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ABSTRACT

Purpose: Generic preference-based measures often lack validity in states of impaired mobility. Our aim
was to derive a novel health state classification system from the MobQoL tool, for the purpose of prefer-
ence-based measurement of states of impaired mobility.

Materials and methods: Data were collected through online and postal surveys. Respondents were
recruited through the NHS, charitable organisations and HealthWise Wales. Statistical and psychometric
analyses were used to assess the validity and reliability of the MobQoL tool. Exploratory factor analysis
and Rasch analysis were used to determine dimensional structure and to select items for the MobQolL
health state classification system.

Results: Three hundred and forty-two respondents completed the survey. Respondents had a wide range
of different mobility impairments. Nine of the MobQoL items demonstrated adequate validity and reliabil-
ity. Exploratory factor analysis and Rasch analysis confirmed two sub-scales within the item structure: 1)
physical and role functioning, and 2) mental wellbeing. Seven items were found to have adequate model
fit and were retained in the final health state classification system, called the MobQoL-7D.

Conclusions: The MobQoL-7D contains seven dimensions of mobility-related quality of life: accessibility,
contribution, pain/discomfort, independence, self-esteem, mood/emotions and anxiety. Population level
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preference weights are now needed for different states of mobility impairment.

> IMPLICATIONS FOR REHABILITATION

e Mobility impairment has distinct impacts on mental wellbeing and physical/role functioning.

e The MobQoL-7D will facilitate accurate preference-based outcome measurement in populations with
impaired mobility, which in turn will promote methods of economic evaluation in this context.

e MobQoL-7D offers a concise and valid tool for rehabilitation professionals to measure and monitor
mobility-related quality of life as part of routine clinical practice.

Introduction
Prevalence of mobility impairment

In the UK, over 14.1 million people live with an impairment, dis-
ability or limiting chronic illness; approximately 44% of older peo-
ple, 18% of working age adults and 8% of children are classified
as having a disability [1]. Mobility impairment is the leading cause
of disability in the UK; 48% of people with a disability have some
form of impairment or limitation to their mobility [1]. National
Health Service (NHS) posture and mobility services support more
than 1.2 million people each year with long-term mobility needs,
almost half of which are working age adults [2].

The NHS provides many different interventions, therapies and
assistive technologies to maintain, facilitate and improve inde-
pendent mobility. Amongst the most commonly supplied inter-
ventions are mobility aids, such as powered and manual
wheelchairs. In the latest reported quarterly data, over 700,000
patients were registered with an NHS wheelchair service in

England alone [3]. It is estimated that the NHS spends almost
£200million each year on the provision of wheelchairs [2].

At present there is limited robust economic evidence to inform
the design of posture and mobility services, or to guide the provi-
sion of mobility aids and other mobility-enhancing interventions
in an evidence-based manner [4]. This is true across the world,
particularly in developing countries where the economic evidence
base for assistive technology is particularly limited [5]. Globally, 20
million people with mobility impairments do not have access to
adequate mobility aids [6], which has a major impact on their fun-
damental freedoms and equality of opportunity [7].

Applying methods of economic evaluation

Resources for healthcare in public health systems like the NHS are
fundamentally limited. In order to promote efficiency and cost-
effectiveness, evidence is needed to guide decisions about fund-
ing and resource allocation. For the economic evaluation of novel

CONTACT Nathan Bray ) n.bray@bangor.ac.uk
@ Supplemental data for this article can be accessed here.
© 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in
any way.


http://crossmark.crossref.org/dialog/?doi=10.1080/09638288.2020.1844319&domain=pdf&date_stamp=2020-11-11
http://orcid.org/0000-0001-7646-5435
http://orcid.org/0000-0003-4748-5730
https://doi.org/10.1080/09638288.2020.1844319
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.tandfonline.com

2 N. BRAY AND R. TUDOR EDWARDS

and existing health technologies, the National Institute for Health
and Care Excellence (NICE) in the UK recommends the quality-
adjusted life year (QALY) approach to outcome measurement [8].
NICE provide independent guidance to the NHS based on evi-
dence of cost-effectiveness, typically using cost per QALY esti-
mates to inform decisions.

QALYs are calculated using generic (i.e., not condition or dis-
ease specific) preference-based measures of health-related quality
of life. Preference-based measures are systems of health state
classification, where each combination of answers represents a
different health state. Each potential health state is assigned a
utility weight derived from societal preference for that state.
These preference weights typically range from death (0) to perfect
health (1) and are traditionally estimated from the views of a sam-
ple of the general public. QALYs are calculated by multiplying the
amount of time spent in a given health state by the relative desir-
ability of that state.

The QALY framework has become increasingly influential in
health policy as a theoretically universal and generic approach to
measuring benefits via a single common outcome. However, due
to the generic nature of commonly used preference-based meas-
ures, they may lack sensitivity in certain patient groups [9,10]. For
instance, in health states where quality of life takes precedent
over quantity of life (e.g., chronic illness and disability) QALYs can
undervalue intervention effectiveness [11].

Preference-based measures and mobility impairment

The use of generic preference-based measures, such as the EQ-5D
and HUI systems, has been relatively limited in the context of mobil-
ity impairment, particularly congenital mobility impairment [12]. In
conditions such as cerebral palsy and spina bifida, increased clinical
severity is associated with decreased utility. For instance, there
appears to be a relationship between utility outcomes and gross
motor function in cerebral palsy [13,14], and lesion level in spina
bifida [15,16]. Conversely, preference-based measures often show lim-
ited correlation with other clinically relevant outcomes measures
associated with mobility impairment [13,17-19], and can exhibit dis-
crepancies in utility outcomes when compared with one another
[14,19-21]. These discrepancies could impact determination of cost
per QALYs and thus conclusions about the cost-effectiveness of
mobility aids and other interventions related to mobility impairment.
Due to the influence of the QALY approach in health policy and in
prioritisation decisions, the validity and reliability of preference-based
measures are paramount. At present there is little evidence to guide
choice of preference-based measure when evaluating interventions
for mobility impairments.

These issues are in part due to the complex relationship
between mobility impairment, adaptation and health-related qual-
ity of life. The impacts of mobility impairment are widespread
across many aspects of an individual’s life, and can be detrimental
to psychological wellbeing and quality of life [22,23]. Yet people
with long-term mobility impairments do not necessarily believe
that mobility has a major impact on health-related quality of life
when suitable adaptations are available [24,25]. The onset of
mobility impairment appears to be influential, as individuals with
congenital disabilities exhibit higher degrees of life satisfaction,
self-identity and self-efficacy (related to their disability) than indi-
viduals who have had to adapt to acquired disability [26].

Despite these nuances, the NICE approved the UK value set for
EQ-5D-3L has a disutility of —0.66 for the lowest level of mobility;
meaning that an individual who is unable to walk but is otherwise
mobile using a mobility aid can achieve a maximum utility value

of 0.34 (0=death; 1=perfect health), regardless of their out-
comes on the other dimensions. This illustrates the discrepancy
between the lived-experience and external perception of disease
and disability severity. When assessing the desirability of a hypo-
thetical health state, individuals tend to focus on the transition
from their own health state to the hypothetical health state
[10,27,28]. Thus, processes of adaptation may not be accounted
for [10]. A proposed solution is to develop condition-specific pref-
erence-based measures which have improved sensitivity and rele-
vance in specific patient-groups [29].

To date over 50 condition-specific preference-based measures
have been developed [30], only a small number of which relate to
conditions associated with mobility impairment, such as multiple
sclerosis [31] and amyotrophic lateral sclerosis [32]. Several non-
preference based outcome measures are available in the context
of mobility impairment and mobility aid use [33-40]. However,
none of these focus specifically on the underlying impact of
mobility on quality of life, and they cannot be used to directly
measure utility outcomes.

In order to fill this gap in available measurement tools, we
developed the MobQol tool [23]. The MobQolL tool is a novel out-
come measure for mobility-related quality of life, and was devel-
oped from the outset as a condition-specific preference-based
measure. Although the causes and severity of different mobility
impairments are vast and varied, the MobQolL tool defines com-
mon attributes of mobility-related quality of life which are broadly
relevant to all forms of mobility impairment.

