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Abstract

Objectives: Cochlear implantation can restore access to sound and speech understanding in subjects with substantial hearing
loss where acoustic hearing aids do not. The Health Utilities Index Mark III (HUI3) is commonly used to measure health
utility across all types of intervention and is sensitive to changes in hearing. In the current study we analysed for factors
predicting clinically important gains in HUI3 scores in adult Nucleus cochlear implant recipients, implanted in a single centre.
Design: Retrospective analysis of data collected in an observational study. Demographic and other baseline parameters were
analysed for their association with gains in HUI3 scores. Participants: One-hundred and thirty-seven adult recipients of Nucleus
cochlear implants who had at least one-year follow-up. Main Outcome Measures: HUI3 scores and speech, spatial, quality (SSQ)
scale scores were collected at baseline before device activation and one-year after. Difference scores were computed. Clinically
important gain was defined as 0.1 point on the HUI3 scale. Results: Baseline telephone use and baseline HUI3 hearing, speech
and emotion attribute levels were significantly associated with clinically important gains in HUI3 scores. However, SSQ scores
increased significantly with or without clinically important gains in HUI3 scores. Conclusion: Those subjects who were unable
to use the telephone prior to cochlear implantation were one-and-a-half times more likely to obtain a clinically important gain
in health utility. Those subjects who were unhappy, or experienced difficulties communicating with strangers were twice or
more likely to obtain a clinically important gain in HUI3 scores compared to those who did not.

Introduction

The success of a health care intervention is often measured by its impact on the patient’s quality of life.
This provides a tool for comparing the success of different treatments, regardless of the condition they are
targeting (Swan et al., 2012). Standardised measures of health-related quality of life are used to provide a
health utility score. This can then be used to calculate any gains in quality adjusted life years and assess
a treatment’s cost effectiveness (Foteff et al., 2016; Saunders et al., 2016). Three generic preference-based
questionnaires are commonly used to provide a measure of health utility; EuroQol 5 dimensions (EQ-5D),
Health Utility Index 3 (HUI3) and Short-form 6 dimensions (SF-6D) (Herdman et al., 2011, Feeny et al.,
2002, Brazier et al., 2002). Of these, only the HUI3 is sensitive to changes in hearing and is recommended
as the questionnaire of choice for studies evaluating hearing treatments (Summerfield et al., 2019; Arnoldner
et al., 2014; Yang et al., 2013).

The HUI3 consists of 15 questions addressing eight individual health attributes: vision, hearing, speech,
ambulation, dexterity, emotion, cognition and pain. Each health attribute has 5 or 6 levels and a weighted
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health utility score assigned to each level which varies by attribute. These scores are then combined to
give a measure of the overall health utility (Feeny et al., 2002). Scores range from zero (dead) to one
(perfect health) or even a negative score indicating a state worse than dead. HUI3 scores of less than 0.7
are considered to indicate a severe disability, between 0.7 and 0.88 a moderate disability, and 0.89 or better
a mild or no disability (Feng et al., 2009). An increase in score of at least 0.03 is thought to represent a
noticeable improvement in quality of life for a patient (Feeney et al. 1995) and an increase of 0.1, a minimum
clinically important change (UK Cochlear Implant Study Group, 2004). In studies looking at the benefits of
fitting acoustic hearing aids, gains in health utility ranged from 0.06 (Barton et al., 2004) to 0.12 (Grutters
et al., 2007; Swan et al., 2012). However, scores remain in the moderate to severe disability category even
after treatment (Yan et al., 2009). Cochlear implantation (CI) provides an alternative treatment for those
with severe to profound hearing loss with overall greater gains in HUI3 scores of ~0.20 (range 0.05 to 0.4,
Crowson et al., 2017).

In South Africa approximately 83 % of the population depends on public health and 17% on the private
health care market financed by the medical industry. Funding is provided for CIs on an ad hoc basis from the
public health sector through Tygerberg Hospital, with large waiting lists for adult candidates. In countries
where access to CI is limited, establishing who will benefit most is one way of prioritising treatment. For
cochlear implantation, however, outcomes are difficult to predict from preoperative measures (Lazard et al.,
2012). An actuarial approach acknowledges this variability in outcomes and expresses the a priori odds
of getting a better result post treatment (UK CI study group, 2004). Up until now the definition of a
‘better result’ has been a greater improvement in speech perception outcomes. Improvements in quality of
life, however, have consistently been shown to be independent of audiological performance (Crowson et al.,
2017), and therefore may be more meaningful for patients.

