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Objective: The Hearing Utility Measure (HUM) is a replacement hearing attribute for the Health Utilities Index, Mark
3 (HUI-3) designed to improve the responsiveness of utility estimates to changes in hearing-related quality of life. The final
development step is to derive the instrument’s utility scoring function.

Methods: Residents of Ontario, Canada, aged 218 years participated in standard gamble and visual analogue scale exer-
cises. Valuations for levels (response options) within each domain, and for each domain relative to the other domains were
elicited and used to generate a hearing utility function. The function outputs hearing utility ranging from 0 = ‘unable to hear
at all’ to 1 = ‘perfect hearing’ for each of the 25,920 hearing states classifiable by the HUM. Performance was assessed relative
to the criterion standard: directly elicited standard gamble utility. Distributions of HUM-derived hearing utility were compared
with legacy HUI-3 derived estimates.

Results: A total of 126 respondents participated (mean age 39.2, range 18-85 years, 53% female [67/126]). The utility
function performed well in the estimation of directly elicited utilities (mean difference 0.03, RMSE 0.06). Using the legacy
HUI-3, estimated hearing utility was 1.0 for 118/126 respondents (93.6%) compared with just 66/126 (52.4%) using
the HUM.

Conclusion: The new hearing attribute is capable of measuring variations in hearing utility not captured by the legacy
HUI-3, especially near the ceiling of hearing function. These findings justify its application and further work to study its mea-
surement properties in hearing loss populations.
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INTRODUCTION

Health utility is a single-number summary of health-
related quality of life anchored at 1 (perfect health) and
0 (dead). Health wutility has been wused in cost-
effectiveness calculations for hearing loss interventions
and have supported funding and policy decisions in sev-
eral jurisdictions.'® However, existing health utility
instruments were designed to be generically applicable to
all health and disease conditions and this generalizability
comes at the cost of specificity. The Health Ultilities

Index, Mark 3 (HUI-3) includes the most comprehensive
classification of hearing status of all available utility
instruments but still lacks the content necessary to dis-
criminate many clinically significant hearing impairment
and rehabilitation states. For example, there is negligible
measured health utility benefit of bilateral compared
with unilateral cochlear implantation despite established
audiometric and health-related quality of life benefits, in
part because the HUI-3 does not contain content about
sound directionality, bilateral hearing, tinnitus, and other
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constructs known to be benefited by bilateral implanta-
tion.»*® This problem extends to other modern hearing
rehabilitation strategies including bone-conduction
implants for single-sided deafness.® Further, hearing
state descriptions by generic measures are not clearly
applicable to cochlear implant (CI) users due to refer-
ences to ‘hearing aid’ use, which may mediate poor reli-
ability in those populations.” Given these limitations,
there is a risk of misreporting cost-effectiveness of hear-
ing interventions, a problem that compounds as new tech-
nologies and treatment paradigms emerge to address a
more nuanced understanding of hearing health.

To address the problem poor sensitivity of generic
health utility instruments, we developed the Hearing
Utility Measure (HUM), the first ever condition-specific
health utility instrument designed for hearing impaired
populations (Fig. 1, Panel A).® The HUM was designed to
function both independently and within the framework of
the HUI-3.° The HUI-3 has two components: (1) a health
status classification system that systematically catego-
rizes a respondents health status according to eight attri-
butes, one of which is Hearing, and (2) a multi-attribute
utility function that translates levels of ability or disabil-
ity within those attributes to health utility estimates.
Based on an evidence-based conceptualization of hearing-
related quality of life,’° the HUM was developed as a
replacement for the legacy HUI-3 Hearing attribute. The
HUM has an expanded and more comprehensive concep-
tualization of hearing-related quality of life with seven
hearing domains (also called ‘sub-attributes’ in the con-
text of a utility instrument): Speech understanding, Envi-
ronmental sounds, Sound localization, Listening effort,
Tinnitus, Music, and Reliance on assistive hearing
devices.® The HUM discriminates 25,920 hearing states
compared with just six hearing states in the legacy HUI-3
Hearing attribute.

The final development step in development is to gen-
erate the utility function that translates levels of ability
and disability within the sub-attributes to a hearing util-
ity estimate. The output hearing utility has two applica-
tions: (1) as a stand-alone measure of society’s preference
for a hearing state on an ‘unable to hear at all’ =0 to
‘perfect hearing’ = 1 scale; and (2) to generate a hearing
coefficient for the HUI-3 multi-attribute utility function,
which in turn can be used to estimate overall health util-
ity on a ‘dead’ =0 to ‘perfect health’ =1 scale. We
hypothesized that estimating health utility using a more
comprehensive classification of hearing status will result
in improved discrimination of clinically relevant hearing
states compared with the legacy instrument.

