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A B S T R A C T
Objectives: To examine the extent of disagreement in estimated
utility between the six-dimensional health state short form (SF-6D)
and the Health Utilities Index—Mark 3 (HUI3) in Canadians with
neurological conditions and how discordance varied by participant
and neurological condition attributes. Methods: The study analyzed
cross-sectional survey data from the Living with and Managing the
Impact of a Neurological Condition Study. Self-reported data were
collected on the burden and impact of neurological conditions on
participants’ everyday lives. Disagreement was examined by compar-
ing utility distributions, paired t tests of the means, Spearman
ρ correlations, intraclass correlations, and Bland-Altman plots. Associ-
ations between participant and neurological condition attributes and
utility differences were assessed using multiple regression models.
Results: Disagreement between the SF-6D and the HUI3 was substan-
tial, with a mean utility difference of 0.15 (95% confidence interval 0.13–
0.17). An intraclass correlation coefficient of 0.41 suggests only
marginal agreement. The Bland-Altman plot and regression analysis
showed systematic variation in utility difference associated with level
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of utility. Depending on the level of utility, utility differences
between the SF-6D and the HUI3 shift in magnitude and direction.
The pattern of disagreement did not vary substantially by participant
or neurological condition characteristics. Conclusions: The SF-6D
and the HUI3 provide inconsistent evaluations of utility in persons
with neurological conditions. The magnitude and direction of differ-
ences in estimated utility are strongly associated with level of utility.
Depending on the health status of the sample, the SF-6D and
the HUI3 could provide widely contradictory utility estimates. A
concern is that utility scores, and hence potential evaluations and
health care decisions, may vary simply according to the choice of
instrument.
Keywords: discordance, health-related quality of life, Health Utilities
Index, neurological conditions, Neuro-QoL, preference-based quality
of life, SF-6D, utility measures.

Copyright & 2017, International Society for Pharmacoeconomics and
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Introduction

Quality of life is frequently compromised for people living with
neurological conditions that are diverse in their symptoms,
trajectories, and sequelae. Collectively, neurological conditions
are a significant cause of disease burden and are characterized by
diverse functional limitations that pose daily challenges to
individuals and their families [1–5]. Very few neurological con-
ditions are curable. As a result, the treatment emphasis is often
on managing the impact of symptoms and the maintenance of
health-related quality of life (HRQOL) [4–6].

HRQOL is a multidimensional construct that represents an
individual’s subjective perception of improvements or detriments
in quality of life and well-being that are central to health such
as the physical, mental, and psychosocial-emotional aspects
of health [7]. Assessments of HRQOL contribute to a more
comprehensive understanding of disease effects and impacts
on quality of life than do measures of clinical change alone
[4,8–11]. There are various condition-specific and generic instru-
ments to evaluate HRQOL. Although condition-specific instru-
ments can target domains that are relevant to an individual
condition, generic instruments facilitate comparative assess-
ments across conditions and in persons with multimorbidity [12].

Multi-attribute, preference-based HRQOL instruments (rou-
tinely referred to as “utility” instruments), such as the Health
Utilities Index—Mark 3 (HUI3) [13], the six-dimensional health
state short form (SF-6D) [14,15], and the EuroQol five-dimensional
questionnaire (EQ-5D) [16], are a class of generic instruments that
evaluate HRQOL in terms of utility [7]. These instruments are
standardized outcome measures designed to describe the extent
of disability and impact of ill health by attribute and also assess
the strength of people’s preferences for health states as a single
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utility-based index score, where 1 signifies perfect health and 0
represents health states considered equivalent to death. It is
possible to obtain scores less than 0, which represent health
states considered worse than dead [7,17]. Preference-based
instruments consist of a descriptive health classification system,
comprising a number of multilevel HRQOL domains, and a
scoring algorithm that assigns utility to health states [7]. The
scoring algorithm incorporates “preferences” that reflect a valu-
ing of different health states. Preferences can be obtained either
directly from the participant, an individual experienced in the
health state, or indirectly from a representative community
sample [12]. Instruments using indirect preferences therefore
reflect “societal” rather than individual preferences for health
states [8,12,18].

Even though utility instruments are purported to measure the
same concept (HRQOL), they vary in their descriptive health
classification systems, valuation methods, and scoring algo-
rithms. As a result, different utility instruments often produce
dissimilar utility scores and distributions and vary in their
sensitivity and responsiveness [8,19–21]. The accumulating
empirical evidence of discrepancies between utility instruments
is of significant concern and has important implications for
interpreting HRQOL status and challenges the validity required
for decision making. The concern is that utility scores, and hence
potential evaluations and health care decisions, may vary simply
according to the choice of instrument [17,22,23].

