provided by Central Archive at the University of Reading

University of
<> Reading

Meaningful and measurable health
domains in Huntington’s: large-scale
validation of the Huntington’s disease
health-related quality of life questionnaire
(HDQoL) across severity stages

Article
Accepted Version

Creative Commons: Attribution-Noncommercial-No Derivative Works 4.0

Ho, A. K., Horton, M. C., Landwehrmeyer, G. B., Burgunder,
J.-M. and Tennant, A. (2019) Meaningful and measurable
health domains in Huntington’s: large-scale validation of the
Huntington’s disease health-related quality of life
questionnaire (HDQoL) across severity stages. Value in
Health, 22 (6). pp. 712-720. ISSN 1098-3015 doi:
https://doi.org/10.1016/j.jval.2019.01.016 Available at
http://centaur.reading.ac.uk/81950/

It is advisable to refer to the publisher’s version if you intend to cite from the
work. See Guidance on citing.

To link to this article DOI: http://dx.doi.org/10.1016/j.jval.2019.01.016

Publisher: Elsevier

All outputs in CentAUR are protected by Intellectual Property Rights law,


https://core.ac.uk/display/186324807?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://centaur.reading.ac.uk/71187/10/CentAUR%20citing%20guide.pdf

w woa] University of
< Reading
including copyright law. Copyright and IPR is retained by the creators or other

copyright holders. Terms and conditions for use of this material are defined in
the End User Agreement.

www.reading.ac.uk/centaur

CentAUR

Central Archive at the University of Reading

Reading’s research outputs online


http://www.reading.ac.uk/centaur
http://centaur.reading.ac.uk/licence

Meaningful and measurable health domains in Huntington’s:
Large-scale validation of the Huntington’s Disease health-related Quality of Life
questionnaire (HDQoL) across severity stages
Aileen K Ho'®
Mike C Horton?
G Bernhard Landwehrmeyer®
Jean-Marc Burgunder*
Alan Tennant®
For the European Huntington’s Disease Network

1 School of Psychology and Clinical Language Sciences, University of Reading, U.K.
2 Department of Rehabilitation Medicine, University of Leeds, UK.
3 Department of Neurology, University of Ulm, Ulm, Germany
4 University of Bern, Department of Neurology, Bern, Switzerland
®Swiss Paraplegic Research, Nottwil, Switzerland.
® Royal Berkshire NHS Foundation Trust, Reading, U.K.
Corresponding author: Aileen K Ho, School of Psychology and Clinical Language rea,

University of Reading, Reading RG6 6AL, U.K. E-mail: aileenkho@netscape.net; Tel: +44
(0)118 378 5550

Key words: Huntington’s disease, quality of life, patient reported outcome,
presymptomatic/preclinical Huntington’s disease, questionnaire

Word count: 4189
Running Head: Health-related quality of life in Huntington’s disease
Disclosure: The authors have reported no conflicts of interest.

Word count: 4,168

Number of pages: 24

Number of figures: 0

Number of tables: 5

Supplemental material/Appendices: 3

Funding: This study was funded by the European Huntington’s Disease Network.

Precis: The motor, cognitive and psychological domains of the Huntington’s Disease health-
related Quality of Life questionnaire (HDQoL) are valid for use in presymptomatic and
affected patients.

Acknowledgements: This study was funded by a grant to Aileen K Ho, Mike Horton and
Alan Tennant, from the European Huntington’s Disease Network. We wish to thank the
participants and families involved in this study for their participation, as well as the


mailto:aileenkho@netscape.net

*European Huntington’s Disease Network UK centres and the European Huntington’s
Disease Network Quality of Life Working Group**. This work is dedicated to Christiane
Lohkamp and her family, as well as to the global Huntington’s community who have
supported this project over the years.

* European Huntington’s Disease Network centres:

Aberdeen (NHS Grampian Clinical Genetics Centre & University of Aberdeen): Lorna
Downie, Roisin Jack, Kirsty Matheson, Zosia Miedzybrodzka, Daniela Rae, Sheila A
Simpson, Fiona Summers, Alexandra Ure, Vivien Vaughan

Birmingham (The Barberry Centre, Dept of Psychiatry): Shahbana Akhtar, Jenny
Crooks, Adrienne Curtis, Jenny de Souza (Keylock), John Piedad, Hugh Rickards, Jan
Wright

Bristol (North Bristol NHs Trust, Southmead hospital): Elizabeth Coulthard, Louise
Gethin, Beverley Hayward, Kasia Sieradzan, Abigail Wright

Cambridge (Cambridge Centre for Brain Repair, Forvie Site): Roger A. Barker, Deidre
O’Keefe, Anna Gerrtiz (nee Di Pietro), Kate Fisher, Anna Goodman, Susan Hill,
Sarah Mason, Rachel Swain, Natalie Valle Guzman

Cardiff (Schools of Medicine and Biosciences, Cardiff University): Monica Busse,
Cynthia Butcher, Jenny Callaghan, Stephen Dunnett, Catherine Clenaghan, Ruth Fullam,
Sarah Hunt, Lesley Jones, Una Jones, Hanan Khalil, Sara Minster, Michael Owen, Kathleen
Price, Jenny Townhill, Anne Rosser

Dundee (Scottish Huntington's Association, Ninewells Hospital): David Goudie, Lindsay
Buchanan, Paula McFadyen, Alison Tonner, Anne-Marie Taylor

Edinburgh (SE Scotland Genetic Service, Western General Hospital): Maureen Edwards,
Carrie Ho (Scottish Huntington’s Association), Marie McGill, Mary Porteous, Pauline
Pearson

Exeter (Department of Neurology Royal Devon and Exeter Foundation Trust Hospital):
Timothy Harrower, Sarah Irvine