METHODS
Modeling Theory

A set of hearing states was selected for valuation that is
sufficient to generate a function to estimate hearing utility for all
25,920 hearing states. The approach was adapted from that of
the HUI-3 multi-attribute utility function.!!

Two sets of information are needed to generate the hearing
utility function. First, relative preference for each level within a
sub-attribute must be estimated. For example, within the
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Listening effort sub-attribute: How much worse is “The effort
needed to listen somewhat affects my energy level” than “Very
little effort is needed to listen?” To answer this and related ques-
tions, respondents valued levels of ability and disability within
each sub-attribute considered independently. Second, the rela-
tive influence (weight) of each sub-attribute is needed to combine
the sub-attributes to estimate hearing utility. For example, how
much does an individual’s speech understanding impact their
hearing-related quality of life relative to their ability to localize
sounds? These data were obtained by asking respondents to
value hearing states in which one sub-attribute was presented at
its lowest possible level and all other sub-attributes were at their
highest possible level (‘corner states’).

Setting and Participants

Valuation interviews were conducted with members of the
general public at a tertiary care facility in Toronto, Canada,
between December 10, 2020 and March 16, 2022. Subjects were
recruited through various methods, including online advertise-
ments on local classified websites, printed notices posted on
notice boards within an academic health center, and contacting
family members of patients attending outpatient clinics for non-
hearing-related complaints via telephone and e-mail. Eligible
participants were aged 18 years or older and residents of
Ontario, Canada. Participants were excluded if they did not have
sufficient command of English language or comprehension of the
standard gamble exercise (see Data quality assessment below).

Structure of the Modeling Interviews

One of three interviewers trained in econometric valuation
exercises met with the study participants in the tertiary care
facility. All interviews were audio-recorded and lasted between
60 and 90 minutes. A 10% random sample of the interview
recordings were reviewed for quality control to ensure that the
interviews followed the prescribed script.

Participants first valued a set of hearing states on a vertical
visual analogue scale (VAS) anchored at 0 (‘Least Desirable’)
and 100 (‘Most Desirable’). Cards were presented with written
descriptions of hearing states according to the seven sub-
attributes of hearing. Participants first placed the card describ-
ing the best possible state (‘perfect hearing’) at the top of the
VAS. Participants were asked to select their least preferred of
two options: (1) the hearing state described simply as ‘unable to
hear at all’, or (2) the most disabled hearing state, defined by the
lowest levels for each of the seven sub-attributes (Unable to hear
what is said in conversation with one other person in a quiet
room; Unable to hear a doorbell in a quiet room; Unable to know
where the sound of a car horn is coming from without seeing the
car, Unable to hear sounds at all on one side; The effort needed
to listen is exhausting; Frequent or constant loud tinnitus;
Unable to enjoy music because of hearing disability; Routine use
of assistive hearing device). Participants placed their least pre-
ferred hearing state card at the bottom of the VAS and rated the
alternative on the scale between 0 and 100. Next, participants
rated cards for three marker hearing states (A, B, C) on the feel-
ing thermometer (Supplement eFigure 1). These states remained
in place as scale anchors for the remainder of the exercise.

Participants were assigned to value two of the seven sub-
attributes according to a randomized block design. Three partici-
pant blocks for a total of 126 participants (42 per block) were
planned in accordance with response variability and precision
estimates that guided sample size in the generation of the HUI-3
utility function, and in accordance with observed valuation esti-
mate variability for condition-specific utility function derivations

Dixon et al.: Hearing Utility Measure

85UBD17 SUOWILLIOD BAIFER1D) 3|eot|dde au Aq peuenob a1e Se YO ‘88N JO S3InJ 10} Akiq1T 3UIIUO A8|IM UO (SUORIPUOD-PUR-SLLBH IO A8 | IM A Iq )BUIIUO//SAIY) SUORIPUOD PUe SWIB | 83 88S *[7202/0T/20] U0 A%iq1T 8UljuO A8|IM ‘YIN0S JO AISIBAIUN BOIPSIN AG 06STE ARI/Z00T OT/I0p/LI00™A8 | M Alelq 1 BUI|UO//SARY WO} papeojumod ‘0 ‘Se67TEST



Health status

ap Vision Hearing ‘ Speech ‘Ambulation ‘ ‘ Dexterity Emotion Cognition ‘ ‘ Pain
=)
Ei= 6 Levels Hearing status ] 5 Levels ‘ 6 Levels ‘ ‘ 6 Levels 5 Levels 6 Levels ‘ ‘ 5 Levels
S b @ Environmental g Localization Listening = Tinnitus J’J Music Assistive
@ peec sounds effort Q + devices
‘ 5 Levels H 4 Levels ‘ ‘ 6 Levels H 4 Levels ‘ ‘ 6 Levels ‘ ‘ 3 Levels ‘ ‘ 3 Levels

Health utility

HUI-3

1.371x (bvision X bhearing X bspeech X l:)ambulation X bdexterity X bemotion X lacognition X bpain ) -0.371

