reported patient involvement in the
process of item generation and/or item selection.® These findings show that more
work is needed to address the currently suboptimal levels of patient involvement.
Evaluation studies are required to determine the best practice and develop clear

practical guidelines for conducting PPl in PROMSs research.®?

7.4.2. Implementation of ePROMs intervention

Administration of ePROMs

The qualitative study (Chapter 5) reported no consensus on a number of practical
issues such as the frequency and timing of ePROMs administration in routine renal
practice. The narrative review (Chapter 1) highlighted the fact that despite the
availability of published frameworks and guidelines®’- to assist with the
implementation of PROM interventions, there is limited evidence from actual
implementation studies. More research is needed to evaluate the effectiveness of the

various options for each of these issues to facilitate appropriate recommendations.
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Interpretation and utilisation of ePROM data

Findings from the qualitative work with clinicians (Chapter 5) confirmed the
conclusion by previous studies that the interpretation and utilisation of ePROM data
are key challenges facing its adoption." 1% Clinicians tend to perceive PROMs data
as difficult to interpret and relate to clinical decision-making thus potentially
discouraging the adoption of ePROM systems. " Efforts are being made to develop
training programmes for clinicians on the interpretation and utilisation of ePROM
data.’%? Research is needed to develop and evaluate these training programmes and

identify the most effective approaches for recommendation.

Clinician engagement

While training clinicians how to interpret and use ePROMs data might foster
engagement with such interventions'" and vice-versa, clinician scepticism might be
a barrier to the success of such training programmes. Overcoming scepticism and
increasing clinician engagement has been identified as a strong facilitator of the
successful implementation of ePROM systems." 3% There is therefore an urgent need
for research into developing innovative and practical approaches to effectively deal

with clinician scepticism and optimise their engagement with ePROMSs interventions.

7.4.3. Real life implementation of ePROMs systems

Clinicians interviewed as part of the qualitative study (Chapter 5) were unconvinced
that there was a strong evidence base underpinning the use of ePROMs in routine
clinical practice. This perception might account to a large extent for the clinician
scepticism that has been documented in literature.? 3° As discussed in previous
sections, the evidence to support the use of ePROMs is increasing.3®2° More high

quality trials of ePROM systems in routine practice settings are required to generate
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further evidence of impact on patient outcomes and other variables such as
hospitalization rates. There is also a need for cost-effectiveness analyses to
demonstrate economic benefits of ePROMSs in clinical practice. It is hoped that the
renal ePROM (RePROM) trial being developed by researchers at the Centre for
Patient Reported Outcome Research (CPROR), UHB, and Birmingham Clinical
Trials Unit (BCTU) may provide this much needed evidence in due course.
However, the qualitative study showed that conducting high quality trials and
publishing the results in academic journals may not be sufficient in isolation, for
example, none of the clinicians interviewed were aware of the studies referenced
above by Basch et al. or Schougaard et al. A systematic review, which this author
contributed to as a second reviewer, analysed the impact of healthcare research and
presented a methodological framework for research impact (See appendix 17).193
There is a need for research into innovative methods of effectively disseminating the
evidence to support the use of ePROMs systems to all stakeholders (including
clinicians and patients) following the framework proposed by Cruz Rivera et al.'®?
Patients and clinicians as mentioned earlier expressed a keen interest in this PROM
research and its findings. A variety of methods are being considered for the
dissemination of the findings described in this thesis. Funding from the University of
Birmingham’s Wellcome Trust Institutional Strategic Support Fund (ISSF) for public
engagement has been secured for an interactive engagement event with patients
with CKD and clinicians from UHB. Findings from this PhD research and relevant

research from CPROR and UHB will be disseminated at this event.
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7.5 Conclusions

The studies presented in this thesis revealed a growing evidence base to support the
use of PROMs in routine renal practice. Psychometric, statistical and real life
evidence was obtained by utilising a mixed-methods approach for the thesis. The
systematic review found sufficient evidence to support the use of KDQOL-36,
KDQOL-SF and the ESRD-SCLTM for assessing the HRQOL of patients with CKD.
Statistical evidence of the predictive capabilities of HRQOL domains was obtained
from the analysis of the RIISC dataset which could assist with risk stratification in
patients with CKD. Real life evidence was obtained by reviewing the findings of
published PROM research.

This PhD research confirmed a strong interest in the use of ePROMs among
stakeholders (patients and clinicians). The usability study further demonstrated the
high acceptability of a renal ePROM prototype. Previously unreported views were
obtained and explored through the qualitative work with stakeholders. The research
highlighted the potential applications, benefits and issues to be considered and
addressed to ensure the successful development and implementation of an ePROMs
intervention in clinical practice.

There is a need for high quality trials in clinical practice to provide further evidence to
support the routine use of ePROMSs. Patients and clinicians need to be actively
involved in ePROMSs research and development and efforts should be made to
incorporate their views to ensure that the interventions are acceptable, relevant and

beneficial.
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Appendix 1: Systematic review search strategy

S1. PROM Search Strateqy

MEDLINE (R) (Ovid) 1946 to 21/12/15

Note: Sets 1 to 6 are based on the Oxford PROM Filter.[1] Set 13 is the sensitive
search filter for measurement properties developed by Terwee et al. [2]

1. (HR-PRO or HRPRO or HRQL or HRQoL or QL or QoL ).ti,ab.
2. quality of life.mp.

3. (health index* or health indices or health profile*).ti,ab.

4. health status.mp.

5. ((patient or self or child or parent or carer or proxy) adj (appraisal* or appraised or
report or reported or reporting or rated or rating or based or assessed or
assessment®)).ti,ab.

6. ((disability or function or functional or functions or subjective or utility or utilities or
wellbeing or well being) adj2 (index or indices or instrument or instruments or
measure or measures or questionnaire® or profile or profiles or scale or scales or
score or scores or status or survey or surveys)).ti,ab.

7. ((((patient adj reported adj outcome adj measure*) or patient) adj reported adj
outcome™) or capability or capabilities).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, keyword heading word, protocol
supplementary concept word, rare disease supplementary concept word, unique
identifier]

8 1or2or3o0ord4or5o0r6or7

9. (Renal replacement therapy or APD or Automated Peritoneal Dialysis or CAPD,
Continuous Ambulatory Peritoneal Dialysis or CCPD or Continuous cyclic peritoneal
dialysis or dialysis or h*emofiltration or h*emodiafiltration or h*emodialysis or kidney
transplant* or predialysis or renal replacement or renal transplant®).mp.

10. (CRF or chronic renal failure or CKF or chronic kidney failure or kidney disease*
or renal disease or kidney failure or renal failure or CKD or chronic kidney disease or
ESKD or end stage kidney disease or ESKF or end stage kidney failure or ESRF or
end stage renal failure or ESRD or end stage renal disease or kidney
insufficiency).mp.

11. Renal Insufficiency, Chronic/
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12.90r 10 or 11

13, ((CCCCCCCCceccnstrumentation or method* or Validation Studies or
Comparative Study).mp. or psychometrics/ or psychometr*.mp. or clinimetr*.mp. or
clinometr*.mp. or outcome assessment health care/ or outcome assessment®*.ti,ab.
or outcome measure*.mp. or observer variation/ or observer variation®*.ti,ab. or
Health Status Indicators/ or reproducibility of results/ or reproducib®.ti,ab. or
discriminant analysis/ or reliab*.ti,ab. or unreliab*.ti,ab. or valid*.ti,ab. or coefficient of
variation.ti,ab. or coefficient*.ti,ab. or homogeneity.ti,ab. or homogeneous.ti,ab. or
internal consistency.ti,ab. or cronbach®.ti,ab.) and alpha*.ti,ab.) or item*.ti,ab.) and
correlation®.ti,ab.) or selection*.ti,ab. or reduction®.ti,ab. or agreement.mp. or
precision.mp. or imprecision.mp. or precise value*.mp. or test-retest.ti,ab. or
test.ti,ab.) and retest.ti,ab.) or reliab*.ti,ab.) and test.ti,ab.) or retest.ti,ab. or
stability.ti,ab. or interrater.ti,ab. or inter-rater.ti,ab. or intrarater.ti,ab. or intra-
rater.ti,ab. or intertester.ti,ab. or inter-tester.ti,ab. or intratester.ti,ab. or intra-
tester.ti,ab. or interobserver.ti,ab. or inter-observer.ti,ab. or intraobserver.ti,ab. or
intra-observer.ti,ab. or intertechnician.ti,ab. or inter-technician.ti,ab. or
intratechnician.ti,ab. or intra-technician.ti,ab. or interexaminer.ti,ab. or inter-
examiner.ti,ab. or intraexaminer.ti,ab. or intra-examiner.ti,ab. or interassay.ti,ab. or
inter-assay.ti,ab. or intraassay.ti,ab. or intra-assay.ti,ab. or interindividual.ti,ab. or
inter-individual.ti,ab. or intraindividual.ti,ab. or intra-individual.ti,ab. or
interparticipant.ti,ab. or inter-participant.ti,ab. or intraparticipant.ti,ab. or intra-
participant.ti,ab. or kappa*.ti,ab. or kappa's.ti,ab. or repeatab*.mp. or replicab*.mp. or
repeated.mp.) and measure*.mp.) or finding*.mp. or result*.mp. or test*.mp. or
generaliza®.ti,ab. or generalisa*.ti,ab. or concordance.ti,ab. or intraclass.ti,ab.) and
correlation®.ti,ab.) or discriminative.ti,ab. or known group.ti,ab. or factor
analysis.ti,ab. or factor analyses.ti,ab. or factor structure.ti,ab. or factor
structure.ti,ab. or dimension*.ti,ab. or subscale*.ti,ab. or multitrait.ti,ab.) and
scaling.ti,ab. and analysis.ti,ab.) or analyses.ti,ab. or item discriminant.ti,ab. or
interscale correlation®.ti,ab. or error.ti,ab. or errors.ti,ab. or individual variability.ti,ab.
or interval variability.ti,ab. or rate variability.ti,ab. or variability.ti,ab.) and
analysis.ti,ab.) or value*.ti,ab. or uncertainty.ti,ab.) and measurement.ti,ab.) or
measuring.ti,ab. or standard error of measurement.ti,ab. or sensitiv*.ti,ab. or
responsive*.ti,ab. or limit*.ti,ab.) and detection.ti,ab.) or minimal detectable
concentration.ti,ab. or interpretab*.ti,ab. or minimal.ti,ab. or minimally.ti,ab. or
clinical.ti,ab. or clinically.ti,ab.) and important.ti,ab.) or significant.ti,ab. or
detectable.ti,ab.) and change.ti,ab.) or difference.ti,ab. or small*.ti,ab.) and real.ti,ab.)
or detectable.ti,ab.) and change.ti,ab.) or difference.ti,ab. or meaningful change.ti,ab.
or ceiling effect.ti,ab. or floor effect.ti,ab. or Item response model.ti,ab. or IRT.ti,ab.
or Rasch.ti,ab. or Differential item functioning.ti,ab. or DIF.ti,ab. or computer adaptive
testing.ti,ab. or item bank.ti,ab. or cross-cultural equivalence.ti,ab.

14. (PRO integration or Clinical PRO application* or telePRO or automated PRO
algorithm* or screening purpose* or PRO questionnaire* or Patient-reported outcome
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questionnaire* or Patient-reported symptom* or Patient-centred care or Patient self-
report* or Self-report health or Self-rated health or Self-reported measure* of health
or Health outcome* or Health communication* or Hospital performance evaluation*
or Automated telephone survey system* or paper-based survey* or web-based
survey* or web-based PRO platform* or web-based system* or PRO collection* or
PRO measure* or PRO intervention* or PRO assessment intervention* or PRO data
or PRO assessment* or Routine PRO assessment* or Routine PRO collection or
Symptom assessment* or Symptom monitoring or Symptom data or Functional
status or Electronic PRO assessment* or Electronic PRO system* or ePRO or

ePRO* or ePRO system* or PRO system* or Generic PRO system* or PRO-based
clinical alert system*).mp.