The agreement and discrepancies between utility instruments
have been assessed in head-to-head comparisons in various
populations and conditions, including specific neurological con-
ditions; it has not been evaluated in a sample of people with
diverse neurological conditions [4,19,24,25]. The aim of this study
was to examine the extent of disagreement in utility scores
between the SF-6D and the HUI3 in Canadian adults with neuro-
logical conditions and determine whether utility differences vary
by participant and neurological condition attributes.
Methods

Data

The data were drawn from the Canadian LINC (Living with and
Managing the Impact of a Neurological Condition) Study. The
purpose of the study was to describe the health burden and
impact on health, quality of life, resource utilization, and partic-
ipation in everyday life of people with neurological conditions
[26]. The LINC Study collected data in a cross-sectional survey of
948 Canadians, 17 years of age or older, with at least one
identified neurological condition, between September 14, 2011,
and July 1, 2012. Subjects were recruited primarily through the
Neurological Health Charities of Canada and their member
organizations. The LINC Study survey instrument was con-
structed using a series of validated scales and standardized
instruments as well as self-reported data on diagnoses and
health status (diagnosis, time since diagnosis, self-rated health,
and the degree of neurological impairment and symptoms) and
sociodemographic variables (age, sex, employment status, and
education). Question formats matched those used in Statistics
Canada health surveys. The LINC Study survey was primarily
administered online using Opinio (ObjectPlanet, Inc. Øvre
Slottsgate 5, 0157 Oslo, Norway), a Web-based survey application.
The remaining respondents completed the survey on paper (8%)
or by telephone (3%). Data were cleaned and coded using Excel
and SAS (SAS Institute, Inc., Cary, NC). Coding, including handling
of missing data, was as per protocols for each instrument.

This analysis used data from survey respondents (N ¼ 948)
who had utility scores for both the SF-6D and the HUI3 (N ¼ 776).
Ethical approval was received from Health Canada and the Public
Health Agency of Canada Research Ethics Board as well as the
appropriate ethics review boards at Dalhousie University, Queens
University, the University of Manitoba, and the University of
Prince Edward Island.

Instruments

Three HRQOL instruments were used in the analysis: the HUI3,
the SF-6D, and the Quality of Life in Neurological Disorders
(Neuro-QoL). The HUI3 and the SF-6D are generic, indirect,
preference-based multi-attribute health state classification and
utility scoring systems. The Neuro-QoL is a condition-specific
psychometric measure for use in neurological diagnoses.

The HUI3 health classification system includes eight HRQOL
domains with a focus on bodily functions: vision, hearing,
speech, dexterity, ambulation, cognition, emotion, and pain. Each
domain has five to six levels of function. The HUI3 can describe
972,000 unique health states. The HUI3 scoring function was
developed by rating single-deficit states using the visual analogue
scale and standard gamble techniques in a multi-attribute multi-
plicative model and incorporated preferences of a community
sample (n ¼ 504) in Ontario, Canada. HUI3 utility scores can range
from �0.36 to 1.00. Minimally important clinical difference in
HUI3 utility scores range between 0.02 and 0.05 [13,27]. The HUI3
is widely used in general and clinical applications including
various neurological conditions [25,28–30]. It has been included
in major population health surveys in Canada since 1990, includ-
ing more recently (2010) the Survey of Living with a Neurological
Condition in Canada [31,32].

The SF-6D is derived from the widely used short form 36
health survey using an algorithm developed by Brazier et al.
[14,15,33,34]. Although less frequently used than other utility
measures such as the HUI3 and the EQ-5D, it provides a means of
measuring utility when data from the short form 36 health
survey are available. The SF-6D describes a broader definition of
health within its six domains: physical functioning, role limita-
tions (physical and emotional), bodily pain, vitality, social func-
tioning, and mental health. Each domain has one to three items,
with four to six levels of function to describe up to 18,000 unique
health states. SF-6D health state valuation used standard gamble
valuations that included complex, multideficit states from a
sample of 836 individuals in the United Kingdom. A linear
additive model was used to aggregate domain scores. The SF-
6D utility scores range from 0.30 to 1.00 [14,15,33]. Minimally
important clinical difference in SF-6D scores range from 0.011 to
0.097 in different clinical populations [35–37]. The SF-6D has been
administered in various patient populations with neurological
conditions [6,24,25].

The LINC Study evaluated neurological condition–specific
attributes using the Neuro-QoL instrument. The Neuro-QoL has
a series of separate psychometric scales that assess domains
relevant to neurological conditions (see Table 2 for the 13
included scales). Each scale uses eight to nine items to describe
a domain. Neuro-QoL scale T scores (mean 50, SD 10), derived
from the scoring tables in the Neuro-QoL user manual, were used
as neurological condition attribute covariates in the analysis. A
0.5 SD change in Neuro-QoL T score is considered a clinically
relevant difference [10,11,38].