The development of condition-specific preference-based meas-
ures takes a number of stages, including establishing dimensions,
selecting items, validating the measure and developing prefer-
ence-based health state values [40]. The dimensions and item-list
for the MobQolL tool were initially developed through qualitative
interviews with people with a wide range of mobility impairments
[23]. The original descriptive system contains 15 items relating to
11 dimensions of mobility-related quality of life (see
Supplementary File 1). Inclusion of all items in a subsequent
MobQoL health state classification system would result in an
unmanageable number  of  potential health states
(4'>=1,073,741,824), thus making it impractical to develop a
value set for the original MobQolL tool. This study was therefore
undertaken to assess the measurement properties of each
MobQolL item, and to subsequently derive a more concise health
state classification system. This paper outlines the stages under-
taken to validate the MobQolL tool, including determining the
dimensional structure and reducing the number of items to pro-
duce a health state classification system amenable to preference-
based health state valuation.

Aims and objectives

Our overarching aims were to assess the measurement properties
of the MobQol tool and to derive a concise health state classifica-
tion system which could be widely disseminated and used within
health economics research.

The key objectives of this study were:

1. To assess the basic measurement and psychometric proper-
ties of the MobQol tool, including assessment of item valid-
ity and reliability

2. To determine the dimensional structure of the MobQoL tool

3. To develop a parsimonious MobQoL health state classification
system covering the key dimensions of mobility-related qual-
ity of life
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Materials and methods

A cross-sectional psychometric evaluation study was undertaken,
with quantitative data collected through postal and online sur-
veys. A range of measurement properties were analysed to deter-
mine the validity and reliability of the MobQoL tool. Validity
indicates whether an outcome measure is consistently measuring
a defined underlying construct or latent variable in a systematic
manner; in the case of the MobQoL tool the underlying construct
was theoretically proposed to be mobility-related quality of life.
Reliability indicates measurement consistency and repeatability.
Evaluation of basic measurement and psychometric properties
informed the item selection process for the health state classifica-
tion system. Furthermore, additional analyses were undertaken to
determine the dimensional structure of MobQoL through explora-
tory factor analysis (EFA) and Rasch analysis.

Preference-based health state classification systems are typic-
ally multidimensional, but can also be unidimensional [40].
Multidimensional systems should ideally exhibit limited correlation
between dimensions to avoid implausible health states [41,42].
Each dimension is usually represented by one or two items in
order to produce concise health state descriptions amenable to
valuation [42]. Unidimensional health state classification systems
contain multiple items relating to a single dimension, and may
benefit from adapted valuation techniques which do not rely on
independence between dimensions [40]. Part of the purpose of
this study was to determine the dimensional structure of the
MobQolL tool, and to determine whether the items related to a
single dimension or multiple dimensions of mobility-related qual-
ity of life. The analyses were undertaken without a priori hypothe-
ses of dimensionality.

Data collection and outcome measures

The primary sources of data were paper and electronic question-
naire surveys distributed to individuals with a wide array of mobil-
ity impairments. Questionnaire surveys contained:

A range of demographic questions

MobQol tool

EQ-5D-5L (as a comparative generic preference-based measure)
ICECAP-A (as a comparative capability measure)

PIADS (as a comparative assistive technology impact measure)

The three additional outcome measures listed above were
included in the survey to allow assessment of convergent validity
and to define groups of respondents.

The EQ-5D-5L is advocated by NICE [8] and widely used
nationally and internationally to calculate QALYs. Respondents are
asked to rate their health by scoring each dimension using one of
five response options, ranging from no problems to extreme
problems. Health states are converted to a single summary index
score by weighting the level of each dimension and deducting
those weights from 1 (perfect health).

The ICECAP-A is a validated measure of capability and well-
being, which is advocated by NICE when measuring and valuing
effects of non-health interventions, such as social care [43]. The
ICECAP-A offers an alternative approach to the EQ-5D-5L for
measuring generic health outcomes in certain types of economic
evaluations. The ICECAP-A can be used to calculate an estimated
cost per “year of full capability,” which is an alternative to the
QALY framework as it focuses on a broader measurement of well-
being beyond health and physical functioning [44].

MOBQOL-7D HEALTH STATE CLASSIFICATION SYSTEM 3

The PIADS is a validated outcome measure for assessing the
effects of assistive technology on functional independence, well-
being and quality of life [36]. The questionnaire contains 26 separ-
ate items, covering concepts such as happiness, independence,
efficiency and productivity. Each item is scored from —3 to +3,
with individual item scores informing three sub-scales:
“Competence,” “Adaptability,” and “Self-esteem.” The PIADS is
considered to be generically applicable across all major forms of
assistive technology.

As part of the demographic questions, respondents were also
asked to indicate whether they felt their health was stable or
unstable, using a simple measure of self-rated health (e,
“Overall, do you consider your health to be stable at
the moment?”).

Recruitment and sampling

Maximum variation sampling was utilised to create a diverse sam-
ple of individuals with a wide range of mobility impairments,
both acquired and congenital. The predominant focus of sampling
and recruitment was on mobility aid users with long-term mobil-
ity impairments, as they represent the primary target population
for the MobQolL tool. As the MobQoL health state classification
system must be able to differentiate between a wide variety of
states of mobility impairment, respondents with short-term mobil-
ity impairments were also sought.

The Equality Act 2010 states that a long-term impairment is
one which lasts for 12months or more [45]. Therefore, for the
purpose of this research a long-term mobility impairment was
defined as any condition, impairment, disability or illness causing
impairment to mobility for 12months or longer. Furthermore, a
“significant” mobility impairment was defined as any short or
long-term impairment to mobility which necessitates the use of a
mobility aid and/or a mobility-enhancing intervention to enhance,
maintain or facilitate mobility or to reduce complications related
to mobility impairments. These definitions were specified to
ensure that less significant mobility impairments, such as minor
injuries, were not included under the definition of significant
mobility impairment.

Inclusion and exclusion criteria
Due to maximum variation sampling the inclusion criteria were
quite broad:

Aged 18 or over

Current or previous experience of a significant mobility
impairment which necessitates the use of any form of mobil-
ity aid or mobility-enhancing intervention to enhance, main-
tain or facilitate independent mobility, and/or to reduce
complications related to mobility impairments as part of
rehabilitative treatment.

Specific disabilities, conditions, or functional status were not
explicitly targeted, as mobility impairments are related to a vast
array of conditions, disabilities and injuries. However, attempts
were made in our recruitment strategy and sampling frame to
establish a broad and varied sample containing individuals with
congenital and acquired mobility impairments; progressive and
static mobility impairments; and representing all NHS categorisa-
tions of mobility need (low, medium, high and specialist).

Recruitment strategy
Respondents were initially identified through NHS posture and
mobility services, however due to the outbreak of COVID-19
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during data collection, a number of NHS sites had to withdraw
from the study. Additional online recruitment methods were
therefore implemented. Three charitable organisations (Cerebral
Palsy UK, Ehlers-Danlos Support UK and Multiple Sclerosis Trust)
promoted the survey through their social media platforms and
email mailing-lists. Furthermore, HealthWise Wales, a Welsh gov-
ernment register of individuals interested in taking part in health
and wellbeing research, promoted the study to individuals on
their mailing-list who met the inclusion criteria.

At the NHS sites, respondents were identified through patient
record searches using the inclusion criteria and requested sample
variation. Potential respondents were sent a postal study invita-
tion pack containing a covering letter, an information sheet, the
questionnaire survey, a consent form and a prepaid return enve-
lope. For respondents taking part online, the partnered organisa-
tions distributed a summary of the study, eligibility criteria and a
link to the online survey through their email mailing-lists and
social media posts. The online survey included the information
sheet, the consent form and demographic questions, which were
used by the research team to validate the data and confirm eligi-
bility. The online survey was hosted on JISC (https://www.online-
surveys.ac.uk/).