15.13 or 14

16. 8 and 12 and 15

EMBASE (Ovid) 1974 to 21/12/15

Note: Set 4 is the sensitive search filter for measurement properties developed by
Terwee et al. and adapted for EMBASE.[2]

1. (Renal replacement therapy or APD or Automated Peritoneal Dialysis or CAPD,
Continuous Ambulatory Peritoneal Dialysis or CCPD or Continuous cyclic peritoneal
dialysis or dialysis or h*emofiltration or h*emodiafiltration or h*emodialysis or kidney
transplant* or predialysis or renal replacement or renal transplant®).mp.

2. (CRF or chronic renal failure or CKF or chronic kidney failure or kidney disease* or
renal disease or kidney failure or renal failure or CKD or chronic kidney disease or
ESKD or end stage kidney disease or ESKF or end stage kidney failure or ESRF or
end stage renal failure or ESRD or end stage renal disease or kidney
insufficiency).mp.

3. (PRO integration or Clinical PRO application* or telePRO or automated PRO
algorithm* or screening purpose* or PRO questionnaire* or Patient-reported outcome
questionnaire* or Patient-reported symptom* or Patient-centred care or Patient self-
report* or Self-report health or Self-rated health or Self-reported measure* of health
or Health outcome* or Health communication* or Hospital performance evaluation*
or Automated telephone survey system* or paper-based survey* or web-based
survey* or web-based PRO platform* or web-based system* or PRO collection* or
PRO measure* or PRO intervention* or PRO assessment intervention* or PRO data
or PRO assessment* or Routine PRO assessment* or Routine PRO collection or
Symptom assessment* or Symptom monitoring or Symptom data or Functional
status or Electronic PRO assessment* or Electronic PRO system* or ePRO or
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ePRO* or ePRO system* or PRO system* or Generic PRO system* or PRO-based
clinical alert system*).mp.

4. ((exp questionnaire/ or exp named inventories/ or questionnaires/) and rating
scales/) or exp psychometry/ or exp outcome assessment/ or exp pain assessment/
or exp disability/ or exp validity/ or exp reliability/

5. *patient/ or *outcome assessment/ or *questionnaire/ or *"quality of life"/ or *self
report/

6.30r4
7.10r2

8.5and6and 7

PsycINFO (Ovid) 1967 to 21/12/15

Note: Sets 1 to 6 are based on the Oxford PROM Filter.[1] Set 11 is the sensitive
search filter for measurement properties developed by Terwee et al.[2]

1. (HR-PRO or HRPRO or HRQL or HRQoL or QL or QolL).ti,ab.
2. quality of life.mp.

3. (health index* or health indices or health profile*).ti,ab.

4. health status.mp.

5. ((patient or self or child or parent or carer or proxy) adj (appraisal* or appraised or
report or reported or reporting or rated or rating or based or assessed or
assessment®)).ti,ab.

6. ((disability or function or functional or functions or subjective or utility or utilities or
wellbeing or well being) adj2 (index or indices or instrument or instruments or
measure or measures or questionnaire* or profile or profiles or scale or scales or
score or scores or status or survey or surveys)).ti,ab.

7. ((((patient adj reported adj outcome adj measure*) or patient) adj reported adj
outcome™) or capability or capabilities).mp. [mp=title, abstract, heading word, table of
contents, key concepts, original title, tests & measures]

8 1or2or3o0ord4or50r6or7

9. (Renal replacement therapy or APD or Automated Peritoneal Dialysis or CAPD,
Continuous Ambulatory Peritoneal Dialysis or CCPD or Continuous cyclic peritoneal
dialysis or dialysis or h*emdfiltration or h*emodiafiltration or h*emodialysis or kidney
transplant® or predialysis or renal replacement or renal transplant®).mp.
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10. (CRF or chronic renal failure or CKF or chronic kidney failure or kidney disease*
or renal disease or kidney failure or renal failure or CKD or chronic kidney disease or
ESKD or end stage kidney disease or ESKF or end stage kidney failure or ESRF or
end stage renal failure or ESRD or end stage renal disease or kidney
insufficiency).mp.

T CCCCCCCcCcceecee(Instrumentation or method* or Validation Studies or
Comparative Study).mp. or psychometrics/ or psychometr*.mp. or clinimetr*.mp. or
clinometr*.mp. or outcome assessment health care/ or outcome assessment*.ti,ab.
or outcome measure*.mp. or observer variation/ or observer variation®*.ti,ab. or
Health Status Indicators/ or reproducibility of results/ or reproducib*.ti,ab. or

discriminant analysis/ or reliab*.ti,ab. or unreliab*.ti,ab. or valid*.ti,ab. or coefficient of
variation.ti,ab. or coefficient*.ti,ab. or homogeneity.ti,ab. or homogeneous.ti,ab. or
internal consistency.ti,ab. or cronbach*.ti,ab.) and alpha*.ti,ab.) or item*.ti,ab.) and
correlation®.ti,ab.) or selection*.ti,ab. or reduction*.ti,ab. or agreement.mp. or
precision.mp. or imprecision.mp. or precise value*.mp. or test-retest.ti,ab. or
test.ti,ab.) and retest.ti,ab.) or reliab*.ti,ab.) and test.ti,ab.) or retest.ti,ab. or
stability.ti,ab. or interrater.ti,ab. or inter-rater.ti,ab. or intrarater.ti,ab. or intra-
rater.ti,ab. or intertester.ti,ab. or inter-tester.ti,ab. or intratester.ti,ab. or intra-
tester.ti,ab. or interobserver.ti,ab. or inter-observer.ti,ab. or intraobserver.ti,ab. or
intra-observer.ti,ab. or intertechnician.ti,ab. or inter-technician.ti,ab. or
intratechnician.ti,ab. or intra-technician.ti,ab. or interexaminer.ti,ab. or inter-
examiner.ti,ab. or intraexaminer.ti,ab. or intra-examiner.ti,ab. or interassay.ti,ab. or
inter-assay.ti,ab. or intraassay.ti,ab. or intra-assay.ti,ab. or interindividual.ti,ab. or
inter-individual.ti,ab. or intraindividual.ti,ab. or intra-individual.ti,ab. or
interparticipant.ti,ab. or inter-participant.ti,ab. or intraparticipant.ti,ab. or intra-
participant.ti,ab. or kappa*.ti,ab. or kappa's.ti,ab. or repeatab*.mp. or replicab*.mp. or
repeated.mp.) and measure*.mp.) or finding*.mp. or result*.mp. or test*.mp. or
generaliza®.ti,ab. or generalisa*.ti,ab. or concordance.ti,ab. or intraclass.ti,ab.) and
correlation®.ti,ab.) or discriminative.ti,ab. or known group.ti,ab. or factor
analysis.ti,ab. or factor analyses.ti,ab. or factor structure.ti,ab. or factor
structure.ti,ab. or dimension*.ti,ab. or subscale*.ti,ab. or multitrait.ti,ab.) and
scaling.ti,ab. and analysis.ti,ab.) or analyses.ti,ab. or item discriminant.ti,ab. or
interscale correlation®.ti,ab. or error.ti,ab. or errors.ti,ab. or individual variability.ti,ab.
or interval variability.ti,ab. or rate variability.ti,ab. or variability.ti,ab.) and
analysis.ti,ab.) or value*.ti,ab. or uncertainty.ti,ab.) and measurement.ti,ab.) or
measuring.ti,ab. or standard error of measurement.ti,ab. or sensitiv*.ti,ab. or
responsive*.ti,ab. or limit*.ti,ab.) and detection.ti,ab.) or minimal detectable
concentration.ti,ab. or interpretab®.ti,ab. or minimal.ti,ab. or minimally.ti,ab. or
clinical.ti,ab. or clinically.ti,ab.) and important.ti,ab.) or significant.ti,ab. or
detectable.ti,ab.) and change.ti,ab.) or difference.ti,ab. or small*.ti,ab.) and real.ti,ab.)
or detectable.ti,ab.) and change.ti,ab.) or difference.ti,ab. or meaningful change.ti,ab.
or ceiling effect.ti,ab. or floor effect.ti,ab. or Item response model.ti,ab. or IRT.ti,ab.
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or Rasch.ti,ab. or Differential item functioning.ti,ab. or DIF.ti,ab. or computer adaptive
testing.ti,ab. or item bank.ti,ab. or cross-cultural equivalence.ti,ab.

12. (PRO integration or Clinical PRO application* or telePRO or automated PRO
algorithm* or screening purpose* or PRO questionnaire* or Patient-reported outcome
questionnaire* or Patient-reported symptom* or Patient-centred care or Patient self-
report* or Self-report health or Self-rated health or Self-reported measure* of health
or Health outcome* or Health communication* or Hospital performance evaluation*
or Automated telephone survey system* or paper-based survey* or web-based
survey* or web-based PRO platform* or web-based system* or PRO collection* or
PRO measure* or PRO intervention* or PRO assessment intervention* or PRO data
or PRO assessment* or Routine PRO assessment* or Routine PRO collection or
Symptom assessment® or Symptom monitoring or Symptom data or Functional
status or Electronic PRO assessment* or Electronic PRO system* or ePRO or
ePRO* or ePRO system* or PRO system* or Generic PRO system* or PRO-based
clinical alert system™).mp.

13.110r12

14. *Organ Transplantation/ or *Hemodialysis/ or *Kidneys/ or *Kidney Diseases/ or
Renal Insufficiency, Chronic.mp.

15.90r 10 or 14

16. 8 and 13 and 15

CINAHL (via EBSCO host) inception to 21/12/15

Note: S1 is based on the Oxford PROM Filter.[1] S3 is the sensitive search filter for
measurement properties developed by Terwee et al. [2]

S1. ( (HR-PRO or HRPRO or HRQL or HRQoL or QL or QoL).ti,ab. ) OR quality of
life.mp. OR ( (health index* or health indices or health profile*).ti,ab. ) OR health
status.mp. OR ( ((patient or self or child or parent or carer or proxy) adj (appraisal* or
appraised or report or reported or reporting or rated or rating or based or assessed
or assessment®)).ti,ab. ) OR ( ((disability or function or functional or functions or
subjective or utility or utilities or wellbeing or well being) adj2 (index or indices or
instrument or instruments or measure or measures or questionnaire* or profile or
profiles or scale or scales or score or scores or status or survey or surveys)).ti,ab. )
OR ( ((((patient adj reported adj outcome adj measure*) or patient) adj reported adj
outcome™) or capability or capabilities).mp )

S2. (MH "Kidney Failure,
Chronic/TH/TM/TD/SU/SS/RF/RH/PF/PR/PC/PP/PA/INU/MO/ME/ET/EI/EP/ED/EC/D
T/DI/CO/CL") OR "( (Renal replacement therapy or APD or Automated Peritoneal
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Dialysis or CAPD, Continuous Ambulatory Peritoneal Dialysis or CCPD or
Continuous cyclic peritoneal dialysis or dialysis or h*emofiltration or
h*emodiafiltration or h*emodialysis or kidney transplant* or predialysis or renal
replacement or renal transplant*).mp. ) OR ( (CRF or chronic renal failure or CKF or
chronic kidney failure or kidney disease* or renal disease or kidney failure or renal
failure or CKD or chronic kidney disease or ESKD or end stage kidney disease or
ESKF or end stage kidney failure or ESRF or end stage renal failure or ESRD or end
stage renal disease or kidney insufficiency).mp. ) OR ( *Organ Transplantation/ or
*Hemodialysis/ or *Kidneys/ or *Kidney Diseases/ or Renal Insufficiency,
Chronic.mp. )"