1 -0.39 X (1= Upearing)

_

| Hearing utility (Unearing) |

E Cx (bSpeech Recognition X bEnvironmental Sounds X bLocaIization X bListening Effort X bTinnitus X bMusic X bAssistive Devices) —-C

Fig. 1. Structure of the new multi-subattribute hearing attribute and its function within the HUI3 framework. The new hearing status classifica-
tion system replaces the existing hearing attribute from the HUI3 and comprises seven subattributes of hearing (A). Levels within the hearing
status classification system have corresponding coefficients for the multi-subattribute hearing utility function (bottom of B, Table Il). Hearing
utility is converted to the hearing coefficient for the HUI3 multi-attribute utility function (bnhearing) bY applying the HUI3 Hearing scaling constant.
[Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.]

using similar methods.'''? Corner states (the assigned sub-
attribute at its lowest level and all other sub-attributes at their
highest levels) were valued on the VAS. The assigned sub-
attribute was varied along its range of levels, and the participant
placed each associated card on the VAS according to their prefer-
ences. This process was repeated for the second assigned sub-
attribute.

Participants were then engaged in standard gamble exer-
cises to estimate hearing utility for the three marker states
(A, B, C) according to established protocols for developing multi-
attribute utility functions.'>'? In the standard gamble, partici-
pants were presented with two options: they could either live in
the state presented or opt for a chance of ‘perfect hearing’ at the
expense of a risk of being ‘unable to hear at all.” The probability
of ‘perfect hearing’ vs. ‘unable to hear at all’ was varied until
the participant reached decisional equipoise. A dynamic pie chart
visual aid illustrating probability called a “chance board” was
used throughout this exercise. Standard gamble utilities were
then elicited for the ‘unable to hear at all’ and ‘most disabled
hearing’ states.

At the conclusion of the exercise, participants completed a
survey of demographic information, their experience with and
understanding of the exercise, and the HUI-3 and HUM.

Data Quality Assessment
Responses were screened for logic demonstrating the
respondent understood the exercise. Data were excluded from
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the primary analysis if responses provided were not congruent
with the participant’s own stated preferences. For example, after
a participant indicated their least preferred hearing state, valua-
tion of any of the other states lower than that of the least pre-
ferred state would result in exclusion.

Converting Visual Analog Scale Values to
Standard Gamble Utilities

A power function was specified to estimate utility from VAS
values using the three marker states (A, B, C) that were valued
with both standard gamble and VAS (for details, see eMethods
‘Value to Utility Conversion’ and eFigure 2 and eFigure 3 in the
Supplement). Standard gamble utilities for states valued only
with the VAS were estimated using that function.

Deriving the Multi-Subattribute Utility Function
Intervals between levels of each independent sub-attribute
were available directly from the data. VAS valuations for states
in which only one sub-attribute varied along its range of levels
were converted to estimated standard gamble utilities
(Supplement, eMethods, ‘Single-sub-attribute value functions’,
and eFigure 4). Scaling constants for each sub-attribute were
obtained from estimates for corner state utilities. The product of
the set of coefficients for each of the seven subattributes was
then transformed by overall scaling constants derived by solving
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a series of equations (Supplement, eMethods, ‘Multi-subattribute
utility function’).

Generating a Hearing Attribute Coefficient for
Use with the HUI3 Multi-Attribute Utility
Function

For the hearing utility generated by the multi-subattribute
utility function described in this work to be used in place of the
hearing coefficient for the existing HUI-3 Hearing attribute, it
must be scaled by the HUI-3 scaling constant for hearing. This
conversion step is detailed in the Supplement (eMethods).

Comparing the HUM with the Legacy Hearing
Attribute

The distributions of estimated hearing and health utilities
for individuals participating in the valuation interviews was
compared according to whether the legacy Hearing attribute or
the HUM was used to estimate hearing utility. Distributions
were compared qualitatively and with paired Wilcoxon rank
order tests.

RESULTS

Participants

Valuation interviews were conducted with 126 partic-
ipants (Table I). The sample ranged in age from 18 to
85 years (mean 39.2, SD 18 years), and 53.2% (67/126)
were female. The majority were single (71/126, 56.3%) or
married/common law (39/126, 31.0%). Self-reported over-
all health ranged from fair (4/126, 3.2%) to excellent
14 (11.1%) with ‘very good’ being the most common
response (63/126, 50.0%). Self-reported hearing status
was most commonly ‘normal hearing’ in both ears
(93/126, 74%), with 26/126 (21%) reporting some hearing
disability but no assistive device use, 5/126 (4.0%) hear-
ing aid users, and 2/126 (1.6%) CI users. Incongruent
stated preferences were collected from 2/126 (1.6%)
respondents, and 3/126 (2.4%) refused to gamble, always
selecting the offered guaranteed hearing state regardless
of the presented probability of perfect hearing. These five
participants were excluded from the analysis. An addi-
tional 7/126 (5.6%) had missing VAS or standard gamble
estimates for scale anchor states or marker states and
were excluded from generation of the value to utility func-
tion but included in the multi-subattribute utility
function calculations. Excluded participants were more
likely to be male (4/5, 80%) than included participants
(48/121, 42%, p = 0.001) and did not significantly differ
on other measured characteristics.

