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Abstract

Background Assessing the validity of generic instruments across different clinical contexts is an important area of meth-
odological research in economic evaluation and outcomes measurement.

Objective Our objective was to examine the empirical validity of a generic, preference-based capability wellbeing instru-
ment (ICECAP-A) in the context of spinal cord injury.

Methods This study consisted of a secondary analysis of data collected using an online cross-sectional survey. The survey
included questions regarding demographics, injury classifications and characteristics, secondary health conditions, quality
of life and wellbeing, and functioning in activities of daily living. Analysis comprised the descriptive assessment of Spear-
man’s rank correlations between item-/dimension-level data for the ICECAP-A and four preference-based health-related
quality of life (HRQoL) instruments, and discriminant and convergent validity approaches to examine 21 evidence-informed
or theoretically derived constructs. Constructs were defined using participant and injury characteristics and responses to a
range of health, wellbeing and functioning outcomes.

Results Three hundred sixty-four individuals completed the survey. Mean index score for the ICECAP-A was 0.761; 12
(3%) individuals reported full capability (upper anchor; score = 1), and there were no reports of zero capabilities (lower
anchor; score = 0). The strongest correlations were dominated by items and dimensions on the comparator (HRQoL) instru-
ments that are non-health aspects of quality of life, such as happiness and control over one’s life (including self-care). Of 21
hypothesised constructs, 19 were confirmed in statistical tests, the exceptions being the exploratory hypotheses regarding
education and age at injury.

Conclusion The ICECAP-A is an empirically valid outcome measure for assessing capability wellbeing in people with
spinal cord injury living in a community setting. The extent to which the ICECAP-A provides complementary information
to preference-based HRQoL instruments is dependent on the comparator.
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Key Points for Decision Makers

Supportive evidence is accumulating for the validity

of a preference-based capability wellbeing instrument
(ICECAP-A) in different clinical contexts. This study
found positive evidence among individuals living with a
spinal cord injury (70% injured for 10 years or more).

Relationships between the ICECAP-A and different
health-related measures indicate uncertainty about what
underlying constructs (capabilities and/or functionings)
are being measured.

Preference-based outcomes for economic evaluation is
an increasingly crowded market. Further debate and dia-
logue are needed, with multiple stakeholders, regarding
the evaluative space of economic evaluation.

1 Introduction

Generic outcome measures play an important role in health
research, providing a means of assessing outcomes in a
way that allows comparisons to be drawn across different
contexts. One area where generic outcome measurement
is commonplace is economic evaluation, where multi-
ple health technology assessment (HTA) agencies have
published guidelines that recommend units of benefit be
expressed in quality-adjusted life years (QALY's), within
a cost-utility framework [1-3]. Although there is nothing
inherently health-related or generic about the QALY,l its
widely practised operationalisation affirms these two char-
acteristics through the use of standardised, generic health-
related quality of life (HRQoL) instruments [2, 11]. Such
instruments—known as multi-attribute utility instruments or

' (1) A literal, non-technical interpretation of the QALY is that of a
metric that weights periods of survival by a quality-adjustment factor.
Within an extra-welfarist approach, which underpins much of cur-
rent practice in economic evaluation, the quality-adjustment factor is
often health related [4, 5]. Indeed, a popular school of thought is that
extra-welfarism replaces ‘utility’ (the evaluative space under welfarist
economics) with ‘health’ [6]. Brouwer and colleagues [4, 7] reject the
idea that extra-welfarism imposes a restrictive conceptualisation of
outcomes, instead proposing that it provides a more general frame-
work for analysis, allowing elements other than utility—such as indi-
cators of health and wellbeing (i.e., the ‘extras’ in extra-welfarism)—
to be incorporated.

(2) The statement, “there is nothing inherently ... generic about
the QALY” is recognition of the availability of condition-specific
outcome measures that can be used to construct (condition-specific)
QALYs [8-10].
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preference-based HRQoL instruments—comprise a fixed set
of items and response options (the descriptive classification
system), ensuring that an individual’s set of responses corre-
spond to one of a finite number of health states. For example,
an instrument with six questions, each with three levels of
response, defines 729 (3°%) unique health state descriptions.
Each instrument has its own scoring procedure (the valua-
tion system)—sometimes multiple, country-specific scoring
procedures [12, 13]—which is a set of preference weights
(also known as ‘index scores’) that represent the relative
value that society places on living in each of the instrument-
defined states [14, 15].

Several preference-based HRQoL instruments have been
developed since the 1990s, including the Health Utilities
Index (HUI) [16], instruments developed by the EuroQol
Group (e.g., EQ-5D-3L [17] and EQ-5D-5L [18]), and
the Assessment of Quality of Life (AQoL) instruments
[19-22]. Concurrent to such developments, there have been
challenges as to whether the evaluative space of outcome
measurement in economic evaluation should be restricted
to health. Early discussion (mid-1990s onward) focused
on circumstances where individuals may be disadvantaged
when adopting a decision-making framework based on
health maximisation, highlighting sources of benefit such as
autonomy and process of care that would be overlooked (to
the extent that these benefits would not improve health out-
come) [23, 24]. In recent years, several research programmes
have developed (or will develop) preference-based instru-
ments for use in economic evaluation that quantify aspects
of non-health outcomes. Examples include the Adult Social
Care Outcomes Toolkit (ASCOT), which is a set of instru-
ments that focus on aspects of quality of life that are affected
by social care services [25, 26]; the Investigating Choice
Experiments for the Preferences of Older People ICEPOP)
project, from which the ICEpop CAPability (ICECAP)
measures evolved (discussed in the following) [27]; and the
‘Extending the QALY’ (E-QALY) project, which seeks to
develop a broad measure of quality of life that captures the
impacts of treatments and interventions across health and
social care sectors [28, 29].

