N I H R National Institute for Journals Library
Health and Care Research

‘ '.) Check for updates

Health Technology Assessment
Volume 27 o Issue 16 o October 2023
ISSN 1366-5278

Alternative cascade-testing protocols for
identifying and managing patients with
familial hypercholesterolaemia:
systematic reviews, qualitative study
and cost-effectiveness analysis

Nadeem Qureshi, Bethan Woods, Rita Neves de Faria, Pedro Saramago Goncalves,
Edward Cox, Jo Leonardi Bee, Laura Condon, Stephen Weng, Ralph K Akyea, Barbara lyen,
Paul Roderick, Steve E Humphries, William Rowlands, Melanie Watson, Kate Haralambos,
Ryan Kenny, Dev Datta, Zosia Miedzybrodzka, Christopher Byrne and Joe Kai

R Sl /
(0}

.
> Va?

DOI 10.3310/CTMD0148

'n-“


https://crossmark.crossref.org/dialog/?doi=10.3310/CTMD0148&domain=pdf




Alternative cascade-testing protocols for
identifying and managing patients with familial
hypercholesterolaemia: systematic reviews,
qualitative study and cost-effectiveness analysis

Nadeem Qureshie,!” Bethan Woodse,? Rita Neves de Farias,?
Pedro Saramago Goncalvese,? Edward Coxe,?

Jo Leonardi Beee,! Laura Condone,! Stephen Wenge,3
Ralph K Akyeae,! Barbara lyene,! Paul Rodericke,*

Steve E Humphriese,” William Rowlandse,®

Melanie Watsone,” Kate Haralambose,® Ryan Kennye,’
Dev Dattae,'® Zosia Miedzybrodzkae,!!

Christopher Byrnee!? and Joe Kaie!

1PRISM Research Group, Centre for Academic Primary Care, School of Medicine,
University of Nottingham, Nottingham, UK

2Centre for Health Economics, University of York, York, UK

SCardiovascular and Metabolism, Janssen Research and Development,
High Wycombe, UK

“Primary Care, Population Sciences and Medical Education, University of
Southampton, Southampton, UK

>Centre for Cardiovascular Genetics, Institute for Cardiovascular Science, University
College London, London, UK

SPatient representative

’"Wessex Clinical Genetics Service, University Hospital Southampton NHS Foundation
Trust, Southampton, UK

8Familial Hypercholesterolaemia Service, University Hospital of Wales, Cardiff, UK
?Population Health Sciences Institute, Newcastle University, Newcastle upon Tyne, UK

OLipid Unit, University Hospital Llandough, Penarth, UK

1Division of Applied Medicine, University of Aberdeen, Aberdeen, UK

12Southampton National Institute for Health and Care Research Biomedical Research
Centre, University Hospital Southampton NHS Foundation Trust, Southampton, UK

"Corresponding author

Disclosure of interests

Full disclosure of interests: Completed ICMJE forms for all authors, including all related interests, are
available in the tool kit on the NIHR journals Library report publication page at https://doi.org/10.3310/
CTMDO0148.


https://orcid.org/0000-0003-4909-0644
https://orcid.org/0000-0002-7669-9415
https://orcid.org/0000-0003-3410-1435
https://orcid.org/0000-0001-9063-8590
https://orcid.org/0000-0001-8981-0699
https://orcid.org/0000-0003-0893-6068
https://orcid.org/0000-0002-7039-3095
https://orcid.org/0000-0002-5281-9590
https://orcid.org/0000-0003-4529-8237
https://orcid.org/0000-0001-9720-1180
https://orcid.org/0000-0001-9475-6850
https://orcid.org/0000-0002-8221-6547
https://orcid.org/0000-0001-5107-7292
https://orcid.org/0000-0002-5140-4086
https://orcid.org/0000-0001-6075-3125
https://orcid.org/0000-0001-9743-4259
https://orcid.org/0000-0001-7856-7363
https://orcid.org/0000-0003-2890-8136
https://orcid.org/0000-0001-6322-7753
https://orcid.org/0000-0001-9040-9384
https://doi.org/10.3310/LQPT9410
https://doi.org/10.3310/LQPT9410