Value to Utility Conversion

The best-performing value to utility function was
derived from aggregate sample mean value and utility
estimates without outlier trimming (U =V® where
0 = 0.3272, Fig. 2). The sum squared error for aggregate
value and utility means was 0.00135, and model fit to
individual values and utilities was excellent (R = 0.8).
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Multi-Subattribute Utility Function for Hearing

Utilities for each subattribute considered in isolation
on a best (level 1) to most impaired (level 3, 4, 5, or
6 depending on the sub-attribute) scale are plotted in
Figure 3. The scaling constants, c;, for each subattribute
represent the influence each subattribute had on respon-
dent preferences. The most influential subattribute was
Tinnitus (c; = 0.37) followed by Speech Recognition
(¢; = 0.31) and then Music (¢; = 0.26). The least influen-
tial subattribute was Assistive Devices (¢; = 0.12). These
scaling constants were applied to convert single
subattribute utilities into coefficients for the multi-
subattribute hearing utility function (Table II). The
multi-subattribute hearing utility function (Fig. 1, Panel
B) was able to predict elicited utilities with a mean differ-
ence margin of error of &+ 0.03 (Table III).

Estimated Utilities in the Respondent Sample

Distributions of estimated hearing and health utili-
ties were compared according to whether they were calcu-
lated using the legacy HUI3 Hearing attribute or the
HUM (Fig. 4) in the respondent sample as an initial
validation step. Single-attribute hearing utility was esti-
mated to be 1.0 for 118/126 respondents (93.6%) when the
legacy HUI-3 Hearing attribute was used compared with
66/126 (52.4%) with the new Hearing attribute, indicating
that the HUM had greater capacity to differentiate hear-
ing states near the ceiling of hearing utility in this non-
hearing-impaired sample. Median overall health utility
was higher (0.905, IQR 0.196) when the legacy HUI3
Hearing attribute was used compared when the HUM
was used (0.879, IQR 0.185; p < 0.001, paired Wilcoxon
rank sum).

DISCUSSION

In this valuation study, standardized econometric
exercises were used to quantify preferences for different
hearing states in a sample of residents of Ontario,
Canada. These data were used to generate a utility func-
tion for the HUM, a novel hearing attribute designed for
use with the HUI-3. The function performed well in esti-
mating empirically elicited utilities for a set of hearing
states in an internal validation assessment. Estimated
personal health utilities derived from this general popula-
tion sample with generally good self-reported hearing
were slightly lower when the HUM was used as compared
with the legacy HUI-3, suggesting a capacity for the
HUM to detect hearing-related disabilities that were not
detectable with the HUI-3.

The purpose of the HUM is to address the problem
of poor specificity of available generic health utility
instruments for discriminating clinically important
hearing-related health states. Our approach is novel and
addresses many of the limitations of alternatives that
have been described. ‘Mapping’ or ‘Cross-walking’ item
responses from a condition-specific non-preference-based
PROM onto an available generic health utility instrument
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TABLE I.
Respondent Characteristics.

Characteristic

All Participants (n = 126)

Analytic Sample (n = 121) Excluded (n = 5)

Age, mean (SD)
Unknown, no. (%)

Unknown

Marital status, no. (%)

Married/common law 39 (
Divorced/separated 10 (7.
Single 71 (5
Widowed 1(0.
Unknown 5 (4.
Highest education, no. (%)

Professional or master’s degree 26
University degree 56
College diploma 5(@3
High school diploma 312
Less than high school diploma 2 (1.
Unknown 6 (4.

Employment, no. (%)
Employed (full-time)
Employed (part-time) (
Retired 20 (
Student (
Unemployed
Unknown

Annual household income, * no (%)
<50,000
50,000-100,000 33
>100,000
Unknown

Self-reported overall health, no. (%)

Excellent 14 (11.
Very good 63 (5
Good 36 (28.
Fair 4 (3
Moderate 2 (1.
Unknown 76

Self-reported hearing status, no. (%)

Normal hearing in both ears 93 (
Some hearing loss without need for assistive device 26 (
Hearing aid user 5
Cochlear implant user 2

39
5

Female 67 (53.2)
6

54 (22) 39 (18)

5 (4.1) 0(0)
67 (55.3) 1 (20.0)

6 (5.0) 0(0)
36 (29.8) 3 (60.0)
10 (8.3) 0(0)
69 (57.0) 2 (40.0)

1(0.8) 0(0)