The ICECAP instruments are measures of wellbeing
that are conceptually linked to Amartya Sen’s capabil-
ity approach, which advocates for an evaluative focus on
the extent to which people have the capability to function,
regardless of whether they choose to do so [5, 30]. To dis-
tinguish between capabilities (what people are able to do)
and achieved functionings (what they actually do), the ICE-
CAP measures adopt phrasing such as ‘I can/cannot’ and
‘I am able/unable to’, with evidence suggesting that such
wording can elicit differences in individuals’ self-reported
capabilities and functionings [31]. The first ICECAP instru-
ment was developed for older adults (ICECAP-O) [32], with
subsequent versions designed for adults (ICECAP-A) [33],
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individuals at the end of life (the ICECAP Supportive Care
Measure [ICECAP-SCM]) [34] and those ‘close to the
dying’ in the context of end-of-life care (ICECAP Close Per-
son Measure [ICECAP-CPM] [35]). Further research aims
to extend this line of work to the measurement of capability
in children and explore a life-course approach to capability
assessment [36].

Focusing specifically on the ICECAP-A, the instrument
comprises five dimensions: Stability (an ability to feel set-
tled and secure), Attachment (an ability to have love, friend-
ship, and support), Autonomy (an ability to be independent),
Achievement (an ability to achieve and progress in life), and
Enjoyment (an ability to experience enjoyment and pleasure)
[33]. Each dimension comprises one question with four lev-
els of response, defining 1024 unique capability wellbeing
states. While there are similarities in the appearance and
components of ICECAP instruments and preference-based
HRQoL instruments—for example, a descriptive classifica-
tion system and a valuation system—a key difference is in
the range and interpretation of the societal valuations. For
the health-related measures, values are interpreted on a scale
from zero (dead) to one (full health), where it is possible
to have negative values that represent health states worse
than dead. Alternatively, the anchors of the scoring ranges
for ICECAP instruments are ‘no capability’ (zero) and ‘full
capability’ (one) [37, 38].

Debate will persist about the merits of different evalu-
ative spaces, as well as other methodological and opera-
tional issues related to the development and use of different
preference-based instruments [39-41]. However, once an
instrument is available to use in economic evaluation (and
recognised in the guidelines produced by HTA agencies and
national decision-making bodies [42, 43]), it is important to
assess its performance across different clinical contexts. A
recent (2020) systematic review identified 16 studies as hav-
ing explored the measurement properties of the ICECAP-A
in a specific health context or a general population sample
[44]. At a population level,” Afentou and Kinghorn [44]
reported supportive evidence for the ICECAP-A regarding
content validity [45, 46], construct validity [47-49], and
reliability [50]. Evidence from patient populations included
women with irritative lower urinary tract symptoms (con-
struct validity and responsiveness) [51], people with knee
pain attributable to osteoarthritis (construct validity and

2 Some of the studies described as ‘general population’ in the review
by Afentou and Kinghorn [44] used data from the Multi Instrument
Comparison (MIC) study (http://www.aqol.com.au/index.php/aqol-
current). Quota sampling was used in the MIC study to obtain a tar-
get number of respondents in each of seven disease areas (arthritis,
asthma, cancer, depression, diabetes, hearing loss and heart disease)
and a demographically representative sample of ‘healthy’ partici-
pants.

responsiveness) [52, 53], depression (construct validity) [54,
55], opiate dependence (construct validity) [56], individu-
als living with spinal cord injury (SCI) (construct validity)
[57] and family members of people with meningitis (content
validity) [31]. Goranitis et al. also explored ‘sensitivity to
change’ in the opiate dependency study [56], but this was
not classified as assessing responsiveness in the systematic
review [44].

Developments in the treatment and care of individuals
with SCI have resulted in longer life expectancy post-injury
[58], and complications after (or secondary to) SCI are com-
mon, with pain, spasticity, sexual dysfunction and urinary
tract infections being among the most prevalent [59, 60].
Enabling people to attain an acceptable quality of life is
considered by many to be the primary goal of health care
providers following SCI [61]. To pursue such an objective
in a rigorous and quantifiable manner, the evaluation of
interventions and/or rehabilitation services requires generic
instruments that are capable of adequately measuring out-
comes such as quality of life and wellbeing in this popula-
tion. Although the capability approach has been the focus of
some attention within disability research [62—64], including
implications for policy and HTA [65], there is currently only
one published study in the area of SCI that includes an ICE-
CAP instrument [57]. Using a regression-based path analy-
sis, Engel et al. [57] showed that the presence of health con-
ditions secondary to SCI has different impacts on HRQoL,
capability wellbeing (measured by the ICECAP-A) and sub-
jective wellbeing. Despite not being described as an assess-
ment of construct validity (or any other measurement prop-
erty) by Engel et al., this study met the inclusion criteria for
the above-mentioned review by Afentou and Kinghorn [44].
To date, validation research for preference-based measures
in SCI has focused primarily on health-related instruments
[66—69]. This paper provides the first comprehensive report
of the empirical validity of a preference-based capability
wellbeing instrument (ICECAP-A) in the context of SCI. In
addition to a standalone assessment of psychometric criteria,
an explicit objective is to provide further insights regarding
the complementarity of the ICECAP-A with health-related
preference-based instruments.

2 Methods
2.1 Data Source and Outcome Measures

This study comprises a secondary analysis of data from an
online cross-sectional survey. Comprehensive details of the
online survey (study design, recruitment method, descrip-
tion of participants, survey administration and survey com-
position, etc.) are reported elsewhere [69]. Briefly, partici-
pants were a subsample of individuals who had previously
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participated in a Canada-wide SCI project—the SCI Com-
munity Survey [70]—and provided consent to be contacted
for further research. The survey contained five sections:
demographics, SCI classifications and characteristics, sec-
ondary health conditions, quality of life and wellbeing,
and SCI-specific functioning in activities of daily living.
A forced choice format was used, except for some demo-
graphic questions, where participants could select ‘don’t
know’ or ‘prefer not to answer’. Although the survey could
be completed across multiple sessions, all questions in Sec-
tion 4 (quality of life and wellbeing) were required to be
answered in a single session. The order in which standard-
ised instruments appeared in Section 4 was randomised to
prevent order-effect bias [71].