Primary conflicts of interest: Nadeem Qureshi has received grants from the National Institute for Health
and Care Research (NIHR) School for Primary Care Research (SPCR) and the Medical Research Council
(MRC) (Newton-Ungku Omar Fund), has received honoraria from Amgen Inc. (Thousand Oaks, CA, USA)
for lectures on familial hypercholesterolaemia, is a member of the board for the NIHR SPCR (2021 to
present) and is a member of the Medical, Scientific and Research Committee of HEART UK. Bethan
Woods reports membership of the NIHR Health Technology Assessment Clinical Evaluation and Trials
Funding Committee (2020-24). Jo Leonardi Bee has received a grant from the MRC to conduct research
in the field of familial hypercholesterolaemia. Stephen Weng was part of an institution that received
grants from the NIHR SPCR for research related to familial hypercholesterolaemia, has received
consulting fees from the Academic Advisory Committee for RoadtoHealth Ltd (Hailsham, UK), has
received honoraria and travel fees from Amgen Inc. for lectures on familial hypercholesterolaemia, was
previously a committee member for the Medicines and Healthcare products Regulatory Agency Clinical
Practice Research Datalink Independent Scientific Advisory Committee and is currently employed by
Janssen R&D, High Wycombe, UK. Steve E Humphries has received support from the British Heart
Foundation (PG 008/08); is the director of the UK Familial Hypercholesterolaemia Paediatric Register,
which has received support from a grant from the International Atherosclerosis Society (Pfizer number
24052829); and is a medical director and minor shareholder of the University College London Business
Ltd spinout company StoreGene (London, UK), which offers deoxyribonucleic acid (DNA) testing for
individuals with familial hypercholesterolaemia. Kate Haralambos has received payment for PASS (PASS
Software, Rijswijk, the Netherlands) clinical data entry and for extracting and processing data. Dev Datta
has received personal honoraria from Daiichi Sankyo Company, Ltd (Tokyo, Japan), Pfizer Inc. (New York
City, NY, USA), lonis Pharmaceuticals, Inc. (Carlsbad, CA, USA), Amgen Inc., Akcea Therapeutics, Inc.
(lonis Pharmaceuticals, Inc.), Novartis AG (Basel, Switzerland) and Amryt Pharma plc (Dublin, Ireland),
which are all manufacturers in the field of lipidology. Zosia Miedzybrodzka has received payment for
arranging data extraction and for presenting data in Scottish health data Safe Haven (Grampian Data
Safe Haven, University of Aberdeen) and has received funding from Amgen Inc. and Akcea Therapeutics,
Inc. Joe Kai is a member of the NIHR SPCR board (2015 to present).

Published October 2023
DOI: 10.3310/CTMD0148

This report should be referenced as follows:

Qureshi N, Woods B, Neves de Faria R, Saramago Goncalves P, Cox E, Leonardi Bee J, et al.
Alternative cascade-testing protocols for identifying and managing patients with familial
hypercholesterolaemia: systematic reviews, qualitative study and cost-effectiveness analysis.
Health Technol Assess 2023;27(16). https://doi.org/10.3310/CTMD0148


https://doi.org/10.3310/CTMD0148




Health Technology Assessment

ISSN 1366-5278 (Print)
ISSN 2046-4924 (Online)
Impact factor: 3.6

Launched in 1997, Health Technology Assessment (HTA) has an impact factor of 3.6 and is ranked 32nd (out of 105 titles) in the
‘Health Care Sciences & Services' category of the Clarivate 2021 Journal Citation Reports (Science Edition). It is also indexed

by MEDLINE, CINAHL (EBSCO Information Services, Ipswich, MA, USA), Embase (Elsevier, Amsterdam, the Netherlands), NCBI
Bookshelf, DOAJ, Europe PMC, the Cochrane Library (John Wiley & Sons, Inc., Hoboken, NJ, USA), INAHTA, the British Nursing
Index (ProQuest LLC, Ann Arbor, MI, USA), Ulrichsweb™ (ProQuest LLC, Ann Arbor, MI, USA) and the Science Citation Index
Expanded™ (Clarivate™, Philadelphia, PA, USA).

This journal is a member of and subscribes to the principles of the Committee on Publication Ethics (COPE)
(www.publicationethics.org/).

Editorial contact: journals.library@nihr.ac.uk

The full HTA archive is freely available to view online at www.journalslibrary.nihr.ac.uk/hta.

Criteria for inclusion in the Health Technology Assessment journal

Reports are published in Health Technology Assessment (HTA) if (1) they have resulted from work for the HTA programme,
and (2) they are of a sufficiently high scientific quality as assessed by the reviewers and editors.

Reviews in Health Technology Assessment are termed ‘systematic’ when the account of the search appraisal and synthesis
methods (to minimise biases and random errors) would, in theory, permit the replication of the review by others.

HTA programme

Health Technology Assessment (HTA) research is undertaken where some evidence already exists to show that a technology can
be effective and this needs to be compared to the current standard intervention to see which works best. Research can evaluate
any intervention used in the treatment, prevention or diagnosis of disease, provided the study outcomes lead to findings that
have the potential to be of direct benefit to NHS patients. Technologies in this context mean any method used to promote health;
prevent and treat disease; and improve rehabilitation or long-term care. They are not confined to new drugs and include any
intervention used in the treatment, prevention or diagnosis of disease.

The journal is indexed in NHS Evidence via its abstracts included in MEDLINE and its Technology Assessment Reports inform
National Institute for Health and Care Excellence (NICE) guidance. HTA research is also an important source of evidence for
National Screening Committee (NSC) policy decisions.

This report

The research reported in this issue of the journal was funded by the HTA programme as project number 15/134/02. The
contractual start date was in April 2017. The draft report began editorial review in May 2021 and was accepted for publication in
June 2022. The authors have been wholly responsible for all data collection, analysis and interpretation, and for writing up their
work. The HTA editors and publisher have tried to ensure the accuracy of the authors’ report and would like to thank the reviewers
for their constructive comments on the draft document. However, they do not accept liability for damages or losses arising from
material published in this report.