Fife (Scottish Huntington's Association Whyteman's Brae Hospital): Peter Brockie,
Jillian Foster, Nicola Johns, Sue McKenzie, Jean Rothery, Gareth Thomas, Shona Yates

Glasgow (Glasgow HD Management Clinic, Southern General Hospital): Catherine
Deith, Jane Ireland, Stuart Ritchie

Gloucester (Department of Neurology Gloucestershire Royal Hospital): Pauline Brown,
Liz Burrows, Amy Fletcher, Alison Harding, Kaye Harrison, Fiona Laver, Mark Silva, Aileen
Thomson

Hull (Castle Hill Hospital): Carol Chu, Carole Evans, Deena Gallentree, Stephanie Hamer,
Alison Kraus, lvana Markova, Ashok Raman, Liz Rowett

Launceston (Millaton Court): Alyson Andrew, Julie Frost, Rupert Noad

Leeds (Chapel Allerton Hospital, Department of Clinical Genetics): Jeremy Cosgrove,
Deena Gallantree, Stephanie Hamer, Emma Hobson, Stuart Jamieson , Alison Kraus, Mandy
Longthorpe, lvana Markova, Hannah Musgrave, Caroline Peacy, Ashok Raman, Liz Rowett,
Jean Toscano, Sue Wild, Pam Yardumian

Leicester (Leicestershire Partnership Trust, Mill Lodge): Carole Clayton, Heather Dipple,
Dawn Freire-Patino, Caroline Hallam, Julia Middleton

Liverpool (Walton Centre for Neurology and Neurosurgery): Sundus Alusi, Rhys Davies,



Kevin Foy, Emily Gerrans, Louise Pate

London (St. Georges-Hospital): Uruj Anjum, Jan Coebergh, Charlotte Eddy, Nayana Labhiri,
Meriel McEntagart, Michael Patton, Maria Peterson, Sarah Rose

London (Guy's Hospital): Thomasin Andrews, Andrew Dougherty, Charlotte Golding, Fred
Kavalier, Hana Laing, Alison Lashwood, Dene Robertson, Deborah Ruddy, Alastair
Santhouse, Anna Whaite

London (The National Hospital for Neurology and Neurosurgery): Thomasin Andrews,
Stefanie Gosling (nee Brown), Stefania Bruno, Elvina Chu, Karen Doherty, Charlotte
Golding, Salman Haider, Davina Hensman, Nayana Lahiri, Monica Lewis, Marianne Novak,
Aakta Patel, Nicola Robertson, Elisabeth Rosser, Sarah Tabrizi, Rachel Taylor, Thomas
Warner, Edward Wild

Manchester (Genetic Medicine, University of Manchester, Manchester Academic Health
Sciences Centre and Central Manchester University Hospitals NHS Foundation Trust):
Natalie Arran, Judith Bek, Jenny Callaghan, David Craufurd, Ruth Fullam, Marianne Hare,
Liz Howard, Susan Huson, Liz Johnson, Mary Jones, Ashok Krishnamoorthy, Helen Murphy,
Emma Oughton, Lucy Partington-Jones, Dawn Rogers, Andrea Sollom, Julie Snowden,
Cheryl Stopford, Jennifer Thompson, Iris Trender-Gerhard, Nichola Verstraelen (formerly
Ritchie), Leann Westmoreland

Newcastle-upon-Tyne (Centre for Life, Institute of Medical Genetics): Ginette Cass,
Lynn Davidson, Jill Davison, Neil Fullerton, Katrina Holmes, Suresh Komati, Sharon
McDonnell, Zeid Mohammed, Karen Morgan, Lois Savage, Baldev Singh, Josh Wood

Oxford (Oxford University Hospitals NHS Trust, Dept. of Neurosciences, University of
Oxford): Andrea H Nemeth, Gill Siuda, Ruth Valentine, Kathryn Dixon, Richard Armstrong

Poole (Brain Injury Service, Poole Hospital): John Burn, Rebecca Weekes, Janet Craven,
Wendy Bailey, Caroline Coleman, Diane Haig-Brown, Steve Simpson

Preston (Neurology Department, Preston Royal Hospital): Marianne Hare, Tahir Majeed,
Nicola Verstraelen (Ritchie)

Reading (Royal Berkshire Hospital): Richard Armstrong, Kathryn Dixon, Wendy Barrett,
Aileen Ho

Sheffield (The Royal Hallamshire Hospital— Sheffield Children’s Hospital): Oliver
Bandmann, Alyson Bradbury, Helen Fairtlough, Kay Fillingham, Isabella Foustanos, Paul
Gill, Mbombe Kazoka, Kirsty O’Donovan, Louise Nevitt, Nadia Peppa, Oliver Quarrell, Cat
Taylor, Katherine Tidswell

Southampton (Southampton General Hospital): Christopher Kipps, Lesley MacKinnon,
Veena Agarwal, Elaine Hayward, Kerry Gunner, Kayla Harris, Mary Anderson, Melanie
Heywood, Liane Keys, Sarah Smalley

Stoke on Trent (Bucknall Hospital): George EI-Nimr, Allison Duffell, Sue Wood, Karen
Kennedy (nee Smith)

Swindon (Victoria Centre, Great Western Hospital): Lesley Gowers, Kingsley Powell,
Pamela Bethwaite, Rachel Edwards, Kathleen Fuller, Michelle Phillips

**European Huntington’s Disease Network Quality of Life Working Group:

Walter Bucher, Beatrice de Schepper, John Eden/Sue Beevers and team, George EI-Nimr,
Victor Hendrikx, Alis Hughes, Diana King, Ursula Kleibrink, Rita Kuttruff-Wilschut, Anne
Lenon-Bird/Catherine Paradise and team, Christiane Lohkamp, Marie-Odile Perrousseaux,



Asuncion Martinez, Lilliane Rapaille, Helen Santini, Pavla Sasinkova, Beverley Soltysiak,
Steve Smith, Hans van der Leer, Lucienne van der Meer, Michael Wooldridge, Paola Zinzi.