Details of the five generic, preference-based instruments
used in this study (ICECAP-A, AQoL 8-dimension ques-
tionnaire [AQoL-8D], EQ-5D-5L, HUI-3 and SF-6D) are
provided in Table 1. Other standardised measures used in the
analyses capture aspects of general health, life satisfaction,
secondary health conditions, and SCI-specific functioning
in activities of daily living. Item 1 of the SF-36v2 was used
as a measure of general health [76]. Life satisfaction was
assessed by a single, 11-point scale that asked, “Using a
scale of 0-10, where 0 means “very dissatisfied” and 10
means “very satisfied”, how do you feel about your life as
a whole right now?” [77]. The presence of health condi-
tions secondary to SCI was captured using a modified ver-
sion of the Spinal Cord Injury Secondary Conditions Scale
(SCI-SCS) [78]. The modified version captures information
about 16 secondary health conditions (muscle spasms [spas-
ticity]; depression/mood problems; pressure sore(s); bladder
dysfunction; trouble sleeping; joint and muscle pain; neu-
ropathic pain; sexual dysfunction; autonomic dysreflexia;
bowel dysfunction; fatigue; fractures; urinary tract infection;
respiratory problems; osteoarthritis/degenerative arthritis;
and cerebrovascular disease, stroke, or transient ischaemic
attack) using a four-point ordinal scale (0: not experienced
in the last three months/insignificant problem; 1: mild or
infrequent problem; 2: moderate or occasional problem; 3:
significant or chronic problem) [57]. Using the same scoring
procedure as the SCI-SCS, which has been shown to have
‘moderate to high’ evidence of validity and reliability [78],
total scores for the modified scale range from zero (no prob-
lems/insignificant problems only) to 48 (significant/chronic
problems in all 16 secondary health conditions). The self-
report version of the Spinal Cord Independence Measure
(SCIM-III), SCIM-SR, was used to measure SCI-specific
functioning in activities of daily living [79, 80]. Items for
19 daily tasks are weighted according to clinical relevance,
with the scoring procedure producing a total score (0 to 100)
and subscale scores across three domains (self-care [0-20],
respiration and sphincter management [0—40], and mobility
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[0—40]), with higher scores reflecting higher levels of per-
formance or independence.

2.2 Statistical Analysis

Prior to the consideration of empirical validity, a descriptive
assessment of [CECAP-A index scores (descriptive statistics
and frequency distribution) and dimension-level response
patterns was performed. Adopting the classification system
described by Brazier et al. [15], empirical validity was exam-
ined through a series of stated preference and hypotheti-
cal preference tests. The distinction lies in the variable(s)
used to define the test. Stated preference tests comprise
the use of preference-based measures administered along-
side each other to investigate the extent of convergence in
the respective index scores. Hypothetical preference tests
require the researcher(s) to assume and define a difference
in preferences and examine whether the expected differ-
ence is reflected in the index scores of the preference-based
instrument being evaluated. In this study, the empirical tests
used for the stated preferences and hypothetical preferences
all fall under the psychometric property of construct valid-
ity, which, broadly, concerns the extent to which a measure
agrees with another measure “in a manner that is consistent
with theoretically derived hypotheses” [81]. More specifi-
cally, discriminant and convergent validity approaches were
used.

2.2.1 Discriminant (Known-Groups) Validity

Discriminant validity is the ability of an instrument to dif-
ferentiate between groups that are hypothesised to differ
[81]. Given the paucity of research regarding capabilities
and capability wellbeing in the context of SCI, the forma-
tion of hypothesised constructs was informed primarily by
evidence pertaining to subjective wellbeing, life satisfac-
tion, quality of life and/or HRQoL. Table 2 provides details
of the 16 hypothetical preference tests that were assessed
using the discriminant validity approach; these hypothesised
constructs were classified as ‘strong’ (consistent support-
ive evidence) or ‘exploratory’ (mixed or little evidence) in
recognition of the varying degree of evidence. Constructs
with two groups were assessed using a one-sided, independ-
ent samples ¢ test (equal variances assumed) or Welch ¢ test
(equal variances not assumed). Linear trend analysis was
used in the assessment of the constructs comprising three
or more groups. For constructs that did not meet the para-
metric assumption of homogeneity of variances, heterosce-
dasticity-consistent standard errors were applied using the
‘sandwich’ package in R [114]. The ‘age at injury’ construct
was examined using multiple regression, controlling for the
time (number of days) between the date of injury and the
date of survey completion.
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Table 2 Details of the 16 hypothetical constructs used to explore the discriminant validity of the ICECAP-A in the context of spinal cord injury

Construct®

Expected relationship with ICECAP-A scores and evidence upon which the construct
was hypothesised®

Strong hypotheses
General health (5; SF-36v2 item 1)

Mental health (5; SF-6D Mental Health)

Social functioning (5; SF-6D Social Functioning)

Role/activity limitations (4; SF-6D Role Limitation)

Independence® (3; SCIM-SR mobility)

Independence® (3; SCIM-SR self-care)

Life satisfaction (11)
Time since injury (2)
Secondary health conditions® (3; modified SCI-SCS)

Paid employment (2)

Marital status (2)

Exploratory hypotheses
Education (3)

Happiness (5; AQoL-8D Happiness)

Household income (6)

Neurological level and completeness of injury (3)

Linear trend—better self-perceived general health, as measured by item 1 of the SF-36/
SF-12 instruments, is predictive of increased life satisfaction [82] and HRQoL [66].
Health status has also been shown to be positively associated with ICECAP-A dimen-
sions in the general population (EQ-5D-3L) [47] and family members of people with
meningitis (EQ-5D-5L) [31]

Linear trend—reports of mental health, positive mood, control, and self-worth are
positively associated with subjective quality of life [83—85]. ICECAP-A dimensions
are positively associated with the Anxiety/Depression dimension of the EQ-5D-3L in
the general population [47], and ICECAP-A scores satisfy hypothesised constructs in
adults with depression [55]