S3. " CCCCCCCCCecceeee e nstrumentation or method* or Validation Studies or
Comparative Study).mp. or psychometrics/ or psychometr*.mp. or clinimetr*.mp. or
clinometr*.mp. or outcome assessment health care/ or outcome assessment®*.ti,ab.
or outcome measure*.mp. or observer variation/ or observer variation*.ti,ab. or
Health Status Indicators/ or reproducibility of results/ or reproducib®.ti,ab. or
discriminant analysis/ or reliab*.ti,ab. or unreliab*.ti,ab. or valid*.ti,ab. or coefficient of
variation.ti,ab. or coefficient*.ti,ab. or homogeneity.ti,ab. or homogeneous.ti,ab. or
internal consistency.ti,ab. or cronbach®.ti,ab.) and alpha*.ti,ab.) or item*.ti,ab.) and
correlation®.ti,ab.) or selection*.ti,ab. or reduction®.ti,ab. or agreement.mp. or
precision.mp. or imprecision.mp. or precise value*.mp. or test-retest.ti,ab. or
test.ti,ab.) and retest.ti,ab.) or reliab*.ti,ab.) and test.ti,ab.) or retest.ti,ab. or
stability.ti,ab. or interrater.ti,ab. or inter-rater.ti,ab. or intrarater.ti,ab. or intra-
rater.ti,ab. or intertester.ti,ab. or inter-tester.ti,ab. or intratester.ti,ab. or intra-
tester.ti,ab. or interobserver.ti,ab. or inter-observer.ti,ab. or intraobserver.ti,ab. or
intra-

observer.ti,ab. or intertechnician.ti,ab. or inter-technician.ti,ab. or
intratechnician.ti,ab. or intra-technician.ti,ab. or interexaminer.ti,ab. or inter-
examiner.ti,ab. or intraexaminer.ti,ab. or intra-examiner.ti,ab. or interassay.ti,ab. or
inter-assay.ti,ab. or intraassay.ti,ab. or intra-assay.ti,ab. or interindividual.ti,ab. or
inter-individual.ti,ab. or intraindividual.ti,ab. or intra-individual.ti,ab. or
interparticipant.ti,ab. or inter-participant.ti,ab. or intraparticipant.ti,ab. or intra-
participant.ti,ab. or kappa®*.ti,ab. or kappa's.ti,ab. or repeatab*.mp. or replicab*.mp. or
repeated.mp.) and measure*.mp.) or finding*.mp. or result*.mp. or test*.mp. or
generaliza®.ti,ab. or generalisa*.ti,ab. or concordance.ti,ab. or intraclass.ti,ab.) and
correlation®.ti,ab.) or discriminative.ti,ab. or known group.ti,ab. or factor
analysis.ti,ab. or factor analyses.ti,ab. or factor structure.ti,ab. or factor
structure.ti,ab. or dimension*.ti,ab. or subscale*.ti,ab. or multitrait.ti,ab.) and
scaling.ti,ab. and analysis.ti,ab.) or analyses.ti,ab. or item discriminant.ti,ab. or
interscale correlation®.ti,ab. or error.ti,ab. or errors.ti,ab. or individual variability.ti,ab.
or interval variability.ti,ab. or rate variability.ti,ab. or variability.ti,ab.) and
analysis.ti,ab.) or value*.ti,ab. or uncertainty.ti,ab.) and measurement.ti,ab.) or
measuring.ti,ab. or standard error of measurement.ti,ab. or sensitiv*.ti,ab. or
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responsive*.ti,ab. or limit*.ti,ab.) and detection.ti,ab.) or minimal detectable
concentration.ti,ab. or interpretab*.ti,ab. or minimal.ti,ab. or minimally.ti,ab. or
clinical.ti,ab. or clinically.ti,ab.) and important.ti,ab.) or significant.ti,ab. or
detectable.ti,ab.) and change.ti,ab.) or difference.ti,ab. or small*.ti,ab.) and real.ti,ab.)
or detectable.ti,ab.) and change.ti,ab.) or difference.ti,ab. or meaningful change.ti,ab.
or ceiling effect.ti,ab. or floor effect.ti,ab. or Item response model.ti,ab. or IRT.ti,ab.
or Rasch.ti,ab. or Differential item functioning.ti,ab. or DIF.ti,ab. or computer adaptive
testing.ti,ab. or item bank.ti,ab. or cross-cultural equivalence.ti,ab. )

S4. ( (PRO integration or Clinical PRO application* or telePRO or automated PRO
algorithm* or screening purpose* or PRO questionnaire* or Patient-reported outcome
questionnaire* or Patient-reported symptom* or Patient-centred care or Patient self-
report* or Self-report health or Self-rated health or Self-reported measure* of health
or Health outcome* or Health communication* or Hospital performance evaluation*
or Automated telephone survey system* or paper-based survey* or web-based
survey* or web-based PRO platform* or web-based system* or PRO collection* or
PRO measure* or PRO intervention* or PRO assessment intervention* or PRO data
or PRO assessment* or Routine PRO assessment® or Routine PRO collection or
Symptom assessment* or Symptom monitoring or Symptom data or Functional
status or Electronic PRO assessment* or Electronic PRO system* or ePRO or
ePRO* or ePRO system* or PRO system* or Generic PRO system* or PRO-based
clinical alert system*).mp. )™

S5.S3 or S4
S6. S1 and S2 and S5
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Appendix 8: Comments on selected questionnaires

Patients were asked for their opinions on the Kidney Disease Quality of Life-36
(KDQOL-36) and the Integrated Patient Outcome Scale-Renal (IPOS-Renal)
questionnaires which were selected as potential questionnaires to adapt for the

ePROM system based on an earlier systematic review.'

Comments applicable to both questionnaires

Patients were of the opinion that both questionnaires were clear and easy to
understand, and of reasonable lengths despite being comprehensive. Some patients
however pointed out that questionnaires by design have predetermined response
options which may not always be applicable to the individual. They also felt that the
amount of information patients can provide is restricted. They suggested the
inclusion of additional comment boxes. A clinician approved of the fact that the
questionnaires had questions assessing patient’s psychological/emotional wellbeing
which the individual felt was an uncomfortable aspect of health to discuss with

patients.

Specific comments on the KDQOL-36

Although patients and clinicians perceived the KDQOL-36 to be more
comprehensive than the IPOS-Renal, some clinicians felt that it was too long to use
in routine clinical settings. Patients and clinicians considered the relevance and
meaning of the individual questions. Clinicians felt that some questions may not be
culturally relevant to their patients. For example, the question about the degree to
which a patient’s health limits their ability to bowl. The clinician suggested that the
questionnaire was probably referring to tenpin bowling (which is more popular in

America) and not crown green bowling which patients from Birmingham, UK might
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be more familiar with. Some patients also questioned the meaning and relevance of
question 11 which asks if patients have felt ‘downhearted and blue’ in the past four
weeks. Again this was seen as an American expression which some British patients
might not be familiar with. A patient felt that question 35 which inquires about the
patient’s sex life might be embarrassing for older men and deemed too personal in
some cultures. The individual suggested changing the question to ‘Do you have any

problems in your personal life?’

Specific comments on the IPOS-Renal

Participants perceived the measure to be succinct and on the whole, easy to
understand. However, some patients felt some of its questions were not specific
enough. For example, the question on pain did not specify the location of the pain.
They also questioned the meaning and relevance of question 6 ‘Have you felt at

peace over the last week?’

Preference

Participants weighed the pros and cons of both questionnaires and a few decided
that they preferred the KDQOL-36 despite its longer length because it covers more
domains, therefore potentially providing more information. As it assesses patient’s
health over a longer time period of 4 weeks, a patient believed that it would provide a

better overall picture of patients’ health status.

Reference

1. Aiyegbusi OL, Kyte D, Cockwell P, et al. Measurement properties of patient-reported
outcome measures (PROMs) used in adult patients with chronic kidney disease: A
systematic review. PloS one 2017;12(6):e0179733.
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Appendix 10: HRA approval letter

NHS!

Health Research Authority

Dr Olalekan Lee Aiyegbusi

Centre for Patient Reported Outcomes Research, Email: hra.approval@nhs.net
Institute of Applied Health Research

College of Medical and Dental Sciences

University of Birmingham, Edgbaston. Birmingham

B152TT

24 February 2017

Dear Dr Aiyegbusi

Letter of HRA Approval

Study title: Using Patie nt-Reported Outcome measures (PROMs) to
promote quality of care and safety in the management of
patients with Advanced Chronic Kidney Disease. (PRO-
trACK Project)

IRAS projectID: 200657
REC reference: 17/WM/0010
Sponsor University of Birmingham

| am pleased to confirm that HRAApproval has been given for the above referenced study, on the
basis described in the application form, protocol, supporting documentation and any clarifications
noted in this letter.

Participation of NHS Organisations in England
The sponsor should now provide a copy of this letter to all participating NHS organisations in England.

Appendix B providesimportant information for sponsors and participating NHS organisationsin
England for arranging and confirming capacity and capability. Please read Appendix B carefully, in
particular the following sections:

e Participating NHS organisations in England — this clarifies the types of participating
organisations in the study and whether or not all organisations will be undertaking the same
activities

* Confirmation of capacity and capability - this confirms whether or not each type of participating
NHS organisation in England is expected to give formal confirmation of capacity and capability.
Where formal confirmation is not expected, the section also provides details on the time limit
given to participating organisations to opt out of the study, or requestadditional time, before
their participation is assumed.

* Allocation of responsibilities and rights are agreedand documented (4.1 of HRA assessment
criteria) - this provides detail on the form of agreement to be used in the study to confirm
capacity and capability, where applicable.

Further information on funding, HR processes, and compliance with HRA criteria and standards is also
provided.

Page 1 of 8
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| IRAS project ID | 200657

It is critical that you involve both the research managementfunction (e.g. R&D office) supporting each
organisation and the local research team (where thereis one) in setting up your study. Contact details
and further information about working with the research management function for each organisation
can be accessed from www.hra.nhs.uk/hra-approval.

Appendices
The HRA Approval letter contains the following appendices:

e A —List of documentsreviewed during HRA assessment
e B —Summary of HRA assessment

After HRA Approval
The document “After Ethical Review— guidance for sponsors and investigators’, issued with your REC
favourable opinion, gives detailed guidance on reporting expectations for studies, including:

¢ Registration of research

¢ Notifying amendments

+ Notifying the end of the study

The HRA website also provides guidance on these topics, and is updated in the light of changesin
reporting expectations or procedures.

In addition to the guidance in the above, please note the following:
o HRA Approval applies for the duration of your REC favourable opinion, unless otherwise
notified in writing by the HRA.
e Substantial amendments should be submitted directly to the Research Ethics Committee, as
detailed in the After Ethical Review document. Non-substantial amendments should be
submitted for review by the HRA using the form provided on the HRA website, and emailed to

hra.amendments@nhs.net.

¢ The HRA will categorise amendments (substantial and non-substantial) and issue confirmation
of continued HRA Approval. Further details can be found on the HRA website.

Scope
HRA Approval provides an approval for research involving patients or staff in NHS organisationsin

England.

If your study involves NHS organisations in other countries in the UK, please contact the relevant
national coordinating functions for support and advice. Further information can be found at
http://www.hra.nhs.uk/resources/applying-for-reviews/nhs-hsc-rd-review/.

If there are participating non-NHS organisations, local agreement should be obtained in accordance
with the procedures of the local participating non-NHS organisation.
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User Feedback

The Health Research Authority is continually striving to provide a high quality service to all applicants
and sponsors. You are invited to give your view of the service you have received and the application
procedure. If you wish to make your views known please email the HRA at hra.approval@nhs.net.
Additionally, one of our staff would be happy to call and discuss your experience of HRA Approval.