This report presents independent research funded by the National Institute for Health and Care Research (NIHR). The views
and opinions expressed by authors in this publication are those of the authors and do not necessarily reflect those of the NHS,
the NIHR, the HTA programme or the Department of Health and Social Care. If there are verbatim quotations included in this
publication the views and opinions expressed by the interviewees are those of the interviewees and do not necessarily reflect
those of the authors, those of the NHS, the NIHR, the HTA programme or the Department of Health and Social Care.

Copyright © 2023 Qureshi et al. This work was produced by Qureshi et al. under the terms of a commissioning contract issued by
the Secretary of State for Health and Social Care. This is an Open Access publication distributed under the terms of the Creative
Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction and adaptation in any medium
and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.

Published by the NIHR Journals Library (www.journalslibrary.nihr.ac.uk), produced by Prepress Projects Ltd, Perth, Scotland, and
final files produced by Newgen Digitalworks Pvt Ltd, Chennai, India (www.newgen.co).



NIHR Journals Library Editor-in-Chief

Dr Cat Chatfield Director of Health Services Research UK

NIHR Journals Library Editors

Professor Andrée Le May Chair of NIHR Journals Library Editorial Group (HSDR, PGfAR, PHR journals) and Editor-
in-Chief of HSDR, PGfAR, PHR journals

Dr Peter Davidson Interim Chair of HTA and EME Editorial Board, Consultant Advisor, School of Healthcare
Enterprise and Innovation, University of Southampton, UK

Professor Matthias Beck Professor of Management, Cork University Business School, Department of Management
and Marketing, University College Cork, Ireland

Dr Tessa Crilly Director, Crystal Blue Consulting Ltd, UK

Dr Eugenia Cronin Consultant in Public Health, Delta Public Health Consulting Ltd, UK

Ms Tara Lamont Senior Adviser, School of Healthcare Enterprise and Innovation, University of Southampton, UK
Dr Catriona McDaid Reader in Trials, Department of Health Sciences, University of York, UK

Professor William McGuire Professor of Child Health, Hull York Medical School, University of York, UK Professor
Geoffrey Meads Emeritus Professor of Wellbeing Research, University of Winchester, UK

Professor Geoffrey Meads Emeritus Professor of Wellbeing Research, University of Winchester, UK

Professor James Raftery Professor of Health Technology Assessment, School of Healthcare Enterprise and
Innovation, University of Southampton, UK

Dr Rob Riemsma Consultant Advisor, School of Healthcare Enterprise and Innovation, University of
Southampton, UK

Professor Helen Roberts Professor of Child Health Research, Child and Adolescent Mental Health, Palliative Care
and Paediatrics Unit, Population Policy and Practice Programme, UCL Great Ormond Street Institute of Child Health,
London, UK

Professor Jonathan Ross Professor of Sexual Health and HIV, University Hospital Birmingham, UK

Professor Helen Snooks Professor of Health Services Research, Institute of Life Science, College of Medicine,
Swansea University, UK

Please visit the website for a list of editors: www.journalslibrary.nihr.ac.uk/about/editors

Editorial contact: journals.library@nihr.ac.uk

NIHR Journals Library www.journalslibrary.nihr.ac.uk



DOI: 10.3310/CTMD0148 Health Technology Assessment 2023 Vol. 27 No. 16

Abstract

Alternative cascade-testing protocols for
identifying and managing patients with familial
hypercholesterolaemia: systematic reviews,
qualitative study and cost-effectiveness analysis

Nadeem Qureshi®,'” Bethan Woods®,?2 Rita Neves de Faria®,?
Pedro Saramago Goncalves®,? Edward Cox®,? Jo Leonardi Bee®,!
Laura Condon®,! Stephen Weng®,® Ralph K Akyea®,!

Barbara lyen®,! Paul Roderick®,* Steve E Humphries®,’

William Rowlands®,® Melanie Watson®,” Kate Haralambos®,®
Ryan Kenny®,” Dev Datta®,® Zosia Miedzybrodzka®,*!
Christopher Byrne®?!? and Joe Kai®!

1PRISM Research Group, Centre for Academic Primary Care, School of Medicine, University of
Nottingham, Nottingham, UK

2Centre for Health Economics, University of York, York, UK

3Cardiovascular and Metabolism, Janssen Research and Development, High Wycombe, UK

4Primary Care, Population Sciences and Medical Education, University of Southampton,
Southampton, UK

5Centre for Cardiovascular Genetics, Institute for Cardiovascular Science, University College London,
London, UK

SPatient representative

"Wessex Clinical Genetics Service, University Hospital Southampton NHS Foundation Trust,
Southampton, UK

8Familial Hypercholesterolaemia Service, University Hospital of Wales, Cardiff, UK

?Population Health Sciences Institute, Newcastle University, Newcastle upon Tyne, UK

OLipid Unit, University Hospital Llandough, Penarth, UK

1Division of Applied Medicine, University of Aberdeen, Aberdeen, UK

12Southampton National Institute for Health and Care Research Biomedical Research Centre, University
Hospital Southampton NHS Foundation Trust, Southampton, UK

‘Corresponding author nadeem.qureshi@nottingham.ac.uk

Background: Cascade testing the relatives of people with familial hypercholesterolaemia is an efficient
approach to identifying familial hypercholesterolaemia. The cascade-testing protocol starts with
identifying an index patient with familial hypercholesterolaemia, followed by one of three approaches to
contact other relatives: indirect approach, whereby index patients contact their relatives; direct
approach, whereby the specialist contacts the relatives; or a combination of both direct and indirect
approaches. However, it is unclear which protocol may be most effective.