ABSTRACT (246 words)

Objectives: While health-related quality of life is key for patients with long-term
neurodegenerative conditions, measuring this is less straightforward and complex in
Huntington’s disease. This study aimed to refine and validate a fully patient-derived
instrument, the Huntington’s Disease health-related Quality of Life questionnaire (HDQoL),

and to elucidate health domains that are meaningful to patients’ lived experience.

Methods: Five-hundred and forty-one participants, from pre-manifest to end-stage disease
completed the HDQoL, together with generic quality of life measures, and in-person motor,
cognitive and behavioural assessments. The psychometric properties of the HDQoL were

examined using factor analysis and Rasch analysis.

Results: Four HDQoL domains emerged reflecting the classical triad of HD features - they
were Physical-Functional, Cognitive, and two different behavioural aspects i.e. Mood-Self
domain, as well as a distinct Worries domain. These domains clarify the behavioural sequelae
as experienced by patients, and all showed good to excellent internal consistency. Known
groups analyses illustrated significant and graded changes in clinical assesments and
corresponding HDQoL domains across severity levels. Convergent and discriminant validity
was demonstrated by the expected pattern of correlations between specific HDQoL domains
and corresponding domain-relevant clinical assesments as well as patient-reported measures.

The data demonstrate robust support for the refined HDQoL across disease stages.

Conclusions: The HDQoL with its two distinct behavioural domains of Mood-Self and of
Worries, as well as a Physical-Functional and a Cognitive domain, is a relevant, reliable and
valid patient-derived instrument to measure the impact of Huntington’s disease across all

severity stages.



Introduction

Neurodegenerative disorders have a devastating impact on individuals. The insidious
nature of onset is no comfort to those confronted by the spectre of progressive losses, often at
the prime of their lives. The multidimensionality of the concept of quality of life is
particularly relevant in chronic and degenerative disease (1). Health-related quality of life is
an important concept that provides insight into the wider impact of disease on everyday life.
It is crucial to the evaluation of interventions from the patients’ perspective, and is of
paramount importance to the individual and their families (2).

Huntington’s disease (HD) is a fully penetrant neurodegenerative disorder
characterized by motor, cognitive and behavioural disturbances that typically occur in mid-
life (3). Accurate and meaningful measurement of health-related quality of life to capture the
true impact of HD on personal well-being and life satisfaction is key, especially in the
absence of proven disease modifying treatment, and where the protracted course of disease
and gradual loss of function is in the order of decades rather than years. Due to the
availability of genetic testing for HD, and the complex constellation of signs and symptoms
of HD leading to the subsequent multidimensional impact on patient’s lives, it is important
that a disease-specific measure is used in order to adequately capture the impact of living
with HD. Data from our studies (4, 5) and others (6, 7) provide indications that generic scales
are unlikely to comprehensively capture the true impact of living with all aspects of a
medically complex condition such as HD, which has profound genetic and psychological
ramifications. While there has been some HD-specific work (8-11) there is still need for a
psychometrically robust and fully patient-derived instrument that comprehensively captures
and measures the full impact of HD in patients lives.

The Huntington’s Disease health-related Quality of Life questionnaire (HDQoL) has
been generated directly from in-depth individual interviews (11, 12) with patients

representing the full spectrum of HD from presymptomatic to late stage. Feedback on the



pertinence of these initial interview items were obtained from 281 people across Europe and
Canada with different levels of HD severity, including pre-symptomatic and at-risk
individuals. The resultant 40 item HDQoL was shown to be a reliable instrument with high
test-retest correlation coefficients of 0.7 and over for all domains (11, 13). Development of
the HDQoL was therefore fully driven by patients from the ground up to allow concepts to
emerge from patients’ views, so that each domain and item is directly relevant to the lived
HD experience and perspective. This facilitated maximal capture of relevant health concepts
for a fully coherent and patient-derived framework which is consistent with the patient-
centred FDA requirements for patient-reported outcomes (14). The strong patient-focused
ethos and extensive multinational representation in its development sets the HDQoL apart as
a patient-reported health outcome measure that truly represents the patient perspective in
clinical trials and intervention studies.

In this paper, we present a large-scale psychometric evaluation of the Huntington’s
Disease health-related Quality of Life questionnaire (HDQoL) in order to validate its use in
patients across the full spectrum of disease, and to capture the consequences of living with
this disease comprehensively.

METHOD
Participants

This cross-sectional multi-centre study involved a total of 541 English speaking
individuals living with HD. They were recruited through twenty-nine UK centres of the
European Huntington’s Disease Network (EHDN) REGISTRY observational study and also
directly through six care homes in the UK. In addition to family history records, 93.2% of
participants had CAG (cyctosine adenine guanine) repeat information regarding individual
HD genetic status confirming HD diagnosis.

Participants comprised individuals with at risk (N=14), gene positive presymptomatic

status (N=158) as well as patients with clinically manifest motor symptoms spanning the full



trajectory of HD severity, from Stage 1, i.e. TFC 11-13 (N=80), Stage 2, i.e. TFC 7-10
(N=142), Stage 3, i.e. TFC 3-6 (N=106), and Stages 4 and 5, i.e. TFC 0-2 (N=40), and one
participant without this information recorded. Of the 541 participants, 280 (51.8%) were
female patients, 238 (44.0%) were married or living with a partner, and 107 (19.8%) were in
paid employment. The mean age was 50.1 (SD 12.6) years, and mean number of expanded

CAG repeat size was 43.2 (SD 4.5), ranging from 17 up to 70 repeats.