Few studies have looked at whether the change in HUI3 scores resulting from implantation can be predicted
using preoperative factors. The aim of this study was to determine which baseline factors may significantly
influence clinically important gains in HUI3. We considered a gain of [?]0.1 in HUI3 multi-attribute score
as clinically important based on the literature (UK CI study group, 2004). The intention was to provide a
guide for clinicians when counselling potential patients about the benefits of a CI and to help them prioritize
candidates in clinics with large waiting lists and limited resources.

Methods

Data were gathered via a voluntary online international observational registry for hearing implants initiated
by [removed for blind peer review]. Data were collected in accordance with the Declaration of Helsinki.
Ethics approval was obtained from the Health Research Ethics Committee [removed for blind peer review].
Each subject provided their written informed consent for their data to be included in the registry. The
reporting here complies with the RECORD statement (Benchimol et al., 2015).

Subjects

We extracted data for all adult unilateral Nucleus CI recipients (>17 years old) implanted at [removed for
blind peer review] Cochlear Implant Unit between 2012 and 2019. Baseline data were collected prior to
activation of the processor after a decision to implant had been made. we focus on the gain from baseline to
1-year post-activation. Self-assessments were completed by the recipient either online or on paper and then
entered into the database by a representative of the clinic.

Outcome measures

The Health Utilities Index Mark 3 (HUI3), a generic measure of health utility gains (Feeny et al., 1995) was
the primary measure. Change from baseline to first follow-up in the HUI multi-attribute above or below 0.1
units was the primary outcome in this study.

Table 1 illustrates the structure of the HUI3 hearing attribute levels (Feeny et al., 2012). Levels are designated
based on the combined responses to two questions about hearing. Levels 1 and 2, as the highest/best levels
indicate that the respondent does not always need a hearing aid to hear what is said, whereas the lower
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levels of performance 3-5 require use of a hearing aid (or other assistive hearing device) and report the level
of performance with that device. Level 6 indicates unable to hear anything at all, even with hearing aids.
Furthermore, only levels 1-3 indicate that respondents can hear what is said in more difficult situations. We
have designated the categories “able to hear” and “unable to hear” to the hearing attribute levels 1-3 and 4-6
for the purposes of the discussion. Obtaining level 3 (or greater) means that the intervention was essentially
successful in restoring the capacity to hear what is said, even in more challenging situations, so long as a
hearing aid, or in this case CI, is being used.

Weighting scores for given levels of each health attribute are used to produce a HUI3 “total” or multi-attribute
score combining all eight. As in table 1, some transitions between adjacent hearing attribute levels (e.g. for
hearing 6 to 5, and 4 to 3) may possibly result in changes of [?]0.1 in the combined HUI3 multi-attribute
scores, but often at least two levels need to be gained for this to be the case. This is a property of the way
the HUI3 was constructed.

Data were also collected for the Speech Spatial Qualities (SSQ) scale (Gatehouse and Noble, 2004). This is
a disease specific scale which aims to evaluate the subject’s speech understanding in quiet and noise, spatial
perception and the clarity, separation, and identification of sounds. Changes of at least 1.0 units on the SSQ
subscales indicates a clinically relevant change (Noble and Gatehouse, 2006). Additional information was
collected about each subject’s hearing history and demographics.

TABLE 1 HERE

Statistics

Because interest was in those who gained at least the clinically important difference (MCID) of 0.1 HUI3
multi-attribute score units, change in HUI3 multi-attribute score was dichotomized at this value with a 1
representing achievement of at least the MCID and 0 otherwise. Fisher’s exact test was used to determine
the association between the dichotomized HUI3 multi-attribute change score and variables of interest. Table
3 shows the variables considered with variables summarized using count and percent. Levels for the eight
attributes were dichotomized into worse/better outcomes so that counts in each category were sufficiently
large to detect significant differences between proportions, if they existed. Paired t-tests were used to examine
change over time from baseline to year 1 follow-up. P-values less than 0.05 were considered significant. All
analyses were conducted in R4.