Linear trend—social integration and social support [86], activity participation [87], and
community integration [88] are positively associated with subjective quality of life.
Social health is positively associated with life satisfaction [85, 89]

Linear trend—participation in activities such as work, school and social activities is
associated with higher subjective quality of life [86, 87] and life satisfaction [90]

Linear trend—there are positive associations between: SCIM-III scores and life satisfac-
tion [91]; functional independence and life satisfaction [60]; functional independence
and quality of life [60, 66, 87, 92]; and, among (non-SCI) older adults, independence
in activities of daily living and ICECAP-O scores [93]

Linear trend—as above (for the SCIM-SR mobility construct). In (non-SCI) older
adults, self-care (EQ-5D-3L) is positively associated with several ICECAP-O dimen-
sions [94, 95]

Linear trend—life satisfaction is positively associated with HRQoL [66] and, in (non-
SCI) older adults, with ICECAP-O scores [93] and dimensions [94]

Higher ICECAP-A scores for those 10 years or more post-injury — time since injury is
positively associated with life satisfaction [90, 96] and quality of life [84, 97, 98]

Linear trend—secondary health conditions are associated with lower HRQoL [60, 66,
92, 98-101], life satisfaction [99, 102] and subjective quality of life [88, 97]

Higher ICECAP-A scores for those in paid employment—being employed is associated
with higher life satisfaction [91, 96, 102], HRQoL [98, 103] and subjective quality of
life [86]. Paid employment is also positively associated with ICECAP-A dimensions in
the general population [47]

Higher ICECAP-A scores if married or common law—presence of a spouse is associ-
ated with higher life satisfaction [60, 88-90, 102, 104, 105] and quality of life [87, 98,
106]; presence of a spouse is also associated with higher reported capability on several
ICECAP-A dimensions in the general population [47]

Linear trend—inconsistent evidence as to whether education is positively associated
with life satisfaction [89-91, 96] or subjective quality of life [84, 107, 108]. Higher
education is positively associated with ICECAP-A dimensions in the general popula-
tion [47] and family members of people with meningitis [31]

Linear trend—positive affect is associated with increased subjective quality of life [83],
and happiness is positively associated with ICECAP-A dimensions in the general
population [47]

Linear trend—limited evidence suggests that lower household income and financial
hardship is associated with lower subjective quality of life [107, 108]. Income is posi-
tively associated with ICECAP-A dimensions in the general population [47]

Linear trend—although evidence is mixed, this hypothesis combines assertions that
individuals living with paraplegia (regardless of the completeness of injury) will have
higher scores than individuals living with tetraplegia [66, 84, 89, 90, 92, 96, 98, 100,
107, 109] and, for individuals living with tetraplegia, those with incomplete injuries
will have higher scores than those with complete injuries [66, 89, 98]
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Table 2 (continued)

Construct® Expected relationship with ICECAP-A scores and evidence upon which the construct
was hypothesised®
Age at injury Injury occurring at a younger age is predictive of higher ICECAP-A scores (after con-

trolling for the number of days between participants’ date of injury and date of survey
completion)—evidence suggests that SCI onset at an older age may be associated with
lower quality of life [66, 92, 98, 110-113]

HRQoL health-related quality of life, SCI spinal cord injury

*Information in parentheses provides details of the number of categories and, where appropriate, the item/dimension of the standardised instru-
ment used to define the respective construct

®No explicit distinctions are made between ‘positive’ and ‘negative’ linear trends to prevent confusion due to the different scoring procedures of
the construct-defining variables. The directions of the expected relationships can be inferred from the evidence described. Unless stated other-
wise, the evidence described is specific to the context of SCI

“The primary analysis of the construct involved splitting the distribution of scores into groups using tertiles, with category labels (for groups
1-3) reflecting the scoring procedure of the instrument. To test how robust the findings were to the decision to use tertiles, the analysis was

repeated using quartiles and quintiles

2.2.2 Convergent Validity

Convergent validity explores the extent to which a meas-
ure correlates with other measures of the same (or similar)
concept [115]. Analysis began with a descriptive, omnibus
assessment of correlation, generating Spearman’s rank corre-
lations between responses to the five ICECAP-A dimensions
and (1) item-level data for the AQoL-8D (35 items) and (2)
dimension-level data for the EQ-5D-5L (five dimensions),
HUI-3 (eight dimensions) and SF-6D (six dimensions). Dif-
ferent approaches were required because the AQoL-8D does
not define a number of levels per dimension, unlike the EQ-
5D-5L, HUI-3 and SF-6D.

Hypotheses for the convergent validity analysis exam-
ined the relationships between preference-based index scores
(stated preference tests), the relative strength of association
between ICECAP-A Autonomy and the SCIM-SR, and the
respective approaches to the inclusion of pain in the HRQoL
instruments. Regarding the latter, items focusing on inter-
ference or limitations due to pain were expected to corre-
late more strongly with ICECAP-A index scores compared
with items referring to the severity of pain based on the idea
that interference and limitation is conceptually closer to the
notion of capabilities. The wording of the items and respec-
tive response options of the pain-related items included in
this hypothesis are reported in the Electronic Supplemen-
tary Material (ESM1); specifically, AQoL-8D item 24 and
SF-36v2 item 22 were expected to have stronger correla-
tions with ICECAP-A index scores compared with AQoL-
8D item 22, EQ-5D-5L Pain/Discomfort and SF-36v2 item
21. For the stated preference tests, it was hypothesised that
the AQoL-8D would have a stronger correlation with the
ICECAP-A compared with the EQ-5D-5L, HUI-3 or SF-6D
because of the greater coverage of psychosocial dimensions
in the AQoL-8D [46, 116, 117]. Similarly, the AQoL-8D

psychosocial super-dimension was expected to have a
stronger correlation with the ICECAP-A compared with the
AQoL-8D physical super-dimension. Finally, ICECAP-A
Autonomy was hypothesised to have a stronger correlation
with the SCIM-SR self-care and mobility subscale scores
when compared with the other four ICECAP-A dimensions.