Objectives: The objectives were to determine the yield of cases from different cascade-testing
protocols, treatment patterns, and short- and long-term outcomes for people with familial
hypercholesterolaemia; to evaluate the cost-effectiveness of alternative protocols for familial
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ABSTRACT

hypercholesterolaemia cascade testing; and to qualitatively assess the acceptability of different cascade-
testing protocols to individuals and families with familial hypercholesterolaemia, and to health-care
providers.

Design and methods: This study comprised systematic reviews and analysis of three data sets: PASS
(PASS Software, Rijswijk, the Netherlands) hospital familial hypercholesterolaemia databases, the Clinical
Practice Research Datalink (CPRD)-Hospital Episode Statistics (HES) linked primary-secondary care
data set, and a specialist familial hypercholesterolaemia register. Cost-effectiveness modelling,
incorporating preceding analyses, was undertaken. Acceptability was examined in interviews with
patients, relatives and health-care professionals.

Result: Systematic review of protocols: based on data from 4 of the 24 studies, the combined approach
led to a slightly higher yield of relatives tested [40%, 95% confidence interval (Cl) 37% to 42%)] than the
direct (33%, 95% Cl 28% to 39%) or indirect approaches alone (34%, 95% Cl 30% to 37%). The PASS
databases identified that those contacted directly were more likely to complete cascade testing

(b <0.01); the CPRD-HES data set indicated that 70% did not achieve target treatment levels, and
demonstrated increased cardiovascular disease risk among these individuals, compared with controls
(hazard ratio 9.14, 95% Cl 8.55 to 9.76). The specialist familial hypercholesterolaemia register confirmed
excessive cardiovascular morbidity (standardised morbidity ratio 7.17, 95% Cl 6.79 to 7.56).
Cost-effectiveness modelling found a net health gain from diagnosis of -0.27 to 2.51 quality-adjusted
life-years at the willingness-to-pay threshold of £15,000 per quality-adjusted life-year gained. The
cost-effective protocols cascaded from genetically confirmed index cases by contacting first- and
second-degree relatives simultaneously and directly. Interviews found a service-led direct-contact
approach was more reliable, but combining direct and indirect approaches, guided by index patients
and family relationships, may be more acceptable.

Limitations: Systematic reviews were not used in the economic analysis, as relevant studies were lacking
or of poor quality. As only a proportion of those with primary care-coded familial hypercholesterolaemia
are likely to actually have familial hypercholesterolaemia, CPRD analyses are likely to underestimate the
true effect. The cost-effectiveness analysis required assumptions related to the long-term cardiovascular
disease risk, the effect of treatment on cholesterol and the generalisability of estimates from the data
sets. Interview recruitment was limited to white English-speaking participants.

Conclusions: Based on limited evidence, most cost-effective cascade-testing protocols, diagnosing most
relatives, select index cases by genetic testing, with services directly contacting relatives, and contacting
second-degree relatives even if first-degree relatives have not been tested. Combined approaches to
contact relatives may be more suitable for some families.

Future work: Establish a long-term familial hypercholesterolaemia cohort, measuring cholesterol levels,
treatment and cardiovascular outcomes. Conduct a randomised study comparing different approaches to
contact relatives.

Study registration: This study is registered as PROSPERO CRD42018117445 and CRD42019125775.

Funding: This project was funded by the National Institute for Health and Care Research (NIHR) Health
Technology Assessment programme and will be published in full in Health Technology Assessment; Vol. 27,
No. 16. See the NIHR Journals Library website for further project information.

NIHR Journals Library www.journalslibrary.nihr.ac.uk



DOI: 10.3310/CTMD0148 Health Technology Assessment 2023 Vol. 27 No. 16

Contents

List of tables xiii
List of figures XV
List of boxes Xvii
List of supplementary material Xix
List of abbreviations xxi
Plain language summary xxiii
Scientific summary XXV
Chapter 1 Introduction 1
Study aim 2
Study objectives 2
Modification to original protocol and structure of the report 3
Chapter 2 Systematic reviews 5
Review 1: effectiveness of cascade-testing protocols among relatives for familial
hypercholesterolaemia 5
Introduction 5
Materials and methods 5
Results 6
Conclusion 13
Review 2: effectiveness of cholesterol-lowering therapies on low-density lipoprotein
levels and cardiovascular disease among adults 13
Materials and methods 13
Results 14
Conclusion 14

Review 3: effectiveness of lipid-lowering treatments on low-density lipoprotein

levels, and the impact of lipid-lowering treatments on low-density lipoprotein levels,
cardiovascular disease and mortality among children with familial hypercholesterolaemia 14
Review 4: the diagnostic accuracy of clinical and biochemical criteria and scoring

systems for the diagnosis of familial hypercholesterolaemia among relatives 15
Background 15
Review method 16
Results 16
Discussion 18
Conclusion 18

Summary of results and study limitations 18

Chapter 3 Overview of database studies 21

Clinical Practice Research Datalink 21

Simon Broome familial hypercholesterolaemia disease register 21

Hospital Episode Statistics and Office for National Statistics mortality statistics 22

PASS Wales and Wessex Cascade Service Data 22

Scottish familial hypercholesterolaemia service data 23

Conclusion 24

Copyright © 2023 Qureshi et al. This work was produced by Qureshi et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the title, original
author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.