Measures

The clinician-rated Unified Huntington’s Disease Rating Scale (UHDRS) (15) was
performed in this study, including the following sections, i.e. Total Motor Score (TMS)
motor examination (high scores indicate poorer function), Total Functional Capacity (TFC)
assessment of everyday function in 5 domains (low scores indicate poorer function), Total
Functional Assessment (TFA) 25-item checklist of functional tasks domains (low scores
indicate poorer function), and Independence Scale (IS) 0-100 score (low scores indicate
poorer function and greater dependency). Measures of cognitive performance used were
psychomotor tasks that tap executive function, namely verbal (letter/phonemic) fluency (16),
Stroop colour naming, word reading, and interference condition (17) and the Symbol Digit
Modalities Test (18). The scoring and interpretation of these measures and of those below are
summarised in the supplementary Appendix 1.

The most common neuropsychiatric symptoms in HD were determined via a semi-
structured interviews of patients (with partners acting as informants where present) by a
clinician, using the 11-item short version of the Problem Behaviours Assessment Scale
(PBA-s) (19). The more robust severity (rather than frequency) scores (20) on a five-point
scale were used, where higher scores indicate poorer outcome.

Health-related quality of life was measured using two generic scales, the SF-36 (21)

and the EQ-5D-3L (22). The SF-36 has been validated in HD (5) and contains 36 items that



contribute to two summary scales, the physical summary score and the mental summary score
on a 0 to 100 scale with 100 being no impairment and 0 being severe impairment; scores are
standardized using a norm based mean of 50 and standard deviation of 10, with higher scores
indicating better HrQOL. The EQ-5D-3L is a generic measure which comprises five
questions on mobility, self-care, pain, usual activities, pain/discomfort and psychological
status using a three-point scale, and generates a summary index (0 to 1, where 1 is best).

The Huntington’s Disease health-related Quality of Life questionnaire (HDQoL) (11)

(see www.hdgol.info) is a disease-specific patient-reported outcome measure developed

directly from interviews with HD patients (12). Therefore each item comprises a relevant
aspect of health-related quality of life for which participants provide a self-reported response
on a Likert scale. Initial pilot work suggested that the HDQoL items could be clustered into
three overarching primary factors i.e., Primary Physical and Cognitive, Primary Emotions
and Self, and Primary Services, or into six more specific scales i.e., Specific Physical and
Functional, Specific Cognitive, Specific Hopes and Worries, Specific Mood State, Specific
Self and Vitality, and Specific Services. On each of these scales scoring was between 0 to
100 scales, higher scores indicate better health-related QoL.
Process

Building on initial pilot work (11), the objective was to obtain data from a large
representative sample of HD patients, in order to carry out a robust validation of the HDQoL,
using both factor analysis and Rasch analysis (23). This combination of analytic approaches
provides information to enable the scale domains to undergo a full psychometric evaluation
and to be refined as appropriate. All factor analyses were carried out using the MPlus 6
computer software (24), and all Rasch analyses were carried out with the RUMMZ2030
computer software (25). Rasch analysis is based on a unidimensional mathematical model,
used to evaluate the legitimacy of summing items to generate measurements in logit units

(25). The difference between observed raw scores and the Rasch model estimated
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measurement indicates the extent of non-linearity in the ordinal raw score (26). Rasch
analysis was used within each domain to evaluate: response category structure, individual
item fit, overall scale fit and reliability, relative item-person distribution (targeting), response
dependency, unidimensionality, and item group bias (Differential Iltem Functioning — DIF) by
age, gender, education level and marital status (27, 28).

For known groups validity, we expected synchrony between HDQoL domains and the
corresponding clinical measures used, where both would reduce with increasing disease

severity levels.

RESULTS
Scale descriptive data

Data regarding scale completion time was available for 359 patients. Among these,
the mean completion time was 22.6 minutes (SD 17.9), the median was 18 minutes (IQR 10-
30), with a range of 2-120 minutes; where late stage patients were allowed breaks throughout
the questionnaire. When examined by disease stages, the full 40-item HDQoL was completed
on average in 11.6 minutes for at-risk/presymptomatic participants, 22.4 minutes for Stage 1,
24.7 minutes for Stage 2, 27.2 minutes for Stage 3, and 36.4 minutes for Stages 4 and 5. All
items reported excellent completion rates. The item with the largest amount of missing data
was item 6 (Hobby), which recorded a non-response rate of 2.8%.
Analysis — scale refinement

Initially, a confirmatory factor analysis (CFA) was carried out to test the original
factorial structure(s) as proposed by the pilot work. The Primary Scale Structure (3 factors)
was not fully supported, with the 3-factor model displaying an RMSEA of 0.1, a Chi-Square
p-value < 0.001, a CFl of 0.93 and a TLI of 0.92. Additional error correlations were included
to account for the dependency within each factor, but the structure was still not fully

supported (RMSEA 0.08, Chi-Square p-value <0.001, CFI 0.96, TLI 0.95).
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The Specific Scale Structure (6 factors) fared slightly better, with the 6-factor model
displaying an RMSEA of 0.08, a Chi-Square p-value <0.001, a CFl of 0.94 and a TLI of
0.94. Additional error correlations were included to account for the dependency within each
factor, but the structure was still not fully supported (RMSEA 0.07, Chi-Square p-value <
0.001, CF1 0.96, TLI10.96).

Each individual domain subscale was also assessed, in both the 3-factor and 6-factor
structure. Within this analysis, very few of the subscales were fully supported by the results
of the CFA, and a lot of error correlation was necessary to account for apparent dependency.
Additionally, the Primary Physical & Cognitive Function scale immediately fractured into the
two elements of ‘Physical’ and ‘Cognitive’.