HRA Training

We are pleased to welcome researchers and research management staff at our training days — see

details at http:/Awww.hra.nhs.uk/hra-training/

Your IRAS project ID is 200657. Please quote this on all correspondence.
Yours sincerely

Beverley Mashegede
Assessor

Email: hra.approval@nhs.net

Copy to: Dr Sean Jennings, Sponsor Contact

Dr Chris Counsell, Lead NHS R&D Contact

NIHR CRN Portfolio Applications Team
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Appendix A- List of Documents

IRAS projectiD | 200657

The final document set assessed and approved by HRA Approval islisted below.

technical language [PRO-trACK lay summary]

Document Version Date
Contract/Study Agreement [Statement of Activties] 24 February 2017
Cowering letter on headed paper [cover letter] 15 December 2016
Evidence of Sponsor insurance or indemnity (non NHS Sponsors 13 December 2016
only) [Confirmation ofinsurance]

Inteniew schedules or topic guides for participants [ Topic guide - [1.0 27 November 2016

Patient inteniews]

Intenview schedules or topic guides for participants [ Topic guide - [1.0 27 November 2016

focus group]

IRAS Application Form[IRAS_Form_15122016] 15 December 2016

IRAS Application Form XML file [IRAS_Form_03012017] 03 January 2017

IRAS Checklist XML [Checklist_01022017] 01 February 2017

Letter from funder [PhD award] 20 July 2015

Letter from sponsor [Confirmation letter of sponsorship] 13 December 2016

Letters of invitation to participant [Patient invtation letter] 2.0 29 January 2017

Other [GCP Certificate] 1.0

Other[Transcription senice agreement 1]

Other[Transcription senice agreement 2]

Other[Transcription senice agreement 3]

Participant consent form [Consent Form - inteniew] 2.0 29 January 2017

Participant consent form [Consent form - Usability testing] 2.0 29 January 2017

Participant consent form [Consent form - Validation study] 2.0 29 January 2017

Participant consent form [Consent form - Focus group] 2.0 29 January 2017

Participant information sheet (PIS) [ Inteniews] 3.0 29 January 2017

Participant information sheet (PIS) [Usability testing] 3.0 29 January 2017

Participant information sheet (PIS) [Validation study] 3.0 29 January 2017

CP_:‘articip]ant information sheet (PIS) [Clinician and other staff — Focus 3.0 29 January 2017
roups

Rese’;rch protocal or project proposal [ Pro-trACK Protocal] 1.0 25 November 2016

Response to Request for Further Information [Response to 03 January 2017

Validation Queries]

Summary CV for Chief Investigator (Cl) [Curriculum Vitae Lee] 01 November 2016

Summary CV for student [Curriculum Vitae Lee] 01 November 2016

Summary CV for supenisor (student research) [Prof Calvert CV]

Summary CV for supenisor (student research) [Derek Kyte CV]

Summary CV for supenisor (student research) [Tom Marshall]

Summary CV for supenisor (student research) [Paul Cockwell CV]

Summary, synopsis or diagram (flowchart) of protocol in non- 1.0 25 November 2016

Validated questionnaire [EQ-5D-5L]

Validated questionnaire [IPOS-Renal]

Validated questionnaire [KDQOL-36]

Validated questionnaire [KDQOL-SF]
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Appendix B - Summary of HRA Assessment

This appendix provides assurance to you, the sponsorand the NHS in England that the study, as
reviewed for HRA Approval, is compliant with relevant standards. It also provides information and
clarification, where approprate, to participating NHS organisations in England to assist in assessing
and arranging capacity and capability.

Eor information on how the sponsor should be working with participating NHS organisations in
England, please referto the, participating NHS organisations, capacity and capability and
Allocation of responsibilities and rights are agreed and documented (4.1 of HRA assessment

criteria) sections in this appendix.

The following person is the sponsor contactfor the purpose of addressing participating organisation
questions relating to the study:

Name: Sean Jennings
Tel: 01214158011

Email: researchgovernance@ contacts.bham.ac.uk

HRA assessment criteria

Section| HRA Assessment Criteria | Compliant with Comments
Standards
1.1 IRAS application completed Yes No comments
correctly
2.1 Participant information/consent | Yes All participant information sheets have
documents and consent been updated to bring them n line with
process HRA Approval amendments via a minor
amendment.
3.1 Protocol assessment Yes No comments
41 Allocation of responsibilities Yes The sponsor intends to use a Statement
andrights are agreed and of Activities as the form of agreement
documented with the participating NHS organisation.
The transcription service will be
provided by an external company and
the confidentiality agreements that will
be used have been submitted.
4.2 Insurance/indemnity Yes Where applicable, independent
contractors (e.g. General Practitioners)
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Section| HRA Assessment Criteria | Compliant with Comments
Standards
arrangements assessed should ensure that the professional
indemnity provided by their medical
defence organisation covers the
activities expected of them for this
research study.
43 Financial arrangements Yes No funds will be provided to the
assessed participating organisation to support this
study.
5.1 Compliance with the Data Yes No comments
Protection Act and data
security issues assessed
5.2 CTIMPS — Arrangements for Not Applicable | No comments
compliance with the Clinical
Trials Regulations assessed
5.3 Compliance with any Yes No comments
applicable laws or regulations
6.1 NHS Research Ethics Yes Provisional Opinion issued 26 January
Committee favourable opinion 2017. Further Information Favourable
received for applicable studies Opinionissued 13 February 2017.
6.2 CTIMPS —Clinical Trials Not Applicable | No comments
Authorisation (CTA) letter
received
6.3 Devices — MHRA notice ofno | Not Applicable | No comments
objection received
6.4 Other regulatory approvals Not Applicable | No comments

and authorisations received
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Participating NHS Organisations in England

This provides detail on the types of participating NHS organisations in the study and a statement as to whether
the activities at all organisations are the same or different.

This is a non-commercial student (PhD) study and there is one site type.

The Chief Investigator or sponsor should share relevant study documents with participating NHS
organisationsin England in order to put arrangementsin place to deliver the study. The documents
should be sentto both the local study team, where applicable, and the office providing the r esearch
management function at the participating organisation. For NIHR CRN Porftfolio studies, the Local
LCRN contact should also be copied into this correspondence. For further guidance on working with
participating NHS organisations please see the HRA website.

If chief investigators, sponsors or principal investigators are asked to complete site level forms for
participating NHS organisations in England which are not provided in IRAS or on the HRA website,
the chief investigator, sponsor or principal investigator should notify the HRA immediately at
hra.approval@nhs.net. The HRA will work with these organisations to achieve a consistentapproach

to information provision.

Confirmation of Capacity and Capability

This describes whether formal confirmation of capacity and capability is expected from participating NHS
organisations in England.

Participating NHS organisations in England will be expected to formally confirm their capacity
and capability to hostthis research.

* Following issue of this letter, participating NHS organisations in England may now confirmto
the sponsor their capacity and capability to host this research, when ready to do so. How
capacity and capacity will be confirmed is detailed in the Allocation of responsibilities and
rights are agreed and documented (4.1 of HRA assessment criteria) section of this appendix.

e The Assessing, Arranding, and Confirming document on the HRA website provides further
information for the sponsor and NHS organisations on assessing, arranging and confirming
capacity and capability.
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Principal Investigator Suitability

This confirms whether the sponsor position on whether a Pl, LC or neither should be in place is comrect for each
type of participating NHS organisation in England and the minimum expectations for education, training and
experience that Pls should meet (where applicable).

A Local Collaborator is expected at the participating organisation.

GCP training is not a generic training expectation, in line with the HRA statement on training
expectations.
HR Good Practice Resource Pack Expectations

This confirms the HR Good Practice Resource Pack expectations for the study and the pre-engagement checks
that should and should not be undertaken

Where arrangements are not already in place, network staff (or similar) undertaking any research
activities that may impact on the quality of care of the participant, would be expected to obtain an
honorary research contract from one NHS organisation (if university employed), followed by Letters
of Access for subsequent organisations. Thiswould be on the basis of a Research Passport (if
university employed) or an NHS to NHS confirmation of pre-engagement checks letter (if NHS
employed). These should confirm enhanced DBS checks, including appropriate barred list checks,
and occupational health clearance. For research team members undertaking activities that do not
impact on the quality of care of the participant (for example, administering questionnaires), a Letter of

Access based on standard DBS checks and occupational health clearance would be appropriate.

Other Information to Aid Study Set-up

This details any other information that may be helpful to sponsors and participating NHS organisations in
England to aid study set-up.

The applicant hasindicated that they intend to apply for inclusion on the NIHR CRN Portfolio.
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Appendix 11: Patient invitation letter

Queen Elizabeth Hospital Birmingham NHS|

Part of University Hospitals Birmingham
NHS Foundation Trust

Patient name , Clinical Research Offices
Address Old Nuclear Medicine, 1st Floor Pharmacy Building,
Heritage Building, Research & Development

University Hospitals Birmingham NHS Foundation Trust

Birmingham

B152TT

Mary Dutton
Email: Mary.Dutton@uhb.nhs.uk
Phone number: [to be inserted)]

Date:

Dear [Name to be inserted],

Title of Project: Using Patient-Reported Outcome measures (PROMs) to
promote quality of care and safety in the management of patients with
Advanced Chronic Kidney Disease. (PRO-trACK Project)

We would like to invite you to take part in the above study being conducted by researchers from the

University of Birmingham and the Queen Elizabeth Hospital, Birmingham (QEHB).

You have been invited because we believe that as a patient with chronic kidney disease, you are in

the best position to provide the information we are seeking.

Before you decide, please take some time to read the information sheet which contains more details

about the study.

If you are interested in taking part in the study or would like more information, please contact us using

the email address or phone number above.

Yours sincerely

Mary Dutton RN, MSc

Senior Nurse Renal Research, QEHB
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Appendix 12: Patient information sheet (qualitative study)

UNIVERSITYOF -
BIRMINGHAM ‘ UPRURY

CENTRE FOR PATIENT REPORTED OUTCOMES RESEARCH

Title of project: Using Patient-Reported Outcome measures (PROMs) to

promote quality of care and safety in the management of patients with

Advanced Chronic Kidney Disease. (PRO-trACK Project)

Information about study 2 - Interviews

PART 1

We would like to invite you to take part in the research being conducted by

researchers from the University of Birmingham and the Queen Elizabeth Hospital,

Birmingham. This study will be conducted as part of an educational programme

(PhD) at the University of Birmingham.

We will ask patients with chronic kidney disease (CKD) to use a computer or
smartphone to provide regular information about their quality of life and
symptoms, in between their hospital appointments.

This information can be collected using questionnaires known as ‘electronic
Patient-Reported Outcome Measures’ or ePROMs.

Doctors believe they could use ePROMs to find out if the patient needs urgent
care, so they can take action straight away, rather than waiting for the
patient’s next clinic appointment.

The purpose of this stage of our study is to find out the opinions of patients

with chronic kidney disease on the use of ePROMs.
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Before you decide you need to understand why the research is being done and what
it would involve for you. Please take time to read the following information carefully.

Feel free to discuss the study with other people if you wish.

Please ask us if there is anything that is not clear or if you would like more
information. Take your time to decide whether you wish to take part or not.

Why have | been invited?

You have been invited because as a patient with chronic kidney disease (CKD), you
are in the best position to provide the information we are seeking. We would like to
know your thoughts on the use of an electronic questionnaire in the management of
CKD. Please note that the ePROM system is not designed to be used as a
replacement for direct consultation with your clinicians. Therefore, your health care
needs will continue to be met through your general practice and renal service.

Please contact these services if you feel you require assistance.

What is the purpose of the study?

The purpose of this study is to find out the opinions of patients with chronic kidney
disease on the use of an electronic patient reported outcome measure (ePROM)
questionnaire hosted on 'myhealth@QEHB' to remotely self-report their symptoms
and quality of life. It is hoped that the ePROM system will assist clinicians in the
management of patients’ condition. These interviews may allow us to know the
possible strengths and weaknesses of using the ePROM system in managing
patients. The collection of ePROMs could make it possible to remotely monitor
symptoms in patients with CKD and generate ‘real time’ data which may assist
clinicians with the tailoring of treatment to the needs of each patient in future. In this
manner, the use of PROMs may significantly improve the quality of life of patients
with CKD.

What are the possible benefits of taking part?
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Although there will be no direct benefit to you for participating in this study, your input
will inform the development of an effective ePROM system which may enhance the
care you and other patients receive in future. In addition, by taking part you will have
the chance to provide your opinions/experiences which you may find rewarding and

worthwhile.
Do | have to take part?

You do not have to take part. It is up to you to decide. Taking part in this research
will be based around your commitments. Times for the interview can be arranged for

your convenience.

If you decide to take part you will be given this information sheet to keep and be
asked to sign a consent form. You are free to withdraw within 5 working days
following your interview, without giving a reason. A decision not to take part or to

withdraw at any time, will not affect the standard of care you receive from the NHS.

What will happen to me if | decide to take part?

You will be asked to take part in one face-to-face interview. The interview will take
place either at the Institute for Translational Medicine, Queen Elizabeth Hospital or in
one of the meeting rooms at the Murray Learning Centre, University of Birmingham
or at another location convenient for you. The interview will be tape recorded. We

expect each interview to last up to an hour.

In the unlikely event that you become distressed during your interview, you will be
given the option to either delay or discontinue the interview. Contact details of the
senior clinician (a consultant nephrologist) on the research team will be given to you

if you wish to seek support.

Expenses

If you decide to take part in this study, we will reimburse you with a £20 gift voucher
for your time and also cover any reasonable travel costs. Please retain travel

receipts and tickets.
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What if there is a problem?