CONTENTS

Chapter 4 Epidemiological analysis of longitudinal databases

Risk of cardiovascular disease among those with familial hypercholesterolaemia, from

primary care records
Context
Research objective
Methodology
Results
Conclusion

Risk of cardiovascular disease among those with familial hypercholesterolaemia, from

secondary care records
Context
Research objective
Methodology
Results
Conclusion
Summary of results and limitations

Chapter 5 Economic evaluation
Overview of the cost-effectiveness workstream
Economic analysis of the Clinical Practice Research Datalink database

Background and objectives

Methods

Results

Summary of results and study limitations
Service data analysis

Background and motivation

Methods

Summary of results and study limitations

Cost and health benefits of diagnosis of people with familial hypercholesterolaemia in

the long term

Introduction

Methods

Results
Cost-effectiveness of alternative cascade-testing protocols for familial
hypercholesterolaemia

Introduction

Methods

Results

Chapter 6 Acceptability of cascade-testing approaches for familial
hypercholesterolaemia: qualitative study of health-care professional and patient
experiences
Introduction
Aims
Methods
Context
Sampling and data generation
Data analysis
Findings
Communication about familial hypercholesterolaemia and testing in families:
influence on acceptability of indirect and direct approaches
Communication and being informed about familial hypercholesterolaemia

NIHR Journals Library www.journalslibrary.nihr.ac.uk

25

25
25
25
25
26
28

28
28
28
29
30
30
33

35
35
35
35
36
38
42
43
43
43
50

53
53
53
59

66
66
67
74

81
81
81
82
82
83
83
83

84
88



DOI: 10.3310/CTMD0148 Health Technology Assessment 2023 Vol. 27 No. 16

Access to and organisation of familial hypercholesterolaemia testing pathway 89
Improving service pathways and patient-centred services 91
Individual contexts for engaging with familial hypercholesterolaemia testing 92
Parents with younger children 93
Summary of results and study limitations 94
Chapter 7 Conclusion 97
Key findings 97
Yield of cases 97
Treatment patterns, and short- and long-term outcomes 97
Cost-effectiveness of alternative protocols 98
Acceptability of cascade-testing approaches 98
Relationship to other literature 99
Yield of cases and acceptability of different cascade-testing approaches 99
Treatment patterns, and short- and long term outcomes 99
Cost-effectiveness of alternative protocols 100
Strengths and limitations 100
Yield of cases 101
Treatment patterns, and short- and long term outcomes 102
Cost-effectiveness of alternative protocols 102
Acceptability of cascade-testing approaches 103
Policy and practice recommendations 103
Recommendations for future research 104
Acknowledgements 105
References 111
Appendix 1 Systematic reviews 125
Appendix 2 Epidemiological analysis 131
Appendix 3 Examples of comments obtained on member checking 133
Appendix 4 Disease codes used for cardiovascular disease 135

Copyright © 2023 Qureshi et al. This work was produced by Qureshi et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the title, original
author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.






DOI: 10.3310/CTMD0148 Health Technology Assessment 2023 Vol. 27 No. 16

List of tables

TABLE 1 Characteristics of included studies 9

TABLE 2 Baseline demographic and clinical characteristics of clinical FH

and non-FH patients 27
TABLE 3 Hazard ratios for CVD outcomes among people with FH 28
TABLE 4 Baseline characteristics of people with FH in the Simon Broome Register 31

TABLE 5 Observed and expected number of CVD events among men and women with
FH in the Simon Broome Register 32

TABLE 6 Baseline characteristics of the CPRD sample of FH patients, by treatment
subgroup 39

TABLE 7 Absolute and relative reductions from baseline in LDL-C levels, by treatment
subgroup 40

TABLE 8 Occurrence of key clinical events as first major CVD events post FH diagnosis
in the CPRD treated cohort (primary diagnosis only) 41

TABLE 9 Risk factors for first major CVD event for the CPRD cohort for the exponential

and the generalised gamma survival models 42
TABLE 10 Index patient characteristics 48
TABLE 11 Mean number of relatives per FH index case 49

TABLE 12 The estimated probabilities of a relative completing the cascade, by service,
method of contact, degree to index and sex 50

TABLE 13 The CVD history and prior LLT rates of cascaded relatives, by service, age,

FH status and CVD history 51
TABLE 14 Model inputs for the base-case scenario 56
TABLE 15 Results of the scenario analyses 64
TABLE 16 Naming of testing strategies 70

TABLE 17 Model inputs related to patient characteristics and completion of the

cascade for the base-case 71
TABLE 18 Resources and costs 73
TABLE 19 Cascade protocols in the cost-effectiveness frontier 75

Copyright © 2023 Qureshi et al. This work was produced by Qureshi et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the title, original
author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.

xiii



Xiv

LIST OF TABLES

TABLE 20 Cascade protocol with highest net gain (‘base-case cost-effective protocol’)
and cascade protocol using the same testing strategy across the age groups with the
highest net health gain (‘harmonised cost-effective protocol’), both at the £15,000 per
QALY threshold