As the CFA did not fully support the early scale structures arising from the pilot work,
an Exploratory Factor Analysis was carried out in order to provide guidance as to the likely
number of relevant factors (domains) within the item set, and how these aligned with the
conceptual underpinning of the item set based on the conceptual framework offered by the
International Classification of Functioning, Disability and Health (ICF) (29). This analysis
was based on a polychoric correlation matrix (to best account for the ordinal polytomous
items) using a promax rotation.

The alignment of the statistical and conceptual models served as a guide to allow for
the identification of the potential constituent items of each individual domain. The basis of
this was the Exploratory Factor Analysis model with 6 Factors (RMSEA = 0.048), as detailed
in Table 1. Within this model, two of the items appeared to be loading as a ‘bloated specific’,
which occurs when highly dependent items, which are often paraphrases of each other,
appear to look like a separate factor, but are really just a display of specific variance (30, 31).
This ‘bloated specific’ was a single factor containing mainly items 33 (Irritated) and 34
(Temper). These items were therefore grouped, on a conceptual basis, with the factor

representing the ‘Mood & Self” set of items.
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The final result to progress onto the next stage was four sets of items representing
four domains which contribute towards the quality of life of a HD patient: ‘Physical-
Functional’, ‘Cognitive’, ‘Mood-Self’ and ‘Worries’.

Additionally, ‘Services’ is identified as a potential domain, but this should be treated
as distinctly separate from the rest of the domains as service provision is not a property of the
individual.

- Insert Table 1 about here —

Rasch Analysis

Rasch analysis for each HDQoL domain are presented below, with preliminary and
final domain fit statistics summarised in Table 2 for each domain.

- Insert Table 2 about here —

Physical Domain

In the Physical domain analysis, the twelve HDQoL items were initially included.
There was some misfit at the overall scale level and the individual item level, although the
item set did display evidence of unidimensionality. Additionally, at this initial stage all items
displayed disordered thresholds. The final item set was obtained following the rescoring of all
items, and the removal of two items displaying large under-discrimination item misfit (item
5: Had difficulty maintaining your weight; and 11: Got tired easily). Within this final item set
of ten, a degree of dependency was still present, which was subsequently accounted for

through a subtest procedure (32).

Cognitive Domain
The Cognitive domain analysis started with twelve items. Initially, there was some
misfit at the overall scale level and the individual item level, all but one of the items

displayed disordered thresholds, and the item set also displayed some evidence of a lack of
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unidimensionality. The final item set of eight was obtained following the removal of four
items (11: Tired; 12: Sleep; 21: Remember Date; and 26: Get on with life). Items 11, 12 and
26 were initially cross-loading items (EFA factor loadings in more than one domain), and
within the cognitive set these three items were all clear anomalies, displaying an under-
discrimination misfit. Item 21: Remember Date was removed due to both an under-
discrimination misfit and a dependency with item 18: Everyday memory, and a problematic
interaction between these issues. One significant dependency was accounted for through

combining items 13 & 14 into a subtest, whilst retaining all other items individually.

Mood-Self Domain

The Mood-Self domain analysis started with eleven items. Initially, there was some
misfit at the overall scale level and the individual item level and 7 of the 11 items displayed
disordered thresholds, although the item set did display evidence of unidimensionality. The
final item set of six was obtained following the rescoring of all items and the removal of three
items (26: Get on with life, 30: Personal wishes and 34: Temper). Item 34 (Temper) was
removed due to a large under-discrimination misfit and a large dependency with Item 33
(Irritated), and a problematic interaction between these issues. Items 26 (Get on with life) and
30 (Personal wishes), were both removed due to large over-discriminations, meaning that
these two items have a certain dependency with the overall domain score, which means that
they cannot be validly included within the item set as individual items. There was no

significant dependency within the remaining item set.

Worries Domain
Six items were included in the Worries domain analysis. Initially, the fit at the overall
scale level and the individual item level was reasonably good, and the item set also displayed

evidence of unidimensionality, although at this stage all items displayed disordered
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thresholds. The final item set remained the same, but all items were rescored, and the optimal
approach to account for the dependency within the domain was to combine all of the items
within two subsets: Items 11, 12 and 32 (Tired, Sleep, and Financial Concerns) were
combined into one subtest, and items 22, 23 and 36 (HD family worry, HD worry, and

Other’s attitude to HD) were combined into the other subtest.

Services Domain

A small set of items regarding services was identified in the exploratory factor
analysis as a separate Services factor, as this arose directly from previous qualitative work
indicating that this was relevant and important to patients’ health-related quality of life. As
there were only three items (see Table 1 items 38, 39 and 40), the level of analysis was
restricted compared to the other domains. These items were primarily concerned with the
services that has been received by the individual, and therefore contribute to a set of service
level indicators. Furthermore, these services-related items are extrinsic to patients and
different from the other four intrinsic HDQoL domains. Therefore validation data on this

separate Services domain is presented as supplemental information in Appendix 1.

DIF

Overall, for the final analysis stage of each domain, only 4 out of 92 (4.3%) separate
uniform DIF tests displayed evidence of some DIF.

Although some evidence of DIF has been found, the extent and magnitude of the
present DIF is unlikely to have any significant impact on any domain scores that are obtained.
Throughout the analysis, at the individual-item level the entire item set is very stable among
different gender, educational level and marital status groups, with the only real potential
issues arising through potential bias caused by age. However, it could be argued that DIF-by-

age may always be present within this sample due to the interaction of the age of the patients
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and the pattern of disease progression.

Psychometric data

The psychometric properties of the HDQoL were found to be acceptable, as detailed
in Table 3. As the sample included presymptomatic participants, the slightly elevated ceiling
effect for the Physical and Cognitive domains was consistent with this. All of the domain
SEM% values were 10.25% or lower, indicating a minimal difference between observed
scores and likely true scores.