Analysis

Discrepancy or difference in measured utility between the SF-6D
and the HUI3 was the primary outcome variable for this study.
Difference in utility (dUTY) scores was measured for each person,
i, as follows:

dUTYi¼SF6Di–HUI3i
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Variation in dUTY was examined with respect to a number of
patient- and condition-specific attributes. Patient attributes
included sex, age group (o26, 27–55, 56–65, and 465 years),
educational attainment (less than high school diploma, high
school diploma, some postsecondary, postsecondary degree),
years since diagnosis (0–5, 6–10, and 410), and change in health
status since previous year.
Table 1 – Characteristics of the study population (n ¼ 77

Characteristic/condition n (%) S

Sample chara
Whole sample utility score by instrument 776 (100) 0

Sex
Male 244 (35) 0
Female 444 (65) 0

Age† (y)
o26 44 (6) 0
27–55 368 (53) 0
56–65 163 (24) 0
465 115 (17) 0

Education
No high school 45 (7) 0
High school 78 (12) 0
Some postsecondary 53 (8) 0
Postsecondary degree 491 (73) 0

Self-rated health
Excellent 44 (6) 0
Very good 171 (22) 0
Good 304 (39) 0
Fair 194 (25) 0
Poor 57 (7) 0

Time since diagnosis (y)
0–5 146 (19) 0
6–10 128 (16) 0
410 502 (65) 0

Health in past year
Health same or better 510 (66) 0
Health declined 265 (34) 0

Selected major neurological con
ALS 26 0
Alzheimer disease 11 0
Epilepsy 117 0
Brain injury 108 0
Brain/spinal cord tumor 24 0
Cerebral palsy 14 0
Dystonia 43 0
Multiple sclerosis 183 0
Muscular dystrophy 65 0
Parkinson disease 147 0
Spina bifida and hydrocephalus 62 0
Spinal cord injury 47 0
Stroke 38 0

ALS, Amyotrophic lateral sclerosis; HUI3, Health Utilities Index—Mark 3;
* Difference was compared using two-sided paired t tests. Mean differen
o0.001 except self-rated health: Excellent P value 0.003; self-rated hea
P value 0.0080; Alzheimer disease P value 0.0036; and brain/spinal cord

† A focus of the LINC Study was the impact of neurological conditions
related to education, work, and retirement. People younger than 27 y ar
are within the typical working years. The age group of 56–65 y finds pe
with chronic conditions. Most people older than 65 y are retired.

‡ Frequency and utility of selected neurological conditions were include
Tourette’s (n ¼ 8).
Descriptive statistics (means, SDs, and percentiles) and graphs
were used to describe sample characteristics and the distribu-
tions of the SF-6D and the HUI3. Differences in mean utility
scores were assessed using paired t tests and associations
between each of the SF-6D and the HUI3 domains were evaluated
using a Spearman correlation matrix, in which correlations
greater than 0.50 represented a strong relationship (results not
6).

F-6D (95% CI) HUI3 (95% CI) Mean difference*

cteristics
.62 (0.62–0.63) 0.47 (0.45–0.49) 0.15 (0.13–0.17)

.62 (0.61–0.64) 0.43 (0.39–0.47) 0.19 (0.16–0.22)

.63 (0.62–0.64) 0.49 (0.46–0.52) 0.13 (0.11–0.16)

.66 (0.63–0.70) 0.49 (0.39–0.59) 0.18 (0.09–0.26)

.61 (0.60–0.62) 0.47 (0.44–0.50) 0.14 (0.12–0.17)

.62 (0.60–0.64) 0.44 (0.39–0.49) 0.18 (0.14–0.22)

.66 (0.64–0.68) 0.51 (0.45–0.56) 0.15 (0.11–0.19)

.60 (0.56– 0.64) 0.37 (0.27–0.46) 0.24 (0.16–0.31)

.61 (0.59–0.63) 0.41 (0.34–0.47) 0.20 (0.15–0.26)

.62 (9.58–0.65) 0.41 (0.34–0.49) 0.21 (0.14–0.27)

.63 (0.62–0.64) 0.50 (0.48–0.53) 0.13 (0.11–0.15)

.73 (0.68–0.77) 0.60 (0.50–0.69) 0.13 (0.05–0.21)*

.68 (0.66–0.69) 0.63 (0.58–0.67) 0.05 (0.01–0.09)*

.63 (0.62–0.64) 0.51 (0.48–0.54) 0.12 (0.09–0.14)

.58 (0.57–0.59) 0.35 (0.31–0.39) 0.23 (0.20–0.26)

.50 (0.48–0.53) 0.13 (0.06–0.19) 0.38 (0.32–0.43)

.63 (0.47–0.57) 0.52 (0.47–0.57) 0.12 (0.08–0.16)

.60 (0.58–0.62) 0.43 (0.38–0.49) 0.16 (0.12–0.21)