5 (4.1) 0(0)
26 (21.5) 0(0)
55 (45.5) 1(20.0)

43.3) 1(20.0)
30 (24.8) 1 (20.0)

0(0) 2 (40.0)

6 (5.0) 0(0)
60 (49.6) 2 (40.0)
15 (12.4) 0(0)
18 (14.9) 2 (40.0)
19 (15.7) 0(0)

5 (4.1) 1(20.0)
6 (5.1) 0(0)
41 (33.9) 2 (40.0)
32 (26.4) 1 (20.0)
26 (21.5) 1 (20.0)
22 (18.2) 1(20.0)

14 (11.6) 0(0)
62 (51.2) 1(20.0)
33 (27.3) 3 (60.0)

4(3.4) 0(0)

1(0.8) 1 (20.0)

7 (6.0) 0(0)
92 (76%) 1 (20.0)
23 (10.0) 3 (60.0)

4(3.9) 1 (20.0)

2(1.6) 0(0)

* Reported in Canadian dollars.

has been suggested but does not address the problem of
content limitation.!®* The performance of such a func-
tion is tied to the correlation between instruments and is
therefore still limited by the discriminative ability of the
generic health utility instrument. Adding an additional
new attribute to an existing generic utility instrument, a
‘bolt-on’ approach, requires that the entire instrument’s
scoring function be revised to contextualize the added

Laryngoscope 00: 2024

content.'®® This introduces the risk of labeling and
focusing effects, whereby the respondent may over- or
under-value the new and emphasized content.!® As a
result, it is difficult to compare resulting health utility
estimates to those generated by other generic health util-
ity instruments. A similar problem is introduced when an
entirely new condition-specific health utility instrument
is generated. These risks of bias challenge cross-program
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Fig. 2. Value to utility random effects model. The model with utility
parameters (black) had lower sum of squared errors (SSE) than the
model with disutility (1-utility) parameters (red). [Color figure can be
viewed in the online issue, which is available at www.
laryngoscope.com.]

comparability and have led to expressed preferences by
many health technology appraisal agencies for health
utility estimates from generic instruments.!” However, in
the approach described in this work, the overall health
utility function and relative importance of each
established attribute is retained. Hearing is no more or
less influential to overall health utility than it was in the
legacy instrument. Health utility estimates can therefore
be readily compared with those generated by the generic
instrument in any other population sample, a critically
important feature for health technology assessments in
which the goal is the appropriate distribution of limited
resources across health programs addressing disparate
disease conditions.

What has changed is the ability to discriminate
hearing states within the prescribed range that hearing
can influence health utility.® Conditions or interventions
that affect changes in any of the seven HUM domains can
be captured by the new instrument. With this added dis-
criminant ability, the HUM can measure clinically impor-
tant differences in overall health utility that could not be
detected by the HUI-3. In the HUI-3, hearing can influ-
ence overall health utility over a range of 0.53 (health
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Fig. 3. Single-attribute utility functions on a ‘no hearing’ = o to ‘perfect hearing’ = 1 scale. Plotted numbers represent the levels within each
subattribute. Scaling constants (c;) are presented in the boxes at the top of each subattribute. These scaling factors represent the relative
weight respondents placed on each subattribute in making standard gamble decisions. [Color figure can be viewed in the online issue, which

is available at www.laryngoscope.com.]
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TABLE II.
Coefficients (b) for the Multi-subattribute Utility Function for Hearing.
Speech Environmental Localization Listening Tinnitus Music Assistive
Recognition (bn+) Sounds (bny) (bna) Effort (bna) (bns) (bne) Device (bn7)

Level 1 1 1 1 1 1 1

1
Level 0.959 0.974 0.98 0.989 0.969 0.941 0.969

2
Level 0.952 0.954 0.952 0.969 0.942 0.796 0.905

3
Level 0.908 0.834 0.966 0.803 0.938 NA NA

4
Level 0.755 NA 0.951 NA 0.892 NA NA

5
Level NA NA 0.84 NA 0.715 NA NA

6

U Hearmng — G x by x brp X bng X bpa X brs X bpg X bnz — ¢, where U 139 is the single-attribute utility for hearing on a ‘no hearing’ = 0 to ‘perfect

hearing’ = 1 scale.