TABLE 21 Characteristics of patient and relative participants

TABLE 22 Characteristics of health professional participants

TABLE 23 MEDLINE search strategy for systematic review 1, from 1946 to
14 May 2020

TABLE 24 Quality assessment for systematic review 1
TABLE 25 MEDLINE search strategy for systematic review 2, from 1994 to June 2018
TABLE 26 MEDLINE search strategy for systematic review 4, from 1994 to June 2018

TABLE 27 Incidence rate of CVD outcomes among FH and non-FH subjects

NIHR Journals Library www.journalslibrary.nihr.ac.uk

77

84

85

125

126

127

129

131



DOI: 10.3310/CTMD0148 Health Technology Assessment 2023 Vol. 27 No. 16

List of figures

FIGURE 1 The PRISMA flow chart for systematic review of effectiveness of cascade-
testing strategies 7

FIGURE 2 Proportion of relatives tested out of those contacted for FH cascade testing,
by cascade approach 11

FIGURE 3 Proportion of relatives contacted out of those eligible for FH cascade testing,
by cascade approach 11

FIGURE 4 Proportion of relatives confirmed as having FH out of those tested, by
cascade approach 12

FIGURE 5 The PRISMA flow chart for the review of the effectiveness of cholesterol-
lowering therapies 15

FIGURE 6 The PRISMA flow diagram of the review of the diagnostic accuracy of
biochemical and clinical criteria among relatives 17

FIGURE 7 Distribution of proportional LDL-C reductions from baseline to 24 months, by
treatment subgroup 41

FIGURE 8 Kaplan-Meier of time to first major CVD event post FH diagnosis in the
CPRD cohort, number of individuals at risk and predicted parametric curves 41

FIGURE 9 Index and relative selection process 47

FIGURE 10 Observed data on the accuracy of the Welsh scoring criteria in detecting FH

with and without age-adjustments among Welsh service indexes eligible for testing 48
FIGURE 11 Model structure 54
FIGURE 12 Relationship between treatment duration and reduction in CVD risk 58

FIGURE 13 Gain in event-free life expectancy due to diagnosis (not discounted, in years) 60

FIGURE 14 Gain in quality-adjusted life expectancy from diagnosis (not discounted, in
QALYs) 61

FIGURE 15 Impact of FH diagnosis on costs (undiscounted) 62

FIGURE 16 Net health gain of FH diagnosis and treatment (compared with no diagnosis
and no treatment) results, by PT-LDL-C level, in QALYs per individual, at a cost-
effectiveness threshold of £15,000 per QALY 63

FIGURE 17 Conceptual model 68

FIGURE 18 Distribution of TC level (mmol/l) among (a) non-FH people and (b) people
with FH 131

Copyright © 2023 Qureshi et al. This work was produced by Qureshi et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the title, original
author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.



LIST OF FIGURES

FIGURE 19 Hazard ratios for CVD outcomes among people with FH, stratified by sex 132

FIGURE 20 Standardised morbidity ratios for composite CVD among men and women
with FH in the Simon Broome Register 132

XVi

NIHR Journals Library www.journalslibrary.nihr.ac.uk



DOI: 10.3310/CTMD0148 Health Technology Assessment 2023 Vol. 27 No. 16

List of boxes

BOX 1 Cascade-testing approaches 82

Copyright © 2023 Qureshi et al. This work was produced by Qureshi et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the title, original
author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.

XVii






DOI: 10.3310/CTMD0148 Health Technology Assessment 2023 Vol. 27 No. 16

List of supplementary material

Report Supplementary Material 1 A MeaSurement Tool to Assess systematic Reviews
(AMSTAR) 2 scores

Report Supplementary Material 2 Clinical Practice Research Datalink technical report
Report Supplementary Material 3 Additional information relating to PASS data processing

Report Supplementary Material 4 Cost and health benefits of diagnosis of individuals
with familial hypercholesterolaemia in the long term

Report Supplementary Material 5 Cost-effectiveness of alternative cascade-testing
protocols

Report Supplementary Material 6 Net health effects of alternative testing strategies
by age group

Report Supplementary Material 7 Cost-effectiveness model results for alternative
cascade protocols

Supplementary material can be found on the NIHR Journals Library report page (https:/doi.
org/10.3310/CTMD0148).

Supplementary material has been provided by the authors to support the report and any files
provided at submission will have been seen by peer reviewers, but not extensively reviewed.
Any supplementary material provided at a later stage in the process may not have been

peer reviewed.

Copyright © 2023 Qureshi et al. This work was produced by Qureshi et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the title, original
author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.