- Insert Table 3 about here —

Convergent and divergent validity

Spearman correlations between the HDQoL dimensions and generic quality of life and
clinical assessments are reported below (Table 4). The HDQoL Physical domain shows
strong correlations with the motor and functional clinical assessments as well as the motor-
related elements of the SF and EQ-5D, relative to other non-motor measures.

The HDQoL Cognitive subscore shows the expected correlations with the cognitive
assessments performed, and since these cognitive assessments are not ‘pure’ and encompass
psychomotor skill as well due to a dependence on a speech, oculomotor and/or upper limb
motor response, there are also strong correlations with motor measures as well.

The HDQoL Mood-Self domain and to a lesser extent the Worries domain also show
higher correlations with relevant items from the PBA such as depressed mood, anxiety,
irritability and apathy as well as the SF36 mental component and EQ-5D Anxiety/Depression
item, relative to other motor or cognitive measures. While these two domains are
conceptually and statistically related (rs=0.73,p<0.01), the nature of the worry-specific items
captures an underlying health concern which is a more specific and distinct element of patient

health, and this is reflected in the lower correlations with behavioural measures relative to the
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broader Mood-Self domain. Consistently, the more discrete Worries domain was also slightly
less strongly correlated with the Cognitive (rs=0.66,p<0.01) and Physical (rs=0.59,p<0.01)
domains, than was the broader Mood-Self domain was ((rs=0.76,p<0.01) and
(rs=0.61,p<0.01) respectively).

Overall, the pattern of correlations above are in line with expectations showing
appropriate convergent and divergent validity for the HDQoL. Interestingly, while there were
generally strong correlations between the global/general scores with the Physical-Functional
domain, and to a lesser extent also the Cognitive domain, this was not so much the case for
the domains of Mood-Self and Worries, suggesting both the distinctness and importance of
tapping these more psychological HDQoL domains directly.

- Insert Table 4 about here —

Construct validity

Known groups analysis was conducted to examine HDQoL domain scores when
participants were separated into different severity quartiles or levels based on key clinical
assessments i.e., UHDRS total motor score, cognitive verbal fluency total correct score and
Problem Behaviour Assessment-short (PBA-s) depressed mood severity score and PBA-s
anxiety severity score . One-way ANOVAs showed that participants in different quartiles and
severity levels had significantly different HDQoL domain scores (Table 5). There were
significant Tukey pairwise comparisons between levels of severity, such that poorer motor,
verbal fluency and PBA-s scores corresponded with poorer HDQoL scores on the relevant
domains, thereby demonstrating robust known groups validity.

- Insert new known groups validity Table 5 about here —

DISCUSSION
Data from this study demonstrate a robust validation of the refined HDQoL in a large

sample of genetically verified HD patients spanning the full trajectory of disease stages. The
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substantial body of data from this psychometric evaluation allowed for a definitive
consolidation and refinement of the putative HDQoL structure (11), revealing four clear and
meaningful domains that reflect patients’ lived experience, i.e. Physical-Functional,
Cognitive, Mood-Self and Worries. The separate Services domain is an external aspect that
reflects patients’ ongoing navigation of the health system.

The four HDQoL domains strongly reflect the classical clinical triad of HD features,
with the physical, cognitive and behavioural aspects represented. The latter is construed as
two distinct domains, Mood-Self and Worries, which also map on to well-recognised
psychological constructs of worry, low mood and also self-image. These two psychological
domains delineate the behavioural aspects of HD from the patient perspective in the context
of living with a complex and progressive long-term condition. The natural emergence of this
classic triad within the HDQoL reflects the strength of the fully patient-derived heritage of
the HDQoL, and its simultaneous relevance to care from both patient and clinician
perspectives.

Within the the HDQoL, DIF was largely absent across domains, and where it was
manifest, such as age, it made sense at a conceptual level, with its link to progression, and
therefore to correct for this DIF may not actually be optimal to the measurement process (33).

The small Services domain is a somewhat separate and external element of the
HDQoL. However, because health care and management was nonetheless a relevant factor in
the experience of the patients’ disease journey in the underpinning qualitative work, this
domain can be used for information to get an indication of care and service evaluation. It may
have value as a useful moderator for any model, as the extent of services may influence
outcome.

In a disease like HD where impairment and loss cuts across the whole repertoire of
human behaviour, the importance of a fully patient-derived instrument consistent with FDA

patient-reported outcome measure guidance (14) becomes even more crucial. To be relevant,
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the content and structure of a scale must stem from the unique perspective of patients,
drawing from their everyday lived experience. Each and every item within the refined
HDQoL domains originated directly from the experience of patients living in the complex
and multi-faceted shadow of HD. It was also important to validate HD specific scales using a
large sample of patients across the full trajectory of disease at a higher level of granularity, to
fully capture the impact of disease. Additionally, use of the Rasch measurement model and
robust evidence of the validity and reliability presented here supports the value and
meaningfulness of the HDQoL scores. It is for these reasons the HDQoL has advantages and
provides a more direct and germane measurement of health-related quality of life in HD.
Where HD genetic testing uptake remains the exception rather than the norm, contrary
to initial expectations, there is no valid replacement for confidentially disclosed patients’
experiences in a complicated and all-encompassing disease like HD. Especially where
changes in cognition and psychological emotion regulation are part and parcel of the disease,
this phenomenological experience is most authentically elicited using individual interviews
conducted in the privacy of patients’ homes to allow for free expression of personal
experiences that are uncontaminated by external influences (34). Non-HD specific items,
general HD focus group discussions, theoretical discourse, clinical judgement or academic
analysis cannot really provide a substitute for the actual words and expressions embodied in
the HDQoL, which were derived from authentic individually-elicited first hand accounts of
living with HD. These direct accounts anchor the HDQoL (11, 12) and provide a strong basis
to elucidate the complex psycho-emotional aspects of (anticipation of and) decades of life
with a degenerative condition as understood by patients. The Worries domain taps into
specific concerns about the health impact on patients’ lives and families, and is indeed
separable, through related to the more emotionally oriented and self-reflective elements of
their experience of life with Huntington’s as captured by the Mood-Self domain. These two

domains provide a better understanding and conceptualisation of psychological aspects that
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patients can identify with and serve to inform approaches to person-centred therapy and care.
They also have a clearer clinical resonance and have implications in monitoring and
intervention.