Results

Gains in HUI3

175 subjects had baseline HUI data, 137 of those had follow-up at 1 year, 97 at year 2 and 75 at year 3.
A statistically significant and clinically relevant improvement in HUI3 multi-attribute scores from baseline
was seen for the group at year 1 (mean change = 0.16, 95%CI:0.11-0.21; p<0.001), which was maintained
at years 2 and 3 (Figure 1, left). As can be seen in the right panel of Figure 1, preoperatively 65% were at
generic “unable to hear” levels (4-5-6). Post-operatively this situation was more than reversed with 77% at
generic “able to hear” levels (1-2-3).

FIGURE 1 HERE

A closer look at the individual changes in hearing attribute levels is available in Table 2; comparing preoper-
ative with 1-year postoperative for 137 subjects with both data points. Two contingencies contributed most
often to [?]0.1 gain in HUI3 multi-attribute score; those at level 5 and 6 preoperatively, or generically “unable
to hear”, moving to levels 1-3 postoperatively. Table 2 also indicates that about one third (n=46, 33.6%) of
subjects had no change in hearing attribute level, with by far most of those starting and finishing at level 3.
Overall 74 (54%) subjects fell above the dividing line for significant hearing attribute level increase, and 63
(46%) below.

Based on the mechanism for increase in HUI3 scores elucidated in Table 1, the transitions in hearing attribute
level (Table 2) contributed to 74 of the total 81/137 (59%) subjects with [?]0.1 HUI3 gain.

3



P
os

te
d

on
A

ut
ho

re
a

28
A

ug
20

20
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

86
32

79
.9

61
96

28
9

|T
hi

s
a

pr
ep

ri
nt

an
d

ha
s

no
t

be
en

pe
er

re
vi

ew
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

TABLE 2 HERE

Baseline predictors of clinically important HUI3 gains

In Table 3 we present the results of the factor analysis of baseline variables on the bivariate outcome for less
than or greater than a 0.1-point gain in HUI3 score.

Subjects unable to use the telephone preoperatively were one-and-a-half times more likely to obtain [?]0.1
gain in HUI3 scores (odds ratio OR 1.47); those reporting difficulty to be understood by strangers or worse
twice as likely (OR 2.27); and those reporting being unhappy or worse two-and-a-half times more likely (OR
2.53). There was no effect of age, sex or duration of deafness.

TABLE 3 HERE

Gains in SSQ scores according to gain in HUI3 scores

SSQ scores improved significantly from baseline to 1-year both for who obtained clinically important gains
in HUI3 score (mean SSQ change 3.18, 95%CI:2.73-3.62, p<0.001) and for those who did not (mean SSQ
change 2.43, 95%CI:1.98-2.88, p<0.001).

Discussion

Baseline scores placed the majority of the sample in the severe disability category of HUI3 multi-attribute
score (Figure 1, left) levels i.e. where at least one attribute is at a reduced level of function that cannot be
corrected and prevents many activities (Feng et al., 2009). This is typical for a cohort of hearing-impaired
individuals with sensorineural hearing loss (Summerfield et al., 2019; Swan et al., 2012; Barton et al 2012).
After implantation, there was a significant gain in HUI3 scores at one year which was maintained at 2 and
3 years. At least 50% of the subjects had moved into the moderate disability category (Figure 1, left),
where at least one attribute is at a reduced level of function that cannot be corrected and/or prevents some
activities. However, we see that most subjects reached level 3 on the hearing attribute scale. This level
describes functional hearing with the use of a “hearing aid” (in this case a CI).

Of the factors considered in the logistic regression analysis telephone use and the speech and emotion at-
tributes on HUI3 were significant. Those who did not use the telephone at baseline were 1.5 times more
likely to get a clinically meaningful gain on the HUI3 from implantation. As expected, subjects in the poor
hearing category at baseline, (hearing attribute levels 4, 5 or 6) were also more likely not to use the telephone
(OR 1.52). Thus, telephone use is an easy parameter to use for the screening of potential adult CI candi-
dates presenting to the audiology clinic. With poor access to adult hearing screening in many countries, the
capability to use the telephone use would provide a simple criterion for urgent referral for cochlear implant
assessment. Those who reported that strangers were unable to understand them, or even poorer verbal
communication, also had a higher chance of clinically significant gain in health utility. Improved overall
verbal communication due to better hearing and other rehabilitation following CI may have contributed to
this effect. Those who were unhappy prior to implant were also more likely to show a meaningful gain in
the HUI3, probably due to the implant and rehabilitation process improving their communication and thus
emotional state.