Respondents recruited through the NHS who indicated that
they had stable health were invited to complete a “retest” survey
2weeks after the initial survey. This was undertaken to assess
test-retest reliability, based on the assumption that a reliable out-
come measure should not exhibit significant item response differ-
ences over a short time period if a respondent has stable health.
In line with good practice all respondents who provided a valid
UK address were sent a £5 high-street voucher as a thank you for
providing a completed survey. Data were collected from March to
June 2020.

Data handling and analysis

All relevant data protection guidance and regulations were fol-
lowed. All collected data were anonymised to protect respondent
privacy, with each respondent assigned a non-identifiable ID. The
study received ethical approval from an NHS ethics committee
(reference: 19/SC/0659) and an academic ethics committee at
Bangor University.

A wide array of analyses were undertaken: statistical analysis
and EFA were carried out using IBM SPSS® (v25) and Rasch ana-
lysis was carried out using Winsteps® (v4.5.4). Methods of data
analysis are summarised below:

Convergent validity

Convergent validity of the MobQoL tool was assessed using
Pearson’s Correlation Coefficient. Correlation was examined
between the MobQoL tool and existing generic measures (EQ-5D-
5L, ICECAP-A). Convergent validity provides an indication of
whether a measurement tool accurately measures specified con-
structs, or at least measures them in accordance with another
validated measure [46]. For an item or dimension to be consid-
ered to have convergent validity, the strongest correlation should
be with an equivalent item or dimension from an existing vali-
dated measure. In the interest of uniformity the strength of corre-
lations was defined as such: absent (rs = 0.00 to 0.20), weak (rs =
0.20 to 0.35), moderate (rs = 0.35 to 0.50) and strong (rs > 0.50)
[47]. Our a priori hypotheses are presented in Supplementary
File 2.

Basic measurement and psychometric properties

Iltems were initially assessed using statistical analysis of basic
measurement and psychometric properties. Items which failed to
meet certain thresholds were considered for removal. The follow-
ing criteria were examined:

1. Missing data: The threshold for item exclusion was set at
>4% missing data per item.

2. Floor/ceiling effects: The threshold for item exclusion was set
at >25% of responses on first (floor) or last (ceiling) response
choice. Any item with a 20-24.9% floor/ceiling effect was
flagged but not instantly excluded.

3. Test-retest reliability: Assessed using Intraclass Correlation
Coefficient (ICC). The threshold was set at ICC < 0.5, items
scoring <0.5 were not excluded instantly, but were flagged.

4. Known-group validity: Assessed using the Mann-Whitney U
test, which compares the difference between the mean ranks
of two independent groups. Mann-Whitney U is considered
to be more suitable than independent t tests when compar-
ing data from ordinal variables (e.g., likert scales) [48]. Three
paired groups were defined using respondent outcomes
from the PIADS outcome measure. For each of the PIADS
sub-scales, respondents were grouped according to whether
they had experienced positive (>0) or negative impacts (<0)
associated with assistive technology use and mobility impair-
ment. The groups were then compared to determine
whether their answers were significantly different on each
MobQoL item. Respondents were also defined as either hav-
ing “stable health” or “unstable health,” based on their self-
rating of health stability at baseline. Any item which showed
a non-significant (p > 0.05) difference between two or more
of the known-groups was excluded. If non-significance was
observed for only one group, the item was flagged.

5. Differential item functioning (DIF): As the purpose of a health
state classification system is to act as a universal measure-
ment tool, items should not function significantly differently
due to demographic attributes unrelated to the measured
construct [42]. DIF was assessed based on gender using
Rasch analysis (described in detail below). Problematic DIF
for each item was defined as a significant (p <0.05) differ-
ence of >1.0 log odds unit (logit) between male and female
respondents. Any item exhibiting DIF by gender
was excluded.

As noted, the criteria for exclusion were divided into thresh-
olds, with severe issues warranting direct item removal. Items
which exhibited less severe issues across multiple test were
removed based on the following criteria:

e Floor/ceiling effect between 20 and 24.9% and test-retest
ICC <0.5

e Floor/ceiling effect between 20 and 24.9% and non-signifi-
cant (p > 0.05) difference between at least one known-group

e Testretest ICC <0.05 and non-significant (p > 0.05) difference
between at least one known-group

Exploratory factor analysis

Following initial removal of items which did not meet basic meas-
urement properties, EFA was undertaken. EFA is a technique to
examine the inter-relationship between the items of a defined
measurement scale [46]. When conducting EFA, the correlation
matrix of variables (i.e., items) is examined to identify groups of
variables with strong correlations [46]. Subsequently, the findings
can be used to identify underlying factors which explain patterns
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of correlation between variables and to organise variables into
independent factors or dimensions.

EFA was conducted to identify the underlying factors within the
MobQolL tool, and to examine the potential correlations between
items in each underlying factor. The adequacy of the data to under-
take the EFA was confirmed using the Kaiser-Meyer-Olkin (KMO)
measure of sampling adequacy and Bartlett's test of sphericity. Using
KMO, high values (close to 1.00) indicate a high probability of sam-
pling adequacy, with 0.50 as an absolute minimum value to support
conduct of EFA [49]. Bartlett's test of sphericity was used to confirm
the presence of correlations amongst the items and to subsequently
indicate whether EFA would be informative and plausible with this
dataset. A significant test (p < 0.05) confirms the appropriateness of
the data for EFA [49].

In the EFA, independent factors were identified through eigenval-
ues > 1 (Kaiser's criterion) [49] and through interpretation of the
screeplot. Eigenvalues summarise the variance in the data which is
reproduced by identified factors. The method of estimation for the
EFA was “maximum likelihood,” as recommended by Fayers et al.
[46], with Promax rotation. Rotation is commonly used in EFA to
increase interpretability of the factor structure without adjusting
underlying mathematical properties. There are essentially two types
of rotation: a) orthogonal (e.g., Varimax), which assumes orthogonal-
ity between factors, and b) oblique (e.g, Promax), which assumes
that there is some correlation between factors. Orthogonality was
assessed as part of the initial stages of the EFA using a factor correl-
ation matrix, which indicated that oblique rotation would be optimal
due to potential correlation between factors.

After completion of the EFA, the pattern matrix was examined
to determine the size of the factor loadings for each item on
each of the extracted factors. Any item with a factor loading
<0.40 was considered to have less than adequate correlation with
the factor, and was thus excluded from further analysis and
removed from the potential list of items.

Rasch analysis

Upon completion of the EFA, the remaining items and factors
were examined using Rasch analysis to determine construct valid-
ity through model fit and dimensionality.

Rasch analysis has become increasingly popular in the develop-
ment of health state classification systems, particularly when attempt-
ing to reduce an existing condition-specific outcome measure into a
smaller set of items amenable to health state classification. Rasch
analysis is often used in conjunction with traditional psychometric
testing and factor analysis to help reduce the number of items from
an existing measure and to establish the dimensionality of a derived
condition-specific preference-based measure [30,40].

Using this approach to mathematical modelling, data is converted
to points on a continuous latent scale, expressed in logits [50].
Common uses of this approach include examining item fit, item
response ordering and DIF between different demographic groups.
Rasch analysis was utilised in this study for four key purposes:

1. Fit of individual items and scales to the Rasch model: Item
and scale fit to the Rasch model is expressed as infit and out-
fit mean-square (MnSQ) statistics in Winsteps®. MnSQ values
are calculated by dividing the chi-square fit statistic by the
degrees of freedom [51]. The expected value of a MnSQ is
equal to 1.0, which implies equity between unexplained vari-
ance in the raw data and the Rasch model. A MnSQ value of
>1.0 indicates “underfit” to the model and can demonstrate
too much unexplained variance in the data if too high (i.e.,
>1.3). A MnSQ value of <1 indicates “overfit” to the model
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and can demonstrate potential measurement inefficiency if
too low (i.e., <0.7). Underfit is considered to be more prob-
lematic to measurement as it indicates erratic responses and
noise in the data [52]. For survey rating scales an MnSQ infit/
outfit value of between 0.7 and 1.3 is considered indicative
of good fit [52]. Winsteps® also produces a standardised Z-
score (Zstd) for fit statistics. These essentially show the prob-
ability that the data fits the model perfectly [51]. An accept-
able Zstd range is +2, with values < —2 indicating potential
overfit and values >2 indicating potential underfit. If MnSQ
values are acceptable, the Zstd value is less important and
can essentially be ignored [51].