The direction of recommended item-/dimension-level
coding for the five preference-based instruments is not
consistent. For example, higher levels of response on an
ICECAP-A dimension (e.g., level 3 vs. level 2) indicate a
better outcome, whereas level 1 is coded as the ‘top level’
for the four health-related instruments. To provide an intui-
tive interpretation of the direction of associations explored
in this paper, item-/dimension-level coding was reversed for
the health-related instruments when performing correlation
analyses. This ensures that a positive correlation coefficient
indicates a relationship between two variables (e.g., ICE-
CAP-A Enjoyment and HUI-3 Emotion) where ‘better’ or
‘worse’ outcomes tend to occur together.

Where applicable, findings were interpreted using a sta-
tistical significance level of 0.05. Analyses were conducted
using R (version 3.6.0) [118].

3 Results

Three hundred sixty-four individuals living with SCI
completed the survey and were included in the analysis.
Participant characteristics and ICECAP-A descriptive sta-
tistics are provided in Table 3. The majority of the sample
was male (63%), with 90% self-identifying as Caucasian
and 70% being at least 10 years post-injury. Mean age was
50.4 years, and there was representation across categories
of household income, education, neurological level and
injury classification. The mean ICECAP-A index score
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Table 3 Demographic
characteristics, clinical
characteristics and descriptive
statistics for the SCIM-SR and
ICECAP-A*

A\ Adis

Characteristic/outcome n=7364
Mean age 50.40 +13.2
Sex—female 135 (37.1)
Ethnicity

Caucasian 328 (90.1)

Other 339.1)
Relationship status

Married or common law 186 (51.1)

Single, never married 105 (28.8)

Divorced, separated or widowed 69 (19.0)
Living arrangement

Own home 267 (73.4)

Rental or other 94 (25.8)
Education

High school diploma/GED and below 102 (28.0)

Diploma/Certificate 140 (38.5)

Bachelor’s degree or higher 119 (32.7)
Household income

< $20,000 56 (15.4)

$20,000-39,999 49 (13.5)

$40,000-59,999 57 (15.7)

$60,000-79,999 47 (12.9)

$80,000-99,999 47 (12.9)

> $100,000 53 (14.6)
Time since injury

1-10 years 109 (29.9)

> 10 years 255 (70.1)
Neurological level

Tetraplegia 175 (48.1)

Paraplegia 189 (51.9)
ASIA Impairment Scale (neurological classification of injury)®

A 115 (31.6)

B 31(8.5)

C 119 (32.7)

D 69 (19.0)

E 8(2.2)

Uncertain (A or C) or unclassifiable 22 (6.0)
Cause of injury

Traumatic 272 (74.7)

Non-traumatic 92 (25.3)
SCIM-SR*

Self-care subscale score 1423 + 6.4

Mobility subscale score 16.67 + 10.1
Number of moderate or significant secondary conditions?

Zero 9(2.5)

1-3 90 (24.7)

4-6 97 (26.6)

7-9 111 (30.5)

>10 57 (15.7)
ICECAP-A

Mean index score 0.761 +£0.18

Median (interquartile range) index score 0.828 (0.26)
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Characteristic/outcome n =364
Highest reported index score 1.000
Lowest reported index score 0.149
Full capability (state 44444) 12 (3.3)
Complete absence of capability (state 11111) 0(0.0)

Values are the number (percentage) or the mean =+ standard deviation unless stated otherwise

ASIA American Spinal Injury Association, GED General Educational Development

“Numbers for some characteristics do not always sum to 364 because of ‘prefer not to answer’ responses

YASIA Impairment Scale classifications were determined using an algorithm developed by the SCI Com-

munity Survey research team [70]

“Due to a programming error for one item of the SCIM-SR, SCIM-SR total scores and SCIM-SR respira-
tion and sphincter management subscale scores are not reported

dBased on responses to the modified SCI-SCS

was 0.761; 12 (3%) individuals reported ‘full capability’
(i.e., state 44444, no suboptimal level of capability on
any dimension), and no individual reported the absence
of capability on all five dimensions (state 11111). As illus-
trated in Fig. 1, the distribution of ICECAP-A index scores
was negatively skewed. The ICECAP-A dimension-level
response pattern is reported in Table 4. The absence of
capability (level 1) was reported by less than 5% of indi-
viduals in each of the five dimensions. The highest two lev-
els of response (levels 3 and 4) accounted for between 67%
(Achievement) and 82% (Attachment) of responses; the
highest proportions of ‘full capability’ (level 4) responses
were for Attachment (39%) and Enjoyment (24%).

Fig. 1 Frequency distribution
of ICECAP-A index scores (n 80
=364)
60
>
(&)
&
> 40
o
o
[
20
0

0.00

Table 4 Distribution of responses across the levels of ICECAP-A
dimensions®

Attribute Level 1 (no Level 2 Level 3 Level 4 (full
capability) capability)
Stability 17 (4.7) 94 (25.8) 206 (56.6) 47 (12.9)
Attachment 4 (1.1) 62 (17.0) 156 (42.9) 142 (39.0)
Autonomy 18 (4.6) 83 (22.8) 204 (56.0) 59 (16.2)
Achievement 14 (3.8) 107 (29.4) 189 (51.9) 54 (14.8)
Enjoyment 5(1.4) 88 (24.2) 182(50.0)0 89 (24.5)

Values are numbers (percentages)

*This coding format is in accordance with the guidance documenta-
tion for using the ICECAP-A: https://www.birmingham.ac.uk/Docum
ents/college-mds/haps/projects/icecap/Icecap-A/ICECAP-A-Scori
ng.docx (Accessed 6 Aug 2020)

0.25

0.50 0.75 1.00

ICECAP-A index score
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3.1 Discriminant Validity

Table 5 reports category-level mean ICECAP-A scores and
the p value for the respective statistical test for the discri-
minant validity hypothetical preference tests (except for the
‘age at injury’ construct). All 11 strong hypotheses were
confirmed (p < 0.05), as were the exploratory constructs
for happiness, household income, and neurological level
and completeness. No statistically significant linear trend
was observed for the education construct (p = 0.067). After
controlling for the time between injury onset and survey
completion, ‘age at injury’ was not a statistically significant
predictor of ICECAP-A index scores (f = 7.60 x 107>, p =
0.920).