Any complaint about the way you have been dealt with during the study, or any
possible harm you might suffer will be addressed. The detailed information on this is

given in Part 2.

Will my taking part in the study be kept confidential?

Yes. We will follow ethical and legal practice and all information about you will be

handled in confidence. The details are included in Part 2.

If the information in Part 1 has interested you and you are considering participation,

please read the additional information in Part 2 before making any decision.
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Part 2

What if there is a problem?

If you have concerns about any aspect of this study, you should ask to speak to the

researcher:

Dr Lee Aiyegbusi, Centre for Patient Reported Outcomes Research, University of

Birmingham, Edgbaston, Birmingham B15 2TT
Tel: [to be inserted]

Email: oxa238@bham.ac.uk

Or the supervisor, Professor Paul Cockwell, Department of Nephrology
Renal Medicine, University Hospitals Birmingham NHS Foundation Trust, Queen
Elizabeth Hospital Birmingham, Mindelsohn Way, Edgbaston Birmingham, B15 2GW

Tel: +44 (0) 121 371 5839

Email: Paul.Cockwell@uhb.nhs.uk

If you remain unhappy you are advised to contact the UHB Patient Advisory Liaison
service (PALs) on 0121 371 3280.

Will my taking part in the study be kept confidential?

Yes.

We will follow ethical procedures and all information about you will be handled in
confidence. All information provided throughout this research is protected under the
UK Data Protection Act (1998) and will only be used by those on the research team.

The study will do its utmost to preserve your anonymity and keep comments
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unidentifiable, therefore your names will not be mentioned in any report of this

research.

What will happen to any data | give?

Your data will be handled according to the Data Protection Act (1998), the
Information Security Policy of the University of Birmingham and the NHS England
Data Protection Policy 2014. The data you provide will only be accessed by the
research team at the Hospital and the University of Birmingham, or by authorised

people to check that the study is being carried out correctly.

The audio-recording of the interview will be used to produce a typed record of the
discussion, known as a transcript, which will be anonymised. A professional
transcription company will be contracted to carry out the transcription. The company
will sign a confidentiality agreement before receiving such recordings which will be
anonymised before we send to the company. The transcript will be analysed as part
of our research. The audio recording will be securely stored at the University of

Birmingham until the end of the study when it will be destroyed.

All electronic data will be saved in an encrypted file and stored on a secure server,
which is backed up daily, at the University of Birmingham. Paper copies of
documents such as consent forms will be stored in a locked cabinet, in a secure

locked office within a secure building housed in the University of Birmingham.

Personal data such as contact details will be stored for up to 24 months after which it
will be destroyed. Study data will be stored using the secure Research Data Archive
(RDA), developed by the University of Birmingham IT Services, for 10 years before it

is destroyed.
What will happen to the results of the research study?

The results of the study will be used by the research team to finalise development of
the ePROM system. We plan to publish the results in a leading scientific journal and
present at international scientific conferences. You will not be identifiable in any

published report or presentation. You will be sent a summary of the preliminary and
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final results (unless you tell us that you do not want one). The ePROM system will be

tested further in future research conducted by the study team.

Who is organising and funding this research?

This project is funded as part of the Health Foundation's Improvement Science
programme. The Health Foundation is an independent charity working to improve the
quality of healthcare in the UK.

Who has reviewed the study?

All research in the NHS is looked at by an independent group of people, called a
Research Ethics Committee to protect your safety, rights, wellbeing and dignity. This
study has received approval from West Midlands — Edgbaston Research Ethics
Committee (REC Ref: 17/WM/0010).

Contact details for further information

For further information please contact Dr Lee Aiyegbusi. Tel: [to be inserted].
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Appendix 13: Clinician information sheet (Qualitative study)

UNIVERSITYOF -
BIRMINGHAM ‘ UPRURY

CENTRE FOR PATIENT REPORTED OUTCOMES RESEARCH

Title of project: Using Patient-Reported Outcome measures (PROMs) to
promote quality of care and safety in the management of patients with

Advanced Chronic Kidney Disease. (PRO-trACK Project)

Information about study 2 — Focus group

PART 1

We would like to invite you to take part in the research being conducted by
researchers from the University of Birmingham and the Queen Elizabeth Hospital,
Birmingham. This study will be conducted as part of an educational programme

(PhD) at the University of Birmingham.

o We will ask patients with chronic kidney disease (CKD) to use a computer or
smartphone to provide regular information about their quality of life and
symptoms, in between their hospital appointments.

e This information can be collected using questionnaires known as ‘electronic
Patient-Reported Outcome Measures’ or ePROMs.

e The purpose of this stage of our study is to find out the opinions of clinicians
who manage patients with CKD at the Renal Unit, QEHB, members of the

myHealth team and hospital management staff on the use of ePROMs.
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Before you decide you need to understand why the research is being done and what
it would involve for you. Please take time to read the following information carefully.

Feel free to discuss the study with other people if you wish.

Please ask us if there is anything that is not clear or if you would like more
information. Take your time to decide whether you wish to take part or not.

Why have | been invited?

You have been invited because as a clinician, member of the myHealth team or
hospital management staff at QEHB, you are in the best position to provide the
information we are seeking. We would like to know your thoughts on the use of an
electronic questionnaire in the management of patients with CKD. Please note that
the ePROM system is not designed to be used as a replacement for direct

consultation with clinicians.

What is the purpose of the study?

The purpose of this study is to find out the opinions of clinicians; members of the
myHealth team and hospital management staff, on the use of an electronic patient
reported outcome measure (ePROM) questionnaire hosted on 'myhealth@QEHB' to
remotely monitor the symptoms and quality of life of patients. The focus group
discussions may allow us to know the possible strengths and weaknesses of using
the ePROM system in managing patients. We may contact you later for interviews if
necessary. The collection of ePROMs could make it possible to remotely monitor

symptoms in patients with CKD and generate ‘real time’ data

which may assist clinicians with the tailoring of treatment to the needs of each
patient in future. In this manner, the use of PROMs may significantly improve the

quality of life of patients with CKD.

What are the possible benefits of taking part?

Although there will be no direct benefit to you for participating in this study, your input

will inform the development of an effective ePROM system which may enhance the
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care patients receive in future. In addition, by taking part you will have the chance to

provide your opinions/experiences which you may find rewarding and worthwhile.

Do | have to take part?

You do not have to take part. It is up to you to decide. Taking part in this research
will be based around your commitments. If you decide to take part you will be given

this information sheet to keep and be asked to sign a consent form.

You are free to withdraw for any reason before the focus group session without
giving a reason. A decision not to participate or to withdraw will not affect your

employment.

During and after participating in a focus group discussion, it will be impossible to
withdraw your data due to the fact that the opinions of participants will be audio
recorded as a group and the discussion will evolves as individuals express their

views and respond to the views of others.

If you agree to be interviewed later, you are free to withdraw within 5 working days
following your interview, without giving a reason. A decision not to take part or to

withdraw will not affect the standard of care you receive from the NHS.

What will happen to me if | decide to take part?

You will be asked to take part in a focus group discussion. The focus group
discussion will take place either at the Institute for Translational Medicine, Queen
Elizabeth Hospital or in one of the meeting rooms at the Murray Learning Centre,
University of Birmingham. The focus group discussion will be tape recorded and it is
expected to last between 1 72 and 2 hours. Light refreshments will be provided
during the discussion. If we contact you later for an interview this will take no longer

than 1 hour.

What if there is a problem?
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Any complaint about the way you have been dealt with during the study, or any
possible harm you might suffer will be addressed. The detailed information on this is

given in Part 2.

Will my taking part in the study be kept confidential?

Yes. We will follow ethical and legal practice and all information about you will be

handled in confidence. The details are included in Part 2.

If the information in Part 1 has interested you and you are considering participation,

please read the additional information in Part 2 before making any decision.
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Part 2

What if there is a problem?

If you have concerns about any aspect of this study, you should ask to speak to the

researcher:

Dr Lee Aiyegbusi, Centre for Patient Reported Outcomes Research, University of

Birmingham, Edgbaston, Birmingham B15 2TT
Tel: [to be inserted]

Email: oxa238@bham.ac.uk

Or the supervisor, Professor Paul Cockwell, Department of Nephrology
Renal Medicine, University Hospitals Birmingham NHS Foundation Trust, Queen
Elizabeth Hospital Birmingham, Mindelsohn Way, Edgbaston Birmingham, B15 2GW

Tel: +44 (0) 121 371 5839

Email: Paul.Cockwell@uhb.nhs.uk

Will my taking part in the study be kept confidential?
Yes.

We will follow ethical procedures and all information about you will be handled in
confidence. All information provided throughout this research is protected under the
UK Data Protection Act (1998) and will only be used by those on the research team.
The study will do its utmost to preserve your anonymity and keep comments
unidentifiable, therefore your names will not be mentioned in any report of this

research.

What will happen to any data | give?
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Your data will be handled according to the Data Protection Act (1998), the
Information Security Policy of the University of Birmingham and the NHS England
Data Protection Policy 2014. The data you provide will only be accessed by the
research team at the Hospital and the University of Birmingham, or by authorised

people to check that the study is being carried out correctly.

The audio-recording of the focus groups and likely interviews will be used to produce
a typed record of the discussion, known as a transcript, which will be anonymised. A
professional transcription company will be contracted to carry out the transcription.
The company will sign a confidentiality agreement before receiving such recordings
which will be anonymised before we send to the company. The transcript will be
analysed as part of our research. The audio recording will be securely stored at the

University of Birmingham until the end of the study when it will be destroyed.

All electronic data will be saved in an encrypted file and stored on a secure server,
which is backed up daily, at the University of Birmingham. Paper copies of
documents such as consent forms will be stored in a locked cabinet, in a secure

locked office within a secure building housed in the University of Birmingham.

Personal data such as contact details will be stored for up to 24 months after which it
will be destroyed. Study data will be stored using the secure Research Data Archive
(RDA), developed by the University of Birmingham IT Services, for 10 years before it

is destroyed.

What will happen to the results of the research study?

The results of the study will be used by the research team to finalise development of
the ePROM system. We plan to publish the results in a leading scientific journal and
present at international scientific conferences. You will not be identifiable in any
published report or presentation. You will be sent a summary of the preliminary and
final results (unless you tell us that you do not want one). The ePROM system will be

tested further in future research conducted by the study team.

Who is organising and funding this research?
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This project is funded as part of the Health Foundation's Improvement Science
programme. The Health Foundation is an independent charity working to improve the

quality of healthcare in the UK.

Who has reviewed the study?

All research in the NHS is looked at by an independent group of people, called a
Research Ethics Committee to protect your safety, rights, wellbeing and dignity. This
study has received approval from West Midlands — Edgbaston Research Ethics
Committee (REC Ref: 17/WM/0010).

Contact details for further information

For further information please contact Dr Lee Aiyegbusi. Tel: [to be inserted].
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Appendix 14: Patient consent form (Qualitative study)

UNIVERSITYOF .
BIRMINGHAM ‘ BPRURY

CENTRE FOR PATIENT REPORTED OUTCOMES RESEARCH

CONSENT FORM - INTERVIEW

Title of Project: Using Patient-Reported Outcome measures (PROMSs) to promote quality of
care and safety in the management of patients with Advanced Chronic Kidney Disease.
(PRO-trACK Project)

Chief Investigator: Dr Lee Aiyegbusi

Identification Number:
Please initial box

1. | confirm that | have read and understand the information sheet
dated........c.coenne (version............ ) for the above study. | have had the
opportunity to consider the information, ask questions and have had these
answered satisfactorily.

2. lunderstand that my participation is voluntary and that | am free to withdraw at
any time without giving any reason, without my medical care or legal rights
being affected.

3. lunderstand that the interview will be tape recorded but that | can refuse to
answer a question if | wish and stop the interview at any time without giving an
explanation.

4. | understand that the interview will be typed up and that the conversations in
that interview may be used when the research team write about the study.
However, any quotes will be anonymised and that no information will be used in
any presentations or reports that could lead to my identification.

5. I understand that relevant sections of my medical notes and data collected
during the study may be looked at by individuals from the University of
Birmingham, from regulatory authorities or from the NHS Trust, where it is
relevant to my taking part in this research. | give permission for these
individuals to have access to my records

6. | agree to take part in the above study.