2. Item response ordering: Category probability curves and a
“most probable response” map were used to examine the
response threshold ordering of each item. Disordered
response thresholds indicate that respondents have difficulty
discriminating between two or more response catego-
ries [53].

3. Reliability and measurement precision: Person Separation
Reliability (PSR) and Person Separation Index (PSI) values
were calculated as part of the Rasch analysis and used to
determine the discriminative power of the measurement
scale to differentiate between different respondents [52].
Problematic PSR and PSI values demonstrate that additional
items may be needed to differentiate between respondents.
Adequate values were defined as PSR > 0.80 and PSI >
2.00 [54].

4. Dimensionality: In order to determine the dimensionality of
the identified factors and of the whole scale, the Rasch
model was used to conduct principal component analysis
(PCA) of the residuals. This approach is commonly used to
identify any principal components (i.e., additional dimen-
sions) after the Rasch dimension is removed. Thresholds for
unidimensionality were defined as >60% of the variance
explained by the raw data and an eigenvalue <3 for the first
contrast [55,56].

Successive Rasch models were conducted using a range of dif-
ferent configurations of the MobQoL items, until a parsimonious
solution with optimum fit to the model was achieved. The
MobQoL health state classification system was then confirmed
based on the optimum configuration of items and sub-scales.
Analysis of Cronbach’s o coefficient was used to confirm the
internal consistency of the sub-scales and the overall scale, with
an o> 0.7 indicating acceptable internal consistency [46].

The health state classification system was presented to the
project’s “patient and public involvement” (PPI) advisors at several
stages, including at the final stage of item selection.

Results
Sample

In total, 342 respondents were recruited to the study.
Demographic characteristics are summarized in Table 1. The mean
age of respondents was 54years (SD = 18.93), the sample con-
tained more females (59%, n=200) than males (37%, n=126). A
large proportion of the sample were retired (44%, n = 152), which
is unsurprising given that almost a third of respondents were
aged 65 or older. Respondents reported a vast array of conditions
and disabilities which impaired their mobility, with Ehlers-Danlos
Syndrome (15%, n=>50) and Multiple Sclerosis (14%, n=49) rep-
resenting the two most common conditions. Likewise, respond-
ents reported use of a large variety of primary mobility aids, with
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Table 1. Demographic characteristics.

Gender n %
Female 200 58.48
Male 126 36.84
Not specified 16 468

Age category (years)

18-24 24 7.02
25-34 45 13.16
35-44 37 10.82
45-54 54 15.79
55-64 75 21.93
65-74 54 15.79
75-84 36 10.53
85+ 17 4.97

Employment status
Full-time carer/parent 5 1.46
Student 20 5.85
Sick leave 27 7.89
Full-time 34 9.94
Part-time 40 11.70
Unemployed 62 18.13
Retired 152 44.44
Not specified 2 0.58

Self-rated health stability
Stable 202 59.06
Unstable 138 40.35
Not specified 2 0.58

Primary condition/disability causing impaired mobility
Osteoporosis 4 1.17
Spinal stenosis 4 117
Dementia/memory loss 5 1.46
Muscular Dystrophy 5 1.46
Peripheral neuropathy 5 1.46
Hypermobility spectrum disorders 6 1.75
Chronic fatigue syndrome/Myalgic Encephalomyelitis 7 2.05
Cerebral Palsy 8 234
COPD/Heart disease 8 234
Musculoskeletal injury 9 2.63
Spinal injury 9 2.63
Fibromyalgia 10 292
Stroke 1 3.22
Leg amputation 19 5.56
Arthritic condition 42 12.28
Multiple Sclerosis 49 14.33
Ehlers-Danlos Syndrome 50 14.62
Other® 58 16.96
Not specified 33 9.65

Primary mobility aid
Prosthesis 4 117
Personal care aid (e.g., toilet frame) 5 1.46
Orthotic insole 6 1.75
Powered scooter 18 5.26
Walking frame/rollator 23 6.73
Wheelchair (unspecified) 27 7.89
Crutches 31 9.06
Manual wheelchair 51 14.91
Powered wheelchair 53 15.50
Walking stick 102 29.82
Other® 12 3.51
Not specified 10 2.92

Frequency of mobility aid use
A little of the time 14 4.09
Some of the time 43 12.57
Most of the time 98 28.65
All of the time 174 50.88
Not specified 13 3.80

®Any condition/disability experienced by <1% of the sample was included in

the “Other” group.

PAny mobility aid used by <1% of the sample was included in the

“Other” group.

walking sticks (30%, n=102) and powered wheelchairs (16%,
n=53) representing the two most common aids. The mean
length of time using any form of mobility aid was 8.6 years (SD =
9.18), and half of the sample reported using mobility aids “all of

Table 2. Convergent validity: correlations between the MobQoL items and the dimensions of the EQ-5D-5L and ICECAP-A.

ICECAP-A Dimensions

EQ-5D-5L Dimensions

Love,
friendship
and support

Feeling

Achievement Enjoyment

Being
independent

settled
and secure

Anxiety/
depression

Pain/
discomfort

Usual
Activities

Self
Care

and pleasure

and progress

Mobility

0.255
0.256

0.368
0.466

0.464
0.530

0.138
0.131

0.189 0.317
0.297 0.333

0.243
0.322

0.444 0.518
0.477 0.520

0.348
0.417

Accessibility (community)

Accessibility (home)
Safety

MobQolL Items

0.199
0.372
0.300

0.364

0.432

0.073

0.290

0.272

0.278

0.362 0.414

0.325

0.209
0.219

0.439

0.333
0.263
0.578
0.408
0.367
0.323
0.636

0.339
0.411

0.288 0.408 0.422

0.302
0.439

0.378

Relationships

0.327

0.428

0.433

0.230 0.226

0.156
0.377
0.308
0.167
0.218

Social Inclusion
Contribution
Activities

0.453

0.588
0.547

0.230

0.518

0.419

0.611

0.486

0.457

0.218

0.428

0.365

0.403

0.592
0.357

0.348
0.374
0.302
0.478

0.342
0.460

0.404

0.372 0.450 0.359

0.316

Personal care

0.453

0.489 0.303

0.401

0.764
0.348
0.566
0.385
0.396
0.359
0.428

0.430

Pain/discomfort
Independence
Energy

0.434

0.568

0.178
0.283

0.465

0.354
0.429

0.564
0.504
0.452

0.357

0.462

0.525

0.342
0.407

0.436

0.340
0.388
0317

0.180
0.247
0.119
0.273

0.429

0.510

0.497 0.315

0.562
0.685

Self-esteem

0.500
0.399

0.290 0.512
0.405

0.389

0.525

0.375

Mood/emotions
Frustration
Anxiety

0.499

0.191

0.440

0.462

0.485

0.336
0.352

0.366 0.484 0.427

0.506 0.290

0.680

0.413

0.179
Hypothesised convergence is highlighted in bold, and the strongest MobQoL item correlations with the EQ-5D-5L and ICECAP-A dimensions are highlighted in grey cells.




the time.” Most of the sample (59%, n=202) reported having sta-
ble health. Just under 10% of the sample (n=33) were invited to
complete a retest survey, with 31 respondents providing retest
data at the two week retest follow-up.

Convergent validity

Correlations were generally as expected, but with some notable
exceptions, see Table 2. All correlations were found to be signifi-
cant (p <0.01).