.63 (0.62–0.64) 0.47 (0.44–0.50) 0.16 (0.14–0.18)

.65 (0.64–0.66) 0.53 (0.50–0.55) 0.12 (0.09–0.14)

.57 (0.52–0.58) 0.36 (0.33– 0.40) 0.21 (0.18–0.24)

ditions within the sample‡

.58 (0.55–0.61) 0.26 (0.17–0.36) 0.32 (0.23–0.40)

.61 (0.54–0.68) 0.31 (0.11–0.51) 0.30 (0.12–0.48)*

.65 (0.62–0.67) 0.52 (0.46–0.59) 0.13 (0.08–0.17)

.61 (0.59–0.63) 0.38 (0.32–0.44) 0.23 (0.18–0.28)

.60 (0.54–0.65) 0.42 (0.29–0.55) 0.18 (0.07–0.28)*

.58 (0.52–0.63) 0.44 (0.29–0.60) 0.13 (0.01–0.26)*

.65 (0.61–0.69) 0.56 (0.47–0.64) 0.09 (0.03–0.16)*

.61 (0.59–0.62) 0.44 (0.40–0.49) 0.16 (0.13–0.20)

.61 (0.59–0.63) 0.38 (0.31–0.45) 0.23 (0.17–0.29)

.64 (0.62–0.66) 0.54 (0.49–0.57) 0.10 (0.06–0.14)

.62 (0.59–0.65) 0.47 (0.40–0.54) 0.15 (0.08–0.23)

.59 (0.56–0.62) 0.37 (0.29–0.45) 0.22 (0.15–0.29)

.59 (0.56–0.63) 0.34 (0.24–0.43) 0.26 (0.18–0.34)

SF-6D, six-dimensional health state short form.
ces between the SF-6D and the HUI3 are all significant at a P value
lth: Very good P value 0.007; cerebral palsy P value 0.0390; dystonia
tumor P value 0.0019.

on everyday life; hence, age grouping reflects developmental stages
e often still in school or beginning their careers; people aged 27–55 y
ople with mixed working/retired profiles, particularly true for people

d in the sample. The sample also included Huntington’s (n ¼ 7) and



0
50

10
0

15
0

20
0

F
re

qu
en

cy

−.2 0 .2 .4 .6 .8 1
Utility Score

HUI3 SF6D

Fig. 1 – Distribution of the SF-6D and the HUI3. HUI3, Health
Utilities Index—Mark 3; SF-6D, six-dimensional health state
short form.
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shown) [12,39]. Ceiling and floor effects were considered present
if more than 10% of scores fell within the upper limit (between
0.90 and 1.00) or the lower limit (between 0.30 and 0.40 in the SF-
6D and between �0.28 and �0.18 in the HUI3) of an instrument’s
distribution [40].

Agreement between SF-6D and HUI3 utilities was assessed
using a two-way mixed model intraclass correlation (ICC) in
which the SF-6D and HUI3 utility scores were treated as fixed
effects and the interactions between the participant and the
instrument were treated as random effects [41]. The ICC esti-
mates the proportion of between-subject variation in relation to
total variation, where 1 represents perfect agreement and 0
indicates no agreement at all. A coefficient less than 0.40 was
considered poor agreement [42].

Difference in utility (dUTY) and its relationship with HRQOL
status (the average of the SF-6D and the HUI3, or mean utility)
were examined using a Bland-Altman plot, with dUTY plotted on
the y-axis and the mean of the two utilities on the x-axis. The
variation in paired observations was estimated as the 95% limits
of agreement (mean � 1.96 [SD]) [43].

The effect of participant and neurological condition attributes
(Neuro-QoL domains) on dUTY was explored using ordinary least
squares multiple regression to assess whether the magnitude
and pattern of utility discrepancy varied by patient and condition
attributes. A base regression model describing the relationship
between dUTY and mean utility observed in the Bland-Altman
plot was first estimated. Because the relationship was nonlinear,
three linear splines with knots at mean utility of 0.30 and at 0.77
were used. Sensitivity analysis, using five splines, was conducted
but did not alter the results. Participant and neurological (Neuro-
QoL) attribute covariates were then added to the base model, one
at a time, to assess their association with dUTY. Main effects
were used to assess mean differences and interactions with the
spline coefficients to assess differences in slope. Regression
coefficients were assessed for statistical significance (t tests; P
value r 0.05) and for the magnitude of change in utility discrep-
ancy from the baseline model. The joint statistical significance of
groups of variables, or interactions, was assessed using F tests for
the reduction in sum-of-squares error. Minimal clinically impor-
tant differences, or the smallest change in score that patients
would perceive as beneficial or detrimental, vary between utility
instruments and clinical populations [27,35,44]. On the basis of
reports of clinically meaningful change in the SF-6D and the
HUI3, the frequently cited minimal clinically important dUTY of
0.03 was adopted as a threshold of clinically meaningful discrep-
ancy between the SF-6D and the HUI3 [27,35]. All analyses were
conducted using STATA 12 (StataCorp, College Station, Texas).
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Fig. 2 – Bland-Altman plot of the SF-6D and the HUI3. The
solid line at y ¼ 0.15 indicates the mean measurement bias,
or mean difference between the SF-6D and the HUI3, and
indicates that overall the SF-6D provides a utility score that
is 0.15 higher than that of the HUI3. The dashed lines at y ¼
�0.34 and y ¼ 0.65 represent the 95% limits of agreement
(mean utility difference � 1.96) and represent the expected
limits of agreement for 95% of the observations. The 95%
limits of agreement are wide (�0.34 to 0.65) with potential
variation in utility (0.99) almost equivalent to the theoretical
0.00–1.00 utility score range. HUI3, Health Utilities Index—
Mark 3; SF-6D, six-dimensional health state short form.
Results