7. OPTIONAL: | agree for the research team to contact me regarding
participation in future research studies. YES
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NO

Name of Patient Date Signature

Name of researcher Date Signature
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Appendix 15: Topic guide for patient interviews

S1. Topic guide for patient interviews

Was the purpose for the study clear from reading the patient information sheets?
What do you think of this study?

Prompts:

Do you think the study will benefit patients? If so why and how?

Views on the content of the questionnaire(s). What do you think of the
questionnaires?

Prompts:
9. What do you think of the lengths?

10. What do you think of the questions?
Prompts:

Do you understand them? Are the questions (and their response options)
worded in a way that would be easily understood by patients? How easy do
you think it is to complete the questionnaires?

11. Do individual questionnaires cover all aspects that might be important to
patients with advanced CKD, or are any elements missing? If so which?
12. Are there questions that might be seen as unacceptable? If so why?

How often would you be prepared to complete the questionnaire(s) as part of your
care?

How would you prefer to complete the questionnaires?

Prompt: by PC, Smartphone, tablet, telephone voice recognition or paper
completion?

What might discourage you from completing the questionnaires?
What might encourage you to complete the questionnaires?

Do you think the benefits you mentioned earlier are sufficient to motivate other
patients to fill the questionnaire on a regular basis?

If not mentioned, ask if feedback is desired. What kind of feedback would you
prefer?
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o Are there any issues about completing these questionnaires that worry you?

e Any final comments?
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Appendix 16: Topic guide for clinician focus group/interviews

S2. Topic Guide for clinician focus groupl/interviews

e What are your thoughts on the use of ePROMSs in the management of CKD
patients?

Prompt: Do you think the use of ePROMSs will benefit patients? If so why and how?
If not why?

¢ How often would you like patients to complete questionnaires like these?
e How would you like the data to be displayed?

o Are there any issues about using these questionnaires that you would like to
mention?

o What factors may improve the use of ePROM data by clinicians?

o What factors may discourage the use of ePROM data by clinicians?

e Views on KDQOL-36 and IPOS-Renal

13. What are your thoughts on the questionnaires?

Prompts:
What are your opinions of the wording of the questions and their response
options?
What about the scope of the questionnaires? Do individual questionnaires
cover all aspects that might be important to patients with advanced CKD, or
are any elements missing?

Are there questions that might be seen as unacceptable to patients? If so
which questions and why?

e Is there anything else anyone would like to say on the use of PROMs for the
management of patients with CKD?
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Appendix 17: Review of frameworks for research impact (Co-

authored publication)
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Abstract

Background

Increasingly, researchers need to demonstrate the impact of their research to their spon-
sors, funders, and fellow academics. However, the most appropriate way of measuring the
impact of healthcare research is subject to debate. We aimed to identify the existing meth-
odological frameworks used to measure healthcare research impact and to summarise the
common themes and metrics in an impact matrix.

Methods and findings

Two independent investigators systematically searched the Medical Literature Analysis and
Retrieval System Online (MEDLINE), the Excerpta Medica Database (EMBASE), the Cumu-
lative Index to Nursing and Allied Health Literature (CINAHL+), the Health Management Infor-
mation Consortium, and the Journal of Research Evaluation from inception until May 2017
for publications that presented a methodological framework for research impact. We then
summarised the common concepts and themes across methodological frameworks and
identified the metrics used to evaluate differing forms of impact. Twenty-four unique method-
ological frameworks were identified, addressing 5 broad categories of impact: (1) ‘primary
research-related impact’, (2) ‘influence on policy making’, (3) ‘health and health systems
impact, (4) ‘health-related and societal impact’, and (5) ‘broader economic impact’. These
categories were subdivided into 16 common impact subgroups. Authors of the included publi-
cations proposed 80 different metrics aimed at measuring impact in these areas. The main
limitation of the study was the potential exclusion of relevant articles, as a consequence of
the poor indexing of the databases searched.

Conclusions

The measurement of research impact is an essential exercise to help direct the allocation of
limited research resources, to maximise research benefit, and to help minimise research
waste. This review provides a collective summary of existing methodological frameworks for
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research impact, which funders may use to inform the measurement of research impact and
researchers may use to inform study design decisions aimed at maximising the short-,
medium-, and long-term impact of their research.

Author summary

Why was this study done?

« There is a growing interest in demonstrating the impact of research in order to mini-
mise research waste, allocate resources efficiently, and maximise the benefit of research.
However, there is no consensus on which is the most appropriate tool to measure the
impact of research.

« To our knowledge, this review is the first to synthesise existing methodological frame-
works for healthcare research impact, and the associated impact metrics by which vari-
ous authors have proposed impact should be measured, into a unified matrix.

What did the researchers do and find?

» We conducted a systematic review identifying 24 existing methodological research
impact frameworks.

» We scrutinised the sample, identifying and summarising 5 proposed impact categories,
16 impact subcategories, and over 80 metrics into an impact matrix and methodological
framework.

What do these findings mean?

« This simplified consolidated methodological framework will help researchers to under-
stand how a research study may give rise to differing forms of impact, as well as in what
ways and at which time points these potential impacts might be measured.

« Incorporating these insights into the design of a study could enhance impact, optimiz-
ing the use of research resources.

Introduction

In 2010, approximately US$240 billion was invested in healthcare research worldwide [1].
Such research is utilised by policy makers, healthcare providers, and clinicians to make impor-
tant evidence-based decisions aimed at maximising patient benefit, whilst ensuring that lim-
ited healthcare resources are used as efficiently as possible to facilitate effective and sustainable
service delivery. It is therefore essential that this research is of high quality and that it is
impactful—i.e., it delivers demonstrable benefits to society and the wider economy whilst min-
imising research waste [1,2]. Research impact can be defined as ‘any identifiable ‘benefit to, or
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positive influence on the economy, society, public policy or services, health, the environment,
quality of life or academia’ (p. 26) [3].

There are many purported benefits associated with the measurement of research impact,
including the ability to (1) assess the quality of the research and its subsequent benefits to society;
(2) inform and influence optimal policy and funding allocation; (3) demonstrate accountability,
the value of research in terms of efficiency and effectiveness to the government, stakeholders,
and society; and (4) maximise impact through better understanding the concept and pathways
to impact [4-7].

Measuring and monitoring the impact of healthcare research has become increasingly com-
mon in the United Kingdom [5], Australia [5], and Canada [8], as governments, organisations,
and higher education institutions seek a framework to allocate funds to projects that are more
likely to bring the most benefit to society and the economy [5]. For example, in the UK, the
2014 Research Excellence Framework (REF) has recently been used to assess the quality and
impact of research in higher education institutions, through the assessment of impact cases
studies and selected qualitative impact metrics [9]. This is the first initiative to allocate research
funding based on the economic, societal, and cultural impact of research, although it should be
noted that research impact only drives a proportion of this allocation (approximately 20%) [9].

In the UK REF, the measurement of research impact is seen as increasingly important. How-
ever, the impact element of the REF has been criticised in some quarters [10,11]. Critics deride
the fact that REF impact is determined in a relatively simplistic way, utilising researcher-gener-
ated case studies, which commonly attempt to link a particular research outcome to an associ-
ated policy or health improvement despite the fact that the wider literature highlights great
diversity in the way research impact may be demonstrated [12,13]. This led to the current
debate about the optimal method of measuring impact in the future REF [10,14]. The Stern
review suggested that research impact should not only focus on socioeconomic impact but
should also include impact on government policy, public engagement, academic impacts out-
side the field, and teaching to showcase interdisciplinary collaborative impact [10,11]. The
Higher Education Funding Council for England (HEFCE) has recently set out the proposals for
the REF 2021 exercise, confirming that the measurement of such impact will continue to form
an important part of the process [15].

With increasing pressure for healthcare research to lead to demonstrable health, economic,
and societal impact, there is a need for researchers to understand existing methodological
impact frameworks and the means by which impact may be quantified (i.e., impact metrics;
see Box 1, 'Definitions’) to better inform research activities and funding decisions. From a

Box 1. Definitions

« Research impact: ‘any identifiable benefit to, or positive influence on, the economy,
society, public policy or services, health, the environment, quality of life, or academia’
(p- 26) [3].

« Methodological framework: ‘a body of methods, rules and postulates employed by a
particular procedure or set of procedures (i.e., framework characteristics and develop-
ment)’ [18].

« Pathway: ‘a way of achieving a specified result; a course of action’ [19].

« Quantitative metrics: ‘a system or standard of [quantitative] measurement’ [20].

« Narrative metrics: ‘a spoken or written account of connected events; a story’ [21].
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researcher’s perspective, understanding the optimal pathways to impact can help inform study
design aimed at maximising the impact of the project. At the same time, funders need to
understand which aspects of impact they should focus on when allocating awards so they can
make the most of their investment and bring the greatest benefit to patients and society

Whilst previous researchers have summarised existing methodological frameworks and
impact case studies [4,22-27], they have not summarised the metrics for use by researchers,
funders, and policy makers. The aim of this review was therefore to (1) identify the methodo-
logical frameworks used to measure healthcare research impact using systematic methods, (2)
summarise common impact themes and metrics in an impact matrix, and (3) provide a simpli-
fied consolidated resource for use by funders, researchers, and policy makers.

Methods
Search strategy and selection criteria

Initially, a search strategy was developed to identify the available literature regarding the
different methods to measure research impact. The following keywords: ‘Impact’, ‘Frame-
work’, and ‘Research’, and their synonyms, were used during the search of the Medical Lit-
erature Analysis and Retrieval System Online (MEDLINE; Ovid) database, the Excerpta
Medica Database (EMBASE), the Health Management Information Consortium (HMIC)
database, and the Cumulative Index to Nursing and Allied Health Literature (CINAHL+)
database (inception to May 2017; see S1 Appendix for the full search strategy). Additionally,
the nonindexed Journal of Research Evaluation was hand searched during the same time-
frame using the keyword ‘Impact’. Other relevant articles were identified through 3 Internet
search engines (Google, Google Scholar, and Google Images) using the keywords ‘Impact’,
‘Framework’, and ‘Research’, with the first 50 results screened. Google Images was searched
because different methodological frameworks are summarised in a single image and can
easily be identified through this search engine. Finally, additional publications were sought
through communication with experts.

Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (see S1 PRISMA Checklist), 2 independent investigators systematically screened for
publications describing, evaluating, or utilising a methodological research impact framework
within the context of healthcare research [28]. Papers were eligible if they included full or par-
tial methodological frameworks or pathways to research impact; both primary research and
systematic reviews fitting these criteria were included. We included any methodological frame-
work identified (original or modified versions) at the point of first occurrence. In addition,
methodological frameworks were included if they were applicable to the healthcare discipline
with no need of modification within their structure. We defined ‘methodological framework’
as ‘a body of methods, rules and postulates employed by a particular procedure or set of proce-
dures (i.e., framework characteristics and development)’ [18], whereas we defined ‘pathway’ as
‘a way of achieving a specified result; a course of action’ [19]. Studies were excluded if they pre-
sented an existing (unmodified) methodological framework previously available elsewhere,
did not explicitly describe a methodological framework but rather focused on a single metric
(e.g., bibliometric analysis), focused on the impact or effectiveness of interventions rather than
that of the research, or presented case study data only. There were no language restrictions.

Data screening

Records were downloaded into Endnote (version X7.3.1), and duplicates were removed. Two
independent investigators (SCR and OLA) conducted all screening following a pilot aimed at

PLOS Medicine | https:/doi.org/10.1371/journal.pmed.1002370 August 9, 2017 4/24

331



@'PLOS | MEDICINE

A systematic review of methodological impact frameworks

refining the process. The records were screened by title and abstract before full-text articles of
potentially eligible publications were retrieved for evaluation. A full-text screening identified
the publications included for data extraction. Discrepancies were resolved through discussion,
with the involvement of a third reviewer (MJC, DGK, and TJK) when necessary.