The four key HDQoL domains provide a meaningful profile of scores that cover the
triad of HD symptomatology as perceived by the patient. While this profile reflects the
multidimensional concept of health-related quality for life and allows for measuring discrete
areas or strengths and weaknesses, this also means the absence of an overall composite score.
Another practical limitation of this UK-wide study means that future work beyond this
sample would be helpful to strengthen the applicability of the HDQoL more globally. The
strengths of the study include the representation across severity levels, including later stage
patients up to Stage 5 who were in care homes, and also the clinical measures employed to
establish the validity of the HDQoL

In conclusion, this study provides robust psychometric support for the refined HDQoL
across disease stages, showing that it is fit for purpose in measuring the impact of disease in
patients’ lives in a meaningful way. This underpins its suitability for use in clinical
intervention trials, where any effects on the triad of HD symptoms can be investigated from
the patients’ perspective to examine the felt impact on patients’ lives. In this way, patients’
perspectives can more formally contribute to decision making in clinical management and

care in order to promote a more person-centred approach in HD.



Table 1. HDQoL factor loadin

S, separate Services domain in grey.

Iltem | HDQoL Item _ - . &
Descriptor | ‘_(IS § é’ g g g B _3, y g
25 e = S © 823 S
g8 |8 |8 |E |Ess |5
o =" g
2
1 Carrying things 0.77
2 Balance 0.83
3 Walking 0.96
4 Jobs around the house | 0.78
5t Weight 0.36
6 Hobby 0.55 0.33
Dressing 0.90
Swallowing 0.65
Eating 0.80
10 Operate television 0.74
27 Independence 0.58 0.35
13 Multitask 0.30 0.67
14 Slow 0.29 0.68
15 Use words 0.61
16 Concentration 0.77
17 Decision making 0.85
18 Everyday memory 0.75
19 Organise day 0.73
20 Follow conversation 0.57
211t | Remember date 0.62 0.21
261 | Get on with life 0.22 0.65
24 Hope 0.34 0.55
25 Motivation 0.45 0.51
28 Confidence 0.31 0.56
29 Low mood 0.62 0.27
30t Personal wishes 0.73
31 Role in family 0.58
33 Irritated 0.20 0.70
341 | Temper 0.95
35 Socialise 0.35 0.28
37 Support 0.52
11 Tired 0.35 0.34 0.19
12 Sleep 0.37 0.34
22 HD family worry 0.84
23 HD worry 0.93
32 Financial concerns 0.28 0.23
36 Other's attitude to HD 0.25 0.37
38 Services for HD 0.87
39 Management of HD 0.88

20
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‘ 40 | Information on HD ‘ ‘ ‘ ‘ ‘ 0.82 |

Factor loadings <0.20 suppressed; t Items removed from final domain item set after Rasch analysis. Separate
Services domain in grey.



Table 2 — Rasch Analysis Summary Results of Individual HDQoL Domains.

Item Fit Person Fit . . Unidimensionality T-
Residual Residual Chi Square Interaction PS Tests (CI)
. . lower
Analysis Nu_mber of valid Mean | SD | Mean | SD | Value df p with NO % bound
items n extrms | extrms
95% ClI
Initial 12 items 481 -0.55 | 2.8 041 14 287 96 0 0.82 0.86 3.33% -
Physical i
y Final _toiems | o0t 503 | 18| -047 | 12| 69.47 48| 0.02 0.81 0.84 3.31% -
in 6 subtests
Initial 12 items 499 -0.02 | 3.9 -056 | 1.9 356.8 96 0 0.88 0.9 7.47% 5.60%
Cognitive i
g Final o sitems | jeal 007| 1.6| -055| 1.4 65.23 49| 0.06 0.88 0.88 2.38% -
in 7 subtests
Mood & Initial 11 items 505 0.04 | 3.2 -051 | 1.7 272.3 88 0 0.86 0.88 4.39% -
Self Final 8 items 483 0.17 ] 1.5 -0.41 1.3 | 8394 64 0.05 0.83 0.83 2.92% -
Initial 6 items 516 05| 1.7 -0.36 | 1.3 | 71.32 48 0.02 0.75 0.72 4.26% -
Worries . 6 items
Final . 510 0.44 ] 0.2 -0.5 1 19.6 16 0.24 0.58 0.53 0.59% -
in 2 subtests
Ideal
0 1 0 1 >0.05 >0.85 >0.85 <5% <5%
Values
>0.7 >0.7

Note: Rasch analysis summary results for the separate Services domain are presented as supplemental information in Appendix 2.




Table 3. Descriptive data and psychometric properties of the HDQoL.

23

. Floor | Ceiling | Cronbach’s
Scale 0-100 N Percentiles Effect | Effect Alpha
Scores_(ngher Mean sSD Median Skewness | Range | Min. | Max. 0-10 90-100 | Taken from | SEM 1.96 x
score=Better valid | missin o5 50 75 on on raw scores SEM
Qol) 9 total total

score | score
Physical-
Functional 541 0 | 66.77 | 21.07 62.97 | 51.15 | 62.97 | 81.94 0.05]| 93.69(6.31| 100 | 0.2% | 15.9% 0.92 9.18 18.00
Domain
Cognitive o o
Domain 528 13 | 62.91 | 20.74 61.55 | 49.98 | 61.55| 76.09 -0.04 100 0| 100 | 1.3% | 15.0% 0.94 7.18 14.08
Mood-Self
Domain 526 15| 61.74 | 18.02 59.25 50.8 59.25 70.41 0.21 100 0 100 | 0.4% | 7.8% 0.89 7.43 14.56
Worries Domain 535 6 | 61.23 | 15.81 59.92 | 50.67 [ 59.92 | 68.96 -0.06 100 0| 100 0.4% | 3.7% 0.79 10.25 20.08

Note: Rasch analysis summary results for the separate Services domain are presented as supplemental information in Appendix 2.
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Table 4. Spearman Correlations between HDQoL dimensions, clinical and questionnaire measures.