The 776 individuals included in the analyses had a mean age of
50.8 years (95% confidence interval [CI] 49.7–51.9), a mean of 17.3
years (range o1 year to 71 years) since diagnosis (95% CI 16.2–
18.5), and were predominantly female (64.5%). Participants
reported, on average, 1.5 � 0.83 neurological conditions. Despite
67.5% of the sample self-rating their health as good, very good, or
excellent, the SF-6D and the HUI3 summary utility scores were
very low (Table 1).

A high level of disagreement was observed between the SF-6D
and the HUI3 utility scores (Fig. 1 and Table 1). The HUI3 had a
mean utility of 0.47 (95% CI 0.45–0.49) with a range of �0.28 to
1.00, whereas the SF-6D had a higher mean utility of 0.62 (95% CI
0.62–0.63) and a narrower range of 0.30 to 1.00. The HUI3 showed
a mild ceiling effect, with 10.2% of participants between a utility
of 0.9 and 1.00 compared with only 1.8% in the SF-6D. Neither
instrument showed a floor effect as defined in our methods.
There was, however, a clustering of SF-6D scores (68.3%) between
utilities of 0.50 and 0.69. The mean dUTY was 0.15 (95% CI 0.13–
0.17) and 92% of respondents had a dUTY greater than the
predefined disagreement threshold of 0.03. Significant utility
discrepancies across all participant attributes were confirmed
by paired t tests (Table 1). Despite a strong linear association
between the SF-6D and the HUI3 utility scores (Pearson r ¼ 0.62,
P o 0.0001, and Spearman ρ ¼ 0.61, P o 0.0001), the ICC demon-
strated marginal agreement, with a coefficient of 0.41 (95% CI 0.35–
0.46) suggesting that only 41% of the variation in utility was due to
between-subject differences.

Differences between the two measures depend greatly on the
level of HRQOL (mean utility), a relationship that is not evident by
examining mean dUTY alone. In the Bland-Altman plot (Fig. 2),
the data points deviate widely from the agreement line in a
reverse checkmark pattern. The result of this pattern is that
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depending on the value of mean utility, the relationship between
dUTY and utility shifts in both magnitude and direction. The
highest values of dUTY are at the lower end of the utility
distribution (lower HRQOL status, left side of Fig. 2) with the SF-
6D providing a much higher utility score than the HUI3, with
differences between the two instruments as high as 0.60. There is
a null range between mean utility of approximately 0.56 and 0.70
where dUTY between the SF-6D and the HUI3 is negligible
(dUTY r 0.03). For utility scores more than 0.66, the HUI3
provides higher utility scores than the SF-6D (up to dUTY of
Table 2 – Multiple regression modeling associations betw
domains and utility difference.

Participant characteristics n (%) Mod

β Coefficient‡

Mean difference in utility 766 (100) 0.151
Sex

Male 244 (35) �0.016
Female 444 (65) Reference cate

Age (y)
o26 44 (6) 0.062
27–55 368 (53) Reference cate
56–65 163 (24) 0.021
465 115 (17) 0.047

Education
No high school diploma 45 (7) 0.009
High school diploma 78 (12) 0.022
Some postsecondary 53 (8) 0.015
Postsecondary degree 491 (73) Reference cate

Time since diagnosis (y)
0–5 146 (19) �0.012
6–10 128 (16) �0.021
410 502 (65) Reference cate

Health in past year
Health same or better 510 (66) Reference cate
Health declined 265 (34) �0.037

Model 1*

Neuro-QoL variables n β Coefficient‡,§

Upper extremity|| 763 �0.018
Lower extremity|| 762 �0.017
Cognition—general|| 753 0.008
Cognition—executive function|| 747 0.007
Fatigue¶ 763 �0.075
Sleep disturbance¶ 760 �0.065
Depression¶ 746 �0.068
Anxiety¶ 749 �0.060
Emotional behavioral dyscontrol¶ 748 �0.030
Positive effect and well-being|| 746 0.055
Stigma¶ 742 �0.043
Ability to participate in social

roles||
719 0.074

Satisfaction with social roles|| 719 0.075

Neuro-QoL, Quality of Life in Neurological Disorders.
* Model 1 : Difference in utility dUTYð Þ¼αþ f ðβmean utilityÞþβjxj, where f is t
covariates of interest.