3.2 Convergent Validity

Coefficients from the omnibus assessment of correlation are
presented as a correlation matrix heatmap in Fig. 2, with the
corresponding values reported in the Electronic Supplemen-
tary Material (ESM2). Observations from this descriptive
analysis include (1) ICECAP-A Autonomy having stronger
correlations for items and dimensions capturing physical
aspects of quality of life (and zero correlations > 0.24 with
any of the 11 mental health items/dimensions) compared
with the other four ICECAP-A dimensions, (2) the absence
of any correlations stronger than 0.40 for items/dimensions
related to pain or senses (hearing, vision or speech/com-
munication), and (3) the relatively high proportion of low
correlations (16 of 40 coefficients with an absolute value
< 0.10) for the HUI-3 (i.e., Fig. 2 illustrates a high pro-
portion of pale shaded boxes for the HUI-3 relative to the
other health-related instruments). At the instrument level,
comparison of the 10 strongest and 10 weakest correlations
(Table 6) indicated that the ICECAP-A has a greater con-
ceptual overlap with the AQoL-8D when compared with the
EQ-5D-5L, HUI-3 and SF-6D. The ‘top 10’ pairs are domi-
nated by items and dimensions on the comparator (HRQoL)
instruments that could be described as non-health aspects of
quality of life, such as happiness (X4) and control over one’s
life (including self-care) (x4). Two mental health items/
dimensions complete the list of the 10 strongest correlations
(HUI-3 Emotion and AQoL-8D sadness). This contrasts with
the 10 weakest correlations, which comprise HUI-3 Vision
(x4), HUI-3 Dexterity (X2) and the mobility-related dimen-
sions of the EQ-5D-5L (x3) and HUI-3 (x1).

In line with expectations, correlation coefficients between
ICECAP-A index scores and pain-related item-/dimension-
level data were stronger when the pain item was framed in
the context of interference or limitations (AQoL-8D item
24 and SF-36v2 item 22) rather than severity (AQoL-8D
item 22, EQ-5D-5L Pain/Discomfort, and SF-36v2 item 21)
(Table 7). The hypotheses for preference-based index scores
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were also confirmed, with the ICECAP-A more strongly cor-
related with (1) AQoL-8D than with EQ-5D-5L, HUI-3 and
SF-6D, and (2) the AQoL-8D psychosocial super-dimen-
sion than with the AQoL-8D physical super-dimension
(Table 7). Hypotheses were also confirmed for the associa-
tions between the SCIM-SR and ICECAP-A Autonomy, i.e.,
Spearman’s rank correlations between the SCIM-SR self-
care and mobility subscale scores and ICECAP-A dimen-
sions were strongest for ICECAP-A Autonomy [see Elec-
tronic Supplementary Material (ESM2)].

4 Discussion

This paper reports the first comprehensive examination of
the empirical validity of the ICECAP-A in the context of
SCI. Using construct validity techniques and correlation
analysis, the findings showed that the ICECAP-A performed
in line with expectations regarding relationships with health,
injury, functioning and demographic indicators as well as
previous research demonstrating greater overlap between
the ICECAP-A and non-health items/dimensions present in
preference-based HRQoL instruments [46, 48].

The observation that the ICECAP-A has the strong-
est associations with the AQoL-8D (when compared with
other preference-based HRQoL instruments) confirms find-
ings from studies that have used data from the Multi Instru-
ment Comparison study (http://www.aqol.com.au/index
.php/aqol-current) [46, 48, 49]. The weakest dimension-to-
dimension correlations most often included EQ-5D-5L and
HUI-3 dimensions (e.g., see Table 6), supporting the idea
that the ICECAP-A is a complement to and not a substi-
tute for these HRQoL measures [46, 48, 53]. Whether the
ICECAP-A/AQoL-8D overlap would be observed with other
AQoL instruments (AQoL-4D, AQoL-6D or AQoL-7D) is
unknown. In their systematic review, Afentou and Kinghorn
[44] categorised some studies that looked at the overlap
between the ICECAP-A and HRQoL instruments as assess-
ments of content validity, concluding that, “(such) results
showed a clear distinction between capabilities and function-
ing because the ICECAP-A provided different information
than that elicited from other measures.” This interpretation
warrants closer inspection because it assumes that the ICE-
CAP-A and the HRQoL instruments are measuring capabili-
ties and functionings, respectively (as opposed to measur-
ing different functionings, different capabilities or different
combinations of the two). In the context of preference-based
instruments, only one study has been designed to examine
the degree to which individuals perceive functionings and
capabilities to differ. In the novel study by Al-Janabi [31],
approximately one-third of participants from a UK conveni-
ence sample reported a difference in at least one dimension
when completing a modified version of the ICECAP-A that
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Table 5 Results of the discriminant validity analyses for the 11 strong hypotheses and four (of five) exploratory hypotheses®
Construct Categories n ICECAP-A score p value
(mean + SD)
Strong hypotheses
General health Excellent 20 0.909 +0.10 <0.001°
Very Good 106 0.830 +£0.13
Good 148 0.769 + 0.16
Fair 66 0.668 +0.19
Poor 24 0.540 £ 0.21
Mental health Level 1 (highest) 82 0.872 £ 0.11 <0.001°
Level 2 129 0.811 +£0.13
Level 3 102 0.713 £ 0.17
Level 4 41 0.586 +0.18
Level 5 (lowest) 10 0.420 + 0.21
Social functioning Level 1 (highest) 92 0.871 £0.12 <0.001°
Level 2 79 0.813 +0.13
Level 3 120 0.723 + 0.17
Level 4 56 0.689 +0.18
Level 5 (lowest) 17 0.430 +£0.20
Role/activity limitation Level 1 (highest) 38 0.900 + 0.12 <0.001°
Level 2 88 0.837 +0.12
Level 3 13 0.784 + 0.21
Level 4 (Iowest) 225 0.706 + 0.19
Independence (self-care)® Group 1 (lowest) 122 0.695 +0.19 <0.001°
Group 2 121 0.763 +0.17
Group 3 (highest) 121 0.825 +0.16
Independence (mobility)© Group 1 (lowest) 122 0.719 +£0.18 < 0.001
Group 2 121 0.769 + 0.18
Group 3 (highest) 121 0.796 + 0.18
Life satisfaction 0 (lowest) 5 0.299 +0.18 <0.001°
1 6 0.459 +0.21
2 12 0.495 +0.11
3 30 0.528 +0.15
4 22 0.609 + 0.16
5 40 0.688 +0.13
6 45 0.759 + 0.14
7 78 0.828 + 0.09
8 73 0.871 + 0.09
9 38 0.889 +0.09
10 (highest) 15 0.933 +0.11
Secondary health conditions® Group 1 (highest) 122 0.851 +0.14 <0.001°
Group 2 121 0.777 £ 0.14
Group 3 (lowest) 121 0.654 + 0.20
Time since injury 1-10 years 109 0.732 £ 0.19 0.024
>10 years 255 0.773 £ 0.18
Paid employment No 238 0.732 +£0.18 <0.001°
Yes 126 0.816 +0.17
Marital status Single, never married 105 0.744 + 0.18 0.016
Married or common law 186 0.790 + 0.17
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Table 5 (continued)