Domain 0-100 Score (100=High Qol)

Phys!cal- Cognitive Mood-Self Worries

Functional
Motor/Functional
UHDRS Total Motor Score -0.68 -0.42 -0.17 -0.18
UHDRS Total Functional 0.76 0.55 0.32 0.29
Assessment Score
UHDRS Independence Scale 0.76 0.54 0.30 0.29
EQ-5D Mobility -0.73 -0.50 -0.31 -0.36
EQ-5D Self-Care -0.63 -0.39 -0.25 -0.28
EQ-5D Activity -0.68 -0.56 -0.39 -0.40
EQ-5D Pain/Discomfort -0.35 -0.25 -0.18 -0.28
SF-36 PCS 0.73 0.46 0.30 0.37
Coghnition
Symbol Digit Modalities Test 0.63 0.43 0.22 0.18
Stroop Interference task 0.61 0.43 0.18 0.21
Verbal Fluency task 0.56 0.38 0.18 0.15°
Perseverative thinking/behaviour
(Problem Behaviour Assessment) 035 0.34 0.25 018
Disoriented behaviour o
(Problem Behaviour Assessment) 0.22 0.22 0.17 011
Behavioural
Depressed Mood
(Problem Behaviour Assessment) 014 0.27 0.4 -0.39
Anxiety
(Problem Behaviour Assessment) 0.24 0.37 0.40 0.34
Irritability
(Problem Behaviour Assessment) 019 0.23 0-30 0.26
Lack of Initiative/Apathy
(Problem Behaviour Assessment) 0.37 0.42 0.38 0.28
EQ-5D Anxiety/Depression -0.31 -0.46 -0.61 -0.50
SF-36 MCS 0.38 0.59 0.73 0.57
General
EQ-5D Index Value (UK) 0.71 0.58 0.48 0.49
SF-36 v.2 score 0.79 0.72 0.69 0.64
Global Clinical Impression® 0.70 045 024 0.27
(Lower value = Lessiill)
Disease Burden scoreP -0.51 -0.29 -0.14 -0.14
Prognostic Index°® -0.65 -0.39 -0.16 -0.15

b Penney, J. B., Vonsattel, J.-P., Macdonald, M. E., Gusella, J. F., & Myers, R. H. (1997). CAG repeat number governs the development rate of
pathology in Huntington's disease.Annals of Neurology, 41(5), 689-692. doi: 10.1002/ana.410410521

€ Long, J. D., Langbehn, D. R., Tabrizi, S. J., Landwehrmeyer, B. G., Paulsen, J. S., Warner, J., & Sampaio, C. (2016). Validation of a prognostic index
for Huntington's disease.Movement Disorders, n/a-n/a. doi: 10.1002/mds.26838
a Guy W, editor. ECDEU Assessment Manual for Psychopharmacology. Rockville, MD: US Department of Heath, Education, and Welfare Public

Health Service Alcohol, Drug Abuse, and Mental Health Administration; 1976.

All correlations are statistically significant at p<0.01, except where indicated as:

®
Non-significant at 0.01<p<0.05
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b Non-significant at 0.05<p
Note: Rasch analysis summary results for the separate Services domain are presented as supplemental
information in Appendix 2.

Table 5. Mean HDQoL domain scores for different quartiles or levels of clinical measures demonstrating known
groups validity.

UHDRS Quiartile 1 Quartile 2 Quartile 3 Quartile 4 F p-value
Total Motor Score (0-5) (6-22) (23-41) (42-124)

n=125 n=122 n=121 n=123
HDQoL Physical-
Functional ab.cd.ef 87.35 72.69 61.15 50.31 132.13 <0.0001
Verbal fluency Quartile 1 Quartile 2 Quartile 3 Quartile 4 F p-value
Total correct (0-8) (9-13) (14-19) (20+)

n=69 n=79 n=77 n=71
HDQoL
Cognitive bode 52.47 57.01 67.84 71.59 1456 <0.0001
PBA-s depressed mood 1 Absent 2 Slight 3 Mild 4&5 Mod&Sev  F p-value
Severity score n=189 n=41 n=101 n=35
HDQoL
Mood-Self beef 69.69 62.82 57.46 45.38 29.89  <0.0001
PBA-s anxiety 1 Absent 2 Slight 3 Mild 4&5 Mod&Sev  F p-value
Severity score n=165 n=61 n=117 n=32
HDQoL
Worries boef 67.53 63.39 59.24 46.25 22,56 <0.0001

Significant Tukey’s pairwise comparisons (p<0.05) indicated by the following: 2 between Quartile 1 and Quartile 2,
or between absent and slight; ® between Quartile 1 and Quartile 3, or between absent and mild; ¢ between Quartile 1
and Quartile 4, or between absent and moderate/severe; ¢ between Quartile 2 and Quartile 3, or between slight and
mild; ¢ between Quartile 2 and Quartile 4, or between slight and moderate/severe; f between Quartile 3 and Quartile
4, or between mild and moderate/severe. Note, for the HDQoL (0-100) and verbal fluency scores, higher scores are
better; for the UHDRS Total Motor Score and Problem Behaviour Assessment —short (PBA-s) scores, higher scores
indicate poorer function.
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