† Model 2 : Difference in utility dUTYð Þ¼αþ f ðβmean utilityÞþβ2 sexþβ2 ageþ
‡ Significance based on a minimally important difference (effect size) of 4
utility difference associated with the category of interest vs. the refere

§ Regression coefficient represents change in utility difference for 1 SD c
|| Higher Neuro-QoL score relates to better self-reported health.
¶ Higher Neuro-QoL score relates to worse self-reported health.
0.18). A similar pattern has been observed between the SF-6D and
the EQ-5D [45].

Regression analyses assessed whether the pattern of associ-
ation between dUTY and HRQOL status (mean utility) varied by
patient and condition attributes (Table 2). Mean utility, modeled
with three splines, explained 73% of the variation in dUTY,
emphasizing the strong effect utility has on dUTY. Although
most of the neurological condition attributes (Neuro-QoL cova-
riates) showed statistically significant effects on dUTY (Table 2),
the magnitude of dUTY was modest in comparison with the large
een participant characteristics and Neuro-QoL

el 1* Model 2†

P value F test β Coefficient‡ P value F test

0.000 o0.000 0.155 0.000 o0.000

0.122 0.122 �0.011 0.266 0.265
gory Reference category

0.003 o0.001 0.062 0.003 o0.001
gory Reference category

0.081 0.021 0.093
0.001 0.044 0.002

0.667 0.483 0.002 0.908 0.512
0.157 0.023 0.153
0.422 0.013 0.500

gory Reference category

0.318 0.224 �0.021 0.087 0.058
0.112 �0.027 0.042

gory Reference category

gory o0.001 Reference category o0.001
0.000 �0.040 0.000

Model 2†

P value β Coefficient‡,§ P value

0.000 �0.015 0.007
0.001 �0.013 0.019
0.145 0.008 0.174
0.229 0.008 0.154
0.000 �0.073 0.000
0.000 �0.067 0.000
0.000 �0.064 0.000
0.000 �0.057 0.000
0.000 �0.026 0.000
0.000 0.053 0.000
0.000 �0.041 0.000
0.000 0.070 0.000

0.000 0.072 0.000

he spline function of three linear splines of mean utility and βjxj are

βjxj:
0.03 and statistical significance P value o0.05. Coefficient represents
nce category.
hange in the associated Neuro-QoL variable.
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Fig. 3 – Comparison of dUTY by mild and severe fatigue.
Fatigue showed the highest estimate of dUTY compared
with all other covariates with a mean estimated dUTY of
�0.75. This plot shows that although there are differences in
the magnitude of dUTY between mild (10th percentile—
upper line) and severe fatigue (90% percentile—lower line)
and the baseline dUTY, the difference is modest (mean
difference �0.075) compared with the substantial dUTY
associated with health status (mean utility) throughout the
full range of utility. At its highest, the fitted values of dUTY
are estimated at 0.60 (SF-6D higher than HUI3) between
mean utility values of 0.00 and 0.2 (left side of the figure). In
the opposite direction, dUTY is approximately �0.18 (SF-6D
lower than HUI3) in higher levels of utility (right side of the
figure). dUTY, utility difference; HUI3, Health Utilities Index
—Mark 3; SF-6D, six-dimensional health state short form.
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effect of mean utility. For example, dUTY for the Neuro-QoL
attribute fatigue is plotted against baseline dUTY in Figure 3.
Although the magnitude of dUTY varies between individuals with
severe fatigue and mild fatigue across the distribution of utility,
the pattern of dUTY is similar to the baseline dUTY and is
marginal in comparison.

Each model was rerun with interaction terms between the
explanatory covariates and the splines of mean utility (results
not shown). None was found to be significant, indicating that the
explanatory covariates were associated only with modest varia-
tions in the magnitude of dUTY, and not with a change in the
pattern of dUTY observed in the Bland-Altman plot. This
remained true after adjusting for age and sex.
Discussion

Utility instruments, such as the SF-6D and the HUI3, are designed
to measure the same construct (HRQOL) and are promoted as
instruments that in theory permit broad comparisons across
populations and interventions. The pairwise agreement of the
SF-6D and the HUI3 utilities was compared in a sample of
individuals with various neurological conditions and were found
to provide widely divergent utility estimates that vary substan-
tially and systematically across the entire utility distribution. The
magnitude and direction of discrepancies between the SF-6D and
the HUI3 utility scores were most dependent on the level of
HRQOL (mean utility). At the group or population level, this
means that the direction and magnitude of utility discrepancies
will depend on the health and HRQOL status and the utility
distribution of the study sample. This finding suggests that
important health care decisions and prioritizations could be
affected by the choice of instrument, particularly if used in
cost-utility applications, and that either instrument could favor
or disadvantage individuals depending on whether the individual
has high or low health status and HRQOL.