Correlation with EQ-5D-5L dimensions

The strongest correlation was between the MobQoL “Pain/dis-
comfort” item and EQ-5D-5L “Pain/discomfort” dimension (rs =
0.76). The MobQolL “Self-esteem” (rs = 0.56), “Mood/emotions” (rs
= 0.69) and “Anxiety” (rs = 0.68) items all showed strong conver-
gence with the EQ-5D-5L “Anxiety/depression” dimension. The
MobQoL “Frustration” item was moderately correlated with the
EQ-5D-5L “Anxiety/depression” dimension (rs = 0.46), but showed
slightly better correlation with the EQ-5D-5L “Usual activities”
dimension (rs = 0.49), which was unexpected but plausible. The
MobQolL “Relationships” and “Social inclusion” items were also
moderately correlated with the EQ-5D-5L “Anxiety/depression”
dimension (rs = 0.41 and 0.43 respectively), which may be indica-
tive of the impact of relationships and social inclusion on mental
health. Five MobQolL items were strongly correlated with the EQ-
5D-5L “Usual activities” dimension: “Accessibility (home)” (rs =
0.52), “Accessibility (community)” (rs = 0.52), “Contribution” (rs =
0.61), “Activities” (rs = 0.59) and “Independence” (rs = 0.56). The
EQ-5D-5L “Self-care” dimension was most correlated with the
MobQolL “Contribution” item (rs = 0.49), and unexpectedly exhib-
ited only moderate correlation with the MobQoL “Personal care”
item (rs = 0.37). This is potentially due to the focus of the
MobQoL “Personal care” item on satisfaction with personal care
arrangements rather than ability to self-care. Although the EQ-5D-
5L “Mobility” dimension was most correlated with the MobQolL
“Accessibility (home)” item (rs = 0.42) as expected, it is worth not-
ing that this dimension did not correlate strongly with any of the
MobQolL items; additional moderate correlations were found with
the “Accessibility (community)” (rs = 0.35), “Contribution” (rs =
0.38) and “Independence” (rs = 0.36) items. This is possibly due
to the wording of the EQ-5D-5L “Mobility” item, as its focus on
“walking” is unlikely to be reflective of how many of the respond-
ents defined or experienced mobility (e.g., using mobility aids).
The MobQoL “Energy” item was most strongly correlated with the
EQ-5D-5L “Pain/discomfort” dimension (rs = 0.56).

Correlations with the ICECAP-A dimensions

The strongest correlation was between the MobQoL
“Independence” item and the ICECAP-A “Being independent”
dimension (rs = 0.64). As anticipated, the MobQoL “Mood/
emotions” (rs = 0.53) and “Anxiety” (rs = 0.51) items were
strongly correlated with the ICECAP-A “Feeling settled and secure”
dimension. Additional strong correlations were also observed
between this ICECAP-A dimension and the MobQoL
“Contribution” and “Self-esteem” items (rs = 0.52 and 0.50
respectively). The ICECAP-A “Love, friendship and support” dimen-
sion was most correlated with the MobQoL “Social inclusion” item
(rs = 0.41), but showed weak correlation with the MobQoL
“Relationships” item (rs = 0.34), which was unexpected. The
ICECAP-A “Achievement and progress” dimension exhibited its
highest correlation with the MobQoL “Contribution” item (rs =
0.59) as expected, but also exhibited strong correlations with the
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MobQolL “Usual activities” (rs = 0.55), “Independence” (rs = 0.57),
“Energy” (rs = 0.53), “Self-esteem” (rs = 0.51), “Mood/emotions”
(rs = 0.51) and “Frustration” items (rs = 0.50). The MobQolL
“Mood/emotions” item was the only item with a strong correl-
ation with the ICECAP-A “Enjoyment and pleasure” dimension (rs
= 0.50), although moderate correlations were observed with this
ICECAP-A dimension and most other MobQolL items.

Basic measurement properties

See Table 3 for a summary of all basic measurement and psycho-
metric properties.

None of the MobQoL items exhibited issues with missing data,
the highest rate was 1.2% for the “Contribution” item, which still
fell well below the specified threshold of >4%. Based on the pro-
portion of responses on the first response choice, the “Social
inclusion” item had a clear floor effect (37.06%) and the “Personal
care” item exhibited a possible floor effect (21.93%). Based on the
proportion of responses on the last response category, the
“Activities” and “Energy” items had clear ceiling effects (29.82%
and 32.65% respectively), and the “Contribution” (21.01%),
Independence (21.47%) and Frustration (21.18%) items exhibited
possible ceiling effects.

Nearly all of the items demonstrated good discriminative abil-
ity, with significant (p < 0.05) differences between known-groups
across most of the items and groups. Mean ranks were as
expected, with worse mean rank values for respondents with
negative PIADS sub-scale scores and unstable health. Only the
“Accessibility (community)” mean rank score was found to have a
non-significant (p < 0.09) difference between groups on the PIADS
“Self-esteem” sub-scale. None of the items exhibited DIF based on
gender, with all logit differences <1 and non-significant (p > 0.05)
(Figure 1).

Test-retest reliability outcomes were predominantly moderate
(ICC = 0.5-0.75). Only the “Independence” item exhibited good
test-retest reliability (ICC = 0.82). Poor test-retest reliability was
identified  for  six items:  “Accessibility = (community),”
“Relationships,” “Social inclusion,” “Personal care,” “Self-esteem,”
and “Frustration,” with ICCs ranging from 0.33 to 0.48. The under-
whelming test-retest outcomes may have been associated with
the COVID-19 outbreak, as the start of lockdown in the UK
occurred during the retest follow-up period, see discussion for
additional comments.

Upon completing the analysis of basic psychometric properties,
six items were excluded due to significant issues with basic meas-
urement properties. The “Frustration” item was excluded for
exhibiting poor test-retest reliability (ICC = 0.46) and a borderline
ceiling effect (21.18%); the “Personal care” item was excluded for
exhibiting poor test-retest reliability (ICC = 0.33) and a borderline
floor effect (21.93%); the “Activities” and “Energy” items were
excluded for exhibiting significant ceiling effects (29.82% and
32.65% respectively); the “Social inclusion” item was excluded for
exhibiting a significant floor effect (37.06%); and the “Accessibility
(community)” item was excluded for exhibiting poor test-retest
reliability (ICC = 0.47) and a non-significant (p=0.09) known-
group difference on the PIADS “Self-esteem” sub-scale.

Exploratory factor analysis

EFA was carried out on the remaining nine items to determine
the potential factorial structure of the MobQolL health state classi-
fication system. The KMO measure verified sampling adequacy
(KMO = 0.88) and a significant Bartlett's test of sphericity
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Table 3. Summary of all basic measurement and psychometric properties per MobQoL item.

% Response level

Known-group analysis®

MobQoL Item Test-retest ICC (95% Cl) % Missing data  Lvl1 LvI2 LvI3 Lvi4  Group 1 Group 2 Group 3 Group 4 DIF by genderb
Accessibility (home) 0.57 (0.27 to 0.77) 0 1520 6023 2105 3.51 * * * Hok No
Accessibility (community)  0.47 (0.14 to 0.70) 0 292 3626 4123 19.59 * * p=10.09 ok No
Safety 0.63 (0.36 to 0.80) 0.3 7.62 48.09 2933 14.96 * * * ** No
Relationships 0.43 (0.08 to 0.67) 0 19.59 4532 2690 8.19 * * * HoK No
Social Inclusion 0.34 (—0.13 to 0.61) 0.6 37.06 4324 17.06 2.65 * * * ** No
Contribution 0.68 (0.43 to 0.84) 1.2 858 34,62 3580 21.01 * * * Hok No
Activities 0.66 (0.4 to 0.82) 0 292 2661 4064 29.82 * * * ** No
Personal Care 0.33 (0.00 to 0.60) 0 2193 4971 2222 6.4 * * * HoK No
Pain/discomfort 0.63 (0.35 to 0.80) 0.6 6.76 3824 36.76 18.24 * * * ** No
Independence 0.82 (0.65 to 0.91) 0.6 1235 2824 3794 2147 * * * Hok No
Energy 0.62 (0.35 to 0.79) 0.6 794 2529 3412 3265 * * * ** No
Self-esteem 0.48 (0.16 to 0.71) 0.9 1475 3894 3156 1475 * * * HoK No
Mood/emotions 0.64 (0.37 to 0.81) 0.6 1118 47.06 32.65 9.12 * * * ** No
Frustration 0.46 (0.14 to 0.70) 0.6 412 3353 4118 21.18 * * * HoK No
Anxiety 0.74 (0.52 to 0.86) 0.3 1496 45.75 2874 10.56 * * * ** No