Construct Categories n ICECAP-A score p value
(mean + SD)
Exploratory hypotheses
Education High school diploma/GED and below 102 0.725 +£0.21 0.067°
Diploma/Certificate 140 0.777 £ 0.16
Bachelor’s degree or higher 119 0.774 +0.18
Happiness* All the time 23 0.905 + 0.09 <0.001°
Mostly 210 0.833 +0.12
Sometimes 111 0.649 +0.18
Almost never or never 20 0.463 +0.17
Household income Under $20,000 56 0.661 + 0.21 < 0.001
$20,000-39,999 49 0.725 +0.16
$40,000-59,999 57 0.764 + 0.17
$60,000-79,999 47 0.807 +0.17
$80,000-99,999 47 0.796 + 0.18
>$100,000 53 0.810 +0.18
Neurological level and completeness Paraplegia (complete or incomplete) 182 0.780 + 0.18 0.021
Tetraplegia incomplete 113 0.758 £ 0.18
Tetraplegia complete 45 0.709 £ 0.17

GED General Educational Development

aThe category labels ‘highest’ and ‘lowest’ are used to illustrate the direction of the expected relationship with ICECAP-A index scores for the
constructs with non-intuitive category labels, reflecting the scoring procedures of the construct-defining variables

® Assumption of homogeneity of variances was not met

CA statistically significant linear trend was also observed when the construct was analysed using quartiles and quintiles (p < 0.001)

9The response categories for level 4 (‘Almost never’; n = 18) and level 5 (‘Never’; n = 2) were combined

asked about capabilities (‘I can’/‘I am able to’) and func-
tionings (‘I do’/‘I am’) [31]. While it is evident that the
ICECAP-A provides information beyond preference-based
HRQoL instruments, the extent of the additional informa-
tion is dependent on the comparator [48], and there remains
uncertainty about what underlying constructs (capabilities
and/or functionings) ICECAP and preference-based HRQoL
instruments are measuring.

The emergence of consistent, supportive evidence for the
empirical validity of the ICECAP-A and the availability/
development of other preference-based instruments (e.g.,
ASCOT, E-QALY and other ICECAP measures) empha-
sises the need for further empirical and conceptual research
regarding the evaluative space for economic evaluation. This
is not the exclusive territory of academic debate—the needs
and values of decision makers and the public are important
if economic evaluation is to serve its purpose in supporting
efficient and equitable decision making. Such research will
need to extend beyond (important) ‘within-space’ issues,
such as the development of decision rules and monetary
thresholds for ICECAP instruments [41, 120], and the esti-
mation of value sets in non-UK settings.
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The strengths of this study lie in the clinical context (i.e.,
the paucity of psychometric assessment of capability instru-
ments in the context of SCI), the use of multiple compara-
tor HRQoL instruments, and the incorporation of SCI and
non-SCI evidence to support the definition of explored con-
structs. As with all studies, there are limitations. First, as a
secondary analysis of cross-sectional data, it was not pos-
sible to assess psychometric criteria that are best explored
with repeated measurements, such as responsiveness to
change or test—retest reliability. Given that it is the change in
outcome that is a key factor in intervention-based research,
this remains an important area for further work. Second, it
is important to acknowledge the inevitable subjectivity in
this field of research, which could manifest in the choice
of methods (e.g., the definition of constructs and classifica-
tion of ‘strong’ and ‘exploratory’ hypotheses) or the inter-
pretation of results (e.g., highlighted observations from the
heatmap). The comprehensive and transparent reporting of
procedures and results mitigates the implications of this
limitation for the study findings. Finally, caution is required
when generalising study findings to other SCI settings. Par-
ticipants were a subsample of individuals who had taken
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Fig.2 Correlation matrix heat-
map for the Spearman’s rank
correlations between ICECAP-
A dimension levels and item-/
dimension-level data for the
AQoL-8D, EQ-5D-5L, HUI-3
and SF-6D. Item-/dimension-
level coding was reversed for
the health-related instruments.
AQoL-8D items are grouped by
dimension; for each AQoL-

8D item, the corresponding
dimension (C Coping, H Hap-
piness, /L Independent Living,
MH Mental Health, P Pain, R
Relationships, S Senses, SW
Self-worth) and item number
(i.e., 1-35) are highlighted. The
different shading reflects the
categorical divisions of cor-