TABLE IIl.
Elicited Hearing Utilities for Three Marker States and Utility Function Performance.
Hearing utility Marker A Marker B Marker C MD MAD RMSE
Standard Gamble elicited (mean) 0.88 0.77 0.65 0.03 0.06 0.06

MD = mean of the differences between predicted and elicited utilities, MAD = mean of the absolute differences between predicted and elicited utilities,
RMSE = square root of the mean of the squared differences between predicted and elicited utilities.

utility is 0.47 with hearing at level 6 and all other attri-
butes at level 1). This utility range contains more than
17 gradations of this instrument’s minimally clinically
important difference (0.03).® With only six levels, there
is therefore information lost in the ordinal categorization
by the legacy Hearing attribute. The HUM’s 25,920 hear-
ing states will not all be significantly different from one
another with respect to overall health utility, but all sig-
nificant incremental changes in overall health utility can
be measured. Another benefit is the HUM’s generalized
description of assistive devices, expanding applicability
beyond ‘hearing aids’ to a number of current and future
available devices.” Perhaps the most significant contribu-
tion of this work is the novel method of estimating
condition-specific health utility, whereby an optional com-
prehensive classification system is nested within a
generic health utility instrument; this approach can serve
as a framework for future expansion of other attributes of
the HUI-3 or other utility instruments to generate an
adaptive set of health utility instruments that improve
discrimination in specific populations.

There exists considerable debate in utility measure-
ment regarding whose preferences should be considered
when establishing evidence of the cost-effectiveness of
health care interventions and determining health
resource allocation. The HUI suite of instruments is
designed to (1) characterize the health or disease state of
the respondent in objective terms, and then (2) estimate
how ‘society’ values that health state. The arguments in
favor of reliance on societal preferences are (1) patient
experience-based estimates differ from those of the gen-
eral public, a phenomenon that may be related to gradual
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acclimatization to a ‘new normal’'® and (2) if society is
paying for the health care costs (through taxes or insur-
ance premiums), then society’s opinion should matter
with respect to decisions around how payors spend their
money. Contrarians will point out that most members of
society have not lived with the condition under study and
they cannot, therefore, provide an accurate assessment of
preference for that condition.?®?! Patients can provide
‘experience-based’ valuations, and these might have bet-
ter ecological validity. Valid arguments on both sides of
this debate exist. In the current study, we designed an
instrument designed for use with the existing HUI suite
and therefore followed similar valuation methods used in
the design of the original instrument. Valuations with
both societal and patient preferences have been per-
formed in many different jurisdictions for other popular
utility instruments including the Eq5D.?? Future study
regarding how societal preferences are different from
those with lived experiences of hearing loss would provide
valuable insight regarding the estimation of health utility
in patients with hearing-related disability.

Our work and approach have limitations. The
improved hearing state discrimination comes at the cost
of response burden associated with the addition of nine
questions to the 15 question HUI-3 questionnaire. It also
requires additional steps and calculations to estimate
Hearing utility using a multi-subattribute function rather
than the comparatively simple single-attribute utility
function associated with the legacy HUI-3. These steps
may be a source of user error, and a clear set of instruc-
tions and procedures need to be provided and followed for
the instrument to generate accurate estimates.

Dixon et al.: Hearing Utility Measure
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Fig. 4. Distributions of health utility and single-attribute hearing utilities. Single-attribute hearing utility (top row) and overall health utility (bot-
tom row) were estimated in the respondent sample with both the legacy HUI3 hearing attribute (left column) and the new hearing attribute
(right column). [Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.]

Preference estimates were derived from a sample of
respondents from Ontario, Canada. Participants were vol-
unteers with access to the internet or with a connection
to an academic health center as a patient or a family
member of a patient. Utilizing multiple recruitment
methods may have mitigated the risk of selection bias,
but bias favoring those with higher technological and
health literacy may exist in this sample. This sample was
chosen to approximate the sample of Ontario residents
used in the generation of the HUI-3, which had a similar
distribution of age (mean 42.7, SD 17.8 years) and self-
reported overall health, which are variables that may
influence health state valuations.?? Although this sample
may justify application of the utility function in devel-
oped, English-speaking jurisdictions, whether the

Laryngoscope 00: 2024
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valuations obtained in the sample are more broadly appli-
cable globally requires further study.

CONCLUSIONS

The multi-subattribute utility function for the HUM
performs well in the estimation of elicited hearing utili-
ties. The HUM can be used with the HUI-3 as a replace-
ment for its 6-level Hearing attribute to estimate overall
health utility and is capable of measuring variations in
hearing utility not captured by the legacy instrument.
These findings justify application of the HUM in the esti-
mation of hearing and health utility, and ongoing work to
study its measurement properties in populations with
hearing-related disability.

Dixon et al.: Hearing Utility Measure

85UBD17 SUOWILLIOD BAIFER1D) 3|eot|dde au Aq peuenob a1e Se YO ‘88N JO S3InJ 10} Akiq1T 3UIIUO A8|IM UO (SUORIPUOD-PUR-SLLBH IO A8 | IM A Iq )BUIIUO//SAIY) SUORIPUOD PUe SWIB | 83 88S *[7202/0T/20] U0 A%iq1T 8UljuO A8|IM ‘YIN0S JO AISIBAIUN BOIPSIN AG 06STE ARI/Z00T OT/I0p/LI00™A8 | M Alelq 1 BUI|UO//SARY WO} papeojumod ‘0 ‘Se67TEST


http://www.laryngoscope.com

BIBLIOGRAPHY

1.