2Group definitions — Group 1: PIADS competency sub-scale; Group 2: PIADS adaptability sub-scale; Group 3: PIADS self-esteem sub-scale; Group 4: Health stability.
PDIF defined as significant (p < 0.05) difference of >1.0 logits between male and female respondents.
*Significant difference (p < 0.05) between groups, with mean rank lower for the positive effect group.
**Significant difference (p < 0.05) between groups, with mean rank lower for the stable health group.
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Figure 1. Differential item function by gender. Items are ordered by difficulty, from lowest difficulty (“Activities”) to highest difficulty (“Social inclusion”). The y axis
shows the difficulty (in logits) of each item for each person classification (i.e., male or female).

(p <0.01) confirmed that EFA was suitable. Examination of the
correlation matrix (Table 4) revealed significant correlation
(p <0.01) between all variables, with correlations ranging from rs
= 0.22 to 0.63. All items had a correlation of rs > 0.30 with at
least one other item and no items had a correlation >0.90, dem-
onstrating sufficient evidence of at least one underlying latent
variable and no problematic multicolinearity [57].

The “maximum likelihood” factor analysis with Promax rotation
indicated that there were two potential factors worth retaining,
which together explained 50.38% of the variance. These two fac-
tors had eigenvalues of 4.35 and 1.13 respectively, with all other
eigenvalues falling below the >1 Kaiser's criterion [49] (Table 5).

Examination of the scree plot also supported the retention of two
factors, with the inflexion point on the second factor (Figure 2).
Iltems with factor loadings >0.4 were retained after rotation.
Factor loadings are presented in the pattern matrix in Table 6.
Based on the clustering of items, the first factor was summarised
as containing mental wellbeing items related to mobility, and the
second factor was summarised as containing physical and role
functioning items related to mobility, thus these labels were sub-
sequently used to define the factors. The pattern matrix showed
than none of the items had factor loadings >0.4 on both factors,
suggesting good factor structure. As the “Relationships” item had
a factor loading of 0.39 and had exhibited borderline



Table 4. Correlation matrix for the retained MobQoL items.
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Accessibility (home) ~ Safety  Relationships ~ Contribution  Pain/ discomfort  Independence  Self-esteem  Mood/emotions  Anxiety
Accessibility (home) 1.00
Safety 0.501 1.00
Relationships 0.283 0.317 1.00
Contribution 0.458 0.442 0.449 1.00
Pain/discomfort 0.294 0.347 0.342 0.494 1.00
Independence 0.386 0.380 0.380 0.610 0.403 1.00
Self-esteem 0.264 0.304 0.464 0.465 0.366 0.472 1.00
Mood/emotions 0.220 0.251 0.431 0.447 0.359 0.395 0.642 1.00
Anxiety 0.295 0.419 0.439 0.485 0.433 0.441 0.586 0.640 1.00

measurement issues in the previous tests, it was removed from
further analyses.

Rasch analysis

The remaining eight items were examined for Rasch model fit
and unidimensionality.

The initial 8-item scale structure exhibited good global fit to
the Rasch model (Table 7), with infit and outfit statistics of 0.99
and 1.00 respectively. Measurement precision was also found to
be adequate, with PSR and PSI values of 0.83 and 2.21 respect-
ively. Examining fit for the two factor sub-scales separately, both
exhibited good overall fit to the Rasch model, with infit and outfit
statistics close to 1.00 (Table 7). The “Mental wellbeing” factor
sub-scale showed better discriminative power (PSR = 0.80, PSI
1.98) than the “Physical/role functioning” factor sub-scale (PSR =
0.77, PSI = 1.81) which fell marginally below the thresholds for
both indices.

All individual items exhibited adequate fit to the Rasch model,
with outfit and infit statistics ranging from 0.8 to 1.19 (Table 8).
The Zstd values for the “Safety” item suggested potential underfit
to the model, with both the infit and outfit Zstd values >2,
although this is unlikely to be problematic given the adequate
MnSQ values [51]. Examination of the category probability curves
(see Figure 3 for an example) and the “most probable response”
map (Figure 4) showed that none of items exhibited disordered
response thresholds.

In the interest of parsimony, successive Rasch models were
conducted to investigate the impact of item removal on global fit
indices and dimensionality. The initial aim was to retain three
items per factor sub-scale. The 3-item “Mental wellbeing” sub-
scale exhibited good model fit (infit = 0.98, outfit = 0.93), reason-
able measurement precision (PSR = 1.98, PSI = 0.80) and evi-
dence of unidimensionality (raw variance = 67.3%, 1°° contrast
eigenvalue = 1.61), although the variance explained by the 1%
contrast was somewhat higher than expected at 17.6% (Table 9).
All possible combinations of 4-item and 3-item “Physical/role
functioning” sub-scales were analysed, and compared to the ori-
ginal 5-item “Physical/role functioning” sub-scale; the optimal
scales are presented in Table 9. The original “Physical/role
functioning” 5-item sub-scale exhibited good model fit (infit =
0.98, outfit=.99), minor issues with measurement precision (PSR =
1.81, PSI = 0.77) and potential multidimensionality (raw variance
= 56.6%, 1°' contrast eigenvalue = 1.70, 1°* contrast variance =
14.8%). The best fitting 4-item “Physical/role functioning” sub-
scale omitted the “Safety” item and exhibited good model fit (infit
= 0.97, outfit = 1.00), minor issues with measurement precision
(PSR = 1.71, PSI = 0.75) and good evidence of unidimensionality
(raw variance = 61.5%, 1°* contrast eigenvalue = 1.46), although
the variance explained by the 1°' contrast was somewhat higher
than expected at 14.1%. The best fitting 3-item “Physical/role
functioning” sub-scale omitted the “Safety” and “Pain/discomfort”

items and exhibited good model fit (infit = 0.96, outfit = 1.00),
potential issues with measurement precision (PSR = 1.65, PSI =
0.73) and good evidence of unidimensionality (raw variance =
65.0%, 1° contrast eigenvalue = 1.59), although the variance
explained by the 1" contrast was higher than expected at 18.6%.

The optimal 4-item “Physical/role functioning” sub-scale (with
the “Safety” item removed) was eventually chosen as the best
option, as it improved upon the original 5-item scale in terms of
dimensionality without major impact on model fit or measure-
ment precision. Although a 3-item sub-scale was originally sought
in the interest of parsimony, issues with measurement precision
were apparent in the optimal 3-item “Physical/role functioning”
sub-scale. Furthermore, the importance of the association
between pain and mobility was highlighted by PPI advisors. Due
to the omission of the “Pain/discomfort” item and potentially
worse measurement precision of the optimum 3-item sub-scale,
the optimum 4-item sub-scale was considered to be the
best choice.

Examining the item fit statistics for the 3-item “Mental well-
being” sub-scale and 4-item “Physical/role functioning” sub-scale
showed that all items exhibited good fit to the Rasch model with
infit and outfit MnSQ values ranging from 0.71 to 1.13 (Table 10).
The Zstd values for the “Contribution” (infit=—3.85, out-
fit=—4.07) and “Mood/emotions” (infit=—2.15, outfit=—2.49)
items revealed potential overfit to the model, but given the
acceptable MnSQ values, these were not considered to be prob-
lematic [51]. There was no indication of underfit.