The Fisher’s exact test showed that there was also a non-random association between a meaningful gain on
the HUI3 and the hearing single attribute. Not surprisingly, those subjects with poor baseline hearing were
more likely to gain more than 0.1 points. The SSQ was still sensitive to changes in hearing brought about
by CI, even in the group with no clinically important gain in HUI3. For that group the mean improvement
of 2.43 on the SSQ scale was highly clinically significant.

Limitations

This was an observational study and enrolment bias may be present in the sample. Investigators were
instructed to offer participation to all consecutively implanted adult and adolescent Nucleus® implant
recipients. However, recipients who were more motivated which may influence outcomes may have been more

4
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likely to agree to participate. As self-assessment was required, those with severe comorbidities and those who
are unable to read were less likely to be included. Baseline evaluations were made between the day of the
surgery and the first fitting, which may result in a recall bias.

Conclusions

After cochlear implantation there was a statistically significant group gain in HUI3 scores at one year which
was maintained at years 2 and 3. Those who did not use the telephone at baseline were 1.5 times more
likely to get a clinically important gain of [?]0.1 in HUI3 multi-attribute score from cochlear implantation.
Those with lower hearing, speech or emotion HUI3 single-attribute levels prior to implantation were also
more likely to obtain clinically important gains in HUI3 scores. An incapacity to use the telephone may be
a useful biomarker for cochlear implant candidacy prior to formal audiological evaluation.

For those the subjects who obtained less than 0.1-point gain in HUI3, this could often be attributed to a
lack of change in the hearing attribute level. However, mean hearing performance measured by the SSQ
still increased significantly for that group after CI. The HUI3 scale stands in good stead as a health-utility
instrument to measure the benefits of cochlear implantation for those with severe handicap due to hearing
impairment, but lacks sensitivity to changes in hearing performance compared with a disease specific measure
such as the Speech, Spatial Qualities (SSQ) scale.
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Level
Hearing attribute
descriptor Generic state HUI3 [?][?]0.1 HUI3 [?][?]0.1

1 Able to hear
what is said in a
group
conversation with
at least three
other people,
without a
hearing aid.

ABLE TO HEAR

2 Able to hear
what is said in a
conversation with
one other person
in a quiet room
without a
hearing aid but
requires a
hearing aid to
hear what is said
in a group
conversation with
at least three
other people.

3 Able to hear
what is said in a
conversation with
one other person
in a quiet room
with a hearing
aid and able to
hear what is said
in a group
conversation with
at least three
other people,
with a hearing
aid.
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Level
Hearing attribute
descriptor Generic state HUI3 [?][?]0.1 HUI3 [?][?]0.1

4 Able to hear
what is said in a
conversation with
one other person
in a quiet room
without a
hearing aid, but
unable to hear
what is said in a
group
conversation with
at least three
other people even
with a hearing
aid.

UNABLE TO
HEAR

5 Able to hear
what is said in a
conversation with
one other person
in a quiet room
with a hearing
aid but unable
to hear what is
said in a group
conversation with
at least three
other people even
with a hearing
aid.

6 Unable to hear
at all.

Table 2. Cross-tabulation of the number of subjects at each hearing attribute level at baseline
and postoperatively. Above the bold line indicates contingencies which would potentially result
in [?]0.1 gain in HUI3 multi-attribute score as indicated in Table 1.

Postoperative
level 1 1 1 0 2 0 1

2 2 1 0 1 0 0
3 24 34 2 32 1 3
4 0 1 0 0 0 1
5 7 9 0 3 1 0
6 4 4 0 2 0 0

6 5 4 3 2 1
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Postoperative
level 1 1 1 0 2 0 1

Baseline
hearing
attribute
level

Baseline
hearing
attribute
level

Baseline
hearing
attribute
level

Baseline
hearing
attribute
level

Baseline
hearing
attribute
level

Baseline
hearing
attribute
level

Table 3. Count (percentage) of those who did or did not obtain a clinically important gain
in HUI3 multi-attribute score (p-value from Fisher’s exact test). Items in italics represent
unreliable figures due to very small counts in some categories. Items in bold were significant
at the 5% level.