XiX


https://www.journalslibrary.nihr.ac.uk/publications/CTMD0148/15-134-02-supp1.pdf
https://www.journalslibrary.nihr.ac.uk/publications/CTMD0148/15-134-02-supp1.pdf
https://www.journalslibrary.nihr.ac.uk/publications/CTMD0148/15-134-02-supp2.pdf
https://www.journalslibrary.nihr.ac.uk/publications/CTMD0148/15-134-02-supp3.pdf
https://www.journalslibrary.nihr.ac.uk/publications/CTMD0148/15-134-02-supp4.pdf
https://www.journalslibrary.nihr.ac.uk/publications/CTMD0148/15-134-02-supp4.pdf
https://www.journalslibrary.nihr.ac.uk/publications/CTMD0148/15-134-02-supp5.pdf
https://www.journalslibrary.nihr.ac.uk/publications/CTMD0148/15-134-02-supp5.pdf
https://www.journalslibrary.nihr.ac.uk/publications/CTMD0148/15-134-02-supp6.xlsx
https://www.journalslibrary.nihr.ac.uk/publications/CTMD0148/15-134-02-supp6.xlsx
https://www.journalslibrary.nihr.ac.uk/publications/CTMD0148/15-134-02-supp7.xlsx
https://www.journalslibrary.nihr.ac.uk/publications/CTMD0148/15-134-02-supp7.xlsx
https://doi.org/10.3310/CTMD0148
https://doi.org/10.3310/CTMD0148




DOI: 10.3310/CTMDO0148

List of abbreviations

ACS
A&E
AMSTAR

APOB
BHF
BMI
CCG

CENTRAL

CHD
Cl
CINAHL

CPRD

CvD
DLCN
EAS

FH

GP
HES
HR
ICD-10

IQR
LDL-C

Copyright © 2023 Qureshi et al. This work was produced by Qureshi et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the title, original

acute coronary syndrome
accident and emergency

A MeaSurement Tool
to Assess systematic
Reviews

apolipoprotein B-100
British Heart Foundation
body mass index

Clinical
Commissioning Group

Cochrane Central
Register of
Controlled Trials

coronary heart disease
confidence interval

Cumulative Index to
Nursing and
Allied Health Literature

Clinical Practice
Research Datalink

cardiovascular disease
Dutch Lipid Clinic Network

European
Atherosclerosis Society

familial
hypercholesterolaemia

general practitioner
Hospital Episode Statistics
hazard ratio

International
Statistical
Classification of
Diseases and Related
Health Problems,
Tenth Revision

interquartile range

low-density
lipoprotein cholesterol

Health Technology Assessment 2023 Vol. 27 No. 16

LDLR

LIMS

LLT
MEDPED

MeSH

NICE

ONS

PCSK9

PPIE

PRISMA

PT-LDL-C

PVD
QALY
SD
SMbR

TC
TIA
uTsS
VUS

WDLCN

author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.

low-density
lipoprotein receptor
Laboratory

Information
Management Systems

lipid-lowering treatment

make early diagnosis
to prevent early
death

medical subject heading

National Institute
for Health and Care
Excellence

Office for National
Statistics

proprotein
convertase
subtilisin/kexin type 9

patient and public
involvement
and engagement

Preferred Reporting
Items for Systematic
Reviews and
Meta-Analyses

pre-treatment low-
density
lipoprotein cholesterol

peripheral vascular disease
quality-adjusted life-year
standard deviation

standardised
morbidity ratio

total cholesterol
transient ischaemic attack
up to quality standard

variant of uncertain
significance

Welsh-modified
Dutch Lipid
Clinic Network

XXi






DOI: 10.3310/CTMD0148 Health Technology Assessment 2023 Vol. 27 No. 16

Plain language summary

amilial hypercholesterolaemia is an inherited condition that causes raised cholesterol levels from

birth and increases risk of heart disease if left untreated. After someone in a family is found to have
familial hypercholesterolaemia (called an index case), their close relatives need to be contacted and
checked to see if they have familial hypercholesterolaemia, using genetic or cholesterol testing. This is
called ‘cascade testing’. We planned to find the most cost-effective and acceptable way to do this.

The relatives could be contacted for testing by the index case (indirect approach), by a health-care
professional (direct approach) or by a combination of both approaches. We found, based on looking at
hospital records, that more relatives were tested if health-care professionals directly contacted relatives.
In previous studies, slightly more relatives were tested for familial hypercholesterolaemia with a
combination approach. Interviews with patients also suggested that the direct approach was the most
effective, but the most acceptable and successful approach depends on family relationships: using one
approach for some families and using both for other families.

Furthermore, by looking at the health-care records of large numbers of patients, we confirmed that
people with a recorded diagnosis of familial hypercholesterolaemia in general practice records have a
much higher risk of heart disease than the general population, and this was especially so for those with
previous heart disease and/or raised cholesterols levels when diagnosed. However, one-quarter of new
patients with familial hypercholesterolaemia recorded in their records were not treated within 2 years,
with less than one-third reaching recommended cholesterol levels.

We used what we had learned to help us estimate the most cost-effective way to do cascade testing. This
showed that if the health service directly contact all relatives simultaneously for further assessment,
rather than the current approach whereby close (first-degree) relatives are contacted first, this was cost-
effective and good value for money.
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Scientific summary

Background

Cascade testing among relatives of index cases is the most efficient and cost-effective approach to
identifying people with familial hypercholesterolaemia (FH). The cascade-testing protocol starts with
identifying the first patient in the family with FH (index case) and is followed by one of three approaches:
indirect approach, whereby the patient with FH contacts their relatives; direct approach, whereby the
genetic specialist contacts the relatives; or a combination of both direct and indirect approaches.