With the fit and dimensionality of the two sub-scales con-
firmed, overall dimensionality of the full 7-item scale (combining
all items from the two sub-scales) was examined. As determined
in the EFA, it was anticipated that the MobQoL items would yield
two separate factors/sub-scales; the first being a physical/role
functioning sub-scale of mobility-related quality of life, and the
second being a mental wellbeing sub-scale of mobility-related
quality of life. As such, in the Rasch dimensionality analysis a con-
trast dimension was expected, with item loadings reflecting the
EFA factor structure. The Rasch PCA showed that 54.4% of the
variance was explained by the Rasch dimension raw data. Of the
variance, 12.8% was explained by the 1% contrast, which had a
strength of less than 2 items (eigenvalue = 1.97). The variance
explained by the first contrast suggested modest deviation from
unidimensionality. Further inspection of factor loadings indicated
that all items associated with the “Mental wellbeing” sub-scale
loaded onto the Rasch dimension (all positive loadings ranging
from 0.57 to 0.70) and all items associated with the “Physical/role
functioning” sub-scale loading onto the contrast dimension (all
negative loadings ranging from —0.25 to —0.56). This appears to
support the underlying sub-scale structure of the measure.

Analysis of Cronbach’s o coefficient confirmed the internal con-
sistency of the 4-item “Physical/role functioning” and 3-tem
“Mental wellbeing” sub-scales (2 =0.764 and 0.829 respectively)
and also of the full 7-item scale (o= 0.846).
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Table 5. Results from the exploratory factor analysis.

Initial eigenvalue

Extraction Sums of Squared Loadings

Factor Total % of variance Cumulative % Total % of variance Cumulative % Rotation Sums of Squared Loadings
1 4.348 48311 48.311 3.846 42.734 42.734 3.378
2 1.128 12.537 60.848 688 7.641 50.376 3.290
3 0.702 7.801 68.649
4 0.641 7.118 75.767
5 0.619 6.882 82.649
6 0.496 5.507 88.156
7 0.397 4410 92.566
8 0.359 3.991 96.557
9 0.310 3.443 100.000
5
4
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Figure 2. Scree plot from exploratory factor analysis. Eigenvalues summarise the variance in the data which is reproduced by identified factors. The inflexion point is
the point at which the line flattens, indicating minimal reproduced variance per factor.

Table 6. Pattern matrix: factor loadings from exploratory factor analysis.

Table 8. Item fit to the Rasch model.

Factor Infit Outfit
MobQoL Item 1 2 MobQolL Items® Item difficulty® MnSQ Zstd MnSQ Zstd
Mood/emotions 0.956 —0.179  Accessibility (home) 0.98 1 —-0.03 1.08 0.97
Self-esteem 0.754 0.027  Anxiety 0.37 0.85 —-2.11 0.84 —2.2
Anxiety 0.683 0.125  Mood/emotions 0.23 0.87 —1.78 0.88 —1.65
Relationships 0.386 0.262  Self-esteem 0.06 1.03 0.38 1.01 0.2
Accessibility (home) —0.155 0.729  Safety —0.09 1.17 2.2 1.19 235
Contribution 0.156 0.677  Pain/discomfort —0.48 1.08 1.04 1.07 0.95
Safety —0.050 0.667  Independence —0.53 1.08 1.1 1.09 1.24
Independence 0.177 0.571  Contribution —0.54 0.82 —2.69 0.8 —2.78
Pain/discomfort 0.205 0432 aans ordered by difficulty.
Satisfactory loadings highlighted in bold. Bltem difficulty represented as the location on the unidimensional latent vari-
able, measured in logits.
MnSQ: mean-square; Zstd: standardised Z-score.
Table 7. Scale and sub-scale fit to the Rasch model.
Measurement
Infit Outfit precision Finalising the classification system: MobQoL-7D
Scal MnSQ Zstd MnSQ Zstd PSI PSR . . X e
Cca eb' = 0”990 502 1n000 5;)1 o 08 After concluding the Rasch analysis, the final classification system
ombined 8-item . —0. . —0. . . X . . . .
5-item “Physical/role functioning™ 098 —03 099 —02 181 077  Was confirmed fol!owmg coqsultatlon Wlth the PPI advisory board.
3-tem “Mental wellbeing™ 098 —02 093 -08 198 080 The system contains seven items each with four response levels,

?Containing MobQoL items: Accessibility (home), Safety, Contribution, Pain/dis-
comfort, Independence, Self-esteem, Mood/emotions, Anxiety.

PContaining MobQoL items: Accessibility (home), Safety, Contribution, Pain/dis-
comfort, Independence.

“Containing MobQol items: Self-esteem, Mood/emotions, Anxiety.

MnSQ: mean-square; Zstd: standardised Z-score; PSI: Person Separation Index;
PSR: Person Separation Reliability.

and is named the MobQoL 7-dimension (MobQoL-7D). Each item
relates to a different conceptual dimension of mobility-related
quality of life. Together the seven items form two sub-scales of
mobility-related quality life; the first is associated with physical
and role functioning related to mobility, and the second is associ-
ated with mental wellbeing related to mobility. In total the



MobQoL-7D classification system describes 16,384 health states.
The final classification system is presented in Table 11, and the
subsequent questionnaire version is provided in Supplementary
File 3. The “Accessibility (home)” item was relabelled as simply
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Figure 3. Example of category probability curve for the “Accessibility (home)”
item. Each line refers to the probability of a given response choice (i.e., catego-
ries labelled 1 [most positive] to 4 [most negative]) relative to item difficulty .
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“Accessibility” following the removal of the related “Accessibility
(community)” item.

Discussion

The development of the MobQoL-7D combined methods of quali-
tative “de novo” (i.e., developing from new) outcome measure
development, psychometric testing, factor analysis and Rasch ana-
lysis. Principles of preference-based outcome measurement
informed both item development and item selection.

Although there are existing outcome measures related to
movement, occupational performance and assistive technology
[33-39], none of these instruments explicitly cover the concept of
mobility-related quality of life. Our previous research identified
the unique ways in which individuals with mobility impairments
define and experience health-related quality of life [23,25], and
also the issues with using generic preference-based measures in
populations with impaired mobility [12,20]. The MobQoL-7D was
therefore developed to be a novel condition-specific preference-
based measure for patient groups with impaired mobility.

The original MobQolL descriptive system, developed through
qualitative research [23], contains 15 items, covering 11 proposed
dimensions of mobility-related quality of life. Given the large
number of items in the original descriptive system, this study was
undertaken to derive a concise health state classification system
suitable for preference-based valuation. Of the 15 original
MobQolL items, the results indicated that seven items had suffi-
cient measurement properties and were suitable for inclusion in a
health state classification system. The EFA identified two underly-
ing factors within the item structure, which were defined as: 1)

2 3 4 5

—t———— R Fo———= \

_ Accessibility (home)
PO Anxiety
" Mood/emotions
_ Self-esteem
N satety

P ©-in/disconfort
P 1rdependence
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Figure 4. “Most probable response” map. The “most probable response” map shows the most likely combinations of item responses at various levels of severity,
expressed in logits on the x axis. The area to the extreme left corresponds to response category 1 (most positive); the area to the extreme right corresponds to
response category 4 (most negative). Category numbers are shown to the left of the modal area. Expected threshold locations are illustrated as the spaces between
response choices, and show the likely responses on the MobQoL-7D at various severity levels.

Table 9. Sub-scale fit to the Rasch model.

Infit Outfit Measurement precision Dimensionality
Sub-scale MnSQ Zstd MnSQ Zstd PSI PSR Raw variance%?® First contrast eigenvalue First contrast variance%”
3-item “Mental wellbeing”® 098 —-02 093 -08 1.98 0.80 67.3 1.61 17.6
5-item “Physical/role functioning”® 098 —03 099 —02 1.81 0.77 56.6 1.70 14.8
4-item “Physical/role functioning” 0.97 —05 1.00 —0.2 1.71 0.75 61.5 1.46 14.1
3-item “Physical/role functioning”® 096 —06 1.00 —0.2 1.65 0.73 65.0 1.59 18.6

2% variance explained by the raw data, calculated via PCA of residuals.
b% variance explained by the 1** contrast, calculated via PCA of residuals.
“Containing MobQolL items: Self-esteem, Mood/emotions, Anxiety.

dContaining MobQol items: Accessibility (home), Safety, Contribution, Pain/discomfort, Independence.
€Containing MobQoL items: Accessibility (home), Contribution, Pain/discomfort, Independence.

fContaining MobQol items: Accessibility (home), Contribution, Independence.
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Table 10. Item fit to the Rasch model per sub-scale.