P-values from Fisher’s exact tests

Categorical covariate: n (%)

HUI gain <0.1 n=56

HUI gain [?]0.1 n=81

P-value

Female

37 (66.1)

52 (64.2)

0.857

Right hand side implant

44 (78.6)

53 (65.4)

0.126

Implant side imaging indicates anomaly

6 (11.1)

6 (7.4)

0.542

Language Afrikaans English Other

18 (32.1) 26 (46.4) 12 (21.4)

16 (19.8) 54 (66.7) 11 (13.6)

0.061

Additional handicaps

3 (5.4)

1 (1.2)

0.305

Tinnitus present at baseline

9



P
os

te
d

on
A

ut
ho

re
a

28
A

ug
20

20
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

86
32

79
.9

61
96

28
9

|T
hi

s
a

pr
ep

ri
nt

an
d

ha
s

no
t

be
en

pe
er

re
vi

ew
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

26 (46.4)

44 (54.3)

0.389

Dizziness present at baseline

32 (57.1)

44 (54.3)

0.861

Onset of deafness Progressive Sudden

39 (70.9) 16 (29.1)

60 (74.1) 21 (25.9)

0.699

Hearing loss degree (implant side) Profound Not profound

44 (78.6) 12 (21.4)

72 (88.9) 9 (11.1)

0.147

Hearing loss degree (contralateral) Profound Not profound

43 (76.8) 13 (23.2)

65 (80.2) 16 (19.8)

0.674

Duration of deafness [?]13 years 14-24 years 25-37 years 38+ years

11 (0.20) 17 (0.31) 15 (0.27) 12 (0.22)

26 (0.32) 21 (0.26) 18 (0.22) 16 (0.20)

0.481

Hearing aid use in the contralateral ear at baseline

18 (32.1)

33 (40.7)

0.489

Age group 18-34 35-44 45-54 55-64 65-91

15 (26.8) 8 (14.3) 8 (14.3) 8 (14.3) 17 (30.4)

9 (11.1) 16 (19.8) 17 (21.0) 15 (18.5) 24 (29.6)

0.187

No telephone use

24 (42.9)

51 (63.0)
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0.024

Etiology*

0.560

Congenital onset of deafness

15 (27.3)

16 (19.8)

0.405

Usefulness of implant side hearing aid Marginally or not at all Moderately or more

28 (65.1) 15 (34.9)

48 (78.7) 13 (21.3)

0.178

Usefulness of contralateral hearing aid Marginally or not at all Moderately or more

17 (40.5) 25 (59.5)

35 (59.3) 24 (40.7)

0.072

HUI3 attribute vision Able to read with glasses or better Unable to read with glasses or worse

54 (96.4) 2 (3.6)

77 (95.1) 4 (4.9)

1.000

HUI3 attribute hearing Able to hear group with a hearing aid or better Unable to hear group with hearing
aid or worse

33 (58.9) 23 (41.1)

14 (17.3) 67 (82.7)

<0.001

HUI3 attribute speech Able to be understood partially by strangers or better Unable to be understood by
strangers or worse

49 (87.5) 7 (12.5)

58 (71.6) 23 (28.4)

0.035

HUI3 attribute ambulation Able to walk neighbourhood aided or unaided Walk short distances only or
requires wheelchair

55 (98.2) 1 (1.8)

77 (95.1) 4 (4.9)

0.648

HUI3 attribute dexterity Limitations but independent or no limitations Not independent
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54 (96.4) 2 (3.6)

81 (100) 1 (0)

0.165

HUI3 attribute emotion Somewhat happy or better Somewhat unhappy or worse

50 (89.2) 6 (10.7)

59 (72.8) 22 (27.2)

0.030

HUI3 attribute cognition Forgetful but thinks clearly or not forgetful Forgetful with difficulties or can’t
remember at all

51 (91.1) 5 (8.9)

70 (86.4) 11 (13.6)

0.590

HUI3 attribute pain Mild or no pain; no activities prevented Moderate or more pain; activities prevented

47 (83.9) 9 (16.1)

63 (77.8) 18 (22.2)

0.513

*counts for each category shown in Appendix 1.

FIGURE LEGEND

Figure 1. HUI3 multi-attribute scores (left) and proportions of subjects at each hearing
attribute level (right) at baseline and at 1, 2, and 3 years post implant. Boxes (left) show
quartile values and the line the median value. Whiskers indicate the minimum and maximum
value within 1.5 times the interquartile range and circles any outliers. We note on the right
that level 1 is the best, and level 6 is the worst.
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