The National Institute for Health and Care Excellence (NICE) recommend that, once FH is genetically
confirmed in index cases, FH cascade testing should be offered to first- then second-degree relatives
using streamlined genetic testing for pathogenic variants identified in the index case. Alternative
protocols include testing of first- and second-degree relatives simultaneously, rather than sequentially,
and also consider the role of non-genetic markers for FH status among relatives. However, it is currently
unclear how FH cascade-testing services should be configured to improve the number of relatives
identified while offering value for money.

Aim
The aim of this study was to identify the most cost-effective protocol for cascade testing for FH.
This aim was answered through three inter-related objectives:

1. to determine the yield of cases, treatment patterns, and short- and long-term outcomes for FH patients

2. to evaluate the cost-effectiveness of alternative protocols for FH cascade testing using data from
services in two UK regions, the literature and linkage of national clinical databases

3. to qualitatively assess the acceptability of cascade-testing protocols to individuals and families with
potential and confirmed FH, and to health-care providers.

The yield of cases was assessed through systematic reviews and analysis of PASS (PASS Software,
Rijswijk, the Netherlands) hospital FH databases, whereas treatment patterns and short- and long-term
outcomes of FH were investigated through systematic reviews, analysis of a specialist FH register and
the Clinical Practice Research Datalink (CPRD)-Hospital Episode Statistics (HES) databases. The cost-
effectiveness analyses incorporated the previous analyses, together with stakeholder input and data
from the Dutch FH service. Finally, acceptability of the cascade-testing approaches were evaluated
through semistructured interviews with FH patients, their relatives and health-care professionals.

Methods and results

Yield of cases

Effectiveness of contact strategies for cascade testing among relatives for

familial hypercholesterolaemia (systematic review 1)

This review was performed to quantify the effectiveness of different contact approaches in cascade
testing. A total of 2347 titles and abstracts were screened, with 217 screened at full-text stage. Twenty-
four non-comparative studies were included, of which 12 used a direct approach, 7 used an indirect
approach and 5 used a combination of both. Although evidence is very limited, the combined approach
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resulted in more relatives being tested for FH [40%, 95% confidence interval (Cl) 37% to 42%, one study]
than either the direct or indirect approaches (direct: 33%, 95% CI 28% to 39%, one study; indirect: 34%,
95% Cl 30% to 37%, two studies).

Diagnostic accuracy of clinical and biochemical criteria and scoring systems

based on these characteristics to diagnose relatives of index cases with familial
hypercholesterolaemia (systematic review 2)

This review aimed to assess the diagnostic accuracy of clinical and biochemical tests among relatives of
index cases with genetically confirmed FH. Nine studies met the inclusion criteria. None of the studies
reported the low-density lipoprotein cholesterol (LDL-C) (or other biochemical characteristics’)
distribution for relatives with and relatives without FH by age and sex; therefore, they could not be used
to directly inform the cost-effectiveness analysis. The included studies suggested that the Dutch
national FH cascade screening programme had relevant data for our research. The data controllers of the
Dutch programme provided aggregate data on the distributions of LDL-C of relatives tested, which were
used to inform the cost-effectiveness analysis of alternative cascade-testing protocols.

Yield of cases in PASS Welsh and Wessex familial hypercholesterolaemia

service databases

We analysed a large sample of index cases (Wales, n = 2618; Wessex, h = 1116) and relatives (Wales, n = 3815;
Wessex, h = 2143) within these FH services to characterise individuals and estimate the yield of different
cascade-testing protocols in the subsequent cost-effectiveness modelling. The performance of alternative
criteria for selecting index cases for genetic testing was also assessed, and predictors of cascade testing success
were evaluated using logistic regression.

In Wales, female relatives, first-degree relatives of index cases and relatives contacted directly by the
service were more likely to complete cascade testing (p <0.01). In Wessex, females were more likely to
complete cascade testing (p <0.01). For relatives, approximately one-quarter of cases were deemed to
be out of the area. Cardiovascular disease (CVD) history was more common in older age groups and
among those with FH, lipid-lowering treatment (LLT) prior to the cascade was more common among
relatives with CVD, and relatives without a CVD history were more likely to be treated prior to cascade
testing if they had FH.

Treatment patterns and short- and long-term outcomes of familial

hypercholesterolaemia cases

The search of relevant systematic reviews looking at the effectiveness of LLTs to prevent CVD in adults
identified 14 systematic reviews; none of these met the methodological quality standards to be included
in the review of reviews. Our analysis of 2879 individuals with a recorded diagnosis of FH in the primary
care data set (CPRD) indicated that only 26% of these individuals are treated with LLT within 2 years of
their diagnosis, and, of those who are treated, < 30% achieve the NICE-recommended reductions in
LDL-C (= 50% reduction).

Cardiovascular outcomes in FH cases were evaluated in the primary care CPRD data and in the specialist
FH (Simon Broome) register. Both data sets were linked to the secondary care data set, HES.

Cardiovascular disease outcomes using the Clinical Practice Research Datalink
(primary-secondary care linked data set)

Patients with FH codes in primary care records and no pre-existing CVD recorded were identified

(n = 14,097) and matched with randomly identified non-FH controls (n = 42,506). Incidence rates of
coronary heart disease (CHD), stroke/transient ischaemic attack (TIA) and peripheral vascula