This is the first comparison of the SF-6D and the HUI3 in a
sample of individuals with various neurological conditions. The
results are consistent with evidence from other studies demon-
strating that there are differences in predicted utility scores in
pairwise comparisons between the SF-6D and the HUI3 in the
same sample [23,46–48]. Utility discrepancies in this study are the
rule rather than the exception, with 92% of respondents exhibit-
ing clinically important differences between their SF-6D and HUI3
utilities higher than the disagreement threshold of 0.03. It is
important to acknowledge that minimal clinically important
differences vary by population, diagnosis, and context and may
be higher than our chosen disagreement threshold of 0.03
[27,35,36]. Nonetheless, the mean dUTY of 0.15 found in this
study is 5 times more than the studies’ threshold of disagreement
and is well above the upper limits of clinically important differ-
ence for either the SF-6D or the HUI3. The clinically important
differences in utility found between the SF-6D and the HUI3
further cast doubt on whether utility estimates between instru-
ments are comparable or universally valid.

The factor that contributed most to dUTY in this study was
that the SF-6D cannot provide utility scores less than 0.30.
Although both instruments have a theoretical range of 0.00 to
1.00, in reality the lower limit of each instrument is very different.
This affected the magnitude and pattern of discrepancies
between the SF-6D and the HUI3 utilities. For example, for the
243 (31.3%) individuals who had HUI3 utility scores less than
the lower limit of the SF-6D (0.30), the mean dUTY was 0.44
(95% CI 0.42–0.45). For the remaining 533 individuals with
an HUI3 score greater than 0.30, the mean dUTY was 0.02
(95% CI 0.006–0.036). This finding is consistent with Richardson
et al. [17] who estimated that the difference in the SF-6D and the
HUI3 scales contributes to 47% of the variation between utility
scores.

According to findings in this study, particular caution should
be exercised when interpreting and comparing results of utilities
in samples with low health status and HRQOL. The mean dUTY of
0.15 in this study was greater than previous comparison studies
of the SF-6D and the HUI3 in general and clinical populations
[4,24,25,49–52], but consistent with findings by Pickard et al [19]
that greater differences occurred in the presence of lower utility
scores. Pickard et al. observed a dUTY of 0.36 associated with a
baseline mean SF-6D score of 0.55 and an HUI3 score of 0.19 in
persons recovering from stroke. Therefore, in clinical samples
with very low health status and subsequently very low utility, the
difference in results between the two may be so substantial that
utility estimates cannot be meaningfully interpreted.

Population surveys, however, are likely to sample across a
broader spectrum of health and result in higher mean utility
scores. For example, the Survey on Living with a Neurological
Condition in Canada conducted in 2010 found a mean HUI3 utility
of 0.71 across 18 selected neurological conditions [32]. dUTY
associated with HUI3 scores in the range of 0.65 to 0.75 were
negligible (dUTY ¼ 0.05; 95% CI 0.04–0.07) in the present study,
suggesting that the SF-6D and the HUI3 scores would be relatively
more comparable in population samples with modest utility
levels than in clinical samples with low health status and low
mean utility. Nevertheless, within-sample subpopulations should
also be considered. For example, within the Survey on Living with
a Neurological Condition in Canada sample there is great varia-
tion in HUI3 utility scores between diagnoses, with a low in
Alzheimer disease (0.21) and a high in Tourette’s (0.71) and
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migraine (0.79). Variation in HRQOL status and utility scores is
also observed between diagnoses in the LINC Study sample.
Correspondingly, greater utility disparities are seen in the LINC
Study sample diagnoses with lower HUI3 utility scores (see
Results section for paired t test for diagnoses; Table 1). A similar
pattern has been observed between the EQ-5D and the SF-6D in
people with differing severities of chronic heart failure [53]. These
disparities could have implications in interpreting and comparing
utility scores for individuals with higher or lower health status
within the same sample.

Sociodemographic characteristics influence utility scores [45].
Nevertheless, similar to the findings of Wee et al. [54], no
significant associations between sociodemographic characteris-
tics and utility discrepancies were observed in this study [54].
Although overshadowed by the effect of HRQOL status (mean
utility), clinical characteristics (Neuro-QoL covariates) played a
small but statistically significant role in contributing to the
magnitude of discrepancy between the SF-6D and the HUI3 utility
scores. This is consistent with studies that find variation in utility
scores in populations with comorbid and diverse clinical
symptoms, ultimately impacting HRQOL evaluations and utility
agreement [44,55].