Data extraction and analysis

Data extraction occurred after the final selection of included articles. SCR and OLA indepen-
dently extracted details of impact methodological frameworks, the country of origin, and the
year of publication, as well as the source, the framework description, and the methodology
used to develop the framework. Information regarding the methodology used to develop each
methodological framework was also extracted from framework webpages where available.
Investigators also extracted details regarding each framework’s impact categories and sub-
groups, along with their proposed time to impact (‘short-term’, ‘mid-term’, or ‘long-term’)
and the details of any metrics that had been proposed to measure impact, which are depicted
in an impact matrix. The structure of the matrix was informed by the work of M. Buxton and
S. Hanney [2], P. Buykx et al. [5], S. Kuruvila et al. [29], and A. Weiss [30], with the intention
of mapping metrics presented in previous methodological frameworks in a concise way. A
consensus meeting with MJC, DGK, and TJK was held to solve disagreements and finalise the
data extraction process.

Results
Included studies

Our original search strategy identified 359 citations from MEDLINE (Ovid), EMBASE,
CINAHL+, HMIC, and the Journal of Research Evaluation, and 101 citations were returned
using other sources (Google, Google Images, Google Scholar, and expert communication) (see
Fig 1) [28]. In total, we retrieved 54 full-text articles for review. At this stage, 39 articles were
excluded, as they did not propose new or modified methodological frameworks. An additional
15 articles were included following the backward and forward citation method. A total of 31
relevant articles were included in the final analysis, of which 24 were articles presenting unique
frameworks and the remaining 7 were systematic reviews [4,22-27]. The search strategy was
rerun on 15 May 2017. A further 19 publications were screened, and 2 were taken forward to
full-text screening but were ineligible for inclusion.

Methodological framework characteristics

The characteristics of the 24 included methodological frameworks are summarised in Table 1,
"Methodological framework characteristics’. Fourteen publications proposed academic-orien-
tated frameworks, which focused on measuring academic, societal, economic, and cultural
impact using narrative and quantitative metrics [2,3,5,8,29,31-39]. Five publications focused
on assessing the impact of research by focusing on the interaction process between stakehold-
ers and researchers (‘productive interactions’), which is a requirement to achieve research
impact. This approach tries to address the issue of attributing research impact to metrics
[7,40-43]. Two frameworks focused on the importance of partnerships between researchers
and policy makers, as a core element to accomplish research impact [44,45]. An additional 2
frameworks focused on evaluating the pathways to impact, i.e., linking processes between
research and impact [30,46]. One framework assessed the ability of health technology to influ-
ence efficiency of healthcare systems [47]. Eight frameworks were developed in the UK
[2,3,29,37,39,42,43,45], 6 in Canada [8,33,34,44,46,47], 4 in Australia [5,31,35,38], 3 in the
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Fig 1. Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
https://doi.org/10.1371/journal.pmed.1002370.9001

Netherlands [7,40,41], and 2 in the United States [30,36], with 1 model developed with input
from various countries [32].
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Methodological framework development

The included methodological frameworks varied in their development process, but there were
some common approaches employed. Most included a literature review [2,5,7,8,31,33,36,37,
40-46], although none of them used a recognised systematic method. Most also consulted with
various stakeholders [3,8,29,31,33,35-38,43,44,46,47] but used differing methods to incorpo-
rate their views, including quantitative surveys [32,35,43,46], face-to-face interviews [7,29,33,
35,37,42,43], telephone interviews [31,46], consultation [3,7,36], and focus groups [39,43]. A
range of stakeholder groups were approached across the sample, including principal investiga-
tors [7,29,43], research end users [7,42,43], academics [3,8,39,40,43,46], award holders [43],
experts [33,38,39], sponsors [33,39], project coordinators [32,42], and chief investigators
[31,35]. However, some authors failed to identify the stakeholders involved in the development
of their frameworks [2,5,34,41,45], making it difficult to assess their appropriateness. In addi-
tion, only 4 of the included papers reported using formal analytic methods to interpret stake-
holder responses. These included the Canadian Academy of Health Sciences framework,
which used conceptual cluster analysis [33]. The Research Contribution [42], Research Impact
[29], and Primary Health Care & Information Service [31] used a thematic analysis approach.
Finally, some authors went on to pilot their framework, which shaped refinements on the
methodological frameworks until approval. Methods used to pilot the frameworks included a
case study approach [2,3,30,32,33,36,40,42,44,45], contrasting results against available litera-
ture [29], the use of stakeholders’ feedback [7], and assessment tools [35,46].

5

Major impact categories

1. Primary research-related impact. A number of methodological frameworks advocated
the evaluation of ‘research-related impact’. This encompassed content related to the generation
of new knowledge, knowledge dissemination, capacity building, training, leadership, and the
development of research networks. These outcomes were considered the direct or primary
impacts of a research project, as these are often the first evidenced returns [30,62].

A number of subgroups were identified within this category, with frameworks supporting
the collection of impact data across the following constructs: ‘research and innovation out-
comes’; ‘dissemination and knowledge transfer’; ‘capacity building, training, and leadership’;
and ‘academic collaborations, research networks, and data sharing’.

1.1. Research and innovation outcomes. Twenty of the 24 frameworks advocated the evalua-
tion of ‘research and innovation outcomes’ [2,3,5,7,8,29-39,41,43,44,46]. This subgroup
included the following metrics: number of publications; number of peer-reviewed articles
(including journal impact factor); citation rates; requests for reprints, number of reviews, and
meta-analysis; and new or changes in existing products (interventions or technology), patents,
and research. Additionally, some frameworks also sought to gather information regarding
‘methods/methodological contributions’. These advocated the collection of systematic reviews
and appraisals in order to identify gaps in knowledge and determine whether the knowledge
generated had been assessed before being put into practice [29].

1.2. Dissemination and knowledge transfer. Nineteen of the 24 frameworks advocated the
assessment of ‘dissemination and knowledge transfer’ [2,3,5,7,29-32,34-43,46]. This com-
prised collection of the following information: number of conferences, seminars, workshops,
and presentations; teaching output (i.e., number of lectures given to disseminate the research
findings); number of reads for published articles; article download rate and number of journal
webpage visits; and citations rates in nonjournal media such as newspapers and mass and
social media (i.e., Twitter and blogs). Furthermore, this impact subgroup considered the mea-
surement of research uptake and translatability and the adoption of research findings in
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technological and clinical applications and by different fields. These can be measured through
patents, clinical trials, and partnerships between industry and business, government and non-
governmental organisations, and university research units and researchers [29].

1.3. Capacity building, training, and leadership. Fourteen of 24 frameworks suggested the
evaluation of ‘capacity building, training, and leadership’ [2,3,5,8,29,31-35,39-41,43]. This
involved collecting information regarding the number of doctoral and postdoctoral student-
ships (including those generated as a result of the research findings and those appointed to
conduct the research), as well as the number of researchers and research-related staff involved
in the research projects. In addition, authors advocated the collection of ‘leadership’ metrics,
including the number of research projects managed and coordinated and the membership of
boards and funding bodies, journal editorial boards, and advisory committees [29]. Additional
metrics in this category included public recognition (number of fellowships and awards for
significant research achievements), academic career advancement, and subsequent grants
received. Lastly, the impact metric ‘research system management’ comprised the collection of
information that can lead to preserving the health of the population, such as modifying
research priorities, resource allocation strategies, and linking health research to other disci-
plines to maximise benefits [29].

1.4. Academic collaborations, research networks, and data sharing. Lastly, 10 of the 24 frame-
works advocated the collection of impact data regarding ‘academic collaborations (internal
and external collaborations to complete a research project), research networks, and data shar-
ing’ [2,3,5,7,29,34,37,39,41,43].

2. Influence on policy making. Methodological frameworks addressing this major impact
category focused on measurable improvements within a given knowledge base and on interac-
tions between academics and policy makers, which may influence policy-making development
and implementation. The returns generated in this impact category are generally considered
as intermediate or midterm (1 to 3 years). These represent an important interim stage in the
process towards the final expected impacts, such as quantifiable health improvements and eco-
nomic benefits, without which policy change may not occur [30,62]. The following impact sub-
groups were identified within this category: ‘type and nature of policy impact’, ‘level of policy
making’, and ‘policy networks’.

2.1. Type and nature of policy impact. The most common impact subgroup, mentioned in
18 of the 24 frameworks, was ‘type and nature of policy impact’ [2,7,29-38,41-43,45-47].
Methodological frameworks addressing this subgroup stressed the importance of collecting
information regarding the influence of research on policy (i.e., changes in practice or terminol-
ogy). For instance, a project looking at trafficked adolescents and women (2003) influenced
the WHO guidelines (2003) on ethics regarding this particular group [17,21,63].

2.2. Level of policy impact. Thirteen of 24 frameworks addressed aspects surrounding the
need to record the ‘level of policy impact’ (international, national, or local) and the organisa-
tions within a level that were influenced (local policy makers, clinical commissioning groups,
and health and wellbeing trusts) [2,5,8,29,31,34,38,41,43-47]. Authors considered it important
to measure the ‘level of policy impact’ to provide evidence of collaboration, coordination, and
efficiency within health organisations and between researchers and health organisations
[29,31].

2.3. Policy networks. Five methodological frameworks highlighted the need to collect infor-
mation regarding collaborative research with industry and staff movement between academia
and industry [5,7,29,41,43]. A policy network emphasises the relationship between policy com-
munities, researchers, and policy makers. This relationship can influence and lead to incre-
mental changes in policy processes [62].
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3. Health and health systems impact. A number of methodological frameworks advo-
cated the measurement of impacts on health and healthcare systems across the following
impact subgroups: ‘quality of care and service delivering’, ‘evidence-based practice’, ‘improved
information and health information management, ‘cost containment and effectiveness’,
‘resource allocation’, and ‘health workforce’.

3.1. Quality of care and service delivery. Twelve of the 24 frameworks highlighted the impor-
tance of evaluating ‘quality of care and service delivery’ [2,5,8,29-31,33-36,41,47]. There were
a number of suggested metrics that could be potentially used for this purpose, including health
outcomes such as quality-adjusted life years (QALYs), patient-reported outcome measures
(PROMs), patient satisfaction and experience surveys, and qualitative data on waiting times
and service accessibility.

3.2. Evidence-based practice. ‘Evidence-based practice’, mentioned in 5 of the 24 frame-
works, refers to making changes in clinical diagnosis, clinical practice, treatment decisions, or
decision making based on research evidence [5,8,29,31,33]. The suggested metrics to demon-
strate evidence-based practice were adoption of health technologies and research outcomes to
improve the healthcare systems and inform policies and guidelines [29].

3.3. Improved information and health information management. This impact subcategory,
mentioned in 5 of the 24 frameworks, refers to the influence of research on the provision of
health services and management of the health system to prevent additional costs [5,29,33,
34,38]. Methodological frameworks advocated the collection of health system financial, nonfi-
nancial (i.e., transport and sociopolitical implications), and insurance information in order to
determine constraints within a health system.

3.4. Cost containment and cost-effectiveness. Six of the 24 frameworks advocated the subcate-
gory ‘cost containment and cost-effectiveness’ [2,5,8,17,33,36]. ‘Cost containment’ comprised
the collection of information regarding how research has influenced the provision and man-
agement of health services and its implication in healthcare resource allocation and use [29].
‘Cost-effectiveness’ refers to information concerning economic evaluations to assess improve-
ments in effectiveness and health outcomes—for instance, the cost-effectiveness (cost and
health outcome benefits) assessment of introducing a new health technology to replace an
older one [29,31,64].

3.5. Resource allocation. ‘Resource allocation’, mentioned in 6frameworks, can be measured
through 2 impact metrics: new funding attributed to the intervention in question and equity
while allocating resources, such as improved allocation of resources at an area level; better tar-
geting, accessibility, and utilisation; and coverage of health services [2,5,29,31,45,47]. The allo-
cation of resources and targeting can be measured through health services research reports,
with the utilisation of health services measured by the probability of providing an intervention
when needed, the probability of requiring it again in the future, and the probability of receiv-
ing an intervention based on previous experience [29,31].

3.6. Health workforce. Lastly, ‘health workforce’, present in 3 methodological frameworks,
refers to the reduction in the days of work lost because of a particular illness [2,5,31].

4. Health-related and societal impact. Three subgroups were included in this category:
‘health literacy’; ‘health knowledge, attitudes, and behaviours’; and ‘improved social equity,
inclusion, or cohesion’.