2.

10.

11.

12.

Health Quality Ontario. Bilateral Cochlear implantation: a health technol-
ogy assessment. Ont Health Technol Assess Ser. 2018;18(6):1-139.

Washington State Health Care Authority. Cochlear implants: Bilateral ver-
sus Unilateral — Final Evidence Report. 2013. https://www.hca.wa.gov/
assets/program/ci_report_final _041713%5B1%5D.pdf.

. National Institute for Health and Care Excellence (NICE). Cochlear

implants for children and adults with severe to profound deafness: Tech-
nology appraisal guidance. 2019. https://www.nice.org.uk/guidance/ta566.

. Dixon PR, Shapiro J, Tomlinson G, et al. Health state utility values associ-

ated with Cochlear implants in adults: a systematic review and network
meta-analysis. Ear Hear. 2023;44(2):244-253. https://doi.org/10.1097/AUD.
0000000000001287.

. Chen JM, Amoodi H, Mittmann N. Cost-utility analysis of bilateral cochlear

implantation in adults: a health economic assessment from the perspec-
tive of a publicly funded program. Laryngoscope. 2014;124(6):1452-1458.
https://doi.org/10.1002/1ary.24537.

. Implantable devices for single-sided deafness and conductive or mixed hear-

ing loss: a health technology assessment. Ont Health Technol Assess Ser.
2020;20(1):1-165.

. McRackan TR, Hand BN, Velozo CA, Dubno JR, Cochlear Implant Quality

of Life Consortium. Validity and reliability of the Cochlear implant qual-
ity of life (CIQOL)-35 profile and CIQOL-10 global instruments in compar-
ison to legacy instruments. Ear Hear. 2021;42(4):896-908. https:/doi.org/
10.1097/AUD.0000000000001022.

. Dixon PR, Feeny D, Tomlinson G, Cushing SL, Chen JM. Improving the

hearing status discrimination of the health utilities index, mark 3: Design
of the Hearing Status Classification System. Otol Neurotol. 2022;43(10):
€1069-e1076. https:/doi.org/10.1097/MAO.0000000000003689.

. Grutters JPC, Joore MA, van der Horst F, Verschuure H, Dreschler WA,

Anteunis LJC. Choosing between measures: comparison of EQ-5D, HUI2
and HUI3 in persons with hearing complaints. Qual Life Res. 2007;16(8):
1439-1449. https://doi.org/10.1007/s11136-007-9237-x.

Dixon PR, Feeny D, Tomlinson G, Cushing S, Chen JM, Krahn MD. Health-
related quality of life changes associated with hearing loss. JAMA
Otolaryngol — Head Neck Surg. 2020;146(7):630-638. https://doi.org/10.
1001/jamaoto.2020.0674.

Feeny D, Furlong W, Torrance GW, et al. Multiattribute and single-attribute
utility functions for the health utilities index mark 3 system. Med Care.
2002;40(2):113-128. https:/doi.org/10.1097/00005650-200202000-00006.

Tomlinson G, Bremner KE, Ritvo P, Naglie G, Krahn MD. Development
and validation of a utility weighting function for the patient-oriented

Laryngoscope 00: 2024

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

prostate utility scale (PORPUS). Med Decis Mak Int J Soc Med Decis
Mak. 2012;32(1):11-30. https:/doi.org/10.1177/0272989X11407203.

Brazier JE, Yang Y, Tsuchiya A, Rowen DL. A review of studies mapping
(or cross walking) non-preference based measures of health to generic
preference-based measures. Eur J Health Econ HEPAC Health Econ
Prev Care. 2010;11(2):215-225. https://doi.org/10.1007/s10198-009-
0168-z.

Mukuria C, Rowen D, Harnan S, et al. An updated systematic review of
studies mapping (or cross-walking) measures of health-related quality
of life to generic preference-based measures to generate utility values.
Appl Health Econ Health Policy. 2019;17(3):295-313. https:/doi.org/10.
1007/540258-019-00467-6.

Yang Y, Rowen D, Brazier J, Tsuchiya A, Young T, Longworth L. An explor-
atory study to test the impact on three “bolt-on” items to the EQ-5D.
Value Health J Int Soc Pharmacoecon Outcomes Res. 2015;18(1):52-60.
https://doi.org/10.1016/j.jval.2014.09.004.

Longworth L, Yang Y, Young T, et al. Developing ‘bolt-on’ items to EQ-5D.
Use of Generic and Condition-Specific Measures of Health-Related Quality
of Life in NICE Decision-Making: A Systematic Review, Statistical Model-
ling and Survey. NIHR Journals Library; 2014. https:/www.ncbi.nlm.nih.
gov/books/NBK261620/.