HRQOL assessment is constrained by the content of an instru-
ment’s descriptive health classification system [17,23]. Differ-
ences between these descriptive systems are a cause of
variation and discrepancy between utility scores and contribute
to differences in sensitivity and discrimination, measurement
error, and between-instrument agreement [17,19,24,25,45,50,56].
Richardson et al. [17] estimated that differences in descriptive
systems account for 51% of differences in utilities observed
between the SF-6D and the HUI3. Furthermore, omissions of
important health attributes or attribute levels in the descriptive
system can lead to variation in the range and severity of potential
health states captured and ceiling and floor effects [23]. The
health status in neurological populations is well below that of the
general population [31,32]; therefore, the HUI3 and its apparent
ability/benefit over the SF-6D to characterize HRQOL in lower
HRQOL states may appear preferential. This “benefit,” however,
may not universally apply to all neurological conditions or out-
comes of interest, especially those that impact participation in
social roles. The HUI3’s descriptive system is conceptually limited
to “within the skin” health domains and focuses on an individ-
ual’s body functions, whereas the SF-6D also includes psychoso-
cial health domains of role limitations and social interaction that
are domains considered “outside the skin” [17,21,50]. These
descriptive system differences are reflected in research that finds
that the HUI3 is more sensitive to outcomes of physical and
cognitive functioning, whereas the SF-6D is more sensitive to
outcomes that impact social functioning [19,24,25,56]. The
present study found evidence of discrepancies in utility estimates
that were aligned with differences in descriptive system
domains. Utility discrepancies did not vary by the loosely shared
“within the skin” domains of the SF-6D and the HUI3 of ambu-
lation, dexterity, and cognition, but did vary and by “outside the
skin” domains such as fatigue, “ability to participate in activities,”
and “satisfaction in social roles,” attributes reflected in the SF-
6D’s, but not the HUI3’s, health classification system.

This study highlights that both the HRQOL status (mean
utility) of a sample and clinical outcomes of interest (condition
characteristics and condition severity) should be considered
when selecting an instrument or when comparing utility scores.
This study compared discrepancies associated with both socio-
demographic and clinical characteristics and also adjusted for
mean utility in comparing agreement between the SF-6D and the
HUI3, which has not been considered in previous studies. A
limitation of this study is that the LINC Study sample was not
based on a probability sample of the population and therefore
was not representative of the population of persons with neuro-
logical conditions. Nevertheless, given that discrepancies
between utilities were most strongly associated with HRQOL
status, and this relationship was consistent across both partic-
ipant- and condition-specific attributes, we expect our findings to
be robust and applicable in other study samples. Further com-
parative studies in neurological population and clinical samples
with mild, moderate, and severe impairment are needed to
corroborate the strong association between utility discrepancies
and HRQOL status and its implications on perceiving important
clinical differences in neurological conditions. Moreover, recent
studies are exposing discrepancies and variation in utilities in
populations with chronic, multifaceted conditions and subsam-
ples with differing disease severity [45,53,55]. The potential
impact these discrepancies may have on interpreting utilities
and the physical, cognitive, and psychosocial-emotional aspects
of HRQOL warrants additional investigation. The cross-sectional
design of the LINC Study precluded evaluating whether discrep-
ancies between the SF-6D and the HUI3 impact the instruments’
responsiveness to changes in health status when monitoring
disease progression over time and is thus an area for further
research [40]. In addition, expanding analyses to include other
utility instruments (generic and condition-specific) would further
understanding of measurement discrepancies between instru-
ments in persons with neurological conditions.
Conclusions

Differences in the way preference-based HRQOL instruments
define, describe, and value health affect the interpretability,
comparability, meaningfulness, and agreement across utilities
measured [17,23,57]. Utility estimates are among the most impor-
tant but imprecise data inputs in cost-utility models [7]. Never-
theless, beyond their role in economic valuation, utility
instruments are frequently administered as generic measures of
HRQOL in which the quality of utility estimates is still critical to
the accurate health care assessment, monitoring, and decision-
making processes [7,17]. This study adds to the growing body of
evidence regarding the methodological differences between utility
instruments. Discrepancy between the SF-6D and the HUI3 utility
scores in persons with neurological conditions was substantial
and varied systematically with the level of HRQOL. Between-
instrument utility comparisons should be avoided, especially at
the extremities of utility distributions. Depending on the HRQOL
status of the sample, the SF-6D and the HUI3 could provide widely
contradictory utility predictions confirming that SF-6D and HUI3
are not interchangeable and both instruments could favor or
disadvantage individuals depending on their utility.
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