4.1. Health knowledge, attitudes, and behaviours. Eight of the 24 frameworks suggested the
assessment of ‘health knowledge, attitudes, behaviours, and outcomes’, which could be mea-
sured through the evaluation of levels of public engagement with science and research (e.g.,
National Health Service (NHS) Choices end-user visit rate) or by using focus groups to analyse
changes in knowledge, attitudes, and behaviour among society [2,5,29,33-35,38,43].
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4.2. Improved equity, inclusion, or cohesion and human rights. Other methodological frame-
works, 4 of the 24, suggested capturing improvements in equity, inclusion, or cohesion and
human rights. Authors suggested these could be using a resource like the United Nations Mil-
lennium Development Goals (MDGs) (superseded by Sustainable Development Goals [SDGs]
in 2015) and human rights [29,33,34,38]. For instance, a cluster-randomised controlled trial in
Nepal, which had female participants, has demonstrated the reduction of neonatal mortality
through the introduction of maternity health care, distribution of delivery kits, and home vis-
its. This illustrates how research can target vulnerable and disadvantaged groups. Additionally,
this research has been introduced by the World Health Organisation to achieve the MDG
‘improve maternal health’ [16,29,65].

4.3. Health literacy. Some methodological frameworks, 3 of the 24, focused on tracking
changes in the ability of patients to make informed healthcare decisions, reduce health risks,
and improve quality of life, which were demonstrably linked to a particular programme of
research [5,29,43]. For example, a systematic review showed that when HIV health literacy/
knowledge is spread among people living with the condition, antiretroviral adherence and
quality of life improve [66].

5. Broader economic impacts. Some methodological frameworks, 9 of 24, included
aspects related to the broader economic impacts of health research—for example, the eco-
nomic benefits emerging from the commercialisation of research outputs [2,5,29,31,33,35,36,
38,67]. Suggested metrics included the amount of funding for research and development
(R&D) that was competitively awarded by the NHS, medical charities, and overseas compa-
nies. Additional metrics were income from intellectual property, spillover effects (any second-
ary benefit gained as a repercussion of investing directly in a primary activity, i.e., the social
and economic returns of investing on R&D) [33], patents granted, licences awarded and
brought to the market, the development and sales of spinout companies, research contracts,
and income from industry.

The benefits contained within the categories ‘health and health systems impact’, ‘health-
related and societal impact’, and ‘broader economic impacts’ are considered the expected and
final returns of the resources allocated in healthcare research [30,62]. These benefits com-
monly arise in the long term, beyond 5 years according to some authors, but there was a recog-
nition that this could differ depending on the project and its associated research area [4].

Data synthesis

Five major impact categories were identified across the 24 included methodological frame-
works: (1) ‘primary research-related impact’, (2) ‘influence on policy making’, (3) ‘health and
health systems impact’, (4) ‘health-related and societal impact’, and (5) ‘broader economic
impact’. These major impact categories were further subdivided into 16 impact subgroups.
The included publications proposed 80 different metrics to measure research impact. This
impact typology synthesis is depicted in ‘the impact matrix’ (Fig 2 and Fig 3).

Commonality and differences across frameworks

The ‘Research Impact Framework’ and the ‘Health Services Research Impact Framework’ were
the models that encompassed the largest number of the metrics extracted. The most dominant
methodological framework was the Payback Framework; 7 other methodological framework
models used the Payback Framework as a starting point for development [8,29,31-35]. Addi-
tional methodological frameworks that were commonly incorporated into other tools included
the CIHR framework, the CAHS model, the ATHS framework, and the Exchange model
[8,33,34,44]. The capture of ‘research-related impact’ was the most widely advocated concept
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across methodological frameworks, illustrating the importance with which primary short-term
impact outcomes were viewed by the included papers. Thus, measurement of impact via num-
ber of publications, citations, and peer-reviewed articles was the most common. ‘Influence on
policy making’ was the predominant midterm impact category, specifically the subgroup ‘type
and nature of policy impact’, in which frameworks advocated the measurement of (i) changes
to legislation, regulations, and government policy; (ii) influence and involvement in decision-
making processes; and (iii) changes to clinical or healthcare training, practice, or guidelines.
Within more long-term impact measurement, the evaluations of changes in the ‘quality of care
and service delivery’ were commonly advocated.

In light of the commonalities and differences among the methodological frameworks, the
‘pathways to research impact’ diagram (Fig 4) was developed to provide researchers, funders,
and policy makers a more comprehensive and exhaustive way to measure healthcare research
impact. The diagram has the advantage of assorting all the impact metrics proposed by previ-
ous frameworks and grouping them into different impact subgroups and categories. Prospec-
tively, this global picture will help researchers, funders, and policy makers plan strategies to
achieve multiple pathways to impact before carrying the research out. The analysis of the data
extraction and construction of the impact matrix led to the development of the ‘pathways to
research impact’ diagram (Fig 4). The diagram aims to provide an exhaustive and comprehen-
sive way of tracing research impact by combining all the impact metrics presented by the dif-
ferent 24 frameworks, grouping those metrics into different impact subgroups, and grouping
these into broader impact categories.

Discussion

This review has summarised existing methodological impact frameworks together for the first
time using systematic methods (Fig 4). It allows researchers and funders to consider pathways
to impact at the design stage of a study and to understand the elements and metrics that need
to be considered to facilitate prospective assessment of impact. Users do not necessarily need
to cover all the aspects of the methodological framework, as every research project can impact
on different categories and subgroups. This review provides information that can assist
researchers to better demonstrate impact, potentially increasing the likelihood of conducting
impactful research and reducing research waste. Existing reviews have not presented a meth-
odological framework that includes different pathways to impact, health impact categories,
subgroups, and metrics in a single methodological framework.

Academic-orientated frameworks included in this review advocated the measurement of
impact predominantly using so-called ‘quantitative’ metrics—for example, the number of
peer-reviewed articles, journal impact factor, and citation rates. This may be because they are
well-established measures, relatively easy to capture and objective, and are supported by
research funding systems. However, these metrics primarily measure the dissemination of
research finding rather than its impact [30,68]. Whilst it is true that wider dissemination, espe-
cially when delivered via world-leading international journals, may well lead eventually to
changes in healthcare, this is by no means certain. For instance, case studies evaluated by Flin-
ders University of Australia demonstrated that some research projects with non-peer-reviewed
publications led to significant changes in health policy, whilst the studies with peer-reviewed
publications did not result in any type of impact [68]. As a result, contemporary literature has
tended to advocate the collection of information regarding a variety of different potential
forms of impact alongside publication/citations metrics [2,3,5,7,8,29-47], as outlined in this
review.
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The 2014 REF exercise adjusted UK university research funding allocation based on evi-
dence of the wider impact of research (through case narrative studies and quantitative met-
rics), rather than simply according to the quality of research [12]. The intention was to ensure
funds were directed to high-quality research that could demonstrate actual realised benefit.
The inclusion of a mixed-method approach to the measurement of impact in the REF (narra-
tive and quantitative metrics) reflects a widespread belief—expressed by the majority of
authors of the included methodological frameworks in the review—that individual quantita-
tive impact metrics (e.g., number of citations and publications) do not necessary capture the
complexity of the relationships involved in a research project and may exclude measurement
of specific aspects of the research pathway [10,12].

Many of the frameworks included in this review advocated the collection of a range of aca-
demic, societal, economic, and cultural impact metrics; this is consistent with recent recom-
mendations from the Stern review [10]. However, a number of these metrics encounter
research ‘lag’ i.e., the time between the point at which the research is conducted and when the
actual benefits arise [69]. For instance, some cardiovascular research has taken up to 25 years
to generate impact [70]. Likewise, the impact may not arise exclusively from a single piece of
research. Different processes (such as networking interactions and knowledge and research

PLOS Medicine | https:/doi.org/10.1371/journal.pmed.1002370 August 9, 2017
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translation) and multiple individuals and organisations are often involved [4,71]. Therefore,
attributing the contribution made by each of the different actors involved in the process can be
a challenge [4]. An additional problem associated to attribution is the lack of evidence to link
research and impact. The outcomes of research may emerge slowly and be absorbed gradually.
Consequently, it is difficult to determine the influence of research in the development of a new
policy, practice, or guidelines [4,23].

A further problem is that impact evaluation is conducted ‘ex post’, after the research has
concluded. Collecting information retrospectively can be an issue, as the data required might
not be available. ‘ex ante’ assessment is vital for funding allocation, as it is necessary to deter-
mine the potential forthcoming impact before research is carried out [69]. Additionally, ex
ante evaluation of potential benefit can overcome the issues regarding identifying and captur-
ing evidence, which can be used in the future [4]. In order to conduct ex ante evaluation of
potential benefit, some authors suggest the early involvement of policy makers in a research
project coupled with a well-designed strategy of dissemination [40,69].

Providing an alternate view, the authors of methodological frameworks such as the
SIAMP]I, Contribution Mapping, Research Contribution, and the Exchange model suggest
that the problems of attribution are a consequence of assigning the impact of research to a par-
ticular impact metric [7,40,42,44]. To address these issues, these authors propose focusing on
the contribution of research through assessing the processes and interactions between
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stakeholders and researchers, which arguably take into consideration all the processes and
actors involved in a research project [7,40,42,43]. Additionally, contributions highlight the
importance of the interactions between stakeholders and researchers from an early stage in the
research process, leading to a successful ex ante and ex post evaluation by setting expected
impacts and determining how the research outcomes have been utilised, respectively [7,40,42,
43]. However, contribution metrics are generally harder to measure in comparison to aca-
demic-orientated indicators [72].

Currently, there is a debate surrounding the optimal methodological impact framework,
and no tool has proven superior to another. The most appropriate methodological framework
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for a given study will likely depend on stakeholder needs, as each employs different methodol-
ogies to assess research impact [4,37,41]. This review allows researchers to select individual
existing methodological framework components to create a bespoke tool with which to facili-
tate optimal study design and maximise the potential for impact depending on the characteris-
tic of their study (Fig 2 and Fig 3). For instance, if researchers are interested in assessing how
influential their research is on policy making, perhaps considering a suite of the appropriate
metrics drawn from multiple methodological frameworks may provide a more comprehensive
method than adopting a single methodological framework. In addition, research teams may
wish to use a multidimensional approach to methodological framework development, adopt-
ing existing narratives and quantitative metrics, as well as elements from contribution frame-
works. This approach would arguably present a more comprehensive method of impact
assessment; however, further research is warranted to determine its effectiveness [4,69,72,73].

Finally, it became clear during this review that the included methodological frameworks had
been constructed using varied methodological processes. At present, there are no guidelines or
consensus around the optimal pathway that should be followed to develop a robust methodo-
logical framework. The authors believe this is an area that should be addressed by the research
community, to ensure future frameworks are developed using best-practice methodology.

For instance, the Payback Framework drew upon a literature review and was refined
through a case study approach. Arguably, this approach could be considered inferior to other
methods that involved extensive stakeholder involvement, such as the CIHR framework [8].
Nonetheless, 7 methodological frameworks were developed based upon the Payback Frame-
work [8,29,31-35].

Limitations

The present review is the first to summarise systematically existing impact methodological
frameworks and metrics. The main limitation is that 50% of the included publications were
found through methods other than bibliographic databases searching, indicating poor index-
ing. Therefore, some relevant articles may not have been included in this review if they failed
to indicate the inclusion of a methodological impact framework in their title/abstract. We did,
however, make every effort to try to find these potentially hard-to-reach publications, e.g.,
through forwards/backwards citation searching, hand searching reference lists, and expert
communication. Additionally, this review only extracted information regarding the methodol-
ogy followed to develop each framework from the main publication source or framework web-
page. Therefore, further evaluations may not have been included, as they are beyond the scope
of the current paper. A further limitation was that although our search strategy did not include
language restrictions, we did not specifically search non-English language databases. Thus, we
may have failed to identify potentially relevant methodological frameworks that were devel-
oped in a non-English language setting.

Conclusion

In conclusion, the measurement of research impact is an essential exercise to help direct the
allocation of limited research resources, to maximise benefit, and to help minimise research
waste. This review provides a collective summary of existing methodological impact frame-
works and metrics, which funders may use to inform the measurement of research impact and
researchers may use to inform study design decisions aimed at maximising the short-,
medium-, and long-term impact of their research.
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