Rowen D, Brazier J, Ara R, Azzabi Zouraq I. The role of condition-specific
preference-based measures in  health technology assessment.
Pharmacoeconomics. 2017;35(1):33-41. https://doi.org/10.1007/s40273-017-
0546-9.

Horsman J, Furlong W, Feeny D, Torrance G. The health utilities index
(HUI): concepts, measurement properties and applications. Health Qual
Life Outcomes. 2003;1:54. https://doi.org/10.1186/1477-7525-1-54.

Mann R, Brazier J, Tsuchiya A. A comparison of patient and general popu-
lation weightings of EQ-5D dimensions. Health Econ. 2009;18(3):363-372.
https://doi.org/10.1002/hec.1362.

Brazier J, Rowen D, Karimi M, Peasgood T, Tsuchiya A, Ratcliffe J.
Experience-based utility and own health state valuation for a health state
classification system: why and how to do it. Eur J Health Econ. 2018;
19(6):881-891. https://doi.org/10.1007/s10198-017-0931-5.

Powell PA, Karimi M, Rowen D, Devlin N, van Hout B, Brazier JE. Hypo-
thetical versus experienced health state valuation: a qualitative study of
adult general public views and preferences. Qual Life Res. 2023;32(4):
1187-1197. https://doi.org/10.1007/s11136-022-03304-x.

Value sets. EuroQol. 2024. https:/euroqol.org/information-and-support/
resources/value-sets/.

Dolan P. Effect of age on health state valuations. J Health Serv Res Policy.
2000;5(1):17-21. https://doi.org/10.1177/135581960000500106.

Dixon et al.: Hearing Utility Measure
9

85UBD17 SUOWILLIOD BAIFER1D) 3|eot|dde au Aq peuenob a1e Se YO ‘88N JO S3InJ 10} Akiq1T 3UIIUO A8|IM UO (SUORIPUOD-PUR-SLLBH IO A8 | IM A Iq )BUIIUO//SAIY) SUORIPUOD PUe SWIB | 83 88S *[7202/0T/20] U0 A%iq1T 8UljuO A8|IM ‘YIN0S JO AISIBAIUN BOIPSIN AG 06STE ARI/Z00T OT/I0p/LI00™A8 | M Alelq 1 BUI|UO//SARY WO} papeojumod ‘0 ‘Se67TEST


https://www.hca.wa.gov/assets/program/ci_report_final_041713%5B1%5D.pdf
https://www.hca.wa.gov/assets/program/ci_report_final_041713%5B1%5D.pdf
https://www.nice.org.uk/guidance/ta566
https://doi.org/10.1097/AUD.0000000000001287
https://doi.org/10.1097/AUD.0000000000001287
https://doi.org/10.1002/lary.24537
https://doi.org/10.1097/AUD.0000000000001022
https://doi.org/10.1097/AUD.0000000000001022
https://doi.org/10.1097/MAO.0000000000003689
https://doi.org/10.1007/s11136-007-9237-x
https://doi.org/10.1001/jamaoto.2020.0674
https://doi.org/10.1001/jamaoto.2020.0674
https://doi.org/10.1097/00005650-200202000-00006
https://doi.org/10.1177/0272989X11407203
https://doi.org/10.1007/s10198-009-0168-z
https://doi.org/10.1007/s10198-009-0168-z
https://doi.org/10.1007/s40258-019-00467-6
https://doi.org/10.1007/s40258-019-00467-6
https://doi.org/10.1016/j.jval.2014.09.004
https://www.ncbi.nlm.nih.gov/books/NBK261620/
https://www.ncbi.nlm.nih.gov/books/NBK261620/
https://doi.org/10.1007/s40273-017-0546-9
https://doi.org/10.1007/s40273-017-0546-9
https://doi.org/10.1186/1477-7525-1-54
https://doi.org/10.1002/hec.1362
https://doi.org/10.1007/s10198-017-0931-5
https://doi.org/10.1007/s11136-022-03304-x
https://euroqol.org/information-and-support/resources/value-sets/
https://euroqol.org/information-and-support/resources/value-sets/
https://doi.org/10.1177/135581960000500106

	 Derivation and Initial Validation of the Utility Function for the Hearing Utility Measure (HUM)
	INTRODUCTION
	METHODS
	Modeling Theory
	Setting and Participants
	Structure of the Modeling Interviews
	Data Quality Assessment
	Converting Visual Analog Scale Values to Standard Gamble Utilities
	Deriving the Multi-Subattribute Utility Function
	Generating a Hearing Attribute Coefficient for Use with the HUI3 Multi-Attribute Utility Function
	Comparing the HUM with the Legacy Hearing Attribute

	RESULTS
	Participants
	Value to Utility Conversion
	Multi-Subattribute Utility Function for Hearing
	Estimated Utilities in the Respondent Sample

	DISCUSSION
	CONCLUSIONS
	BIBLIOGRAPHY