Infit Outfit
Sub-scale MobQolL Item? Item difficulty® MnSQ Zstd MnSQ Zstd
4-item “Physical/role functioning” Accessibility (home) 1.38 1.02 0.33 1.13 1.43
Pain/discomfort —0.42 1.1 1.39 1.13 1.65
Independence —0.48 1.01 —0.22 1.02 0.27
Contribution —0.49 0.74 —3.85 0.71 —4.07
3-item “Mental wellbeing”® Anxiety 0.29 1.04 0.47 0.99 —0.02
Mood/emotions 0.02 0.84 —2.15 0.78 —2.49
Self/esteem —0.31 1.08 0.99 1.01 0.14

®ltems ordered by difficulty.

Pltem difficulty represented as the location on the unidimensional latent variable, measured in logits.
“Containing MobQoL items: Accessibility (home), Contribution, Pain/discomfort, Independence.

dContaining MobQoL items: Self-esteem, Mood/emotions, Anxiety.
MnSQ: mean-square; Zstd: standardised Z-score.

Table 11. MobQoL-7D health state classification system.

MobQoL-7D Dimension

Response choices

Accessibility

Contribution (such as contributing at home, work, education or in

the community)

Pain and discomfort

Independence

Self-esteem (including identity, confidence and self-consciousness)

Mood and emotions

Anxiety (such as feelings of worry or stress)

| do not find it difficult to move around my home

| find it a little bit difficult to move around my home

| find it very difficult to move around my home

I cannot move around my home

My mobility never makes it difficult to contribute and do the things that make
me feel valued

My mobility sometimes makes it difficult to contribute and do the things that
make me feel valued

My mobility often makes it difficult to contribute and do the things that make
me feel valued

My mobility always makes it difficult to contribute and do the things that
make me feel valued

Moving around in my everyday life is not painful or uncomfortable

Moving around in my everyday life is a little bit painful or uncomfortable

Moving around in my everyday life is very painful or uncomfortable

Moving around in my everyday life is extremely painful or uncomfortable

| am always satisfied with my level of independence

| am often satisfied with my level of independence

| am sometimes satisfied with my level of independence

| am never satisfied with my level of independence

| never feel bad about myself because of my mobility

| sometimes feel bad about myself because of my mobility

| often feel bad about myself because of my mobility

| always feel bad about myself because of my mobility

| never feel low, sad or unhappy because of my mobility

| sometimes feel low, sad or unhappy because of my mobility

| often feel low, sad or unhappy because of my mobility

| always feel low, sad or unhappy because of my mobility

My mobility does not make me feel anxious

My mobility makes me feel a little bit anxious

My mobility makes me feel very anxious

My mobility makes me feel extremely anxious

physical and role functioning related to mobility, and 2) mental
wellbeing related to mobility. Rasch analysis confirmed that these
two factors represent two unidimensional sub-scales. The final
MobQoL-7D health state classification system contains seven
items, each representing a distinct conceptual dimension of
mobility-related quality of life: Accessibility, contribution (i.e., con-
tributing at home, work, education or in the community), pain/
discomfort, independence, self-esteem, mood/emotions,
and anxiety.

Condition-specific preference-based measures are typically
derived from existing condition-specific measures [30,40], this
approach offers two key benefits: firstly the health state classifica-
tion system can be developed from an established condition-spe-
cific measure which is both clinically and psychometrically valid;
secondly, utility outcomes can be retrospectively calculated from
existing datasets. Conversely, developing a condition-specific pref-
erence-based measure from an existing condition-specific measure

limits the choice of dimensions to only those covered in the ori-
ginal measure [31], furthermore the descriptive system may be
sub-optimal for health state classification.

In situations where there are no suitable condition-specific
measures, methods of “de novo” condition-specific preference-
based measures development are useful. Common “de novo”
methods for item development include literature reviewing, con-
sulting clinical experts and conducting qualitative interviews with
specific patient groups [58]. This approach can be advantageous,
as items can be developed specifically for preference-based meas-
urement, and relevant patient groups can be involved at all
stages of developing and validating the measure [40]. Various
aspects of these different methods were combined to produce
the MobQoL-7D, which appears to be a psychometrically sound
measurement tool.

Mavranezouli et al. [42] state that multidimensional preference-
based measures should ideally comprise statistically independent



dimensions, thus allowing each dimension to be treated as a sep-
arate and discrete statement. Achieving statistical independence
between dimensions is particularly difficult with condition-specific
preference-based measures, as dimensions are often highly corre-
lated [42]. In refining the MobQoL-7D, significant but acceptable
levels of correlation were observed between certain items and the
factors, hence the sub-scale structure. Previous research illustrates
that dimensional structure can be used to aid item selection,
even when there is a lack of independence between items
[31,42]. Thus, it was possible to successfully select items despite a
lack of independence.

Although the measurement precision results from the Rasch
analysis illustrate satisfactory reliability and the Cronbach’s o
results show internal consistency, it is of note that the test-retest
reliability results were predominantly moderate. As noted in the
results, the underwhelming test-retest outcomes may be associ-
ated with the COVID-19 outbreak, as the start of lockdown in the
UK occurred during the retest follow-up period. For this reason, it
is possible that respondents’ outcomes may have naturally
changed due to the increased physical, social and emotional pres-
sures experienced during lockdown. Although this analysis was
retained, items were not excluded based on test-retest reliability
alone. Unfortunately resources were not available to repeat the
test-retest analysis at the time of this study. Another limitation of
this study is that the same dataset was used to both derive and
validate the health state classification system. Further validation
work would therefore complement this research.

Regarding the study sample, our initial intention was to estab-
lish a broad and varied sample which, among other characteris-
tics, represented all NHS categorisations of mobility need (low,
medium, high and specialist). As part of the NHS recruitment
phase, we specifically targeted individuals with varying levels of
mobility need categorisation. Unfortunately, due to confidentiality
and data protection regulations, we were unable to return to the
NHS recruitment sites to confirm the mobility need categorisation
of recruited participants. Furthermore, due to the COVID-19 pan-
demic most of the data collection was eventually carried out
through charitable organisations who did not collect information
about level of mobility need. We are therefore unable to explicitly
state whether variation in level of mobility need is appropriately
accounted for across the sample. However, the demographic
results demonstrate wide variance in diagnoses, primary mobility
aids and frequency of mobility aid use, thus we are confident that
the sample is sufficiently varied with regards to mobility need
and mobility impairment.

A preference elicitation exercise is now planned to develop
utility weights for all health states described by the MobQoL-7D;
this is scheduled for the next stage of the research. Given the
large number of individual health states described by the meas-
ure, statistical modelling will be used to extrapolate weights from
a smaller number of representative states. This will be carried out
with both a general population sample and a sample of individu-
als with mobility impairments to see how preferences differ.
Further research is also needed to evaluate the MobQoL-7D in
larger samples and defined respondent groups; for instance, com-
paring results between different age groups or patient groups
(e.g., defined by condition or disability).

Conclusions

The MobQoL-7D offers a valid and reliable approach to measuring
the health-related quality of life of individuals with impaired
mobility. This novel health state classification system has been
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developed specifically to generate health state utility values for
QALY calculations, which in turn could help to improve the accur-
acy of cost-effectiveness evidence for interventions to treat and
support patients with impaired mobility. The psychometric results
provide good evidence of the measurement properties of the
MobQoL-7D. The study sample consisted of a diverse population
of individuals with a vast array of conditions and experiences of
mobility impairment. Achieving satisfactory psychometric results
in such a varied sample provides good support for the usefulness
of the MobQoL-7D.
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