Household Tasks (IL:30)
Getting Around (IL:3)
Mobility (IL:15)
Self-care (IL:19)

Vision (S:28)

Hearing (S:32)
Communication (S:11)
Pain Frequency (P:6)
Degree of Pain (P:22)
Pain Interference (P:24)
Depression (MH:33)
Sleeping (MH:12)
Anger (MH:14)
Self-harm (MH:16)
Despair (MH:35)

Worry (MH:18)

Sadness (MH:5)

Calm (MH:8)
Contentment (H:27)
Enthusiasm (H:17)
Happiness (H:20)
Pleasure (H:25

Feeling a Burden (SW:26
Feeling Worthlessness (SW:13

relation coefficients reported by Confidg:zfgg,sgfz
Shrout [119], used for illustra- Control (c;ég

Coping (C:21

Enjoy Close Relationships (R:23
Close Relationships (R:10
Social Isolation (R:31

Social Exclusion (R:2

Intimacy (R:34

Family Role (R:9

Community Role (R:4

Mobility

Self-care

Usual Activities
Pain/Discomfort
Anxiety/Depression

tive purposes only

Health-related quality of life item/dimension, by instrument

Vision
Hearing
Speech

Ambulation
Dexterity
Emotion
Cognition
Pain

Physical Functioning
Role Limitation
Social Functioning
Pain

Mental Health
Vitality

part in the SCI Community Survey [70], which was the first
survey in Canada (and among the first worldwide) to draw
a comprehensive picture of major aspects of the lives of
people with SCI living in a community setting. Over 70% of
participants in the current study had been injured for more
than 10 years. It is unlikely that the relatively small propor-
tions (< 5%) of ‘no capability’ responses to the ICECAP-A
dimensions would be replicated in a sample of individuals
in the early stages of rehabilitation. Although the mean ICE-
CAP-A index score observed in this study (0.761) is lower
than the mean values reported by Mitchell et al. [121] for

ICECAP-A dimensions

Stability Attachment Autonomy Achievement Enjoyment

ds-1oov

Spearman's rank
correlation

- (-0.10,-0.01)
(0.00,0.10)
(0.1, 0.40)
(0.41,0.60)
(0.61,0.80)

€-INH

| [ 15-as-o3 | |

as-41s

individuals living with arthritis, asthma, cancer, diabetes and
heart disease (all between 0.80 and 0.82), the validity of the
ICECAP-A in populations with significant capability impair-
ments (SCI and non-SCI) is an area for further research.

5 Conclusions
This paper provides evidence to support the empirical valid-

ity of the ICECAP-A in the context of people with SCI living
in a community setting, adding to the ever-growing literature
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I?)b\i?ezk;(:rlssgg:lrng;Esnd Rank Comparator instrument: item/dimension®  ICECAP-A dimension  Correlation
rank correlatiI(:ns between coeflicient
.ICECA_P'A di.mensions and 1 (strongest) AQoL-8D: self-care (IL:19) Autonomy 0.636
ggr_lggfgnf’n:;%rﬁ;fstgil) and 2 AQoL-8D: pleasure (H:25) Enjoyment 0.635
AQoL-8D? 3 AQoL-8D: happiness (H:20) Enjoyment 0.626
4 AQoL-8D: contentment (H:27) Stability 0.625
5 AQoL-8D: contentment (H:27) Enjoyment 0.622
6 HUI-3: Emotion Enjoyment 0.612
7 AQoL-8D: control (C:29) Achievement 0.609
8 AQoL-8D: control (C:29) Stability 0.604
9 EQ-5D-5L: Self-care Autonomy 0.601
10 (10th strongest) AQoL-8D: sadness (MH:5) Enjoyment 0.593
1 (weakest) EQ-5D-5L: Mobility Attachment —-0.011
2 HUI-3: Ambulation Achievement 0.015
3 HUI-3: Vision Autonomy - 0.019
4 HUI-3: Dexterity Attachment 0.023
5 EQ-5D-5L: Mobility Achievement 0.024
6 HUI-3: Vision Attachment 0.034
7 HUI-3: Dexterity Stability 0.042
8 HUI-3: Vision Stability 0.043
9 EQ-5D-5L: Mobility Enjoyment —0.045
10 (10th weakest) HUI-3: Vision Enjoyment 0.051

“The absolute values of the coefficients were used to identify the 10 strongest and 10 weakest correlations.
Item-/dimension-level coding was reversed for the health-related instruments

°The corresponding AQoL-8D dimension and item number is highlighted for each AQoL-8D item reported
in the table: C Coping, H Happiness, /L Independent Living, MH Mental Health

Table 7 Correlation coefficients
for the pain-related and

Correlation

. coefficient
preference-weight convergent
validity hypotheses Pain-related hypothesis*
Spearman’s rank correlation between the ICECAP-A index score and...
AQoL-8D item 22 0.315
AQoL-8D item 24 0.377
EQ-5D-5L Pain/Discomfort dimension (EQ-5D-5L item 4) 0.283
SF-36v2 item 21 0.294
SF-36v2 item 22 0.339
Preference-weight hypotheses
Pearson’s correlation between the ICECAP-A index score and...
AQoL-8D index score 0.739
AQoL-8D psychosocial super-dimension score 0.699
AQoL-8D physical super-dimension score 0.482
EQ-5D-5L index score 0.568
HUI-3 index score 0.499
SF-6D index score 0.577

Item-/dimension-level coding was reversed for the health-related instruments. The wording of the AQoL-
8D, EQ-5D-5L, HUI and SF-6D items and response options included in the pain-related hypothesis is pro-
vided in the Electronic Supplementary Material (ESM1)
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that explores whether instrument X is suitable for use in
context Y. The availability of different preference-based
instruments, overlapping in their coverage of evaluative
space (e.g., health, capabilities and social care), offers a rich
armoury for analysts to quantify the benefits of treatments
and interventions. The collective role of such instruments to
support efficient and equitable decision making (and, indeed,
having a better understanding of the needs of decision mak-
ers) is an area that requires further attention.
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